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Uvodni slovo $éfredaktora

Vazeni ¢tenari,

dostava se k vam jiz druhé cislo, vzniklé v dobé
koronavirové pandemie a jak se muzete presvédcit, tak
na vydavani tohoto casopisu COVID-19 nema zatim zadny
vliv. Nebo skoro Zadny, ubylo trochu ¢lanku. Autory
zrejmé vice zaméstnava uceni na dalku a méné casu tak
zbyva na psani ¢lanku. Tak uvidime, jak se to bude
vyvijet dal. Nicméné, pokud virus neskoli pfimo mou

osobu, tak by se jakakoli druha vina neméla na fungovani
redakce nijak projevit.

Stejné jako v minulém cisle na stejném misté zvu
vsechny c¢tenare na Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi TVIP 2020,
ktery se kona 11. az 13. listopadu 2020 v Hustopecich. V ramci TVIPu se kona konference
APROCHEM, zamérena na rizikovy management, a symposium Vysledky vyzkumu

a vyvoje pro priimyslovou a komundlni ekologii ODPADOVE FORUM. Vypadsi to, Ze by
jeho program mohl byt jeSté o néco bohatsi oproti tomu vystavenému na www.tvip.cz,
neb se nam hlasi dalsi zajemci o aktivni u¢ast. Termin pfihlasek prispévku (prednasek i
vyvések) je 30. 9. 2020, po tomto datu je mozné prihlasit prispévek az po konzultaci

s poradateli. VSe na www.tvip.cz.

Ondrej Prochazka

Dear new readers,

WASTE FORUM publishes primarily original scientific papers concerning 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
existing contaminated sites and topics of industrial and municipal ecology. The official
branch classification of the journal is: Earth sciences / Solid waste and its control,
recycling and Earth sciences / Contamination and decontamination of soil inclusive of
pesticides.

Editorial deadlines are always on January 8, April 8, July 8 and October 8. All papers
are reviewed by at least two independent reviewers. The komplete issue is posted in PDF
form on the website for approximately ten weeks after the editorial closing date. Actual
and archive issues are toreb free to be read or downloaded.

Ondrej Prochazka
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Pro autory

WASTE FORUM je casopis urCeny pro publikovani puvodnich védeckych praci
souvisejicich s primyslovou a komunalni ekologii. Tj. nejen z vyzkumu v oblasti odpadu
a recyklace, jak by mohl naznaCovat nazev Casopisu, ale i odpadnich vod, emisi, sanaci
ekologickych zatézi atd. Vychazi pouze v elektronické podobé a Cisla 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 Clenéni a grafické upravé prispévku
spolu s pfimo pouzitelnou Sablonou grafické upravy ve WORDu jsou uvedeny na www-strankach
Casopisu v sekci Pro autory. Ve snaze dale rozSifovat okruh moznych recenzentll zadame autory, aby
soucasné s prispévkem napsali tfi tipy na mozné recenzenty, samoziejmé z jinych pracovist nez je autor
Ci spoluautory. Je vzdy dobré mit rezervu.

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

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

Uzavérka nejblizsiho Cisla ¢asopisu WASTE FORUM je 8. rijna 2020, dalSi pak 8. ledna 2021.

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. Manuscripts must be fully formatted (i.e. printer-ready) in
MS WORD. The file should have a name that begins with the surname of the first author or the surname
of the corresponding author.

All articles submitted for publication in WASTE FORUM undergo assessment by two independent
reviewers. The reviews are dispatched to authors anonymously, i.e. the hames 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.

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

The deadline of the next issue is on October 8, 2020, more on January 8, 2021.
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Petra WOJNAROVA, Jifi RUSIN: Tenebrio molitor as substrate for anaerobic digestion

Tenebrio molitor as substrate for anaerobic digestion
Petra WOJNAROVA, Jifi RUSIN

VSB - TU Ostrava, Institute of environmental technology, 17. listopadu 2172/15,
70833 Ostrava Poruba, Czech
e-mail: petra.wojnarova@vsb.cz

Summary

The range of organic substrates suitable for anaerobic production of biogas and bio-fertilizer is limited.
The use of insect biomass for this purpose can be a feasible future solution, as this biomass is
characterized by high mass gains and high lipids and protein content. The insects can be bred while
being fed by difficult to degrade waste biomass or by common food biowaste. Hibernation in hypothermia
allows humane way of killing insects before processing. Nowadays, the mealworm beetle (Tenebrio
molitor) is being bred for the production of food. Its use for energy production should also be considered.
To verify the energy balance of insect breeding and following production of biogas from its biomass it is
necessary to have knowledge about production of biogas and methane. This paper discusses the results
of the biochemical methane potential test of the biomass of the Tenebrio molitor larvae.

Keywords: insect, Tenebrio molitor larvae, anaerobic digestion, biochemical methane potential test

Introduction

As the world population is growing, there is also rising demand for energy and fuel. Global energy
demand is estimated to increase up to 820 Quadrillion Btu (Q Btu)* by the year 2040. Traditional fossil
fuels are increasingly linked to global climate change, and therefore we can see the worldwide effort
to gradually reduce their use and find alternative sources of energy. The support of renewable sources
of energy, such as biodiesel and biogas, is, however, globally popularized and financially subsidized.

As an alternative to fossil fuels, biogas has been receiving a lot of attention in recent years, which
results in a rapid increase in its production worldwide. Between 2005 and 2016 worldwide biogas
production increased almost threefold and reached approximately 61 billion m? Europe is still the world
leader in biogas production with more than a half of the world production of biogas. The second largest
world producer of biogas is Asia with a 30 % share, followed by America with 14 %%°. Nowadays, there
are more than 13,800 biogas plants in Europe and the number continues to grow. Even Bulgaria and
Serbia started their first installations in 2012 and joined the club of 31 European biogas countries.
Unlike the previous years, there is a boom in the industry of biogas production in France, the United
Kingdom, Slovakia, and especially in Italy, where in 2012 the number of biogas plants doubled from
521 to 1264 (cit?). Biogas production has been growing significantly also in the Czech Republic. In terms
of the number of biogas plants, the Czech Republic has taken the fifth place behind Germany, Italy,
Switzerland and Francei®. However, it is quite complicated and partly misleading to compile such
ranking, as it involves only the number of biogas plants in the country and does not take into account the
population or the area of the country. It would be more suitable to compare the number of biogas plants
per 1 million inhabitants. The differences are smaller in this comparison. In Germany there are
130 stations per 1 million inhabitants, in the Czech Republic approximately 50°.

Biogas can be produced from wide range of raw materials or organic waste. It mostly consists
of 50 — -65% methane and 35-50 % carbon dioxide. There are also a lot of minor components®. Biogas
can be burnt in boilers to produce heat or it can be used in gas engines to combine production of heat
and electricity. After removing CO, and other impurities, enhanced biogas, namely biomethane or
bioCNG, has almost the same chemical qualities as natural gas. It can be brought to the existing gas
network or filled as a fuel into vehicles at service stations’.

In order to maximize the benefits of biogas production, it is necessary to consider carefully which raw
materials we should process. For instance, in Germany there are large fields which are only used for
growing plants for energy purpose, and traditional crops for food production have to fight for space®.
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Using edible crops for production of biodiesel or biogas is not sustainable in long-term view®. This is also
in agreement with the European Union, which legislatively supports and favours advanced biofuels™.
The expression advanced biofuel is used for fuels which are produced without using food or feed crops,
only from organic waste, for instance waste from households, kitchens, canteens, used animal fats,
sludge from sewage treatment plants, dung, sawdust etc. The increasing lack of raw materials from
primary production in agriculture (slurry, manure) is gradually limiting the further development of biogas
production. As already mentioned, for biogas production it is necessary to process especially organic
waste and only then intentionally grown energy biomass. It is vital to search for new sources
of substrates suitable for production of advanced biofuels™.

Targeted production of insects is rising. Insects have been raised especially for the purpose
of production of proteins and fats, for direct production of food or as a feed. There will also
be competition for the use in energy industry. The use of insect biomass as a possible raw material for
biogas production has not been much considered so far. It can be hypothesized that by feeding insects
with a certain biowaste, it should be possible to obtain an insect substrate with a higher or with more
easily extracted energy value. This idea is also mentioned by e.g. Surendra et al*?. Authors verified that
Black soldier fly larvae (BSFL) can serve as a source of oil with high concentration of medium chain
saturated fatty acids (67% total fatty acids) and low concentration of polyunsaturated fatty acids
(13% total fatty acids), which makes it potentially an ideal substrate for producing high quality biodiesel.

So far, biogas production from insects has not been tested much. Anaerobic tests were carried out
mainly on excrements produced by insect farming®® or by-products from insect farming®.
Another example of research is monitoring of methane produced by blackworm Lumbriculus variegatus
acting on excess activated sludge’®. The use of insects is more and more considered in the field of bio-
refineries or simultaneous conversion of biomass into chemicals and biofuels. Interest in insect biomass
is rising not only for the purpose of production of liquid biofuels, but also for chemical and
pharmaceutical industry*®. For instance, larvae of the mealworm beetle (Tenebrio molitor) are commonly
used ingredient in skin whitening agents and for treatment of many skin disorders’. Nguyen et al used
direct transesterification of BSFL kept on wheat bran to produce biodiesel'®. The BSFL fat content was
much higher (25 %) than in the wheat bran. The produced BSFL biodiesel was more stable against
oxidation than rapeseed biodiesel.

In the published research, the larvae of the mealworm beetle were chosen especially for the reported
high content of proteins (41 %) and lipids (27 %)*. Another reason for this choice is their easy,
inexpensive and even nowadays widespread farming. Large-scale raising mealworms on so-called
“insect farms” is mostly carried out in boxes, which are located on several floors above each other, which
means high yield per unit of built-up area. Thailand is world-famous for its largest insect farms and it is
the largest producer of insects in the world. Mealworms can be fed by relatively easily degradable
biowaste, e.g. kitchen waste (including meat), food leftovers, old flour, leftovers from bakeries, old
granules for dogs etc. Here we can see the opportunity to process poorly utilizable residues of corn,
wheat, rice etc. These parts of plants represent more than a half of the world production of phytomass.
If they are not ploughed in or burnt, they become waste which emits greenhouse gases without
uncontrolled®. The impact of the production of Tenebrio molitor and Zophobas molitor for the protein
source of human diet is addressed in the OOnincx™® study. In the study, both darkling species were fed
a mixture of fresh carrots, wheat bran, oats, soybeans, rye and corn supplemented with brewer's yeast.
The feed conversion ratio (kg / kg fresh weight) for mealworms is reported as 2.2 in this study, which is
a similar value reported for chicken farming (2.3), but at a significantly lower value than for pig breeding
(4.0) or cattle (2.7 — 8.8). The energy consumption per kilogram of protein from the tested insects is
about 170 MJ, which is a slightly higher value than in the case of chickens (about 150 MJ), but also
lower than from pigs (about 240 MJ) or beef (270 MJ)®. If we compare for example bovine protein with
protein from worms or crickets, insect need 12x less feed, 15x less soil, 2000x less water and produce
100x less greenhouse gases to produce the same amount of animal protein®.

The aim of this paper was to verify practical yields of biogas and methane from the biomass of the
mealworm beetle in order to obtain initial information about potential usability of this substrate in a biogas plant.
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Experimental
Substrate

Dry larvae of Tenebrio molitor mealworm were sourced from local pet shop (see Figure 1). The larvae
had a dry matter content of 95.16 %. In the biochemical methane potential test, the substrate was used
in the milled state. For the test the larvae were pre-treated only by milling to the particle size < 0.5 mm
on IKA Tube Mill Control laboratory mill. No sieving was used. For analysis the larvae were dried to
constant weight (105 °C) and then milled. The basic physical and chemical parameters are given in
table 1 (see Table 1).

Figure 1: Dry Tenebrio molitor larvae in original and milled state

Inoculum

Liquid fermenting suspension (digestate) from the 1% stage anaerobic fermenter of the agricultural
biogas plant Pustéjov Il (Zemspol Studénka, a.s.; Moravian-Silesian Region, Czech Republic) was used
as inoculum. This inoculum was used to simulate the conditions in agricultural biogas plant. The values
of pH, C: N ratio and other parameters (see Table 1) fit in common range®**.

Biochemical methane potential test (BMP test)

Discontinuous test of biochemical methane potential was performed according to the VDI 4630
standard (cit*®). The apparatus consisted of the 1-liter reaction bottle, 1.2-liter gas burette and 2-liter
expansion bottle for a closing saturated water-salt solution. The test was carried out on 500 g
of inoculum. The substrate initial dose was 1.0, 4.0 and 8.0 g resulting in initial organic load marked as
OL1, OL2 and OL3 respectively. For each loading two reactors were used. Also, two reactors were used
for the endogenous biogas production from inoculum. Reaction bottles were placed in thermostatic water
bath. The temperature of the bath was set to 40 £ 0.2 °C. Gas burettes were situated in the laboratory
fume hood at 20 £ 2 °C. For the next 40 days (every working day at 7.30 am) the ambient temperature
(temperature of biogas), barometric pressure and increase of biogas volume were measured.
Biogas volume was recalculated to standard conditions (0 °C; 101 325 Pa). If sufficient quantity of biogas
(more than 150 ml) was collected in the gas burette, analysis of biogas composition was performed
using portable analyzer (GEOTECH Biogas5000, UK). During the weekend there was no measurement
so the missing data on biogas volume and composition were interpolated linearly.
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Table 1: Substrate and inoculum parameters

Analysis Parameter Tengbno Inoculum | Standard use
molitor
pH-H,0O pH - 6.46 7.57 EN 15933 (cit™)
total solids (105 °C) | TS % 95.16 7.27 EN 15934 (cit™)
Technical l/gl)atlle solids (550 VSre Yors 95 81 75 82 EN 15935 (cit?®)
density o kg/mys® | 1186 1044 EN ISO 18753 (cit’")
carbon C 58.06 42.37
hydrogen H 8.23 4.34 .28
Elemental nitrogen N %rs 8.94 3.64 EN 15104 (cit™)
(inTS) oxygen ©) 20.47 27.89
sulfur S 0.41 0.42 EN 15289 (cit™)
C:N - 6.50 11.64
total combustibles C 96.11 68.27
Proximate volatile combustibles | V 82.80 55.95 .30
(in TS) fixed carbon FC Yors 13.30 12.32 ASTM D7582-15 (cit™)
ash A 4.01 31.71
nitrogen compounds | NC 53.07 CSN 46 7092-4 (cit™)
proteins Prot 41.00 CSN 467092-27 (cit™)
total fibers CF 4.96 CSN EN ISO 6865 (cit™)
cellulose Cel 5.03 CSN EN ISO 13906 (cit™)
Material lignin CL Yors 0.70 i ) .
N-free extract N-free 7.53 CSN 467092-24 (cit™)
starch Starch 7.02 CSN 467092-21 (cit™)
carbohydrates HC 0.36 GSN 467092-22 (cit™))
(mono, oligo)
lipids Lip 26.90 CSN 467092-7 (cit™)

Results and discussion

In the BMP test the gas production from parallel reactors with the same material did not differ
significantly, therefore, in graphs on the Figure 4 and Figure 5, each batch is shown with only one curve.
In the reactors with the highest load, the maximal measured content of hydrogen in biogas on the
second and the third day was 60 ppm, which is a value only approximately 40 % higher than in inoculum
reactors (OLO) and it should not mean significant methanogen overload during acidification
(reported common limit is 100-200 ppm H.,)*. The developments of contents of hydrogen and hydrogen
sulfide in biogas from inoculum and at three different loads of substrate are shown in Figure 2 and
Figure 3. It is evident that the H,S content on the second day of the test at the highest load reached
almost 1300 ppm, which might have caused temporary inhibition of methanogenesis the limit is
considered to be approximately 400-500 ppm)*°, but the effect was apparently minimal, because on the
fifth day of the test the content of methane was similar at all three loads (approximately 55 % vol.).

The development of daily production of biogas and methane from pure inoculum was very gradual,
without an initial peak. The kinetics of the process was corresponding with the decomposition of the
inoculum samples from the source given, previously tested in the workplace. Figure 4 shows cumulative
developments of biogas productions. Figure 5 shows cumulative developments of methane productions.
The developments of biogas and methane from the reactors with substrate additions were also without
any unforeseen peaks.

In Table 2, the measured 40-day biogas and methane production are recalculated with respect to the
kilogram of total solids. In the case of OL1-OL3 loading, the specific substrate productions are given, ie
already after deducting the production of gas from the inoculum. The highest specific biogas production
was measured, as expected, at the lowest substrate load, and it was 0.687 Nm? kgrs™. At the time, the
specific production of methane was also maximal (0.442 Nm® kgrs?). As expected, both biogas
production and methane production decreased with increasing load. The specific biogas production from
the inoculum was almost 3 times lower than from the mixture with the highest load.
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In Table 2, the practically achieved specific productions are also compared with the theoretical
productions based on total solids elemental composition and calculated according to the Richards
formula. The theoretical biogas production from Tenebrio molitor was 1.095 Nm?® kgrs™* which is a very
high value comparable, for example, with biogas production from corn oil (1.106 Nm® kgrs™)*.
The practical yield of biogas from the inoculum solids was very low (22.9 %), which can be explained by
the fact that it was a material in the ongoing decomposition. The practical yield of biogas from Tenebrio
molitor solids was 62.8 % at the lowest load and decreased to 47.4 % at the highest load. A similar
decrease occurred in the case of methane yield. The test results confirm the assumption and the results
of the substance analysis, that the substrate contained only a minimal part of poorly degradable matter.
If we add up the content of nitrogen substances, rough fibre, nitrogen-free extract, starch, simple
carbohydrates and fats, the total makes almost 100 % of dry matter.

Inoculum, OLO — — — Inoculum + Tenebrio molitor, OL2
75 — — — — Inoculum + Tenebrio molitor, OL1 —— Inoculum + Tenebrio molitor, OL3
70
EE 65 A
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Figure 2: H, content in biogas
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Figure 3: H,S content in biogas
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The content of CH, even at the highest load, exceeded the value 64 vol. % during the first week.
What is specific about the substrate is fairly high content of nitrogen, approximately 9 %TS.
Although neither ammoniacal nitrogen nor free ammonia was determined, in this BMP test it did not
appear to have significant inhibitory effect. In practice, with higher part of substrate in co-fermentation
phase, there is arisk of decreasing production of methane, but with this substrate it is not supposed
to use it in a more significant proportion in the mixture. Ammonia inhibition can be suppressed by
addition of substances with sorption properties, such as zeolites or biochar®*“°.

If we take into account the results at OL1 load, the dry matter of Tenebrio molitor larvae qualitatively
corresponds, for example, to the dry matter from waste from coffee production (95.1 wt. %)*, waste from
instant soup production (93.8 wt. %)* or mixed waste wafer material (90.7 wt. %)*. The results show
that from the point of view of anaerobic degradability, Tenebrio molitor larvae can be considered as
a quality substrate. If an effective method of breeding on suitable biowaste is found, it will be possible
to count on the use of larvae for biogas production.

Table 2: Theoretical and practical biogas and CH, production from Tenebrio molitor larvae

Initial organic load Biogas production CH, content | Methane production

Total Substrate | Theory Test Yield Theory | Test | Theory Test Yield
oL, OLs Bt v By Ns % CH, M, m My Nm
kgvs m’ my’kgrst | my’kgrs™ % vol % my’kgrst | my’kgrs™ %
oLo |37 |- 0.799 0.183 £ 0.009 |22.9 50.1 |57.8|0.400 0.106 £ 0.010 |26.5
OL1 |39 |1.90 0.687 £ 0.055 |62.8 64.3 0.442 £ 0.040 67.8
OoL2 |42 |7.61 1.095 0.563 +0.039 |51.4 |99.5 |66.1(0.652 0.372+0.030 |57.1
OL3 |47 |15.23 0.519+0.031 [47.4 64.3 0.334 + 0.023 51.2

Inoculum, OLO
— — — — Inoculum + Tenebrie molitor, OL1

— — — Inoculum + Tenebrio molitor, OL2
Inoculum + Tenebrio molitor, OL3
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Figure 4: Cumulative biogas production from reactor with inoculum and with substrate additions
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Figure 5: Cumulative CH, production from reactor with inoculum and with substrate additions

Conclusions

Very high biogas and methane production from larvae of the Tenebrio molitor were verified in the
forty-day test of batch anaerobic digestion. The material can be considered a substrate of very good
quality, containing over 40 % proteins and almost 30 % lipids. However, if it should be used in a larger
addition, it is necessary to take into account very high content of nitrogen and the inhibition problems
connected. By mixing the substrate with conventional biomass, such as maize silage, organic waste from
maintenance of urban green areas, a separated organic fraction of municipal solid waste etc.,
the parameters of the process can possibly be enhanced.
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Tenebrio molitor jako substrat pro anaerobni digesci

Petra WOJNAROVA, Jifi RUSIN

Vysoka Skola bariska - Technicka univerzita Ostrava, Institut environmentalnich technologii
Souhrn

Paleta organickych substratii vhodnych pro anaerobni vyrobu bioplynu a hnojiva je omezena.
V budoucnu muze byt k tomuto ucelu vyuzivana i biomasa hmyzu vyznacujici se vysokymi pfirdstky
hmoty, vysokym obsahem tuku a bilkovin. Hmyz maze byt chovan pfi krmeni obtizné rozlozZitelnou
odpadni biomasou nebo béznym potravinovym odpadem. Hibernace pfi podchlazeni umozriuje humanni
usmrceni hmyzu.

Potemnik moucny (Tenebrio molitor) je jiz nyni chovan pro produkci potravin. Rovnéz jeho vyuZiti pro
energetické ucely by mohlo pfipadat v tvahu. Pro ovéfeni energetické bilance chovu a navazné vyroby
bioplynu z biomasy hmyzu je nezbytné znat produkci bioplynu a methanu. V tomto pfispévku jsou
diskutovany vysledky testu biochemického methanového potencialu hmoty potemnika moucéného.

Klicova slova: hmyz, larvy Tenebrio molitor, anaerobni digesce, BMP test
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Abstract

This paper presents the issue of thermal treatment of by-products arising in the production of cement-
bonded particleboards. These by-products are formed during the processing of cement-bonded
particleboards (cutting and grinding). The aim of the presented research was to evaluate the effect of
thermal treatment on the properties of the mentioned by-products and then cement composites with
containing these compounds. The reason for the research was to assess the possibility of activation of
by-products from the production of cement-bonded particleboard with regard to participation during the
formation of the structure of the cement matrix. The heat treatment of the by-products took place at
temperatures of 1000 °C and 1200 °C. Thermally treated offcuts and dust (from two collection towers)
were applied to cement composites as a partial cement replacement in amounts of 10 and 25%.
Subsequently, the influence on physical-mechanical properties of mortars including changes in chemical,
resp. mineralogical composition and microstructure was evaluated. The properties and behaviour of the
materials were monitored and evaluated at the age of 28 and 90 days of curing.

Keywords: Cement-bonded particleboard, by-product, thermal treatment, cement mortar,
microstructure, gross heat of combustion, mechanical resistance.

Introduction

When cement-bonded particleboards (CBPB) are manufactured both lump, as a residual cuts-off after
the boards formatting and powder-like by-products are formed after various processing operations such
as drilling, grinding or spinning, being collected in dust extractors. In the Czech Republic within one
production plant it is annually produced about 10000-12000 t of such by-products that are landfilled.

Cement-bonded particleboards are made of cement, water, natural lignocellulose (organic compound)
in the form of wood chips and mineralising compounds in percentual mass ratio about 50:30:18:2
(cement, water, wood chips, admixtures). It is the considerable content of wood in the by-product that
offers the possibility of use of gross heat of combustion in combustion processes in industry and energy,
while the variability of raw materials, their chemical and mineralogical composition affects the
decomposition and eventually sintering of emerging by-product which can be associated with clogging of
the combustion systems depending on combustion technology. The use of combustion heat can help
reduce the cost of primary raw materials and landfilling of by-products, in addition, combustion
processes produce additional by-products occupying only a fraction of the volume of original combustible
compounds and has the potential for use in building materials technology due to latent hydraulic or
pozzolanic properties’™. As a 15% partial replacement for cement G.B. Ramesh Kumar and V. Kesavan®
used coconut fibre fly ash in their study, which reduced strength characteristics of concrete.
S. Loganayagan et al.® used ashes from cane bagasse in the range of 5-15% by weight of cement, with
a more pronounced decrease in 7-day strengths, but 28-day compressive strength did not show
significant decrease. L. Hu et al.” used ashes from cane bagasse in the range of 5 — 15% by weight of
cement, with a more pronounced decrease in 7-day compressive strength, but 28-day compressive
strength did not show significantly lower performance.
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With regard to the findings of authors dealing with relevant issues, the subject of this study is the
evaluation of the possibility of using thermally treated by-products from the processing of cement-bonded
particleboards.

Experimental part

Offcuts created during the formatting of the boards, fragments, or scrap pieces (C) of cement-bonded
particleboards were supplied by the domestic board manufacturer. In terms of the composition of the
offcuts, it is a composite material containing cement matrix with wood chips that have been mineralized
with water glass. Dust from production, which forms mainly during the cutting, milling, grinding and
drilling of CBPB or during the extraction of dusty spots on the production line, captured in 2 dedusting
towers (marked T2 and T4) was supplied by the manufacturer. In tower 2, there is a by-product extracted
from the formatting saw, where the dust is extracted via a cyclone. This type of by-product represents
the highest volume and contains the largest grains. In tower 4, there is a by-product extracted from the
milling machine and a CNC machine.

Selected properties of the raw materials are listed in Table 1 and the patrticle size is shown below in
Figure 1. Density of raw materials was measured with AccuPyc Il 1340 Pycnometer which accuracy is
0.03 %. The results of the particle size distribution were obtained with laser analyser Malvern
Mastersizer 2000 and indicate that by-product T4 is finer, which is noticeable especially in the area of
0 - 100 pm containing about 20 % more grains than the T2. However, there is no distribution curve for
the offcuts due to the variability of their sizes which can be up to 80x300%10 — 16 mm as their thickness
varies (which corresponds to the current production of CBPB).

Table 1: Properties of raw by-products

Material | c |12 ] 14
Properties
Density [kg/m?] 2350|2230 (2270
Loss on ignition [%)] 40.2 | 35.2 | 42.7
Gross heat of combustion [J/g] | 4117 | 3613 | 2843
100
) T2
5 80
£ —T4
1))
@ 80
o
2
©
3
€ 20
3
O
0
0.0 0.1 1.0 10.0
Particle size [mm]

Figure 1. Cumulative particle size distribution of untreated by-products

Before the thermal treatment the offcuts from the formatting saw were crushed for further use in a jaw
crusher with a maximum jaw opening of 2 mm according to the settings tested by Melichar et al. in
previous research®. The dust from collection towers and the crushed offcuts were further subjected to
thermal treatment at 1000 resp. 1200 °C in a kanthal electric laboratory furnace CLASIC 2018S with
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a temperature rise 10 °C/min at isothermal endurance 60 min. To determine the impact of thermal
treatment of the raw materials, the loss on ignition was carried out on samples weighing 10-15 g with
accuracy 0.01 g in a platinum vessels placed in the laboratory furnace and treated at 1000 °C for 60 min.
The potential for heat utilization from wood was determined according to EN ISO 1716° as the gross heat
of combustion (GHC) using the calorimeter IKA C200 with temperature measurement resolution
0.0001 K. The specific surface area was determined using the Blain permeable method (ZEB
MAXAM PC-Blaine Star). Phase composition was studied using X-ray diffractometer Empyrean
Panalytical (CuKa radiation) with angular resolution 0.026 °. The properties of the thermally treated
materials (TTMs) are given in following Table 2 and the particle size is stated in Figure 2 below.
Crystalline phases are identified in Figure 3.

Table 2: Properties of thermally treated materials

Material | C 1000 | C 1200 | T2 1000 | T2 1200 | T4 1000 | T4 1200
Properties
Density [kg/m?] 3170 3160 3150 3160 3140 3170
Specific surface area [m%/kg]| 477 278 416 222 491 244
Mineral composition (XRD) |Lime, C,S, C;S, C,AF, C;A, Calcite, Portlandite, Anhydrite

100

= 00 T2 1000
2 T2 1200
o 80 T4 1000
£ 70 T4 1200
@ 60 —C 1000
8 g C 1200
2 4 ——OPC
5 30
£ 20
3 10

0

1 10 100 1000
Particle size [um]

Figure 2: Cumulative particle size distribution of treated by-products and ordinary portland

cement
i T2 1000 | 1-Lime
& 5000 ] 7 5 G
-— =1 5 -
5 _ 4-C4AF
§ 4000 ] 1 5. CaA
- | 6- Anhydrite
%‘ 3000 | ) 7-Portlandite
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Figure 3: XRD pattern - crystalline phase identification of thermally treated material (T2)
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The resulting TTMs were applied into the mortars for production of the test specimens. A total of
6 test specimens with dimensions of 40x40x160 mm were prepared according to EN 196-1 from each
batch with the mixture proportioning given in Table 3 and consequently they were tested on a pressure
device RT 200/10-1 D servo with accuracy class 1 according to EN 196. The error bars within the results
represent a standard deviation. The impact of the 10% resp. 25% partial replacement of cement by
weight with thermally treated offcuts and dust was studied.

Table 3: Mixture proportioning

Mixture Sand Water OPC TTMs Notes

REF 900 0 Reference mixture

C 10/10 810 | 90 _ o _

C 10/25 675 | 225 Mixture proportioning is stated in grams per batch.

C 12/10 810 | 90

C 12/25 675 | 225

T2 10/10 810 | 90 |Ordinary Portland Cement (OPC) was used type: CEM|1425R

T2 10/25| 2700 | 450 | 675 | 225 |according to EN 197-1%.

T2 12/10 810 | 90

T2 12/25 675 | 225

T4 10/10 810 | 90 |Mixture coding (11 22/33) represents type of original by-product

T4 10/25 675 | 225 |[(11) as a partial replacement for cement, temperature of

T4 12/10 810 | 90 treatment in °C divided by a hundred (22) and percentage of
cement replacement (33).

T4 12/25 675 | 225

The properties of hardened mortars were determined by bulk density from the dimensions and weight
of the test specimens, compressive strength and flexural strength according to EN 196-110, as well as
the activity index according to EN 450-112 which is determined as the ratio of the compressive strength
of the modified mortar to the reference one after 28 and 90 days. The dimensions were measured with
a digital calliper KINEX 6040-15-200 with a resolution of 0.01 mm and the weight was obtained with
a laboratory scales KERN PCB 1000-2 with readability of 0.01 g. Furthermore, the analysis of
mineralogical composition was performed using X-ray diffraction on a PANalytical Empyrean
diffractometer (CuKa radiation) on a dust samples passed through a sieve of mesh size 0.063 mm and
comparison of the microstructure was performed on images taken with TESCAN MIRA3 XMU scanning
electron microscope with resolution 1.2 nm at 30 kV, for test specimens aged 28 and 90 days in
a standardized laboratory environment, as well.

Results and discussion

From the results of the values of GHC for 3 different by-products from the production of cement-
bonded particleboard, it was found out that the highest yield of heat can be gained from crushed offcuts,
where the value of GHC reaches 4.117 MJ/kg. The values of GHC from the captured dust from towers
2 and 4 were 3.613 MJ/kg and 2.843 MJ / kg, respectively. Compared to the values of combustion heat
of other materials, such as firewood (16 MJ/kg), hard coal (21-31 MJ/kg), the values are several times
lower"®. By the combustion of rice husks, L. Hu et al. indicate GHC value of 14.3 MJ/kg’. The diametrical
differences among the GHC values is due to the composition of the by-product, which consists of cement
matrix and wood chips which are mineralised.
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Figure 4: Comparison of bulk density (BD) of mortars

From the results of the determination of bulk density of hardened mortars after 28 and 90 days of
curing (see Figure 4) it is evident that the cement replacement of 10 % and 25 % resp. with TTMs
reduces the bulk density by less than 10 % on average compared to the reference mixture. The most
significant decrease in bulk density is evident in the T4 12/10 and T4 12/25 series, where the 10%
cement replacement caused more significant decrease than the 25% replacement. In most cases, it has
been proved that the bulk density of mortars decreases with increasing cement replacement. This trend
was not reflected in the T4 series, where it was the opposite. The difference in strength after 28 and
90 days fluctuated in almost all recipes around 2% upwards and downwards, thus no clear trend of the
thermal treatment of individual raw materials on the bulk density of mortars over time was proved.

The results of flexural strength shown in Figure 5 indicate that 10% cement replacement does not
have a significant negative impact on flexural strength, moreover in most cases there is an improvement
of up to 8.1% for 28-day strengths and 10.3% for 90-day strengths. 25% cement replacement results in
a slight decrease of 28-day strengths by up to 11.6%, however 90-day strengths appear to have a slight
improvement over the reference mortar. The T4 series show more noticeable decrease in flexural
strength, which is in line with the lower bulk density. The difference between the temperature of thermal
treatment of the raw materials was reflected in the tensile strength in bending in such a way that the
higher temperature resulted in an increase in strength at 10% cement replacement and a decrease in
strength at 25% cement replacement. In this case, the effect of the extent of substitution was more
pronounced than the impact of thermal treatment. In terms of the role of TTMs in the hydration products
formation of the cement matrix, it can be concluded rather the predominant function as a filler and only
marginal involvement during the hydration reactions.

The compressive strength, shown in Figure 6, with a 10% cement replacement, indicates more
pronounced decrease in strength compared to the reference mortar, up to 7.3 % after 28 days and by
10.6 % after 90 days. A 25% cement substitution resulted in some mixtures in an even lower strengths of
both 28-day cured specimens by up to 17.1 % and 90-day cured specimens where the compressive
strength decreased by up to 19 % compared to the reference which is in accordance with the results of
Rajamma et al. (2009)". The lower bulk density affected the compressive strength much more than the
flexural strength.
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Figure 6: Comparison of compressive strength (CS) of mortars
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Figure 7: Comparison of the activity index (Al) of tested mortars at 28 and 90 days of curing.
The 75% and 85% lines represent the minimal standard requirements.

The activity index values (see Figure 7) indicate the fact that the tested materials meet the
requirements of the technical standard EN 450-1 with the exception of the case of 90-day strengths
(specifically the mixture T2 12/25, T4 10/25 and T4 12/25).

Using X-ray diffraction, minerals were identified in TTMs: quick lime, C3A, C,S, CsS, C,AF, calcite,
portlandite and anhydrite. Clinker minerals are found in the raw material as part of imperfectly hydrated
cement, which binds the original wood-cement composite, while the quick lime, C;A and anhydrite are
formed in the TTMs due to thermal treatment as the products of decomposition of portlandite
(460-550 °C), calcite (700-950 °C) and ettringite (80-380 °C)*. The quick lime reacts with water to form
Ca(OH),, which is an exothermic reaction. Another exothermic reaction occurs when the anhydrite reacts
with water to form gypsum, which causes an excessive water evaporation and also faster setting and
lower strength. Lime also reacts with anhydrite in the presence of water and together with reactive C;A
forms a bulky ettringite which causes a significant volume changes, stresses, and cracking. The higher
the quick lime content in TTMs is the more poor-strength portlandite forms at the expense of the content
of Cng6 as the main binding components of the cement matrix formed during the hydration of CsS and
Czs R

The following SEM images show the microstructure of mortars containing the offcuts (C) (see
Figure 8) and T2 dust (see Figure 9). The mortars with a higher dose of the substitution component
(25%), were deliberately selected in order to make more obvious the differences in the structure of the
investigated materials. The analysis of the microstructure indicates minimal differences between the
individual recipes, moreover no significant anomalies were found. The components found within the
matrix corresponded to the findings of the X-ray diffraction analysis. Microcracks were found locally in
the structure of the investigated samples, which could be related to a decrease in strength parameters
confirming the theories found in literature (Tokyay, 2016, Barends et al., 1999%). Except for these
defects, the microstructure appears compact with fully developed hydration products.
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Figure 8: SEM images of mortar C 10/25 (on the left) and C 12/25 (on the right) at 5000x
maghnification. Cement matrix indicates plate-like calcium hydroxide crystals surrounded by
amorphous C-S-H phase. Rather porous and cracked texture also contains short column-like

crystals of gypsum and needle-like ettringite crystals.
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Figure 9: SEM images of mortar T2 10/25 (on the left) and T2 12/25 (on the right) at 5000x
magnification. Amorphous C-S-H phase is formed on larger quartz sand grains and crystals of
calcium carbonate. Needle-like ettringite is formed in the gaps.
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Conclusions

The results presented in this research paper show the options of use of the thermally treated offcuts
and dust, from processing of cement-bonded particleboards, in cement mortars, which is highly probable
that has not been investigated so far. The usable heat from by-products after the processing of
cement-bonded particleboards is in the range of 2.843-4.177 MJ/kg, which is several times lower than for
the common primary solid fuels (coal, wood etc.). However, it is not a negligible value and a certain
energy potential can be found.

Following the results, it is evident that the thermally treated by-products from the processing of
cement-bonded particleboards can be used for the production of composite materials based on cement
matrix to a limited extent, with at most 10% of the amount of cement appearing to be optimal. In the case
of materials that do not require high performance (e.g. interior plaster, etc.), it would be possible to
consider higzher cement substitution (e.g. 25 %). These findings are also reported in a review by Cheah
et al. (2011)".

10% and 25% cement replacement with thermally treated materials reduces the bulk density and
strength of cement mortars.

The main cause of the decrease in compressive strength in mortars with cement replacement of 10 %
and 25 % respectively could be, among other things, the quick lime contained in thermally-treated
materials, which, due to its high reactivity, promotes the volume changes in reactions with water,
anhydrite and C;A.

CaO forms more portlandite at the expense of the CSH phases and generates excessive heat at the
beginning of hydration, which results in defects in the microstructure of the cement matrix and its poorer
cohesion.

By the cement replacement with TTM after processing of cement-bonded particle composites, the
compressive strength of mortars above 80 % compared to the reference can be achieved. In terms of
activity index, where the requirement is 75 % after 28 days, respectively 85 % after 90 days, it can be
stated that only three mixtures did not comply, namely T2 12/25, T4 10/25 and T4 12/25, which is
thermally treated dust replacing 25 % of cement.

Further investigation to the use of by-products from the processing of cement-bonded particleboards
appears to be very interesting from the point of view of follow-up research, where attention will be
focused on higher temperatures of thermal treatment (1400-1600 °C) including different cooling regimes
(corresponding to real combustion processes) and further investigation of durability of cement
composites modified by thermally treated by-products.
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Termicka uprava vedlejSiho produktu z vyroby cementotfiskovych desek
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Souhrn

Clanek prezentuje problematiku termické Upravy vedlej$ich produktli vznikajicich pfi vyrobé
cementotfiskovych desek. Tyto vedlej§i produkty vznikaji pfi opracovani cementotfiskovych desek
(fezani a brou$eni). Zamérem prezentovaného vyzkumu bylo hodnoceni viivu termické upravy na
vlastnosti zminénych vedlejSich produktl a dale pak cementovych kompozitt s prfimési obsahujici tyto
slozky. Davodem realizovaného vyzkumu bylo posouzeni moznosti pripadné aktivace vedlejSich
produktla z vyroby cementotriskovych desek s ohledem na participaci béhem utvafeni struktury
cementové matrice.

Termicka tprava vedlejSich produktt probéhla pri teplotach 1000 °C a 1200 °C. Tepelné upravené
odrezky a prach ze dvou zachytnych vézi byly do cementovych kompoziti aplikovany jako parcialni
substituent pojiva v mnozstvi 10 a 25 %. Néasledné byl posuzovan viiv na fyzikalné-mechanické
vlastnosti, vé. zmén chemického, resp. mineralogického slozeni (XRD) a mikrostruktury (SEM).
Vlastnosti a chovani hmot bylo monitorovano a hodnoceno ve stafi 28 a 90 dni.

Klicova slova: Cementotriskova deska, vedlejsi produkt, termicka Uprava, cementova mallta,
mikrostruktura, spalné teplo, mechanicka odolnost.
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Abstract

Cut flowers create a pleasant atmosphere, influence the aesthetic feeling of the perception of many
life situations. Unfortunately, faded flowers end at landfills, where they are subject to anaerobic
digestion, producing significant amounts of greenhouse gases. In addition, their use also involves air and
car transport and thus carbon-dioxide emissions.

The total emissions from deposited roses is 0.41 mil. m® methane and 28492 t CO,, from deposited
chrysanthemums 0,13 mil. m? methane and 9 149 t CO,, and from carnations 0,04 mil. m® methane and
2 624t CO,.

A summary of the hidden ecological contexts associated with greenhouse gases in selected species of
cut flowers is provided below.

Keywords: greenhouse gas, municipal waste, cut flowers

1. Introduction

The Diderot Encyclopaedia® describes flowers as the ‘species and cultivars of plants grown for
decorative purposes’. Nevertheless, flowers are currently also a sought-after trade item and include
agreat variety of species. The text below focuses on cut flowers only, which defines as ‘flowers
separated in any way from the plant including the stem, sometimes with the other leaves or with lateral
axes’. The actual flower may consist of one flower (rose, carnation etc.), inflorescence (gerbera) or
clusters (hyacinth).

In the Czech Republic, the total production of flowers (from cultivation areas, greenhouses and
covered areas) in 2016 experienced a year-on-year increase of 3.7 % in comparison with the year 2015
to 2.17 milliard CZK and the import of flowers of 15.2 % to 3.23 milliard CZK. Czech growers exported
flowers in the value of 516 million CZK, with their export having increased by 14 %.

Flowers are most frequently transported from growers through flower auctions and wholesalers to
customers by road and air. Road transport is used within Europe, i.e. also to the Czech republic (CR),
when flowers are transported in special lorries equipped with a cooling system, which maintains the
temperature of the transport space with special containers (envirotainers) with cut flowers below 5 °C. Air
transport is mainly used for long-distance transport, e.g. of cut flowers from Asia, Africa or South and
North America. Yet it is also utilised when it is necessary to transport cut flowers that are already mature
for harvest quickly within Europe. In some cases, also ship transport employing cooling boxes is used in
combination with road transport. The storage spaces of flower auctions, where the biggest business
transactions take place, are equipped with the necessary cooling devices. Their operation, however,
requires the consumption of electricity, whose production is associated with carbon dioxide emissions.

Last year, the highest number of flowers was imported into the CR from the Netherlands, Germany
and Denmark. Conversely, domestic flower growers exported mainly to Slovakia, Germany and Poland.
In 2016, each inhabitant of the CR spent on average CZK 1,091 on flowers, whereas it had been CZK
991 one year earlier.
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The flowers grown in the CR include especially balcony and flower-bed flowers, primulas,
chrysanthemums, cyclamens and poinsettias. In 2013, the production of flowers decreased, for the first
time in nearly two decades, by 3 % to 1.88 milliard CZK. The factors significantly involved in the
decrease included bad weather, long winter and the lack of sunshine in the spring. The crops of flower
growers were also negatively influenced by summer floods. In the next three years, the production began
to increase again — see Fig. 1 °.
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Fig.1l: Flower market in the CR [In Billion CZK]

Having fulfilled their aesthetic, decorative and ceremonial functions, cut flowers mostly end at
municipal solid waste landfills, where they are subject to decay, producing greenhouse gases, which are
strictly monitored and specifically regulated now *.

Greenhouse-gas emissions accelerate the global climate change, which has a profound impact on the
biosphere. The following expenditures take into account negative changes in the conditions, including
temperature rise (heat waves, periods of drought), climate changes and other changes related to them
(the reduced occurrence of endemic species), more frequent extreme weather conditions caused by
increased temperature captured in the atmosphere (hurricanes, severe storms) and others.® The
economic impact of the emissions of one tonne of CO, is estimated to CZK 580 °- see Tab. 1.

Table 1: Unit external costs of pollutant emissions — CZK/t

Pollutant Lower estimate*) | Upper estimate?)
NO, 222,850 610,500

PM 2.5 976,850 2,777,900
SO; 244,200 702,100
VOC 50,500 91,600

CO, 580 580

*) The lower estimate is the impact on the countryside / the average impact on the CR; the upper estimate concerns waste in

the urban area.

Source: Méca 2015 °
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The European Parliament and Council Directive 1999/31/EC of 26 April 1999, on the landfilling of
municipal waste, imposes on individual EU members states i.a. the obligation to develop a national
strategy to reduce the deposition of biodegradable waste at landfills, because the conversion processes
occurring in biodegradable waste in landfill bodies result in the production of biogas containing ca 30 vol. %
of CO, and 70 vol. % of CH,, which are gases with strong greenhouse effects °,

For the assessment of the amount of the landfill or reactor biogas generated, a variety of models
derived from theoretical and practically established data are currently used. For landfill processes with
the aim of assessing landfill-gas generation, it is e.g. possible to apply the knowledge summarised in "
which can be fully applied to faded cut flowers deposited at landfills.

2. Theoretical Relations

The amount of greenhouse gases from organic carbon substances produced in the anaerobic
decomposition of biodegradable waste organic substances in landfill bodies can be determined e.g. by
the general stoichiometric equation for organic substances with the molecular formula C,H,O,, where X, y
and z correspond to the numbers of atoms of individual elements™®:

CH,O,+ (X — y/4 — 212) H,O — (x/2 + y/8 — z/4) CH, + (x/2 — yI8 + z/4) CO,. (1)

In order to determine the overall impact of the landfill gas released from landfills into the atmosphere
expressing its total radiation power calculated as the relative radiation power of carbon dioxide, it is
necessary to multiply the amount of methane by the coefficient 34 based on its absorption efficiency and
atmospheric lifetime™*.

The amount of CO, released into the atmosphere during transport has been calculated using
a carbon calculator'®. In the case of transport distance, the distance between the capital cities of the
states concerned and the capital city of the CR — Prague has been applied™®.

3. The Components Monitored

The components monitored in this communication are biodegradable faded cut flowers, forming an
inseparable part of municipal solid waste, i.e. the waste classifiable according to the Waste Catalogue®’
into the category 20, specifically the type, 20 02 01 — biodegradable waste, where municipal waste
includes household waste as well as waste from trade, industry and institutions or other waste whose
nature and composition is similar to household waste.

The calculations applied in this paper have been compiled for model simplification such that the total
weight of the given waste produced annually in the CR is calculated from the number of cut flowers sold
in the CR'®, which, having been used and faded, are deposited at landfills under anaerobic conditions.

The amounts of methane and carbon dioxide determined from Equation (1) are subsequently
summed to obtain the total radiation power of CO,— see Equation (2)** :

COy,5= CO,+ 34 CH,. 2

For a general comparison, this amount of carbon dioxide, which would theoretically be generated from
faded cut flowers during landfilling under anaerobic conditions, is calculated into the number of family
houses, where the average annual consumption of natural gas for heating and hot water is estimated to
be 2,500 m®, or into the theoretical weight of the combusted typical wet brown coal containing carbon
(22 wt. % of water, 25 wt. % of ash, 50 wt. % of carbon in the combustible matter) in the local furnace.

The power consumption necessary for the refrigeration of cooling devices based on their size, the
length of storage and the amount of the flowers evaluated below can be estimated according to
Whelan® by the equivalent of natural-gas consumption of 10,000 m®. This amount of natural gas
produces the same amount of carbon dioxide, i.e. calculated into 19,643 kg of CO,.
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3.1 Roses

Roses enjoy great interest in the CR. In 2015, their import into the CR was 3,107,099 kg 8, i.e.
109,281 kg of dry matter. More detailed characteristics of the import covering more than 14 countries,
including domestic production, and the type of transport into the CR, including carbon-dioxide emissions
associated with particular routes, are provided in Tab. 2. The elemental analysis of faded roses is given

in Tab. 3.

Table 2: The import of roses into the CR and their transport

Air Lorry

Net transport transport CO, CO,
Country [kg] [km] [km] [kg] [m°]
Austria 492 0 331 13 7
Belgium 295 0 907 23 12
Bolivia 260 10,923 0 1690 860
Columbia 17,677 9,810 0 103,180 52,519
Ecuador 114,968 10,249 0 701,093 356,856.2
Ethiopia 28,958 5,079 0 87,511 44,543
Germany 448 0 682 25 13
Italy 665 1,308 0 72 37
Kenya 512,836 6,097 0 1,860,423 946,955.4
The Netherlands 2,260,440 883 0 164,681 83,823
Republic of South Africa 43 8,538 0 218 111.1884
Slovakia 165 0 333 5 2
United Kingdom 6,672 0 1,281 696 354
Other + CR 163,180 300" 1,000 42,590 21,678
Total 3,107,099 53,185 4,534 2,962,220 1,507,770

*) model transport distance

Source: UN Comtrade Database 2018 8

Table 3: The elemental composition of rose dry matter — wt. %

Element C

H

N

Sc:omb.

Ash

Content 42.71

5.47

2.38

0.06

3.18

Source: author own calculations

Based on the equation received after the values from the elemental analysis shown in Tab. 2 are
substituted in the formula (1):

C3y56H5,4702,89 + 0.748 Hzo =1.741 CH4+ 1.819 COZ

The dry matter of cut roses produces the total amounts of methane and carbon dioxide listed in
Tab. 4. This table also includes the total carbon-dioxide emissions associated with their transport and
landfilling. Table 4 further shows the model conversion of this amount into the number of family houses
using natural gas as the energy raw material, and the theoretical weight of the brown coal that would be
converted through combustion into the given amount of carbon dioxide.
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Table 4: The emission parameters of the faded cut roses deposited

Quantity Unit Value
The volume of the methane produced by 1 kg of faded roses m° 0.39
The volume of the carbon dioxide produced by 1 kg of faded roses m° 0.37
The weight of the methane produced by 1 kg of faded roses kg 0.28
The weight of the carbon dioxide produced by 1 kg of faded roses kg 0.74
The total weight of imported roses kg 3,107,099
The total weight of the dry matter of domestic roses kg 1,090,281
CH, from the rose dry matter deposited m° 414,827
CO, from the rose dry matter deposited m° 400,624
CO, 5 from the rose dry matter deposited m° 14,504,745
CO,, s from the rose dry matter deposited t 28,491.5
CO, from the transport m? 1,507,770
CO, from the transport t 2,962.2
CO, from the cooling m* 10,000
CO, from the cooling t 19.643
The total CO, emission m® 16,022,515
The total CO, emission t 31,473
The number of family houses pcs 6,409
Brown coal t 23,527

Source: author own calculations
3.2 Carnations

Carnations are the second most popular flowers in the CR. In 2015, their import into the CR was
597,964 kg '8, i.e. 95,076 kg of dry matter. More detailed characteristics of the import covering 11 most
important countries and the type of transport into the CR, including carbon-dioxide emissions associated
with particular routes, are provided in Table 5. The elemental analysis is given in Table. 5.

Table 5: The import of carnations into the CR and their transport

Air Lorry
Net transport*®) transport CO, CO;

Country [ka] [km] [km] [ka] [m”]
Belgium 90 0 907 7 3
Columbia 22,119 9,810 0 129,108 65,716
Ecuador 9,212 10,249 0 56,176 28,594
Ethiopia 138 5,079 0 417 212
Germany 59 0 682 3 2
Italy 1,256 0 1,308 136 69
Kenya 2,045 6,097 0 7,419 3,776
The Netherlands 325,638 0 883 23,724 12,075
Portugal 284 0 2,246 53 27
Spain 381 0 1,355 43 22
United Kingdom 25,077 0 1281 2,617 1,332
Other + CR 211,665 300%) 1,000%) 55,245 28,119
Total 597,964 32,509 9,662 274,946 139,947

*) model transport distance
Source: UN Comtrade Database 2018 *®

Table 6: The elemental composition of carnation dry matter —wt. %

Element C H N Scomb. Ash

Content 42.72 5.47 2.34 0.10 8.33

Source: author own calculations
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Based on the equation received after the values from the elemental analysis shown in Tab 6 are
substituted in the formula (1):
Cs58H50402.9, + 0.636 H,O = 1.803 CH,+ 1.775 CO,,
The dry matter of cut carnations produces the amounts of methane and carbon dioxide listed in Tab. 7.

This table shows the carbon-dioxide emissions associated with transport, the total radiation power of
CO,, i.e. the conversion of this amount into the number of family houses using natural gas as the energy
raw material, and the theoretical weight of the brown coal that would be converted through combustion
into the given amount of carbon dioxide.

Table 7: The emission parameters of the faded cut carnations deposited

Quantity Unit Value
The volume of the methane produced by 1 kg of faded carnations m* 0.40
The volume of the carbon dioxide produced by 1 kg of faded m° 0.39
carnations

The weight of the methane produced by 1 kg of faded carnations kg 0.29
The weight of the carbon dioxide produced by 1 kg of faded kg 0.77
carnations

The total weight of imported carnations kg 597,964
The total weight of the dry matter of domestic carnations kg 95,076
CH, from the carnation dry matter deposited m’ 38,179
CO2 from the carnation dry matter deposited m> 37,587
CO, s from the carnation dry matter deposited m?® 1,335,689
CO, s from the carnation dry matter deposited t 2,623.7
CO, from the transport m> 139,947
CO, from the transport t 275
CO, from the cooling m?® 10,000
CO, from the cooling t 19.643
The total CO, emission m?® 1,485,636
The total CO, emission t 2,919
The number of family houses pcs 594
Brown coal t 2,182

Source: author own calculations

3.3 Chrysanthemums

Chrysanthemums are the third most important imported cut flowers in the CR. In 2015, 1,930,670 kg
were imported, or sold, here, which corresponds to 305,239 kg of dry matter’®. More detailed
characteristics of the import covering 10 countries and the type of transport into the CR, including
carbon-dioxide emissions associated with particular routes, are provided in Tab. 9. The elemental
analysis is given in Tab. 8.

Based on the equation received after the values from the elemental analysis shown in Tab 9 are
substituted in the formula (1):

Cs7sHs 520552+ 1.14 H,0 = 1.95 CH, + 1.83 CO,,

the dry matter of cut chrysanthemums produces the amounts of methane and carbon dioxide listed
in Tab. 10.

This table shows the carbon-dioxide emissions associated with transport, the total radiation power of
CO,, i.e. the conversion of this amount into the number of family houses using natural gas as the energy
raw material, and the theoretical weight of the brown coal that would be converted through combustion
into the given amount of carbon dioxide.
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Table 8: The import of chrysanthemums into the CR and their transportation

Air Lorry
Net transport transport CO; CO;
Country [kg] [km] [km] [kg] [m’]
Austria 330 0 331 9 5
Belgium 30 0 907 2 1
Columbia 216 9,810 0 1,261 642
Ecuador 21,534 10,249 0 131,318 66,341
France 84 0 1,023 7 4
Germany 91 0 682 7 4
Italy 688 0 1,308 74 38
Kenya 64 6,097 0 232 118
The Netherlands 1,906,322 0 803 126,300 64,287
Poland 1,211 0 467 47 24
Other + CR 100 300%) 1,000%) 26 13
Total 1,930,607 | 36,266 6,521 259,284 131,975

*) model transport distance in the CR
Source: UN Comtrade Database 2018 *

Table 9: The elemental composition of chrysanthemum dry matter —wt. %

Element

C

H

N

Scomb

Ash

Content

41.75

5.52

2.72

0.07

9.62

Source: author own calculations

Table 10: The emission parameters of the faded cut chrysanthemums deposited

Quantity Unit Value
The volume of the methane produced byl kg of faded m° 0.40
chrysanthemums

The volume of the carbon dioxide produced by 1 kg of faded m’ 0.39
chrysanthemums

The weight of the methane produced byl kg of faded kg 0.29
chrysanthemums

The weight of the carbon dioxide produced by 1 kg of faded kg 0.77
chrysanthemums

The total weight of imported chrysanthemums kg 1,930,670
The total weight of the dry matter of domestic chrysanthemums kg 305,239
CH, from the chrysanthemum dry matter deposited m’ 133,328
CO; from the chrysanthemum dry matter deposited m? 124,371
CO,_ s from the chrysanthemum dry matter deposited m? 4,657,537
CO,_ s from the chrysanthemum dry matter deposited t 9,148.7
CO, from the transport m’ 131,975
CO; from the transport t 259
CO, from the cooling m? 10,000
CO, from the cooling t 19.643
The total CO, emission m? 4,799,512
The total CO, emission t 9,428
The number of family houses pcs 1,920
Brown coal t 7,048

Source: author own calculations
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4. Conclusion

The model study performed shows that it is necessary to limit the weight of the organic part of the
biodegradable waste that has been landfilled so far, because the volume of the greenhouse gases,
especially methane, produced by fermentation processes under anaerobic conditions at landfills, is non-
negligible.

From the selected studied typical cut flowers bringing pleasure to our everyday lives, whose faded
parts are commonly deposited at landfills, the highest amount of greenhouse gases is produced by
roses, followed by chrysanthemums. The total emissions of methane from deposited roses is 0,14 mil
m?, from deposited chrysanthemums 0,13 mil m? and from carnations 0,04 mil m?3.

The total theoretical radiation activity of the greenhouse gases from the deposits of the three selected
model types of cut flowers was 43,820 t of CO, — roses 31473 t, chrysanthemums 9428 t, carnations
2919 t.. Its total radiation power converted to the number of family houses using natural gas as the
energy raw material would correspond to ca 8,923 family houses or 32,757 t of burnt brown coal. In this
connection, it is advisable to include the use of landfill gases in the activities monitored within the
legislation forming the framework of the EU energy policy concerning energy efficiency™® %°.

The total unit external costs of the carbon-dioxide emissions of the three types ofmonitored cut
flowers are CZK 25.4 mil, which would, however, be much higher if transport emissions were included in
this balance. A future study should also focus on other emissions, especially VOC, NO, and PM 2.5.
Because of the scope of this work, this analysis focused on other pollutants has been omitted.

For the overall assessment of the landfilling of faded cut flowers in terms of environmental protection,
the presented data should also be complemented by data focused on landfill water pollution by biocidal
(bactericidal, disinfectant, fungicidal and preservative) agrochemicals, by which common cut flowers are
treated to extend their life.
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Rezané kvétiny a produkce sklenikovych plyn pfi skladkovani biologicky
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Souhrn

Rezané kvétiny vytvareji prijemnou atmosféru, ovlivriuji esteticky pocit vniméani mnoha Zivotnich
situaci. BohuZel vybledlé kvétiny konCi na skladkach, kde podléhaji anaerobnimu rozkladu a produkuji
znacné mnoZzstvi sklenikovych plynu. Jejich prodej je doprovazen leteckou i automobilovou dopravou
a tak je také i distribuce kvétin zdrojem emisi oxidu uhli¢itého. Tento ¢lanek se vénuje pfehledu skrytych
ekologickych souvislosti spojenych se sklenikovymi plyny u vybranych druht fezanych kvétin.

Klicova slova: sklenikovy plyn, komunalni odpad, fezané kvétiny
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Abstract

The sustainable operation of production enterprises can contribute to their attractiveness as well as
strengthen their competitive position in the market. The implementation of these principles enables
goods and services to be produced and provided in a way that uses processes and systems that reduce
environmental impact. The article analyses the idea of sustainable development in building the value of a
socially responsible production company. The aim of the article was to present the importance of
sustainable development issues in relation to the functioning of one of the companies from the
automotive sector and to conduct an analysis and demonstrate the benefits of designing and creating
a department for secondary metal smelting - aluminum chip smelting.

Keywords: production management, sustainable development, ecological motorization, ecological
innovations

Introduction

Human economic activity is inextricably linked to the transformation of the natural environment®?.
Originally, these changes were of a limited nature. However, with the progressive development of
technology, technology and demographic explosion, the scale of emerging pollution began to pose
a threat to the ecological balance on earth, as well as to the very ability of the environment to fulfil the
necessary functions for the existence of people and to conduct all forms of economic activity*®. It has
therefore become necessary to establish international cooperation in the field of environmental
protection. The manifestation of such actions is the emergence of the concept of sustainable
development, as the only right way to further economic and social development’. This means managing
economic activity in such a way that a balance is struck between human, economic and natural capital®*°.
However, the implementation of sustainable development in a production company requires the
integration of environmental and social issues into its management processes*"*2. Hence, the aim of the
article is to present ecological innovations as one of the tools supporting sustainable development and to
analyse the implementation of the concept of sustainable development in a production company from the
automotive sector.

The concept of sustainable development of manufacturing companies

Sustainable development is also referred to as eco-development, development: sustainable,
continuous, integrated as well as sustainable growth defines the model of economic development, linking
it to the requirements of environmental protection, thus satisfying not only consumer needs, but also the
right of people to live in a clean environment. It is a process in which the needs of the presently
functioning generation are satisfied, with the possibility of satisfying those needs by future generations™™>.
It should be stressed that sustainable development assumes the interdependence of its three main areas
(social, ecological, economic), as defined in the Revised EU Sustainable Development Strategy™®*®.
Manufacturing companies began to recognise that long-term sustainability helps to maximise profit. In
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this way, the relationship between social, environmental and economic governance is formed. At the
same time, social order concerns the need for internal and intergenerational justice, while ecological
order requires protection of available natural resources, while economic order manifests itself in
satisfying the fundamental needs of humanity™. In this approach, sustainable development, for many
manufacturing companies, has inspired the birth of a new approach to solving environmental problems,
referred to as eco-innovations.

In the literature there are many definitions of the term "eco-innovation" as well as the concept of
innovation itself, these innovations are a complex phenomenon. Many definitions of eco-innovation seem
to be rather vague and therefore, according to the authors, many types of innovation can be attributed to
the term eco-innovation®.

Eco-innovations can be defined as new products and processes that provide value to business
customers while reducing environmental impact*??, Attention should be drawn to the position taken by
the European Commission (EC), which in 2004 included ecological innovations in the category of
environmental technologies, the use of which is less harmful to the natural environment than the use of
alternative solutions®*?>%°, However, three years later, the EC broadened the definition of eco-innovation
to include all forms of innovation that aim to make visible and significant progress towards sustainable
development, either by reducing negative environmental impacts or by achieving greater efficiency and
responsible use of natural resources. In the EC's opinion, innovativeness refers both to services,
production processes and management methods aimed at preventing or significantly reducing pollution
and other negative consequences of the use of natural resources®>**?’. Several basic types of eco-
innovation can be distinguished®:

e products - e. g. use of means of production of materials with rationalised characteristics;

e process - e. g. installation of new or improved production technology to reduce negative impact
on the environment;

e organisational - e. g. implementation of the Environmental Management System (e. g. ISO 14000
series®®);

e marketing - new marketing methods containing significant changes in the aspect of product
packaging, its positioning, promotion, as well as price fixing (including the so-called ecological
marketing).

A responsible production company can be defined as a company that strives to implement long-term
ideas of sustainable development and growth through, among other things: a strong commitment to
promoting social and environmental values or being responsible for the indirect (or direct) consequences
of the functioning of economic activity®**®. A production company aspiring to the sustainable name
should transform its existing paradigms of operation - from a traditional approach to sustainable
development, as shown in Table 1.

The key aspect of the transformation of a production company towards sustainable development
(Table 1) is to balance the idea of maximising profit (although it is important) in favour of creating new,
intangible assets of the organisation, such as involvement in creating a strong brand and a positive
image through environmental, social, ethical involvement and increasing the knowledge capital and
functioning in harmony with nature as taking care of it and prudent use of natural resources. By flattening
the rigid, hierarchical structure of the organisation and responsible decision-making, it will be possible to
develop bottom-up ideas for sustainable development that are not doomed to failure due to the area of
the uprising. When considering the manufactured products, apart from their functionality, significant
attention is paid to their ecological character and intensive production system, which is characterized by
innovation and development thanks to the reduction of raw materials and labour costs (increase in labour
productivity). Attention is also drawn to the change in the approach to running a business from a vision
correlated with the level of interest rates to a long-term vision, taking into account the potential needs of
future generations. The change also affects the approach to products.

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020 (11. - 13. 11. 2020, Hustopece)
WASTE FORUM 2020, &islo 3, strana 192



Andrzej PACANA, Karolina CZERWINSKA, Lucia BEDNAROVA, Jana DZUKOVA: Analysis of a practical approach
to the concept of sustainable development in a manufacturing company in the automotive sector

Table 1: Differences between a neoclassical production company and a sustainable production
company

Enterprise in neoclassical terms Sustainability oriented company

Maximising profit with sustainability and
Purpose Maximising profit growth, taking care of the environment and
stakeholders

Product Functional Ecological - socially responsible

Production : .
Extensive Intensive

system

Organisation Authorl_tarlan, hierarchical, Network_ed, cen‘;rgllzed, tr_ansparent,
centralised responsible decision making

Environment The rule of nature Harmony with nature

Vision Correlated to the level of interest | Long-term, taking into account the needs of
rates future generations

Value Rational, material Socio-economic, intangible

Source: own elaboration based on®

In the literature on the subject one can find studies indicating the positive influence of the
implementation of the concept of sustainable development on ecological and social issues and on the
processes implemented in enterprises®19242,

Material and methodology

The analyzed production company, in accordance with the assumptions of sustainable development,
has significantly modernized the infrastructure and the approach of both the management and
employees to sustainable development. By translating the actions taken within the company into the
development and interdependence of the three main areas of the concept of sustainable development
(social, ecological and economic), the following actions have been taken:

e a department for the secondary smelting of non-ferrous metals and their alloys and the
purification or processing of recycled metals (except for lead and cadmium) has been
established,

¢ municipal management has been optimised by using, among other things, an automated waste
collection system, which makes it possible to reduce the involvement of employees in the
process (by 50%) and thus contribute to improving work safety,

e energy management has been optimised by implementing a water and heat recovery system that
reduces the amount of raw materials used,

e ergonomic working conditions in the newly established department are ensured,

¢ within the framework of eco-innovation, the use of measures with rationalised characteristics in
terms of environmental impact has been implemented in the area of product control (penetration
testing),

e training was conducted to raise the awareness of employees about sustainable development and
changes in the company related to this concept.
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The undertaken activities related to the implementation of the concept of sustainable development in
the company have contributed to the creation of a complex network of relations between the indicated
areas, which results in a significant reduction of the negative impact on the human living environment,
cost reduction (e. G. in the field of municipal management up to 80%) and optimization of work logistics
and increasing environmental awareness of employees.

The company's activities in the field of sustainable development have been presented on the example
of the department of secondary metal smelting - aluminium chip smelting. The course of the melting
process is shown in Figure 1.

The efficiency of the production alloys melting in the newly opened department is based on early
adaptation of the chemical composition of the aluminium alloy to production needs. In the company
submitted, the alloys used for production do not have standard equivalents, which makes it necessary to
melt and modify the composition within the company and the material you acquire is a process re-
melting.

Storage of aluminium and aluminium chips intended for secondary smelting is carried out in
a separate hall, in boxes and containers with a sealed base, respectively. Aluminium chips come from
the company's production (machining departments). Dry aluminium alloys, i. e. aluminium electric cables
without casings, come from approved suppliers (in accordance with the Quality Management System
procedure). Other raw materials - additives, modifiers and input materials are stored in appropriate
storage rooms.

Chips transported in tight containers from the production hall are intended for preliminary cleaning. In
the next stage, the cleaned chips are transported to a metal separator operating according to the
principle of magnetic field - attracting all ferromagnetic metal parts, i. e. rings, cutting inserts. Then the
chips are transferred to the shredding unit and through a feeder to the centrifuge (separation of chips
from processing oil and water). The dried chips are sent to three magnetic separators, where all dusty
fractions and small chips (&It;1 mm) are vibratively separated. Separated swarf goes to the tumble dryer,
where it is additionally dried with hot air.

Preheated chips with a moisture content of less than 1.5% are fed into the FUS/20/PB/M melting
furnace together with a flux cleaning and covering Flux Test Flux at a rate of 1% in relation to the
number of chips. After remelting, a chemical composition test shall be carried out and, if necessary,
corrected by the addition of appropriate alloying elements.

During the pouring of the liquid alloy from the ladle furnace, the Coveral MTS 1565 flux is, dosed
directly onto the metal stream, and then the metal is refined to refine the liquid metal with a mixture of
argon - chlorine to degasify the alloy. Refining takes place at a temperature of approx. 800 °C.

After the refining process is completed, the degree of gasification of the alloy is checked. If the result
is in accordance with the applicable standards, the liquid alloy is transferred to the heating furnaces,
while the surplus is directed to the casting line of the bar — “gaski”. After being poured into a mould, the
alloy is cooled with water and stamped. After being stamped and cooled, the caterpillars broken from the
moulds are transferred to the storage place, to a properly separated caterpillar warehouse.

Finished dry aluminium alloys and other raw materials of a density and size adapted to the type and
parameters of the furnaces used, are remelted in gas or induction furnaces with combustion control and
recuperation with sealed closing covers. Parameters of exemplary furnaces placed in the foundry are
presented in Table 2.
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Production waste (mainly aluminium alloys) for recovery

U

Mechanical segregation

- preliminary cleaning,
- identification of metal parts.

U

Preparation for smelting
- chip grinding,
- separation of chips from machining oil and water,
- chip drying.
Mechanical segregation
Magnetic separator Magnetic separator Magnetic separator
(dusty fractions) (fractions <1mm) (fractions >1mm)
Drum drying

L

Smelting in an oven

- testing of chemical composition (addition of suitable ingredients if necessary)

U

Pouring from the oven

.

Alloy refining

- flux dosing

- alloy degassing and checking the degree of degassing

Heating oven <:> Aluminium bar casting line

Figure 1. Secondary aluminium smelting process

Table 2: Parameters of exemplary technological equipment of piston production lines

Induction e Gas
Parameters furnace type futrnaé:ﬁ/l\llzl%nxler Parameters stove Gpaé zgoc)\ée

PIT-1000 yp STRICO

1500

Capacity [Mg] 1,0 15 Capacity [Mq] 1,0 6,0
Maximum power Maximum heat
[KW] 350 800 output [MW] 0,8 1,2
Energy Operating
consumption 500 585 temperature 820 820
[KWh/1 Mg Al. ] [°C]
Melting speed kg Melting rate
Alh 300 800 [kg/h] 400 1000
MG 880 — 900 820 MERIITIN s 179 220

temperature [°C] demand [m®%h]
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Thanks to the availability of various melting furnaces and other necessary equipment within the
company, it is possible to optimise melting processes in order to minimise the negative impact on the
environment. Such technological flexibility is not available in melting processes involving other materials
or standard technologies®.

Other alloys, i. e. production waste, are also subject to secondary smelting. Their types and the
amount allocated to the disk are presented in Table 3.

Table 3: Permitted types and quantities of waste destined for recovery

No. | Type of waste destined for recovery Quantity of waste destined for recovery
[t/year]

Defective cast iron products 15

5 Was'tes from turning and sawing of iron 1700
and its alloys

3 Wastes from turning and sawing of non- 10000
ferrous metals

4, Copper, bronze, brass 100

5. | Aluminium 1500

6. | Iron and steel 300

7. | Wastes not otherwise specified 1000

The values in Table 3 show the comprehensive nature of the remelting technology used in the newly
established remelting department. The possibilities of re-melting the indicated waste contributed to the
optimisation of production waste management.

The secondary smelting hall is equipped with technical measures to reduce emissions of pollutants
into the air - general ventilation, which enables natural convection of fumes and fumes. Ventilation uses
ventilation slots located on the walls of the building. The melting furnaces are equipped with extraction
hoods and the gases caught by them are discharged to the outside by means of emitters. For induction
furnaces PIT-1000 and MFT AL. In the case of the 1500, a common system of gas discharge has been
applied, in which the extracted dust and fluorine compounds are discharged by means of hoods to
a common emitter. Pollutants from the refining station are discharged to the emitters by means of hoods.

Results and discussion

Previously, the company had not conducted such advanced pro-ecological activities. The proposed
and implemented concept of the authors is a novelty within the company. The reorganisation of the
infrastructure and the creation of a secondary smelting department and the installation of technical
measures to reduce air pollutant emissions contributed to the decrease in emissions (Table 4).

The data contained in Table 4 indicate a reduction in the emission of pollutants after the
implementation of the secondary metal smelting process - aluminium chips smelting. The data confirms
the usefulness and effectiveness of the implemented technology.

Monitoring of technological processes in the company is carried out on the basis of processes,
procedures and instructions binding on the premises of the company as part of the Environmental
Management System functioning in the company, which is consistent with the requirements of PN-EN-
ISO 14001 and PN-N 18001.
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Table 4: Comparison of annual emissions before and after the installation of technical
measures to reduce emissions of pollutants into the air after the establishment of the secondary

smelting division
. . . Emissions after installation
Emissions before installation .
No. Type of pollutant . of technical measures
of technical measures [t/year]
[t/lyear]
1. Total dust 21,739 18,062
2. PM 10 particulate matter 21,739 18,062
3. Sulphur dioxide 8,003 7,977
4, Nitrogen oxides 71,067 69,717
5. Carbon monoxide 25,899 25,484
6. Fenor 0,290 0,299
7. Fluorine 1,006 0,781
8. Formaldehyde 0,123 0,123
9. Sulphuric acid 1,22 1,22
10. | Hydrogen chloride 3,371 2,559
11. | Tin and its compounds 0,812 0.0065
12 Acyclic hydrocarbons 0,0065 0,00156
13. | Aromatic hydrocarbons 1611 0,00156

In accordance with the “Environmental Monitoring and Measurement Schedule" which is an annex to
the “Monitoring and Measurement" Procedure, the production of waste, emission of gaseous and
particulate pollutants, as well as water consumption, production of industrial sewage, industrial and
household sewage, consumption of gas, electricity, and monitoring of the working environment are
monitored.

The introduction of the secondary smelting method in a company affects both the so-called
environmental pillar and the economic pillar. Table 5 shows the percentage rate of savings from smelting
and recovery of production alloys.

Table 5: Savings on smelting and recovery of production alloys after the establishment of the
secondary smelting department over three quarters

. Saving [%)]
Lp. Type of waste destined for recovery
| quarter Il quarter Il quaeter

1. | Defective cast iron products 17,21 18,89 17,97
2. | Wastes from turning and sawing of iron and its 8,77 9.05 8,80

alloys
3. | Wastes from turning and sawing of non-ferrous 11,45 11,20 12,06

metals
4. | Copper, bronze, brass 3,02 2,91 2,78
5. | Aluminium 26,59 27,77 26,34
6. | Iron and steel 9,24 8,86 8,12
7. | Wastes not otherwise specified 5,01 4,79 7,70
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On the basis of the data contained in Table 5, it can be seen that the savings, in the quarterly
settlement, from melting and recovery of post-production alloys reach the highest values in the case of
aluminium (26. 34% - 27. 77%). The data confirms the usefulness of the new solution which has been
made more expensive in the company.

In addition, the choice of the optimal distribution of the smelting department contributed to the
optimisation of work logistics and the dissemination of the recycling concept in the area of the company,
which contributed to the rapid acceptance of pro-environmental changes introduced in the company.

Due to the volume limitation, the influence of the company on the emission of gaseous and particulate
pollutants, water consumption, production of industrial sewage, industrial and household sewage, gas
consumption, electricity consumption was not taken into account in the work.

In accordance with the idea of sustainable development, the analyzed company within the framework
of pro-environmental activities continuously implements activities in the area of main pillars of the
concept of sustainable development. The pro-ecological activities undertaken in the company have no
clear boundaries between the main pillars of the concept of sustainable development, because one
action (change) generates effects, e. g. from 2 or 3 planes. This includes:

¢ in the economic and organizational area:

o Rigorous adherence to technology procedures that maximize the production of good quality
products and thus minimize production waste. Developing and applying procedures relating to
the management of raw materials and production materials.

o The quality level of supplied raw materials is supervised by the Delivery Quality Control. The
condition of the delivery is checked in terms of material approval, the surface condition of the
goose, the weight of the delivery, the condition of packaging and marking on the goose), as
well as the chemical composition, microstructure of the goose, hardness and strength of the
input materials are checked in accordance with accepted standards.

e in the economic and environmental area:

o In the production process of pistons, the use of raw batch material with a defined and
controlled alloy composition, in the form of pure aluminium goose, missing castings in the
amount of not more than 50% of the batch material and additives in accordance with
technological instructions for melting the alloys.

o Taking action to reduce the amount of waste generated, e. g: prevention of losses of raw
materials, materials, products and semi-finished products, observance of technological
process parameters, use of auxiliary materials of the highest quality, analysis of input
materials - analysis of safety data sheets, pro-ecological planning of technological processes.

o Maintain all equipment in good working order and operate it properly in accordance with the
technical and operating instructions.

e inthe environmental area:

o Development and implementation of a programme to reduce the amount of hazardous waste
produced.

o In order to reduce fugitive emissions of pollutants into the air, the removal of the waste from
the production sites is carried out after they have completely cooled down.

o Control emissions, water and energy consumption and take immediate corrective action if they
are found to be exceeded.

e in the social area:

o Keeping roads, squares and the remaining area clean and tidy Installing sound-absorbing
covers on the hall fans.

o Permanent surveillance of working conditions.
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The presented data confirm the effectiveness of the concept of metal re-melting implemented by the
authors. The main advantages of the new solution used in the company include the reduction of pollutant
emissions and significant savings, on a quarterly basis, from smelting and recovery of post-production
alloys, which in the case of aluminium reach values of 26. 34% - 27. 77%. It is also important to design
the melting process properly and to ensure the availability within the company of different melting
furnaces together with other necessary equipment, it is possible to optimise the melting processes in
such a way as to minimise the negative impact on the environment.

Summary

The new market challenges faced by economic operators mean that they operate in accordance with
the idea of sustainable development. All actions resulting in the minimisation of negative impact on the
natural environment undertaken by enterprises can be considered as a manifestation of the
implementation of the idea of sustainable development. In this way, companies contribute to the
preservation of the quantity and quality of natural capital, which is the basis for meeting the needs of
present and future generations and adapting the scale of the functioning economy to the ecosystem on
which it operates.

The functioning of companies in accordance with the idea of sustainable development is a long-term
process, which is connected with the need to develop the awareness of the management of companies
operating on the market. The integration of environmental and social aspects into the management of
economic operators is linked to the need to incur expenditure on environmental protection and to support
community-based initiatives. This measure increases the company's costs and at the same time reduces
short-term profits. However, in the long term, it has a positive impact on increasing the competitiveness
of the company by creating a new image that allows to acquire new and maintain existing customers.
The understanding of the presented dependencies by entities operating on the Polish market is
extremely important in the context of their persistence and further development.

An example of an organization realizing the idea of sustainable development is the analyzed company
producing pistons for internal combustion engines. Previously, such advanced pro-environmental
activities were not carried out in the company. The proposed and implemented concept of the authors is
a novelty within the company. The main advantages of the new solution used in the company include the
reduction of pollutant emissions and significant savings, due to remelting and recovery of post-
production alloys.
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Summary

Fungovanie spolo¢nosti v sulade s mySlienkou udrzatelného rozvoja je dlhodoby proces, ktory suvisi
s potrebou rozvijat’ povedomie o riadeni spolo¢nosti pésobiacich na trhu. Integracia environmentalnych
a socialnych aspektov do riadenia hospodarskych subjektov suvisi s potrebou vynaloZit naklady na
ochranu Zivotného prostredia a s podporou iniciativ na arovni komunitného spolo¢enstva. Toto opatrenie
zvySuje naklady spoloCnosti a zaroven znizuje kratkodobé zisky. Pochopenie prezentovanych zavislosti
subjektmi pdsobiacimi na polskom trhu je mimoriadne dblezité v kontexte ich pretrvavania a dalSieho
rozvoja. Prikladom organizacie realizujucej myslienku udrZzatelného rozvoja je analyzovana spolo¢nost
vyrabajuca piesty pre spalovacie motory. Predtym sa také pokrocilé proenvironmentalne ¢&innosti
v spolo¢nosti nevykonavali. Navrhovana a implementovana koncepcia autorov je v spolo¢nosti novinkou.
Medzi hlavné vyhody nového rieSenia pouZivaného v spoloCnosti patri znizovanie emisii znecistujucich
latok ako aj vyrazné uspory v désledku pretavovania a spétného ziskavania postprodukénych Zzliatin.

Keywords: riadenie vyroby, udrzatelny rozvoj, ekologicka motorizacia, ekologické inovacie
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Abstract

Nowadays, along with an increase in mine activities, pay attention to environmental issues to
achieve the sustainable targets has gained a special place. On the other hand, an increase in
various types of natural destructive pollutants and also increasing the use of industrial and
drinking water by human societies is deniable. Using mineral wastewater and mine tailings in
road and building construction projects will provide great help for the environment. In the
present study, stabilization of dune sand, which is one of the loose soils in road construction
projects, has been investigated using a kind of mineral wastewater at three weights 7, 14 and
21 percentages by dry weight of soil. For this purpose, compaction, compressive strength, direct
shear and CBR tests have been done to investigate the effect of this material on the resistance
parameters of dune sand. The results showed that the addition of mineral wastewater to the
soil, led to a decrease and an increase in optimum moisture content and maximum dry density,
respectively. The addition of mineral wastewater increases the compressive strength and
displacement and as a result of an increase in the weight percentage of mineral wastewater, the
number and the depth of failure cracks have been reduced Increase the mineral wastewater
from 14 to 35%, has led to an increase in compressive strength of more than 39%. By checking
the SEM images, it was found that the reduction in the holes and porosity of the soil, as well as
an increase in interlocking between the particles, are the factors of increase in strength
parameters. To investigate the application of this method in road construction, the effect of
stabilized layer and the mineral wastewater content of the settlement has been studied. The
results of numerical analysis show that add 7 and 14 percent of mineral wastewater reduces the
settlement compared with unstabilized sample. Therefore, the probability of rutting failure
of subgrade will be reduced. Finally, the recommended function of Response Surface
Methodogly for settlement in terms of the two variables includes layer width and mineral
wastewater content has been defined using the response level analysis method.

Keywords: Mineral wastewater, subgrade stabilization, shear strength, compressive strength,
dune sand, rutting.

Index of abbreviations

CBR California Bearing Ratio(%) ¢  Friction angle of soil(®)

Wopt Optimum Water(Moisture) Content(%o) SEM Scanning electron microscope
Yamax Maximum Dry Density(gr / cm®or kN/m®)  XRF  X-Ray Fluorescence

Gs Specific Gravity of Soil

C Cohesion of soil (kPa) FTIR Fourier Transform Infrared Spectroscopy
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1. Introduction

Expanding the waste materials application in developing projects are of those activities which no only
reduce the costs but also will help preserve the environment. Various materials such as lime, cement
and some polymer materials have been used by researchers for stabilizing the soil [1-8]. Recycle asphalt
pavement, crushed tile and ceramic are of those waste materials which have been used in road
construction building projects which have desirable results in stabilization and improvement of
soil. Repair and maintenance, pavement reconstruction and resurfacing in order for increasing the
annual productivity and efficiency will produce a large amount of recycled pavement asphalt [9]. Use of
recycled pavement asphalt has increased the soil strength [10] and has been recommended as a good
choice for a base or subbase layers or stabilizing the soil of these layers [11-14]. Combination of
recycled pavement asphalt with other stabilizers such as cement or fly ash has increased the
compression strength and bearing capacity of soil of crushed stone aggregate [15-18].Crushed ceramic
is also another kind of the waste materials which has the desirable effect on increasing the concrete
compression strength [19]and on increasing the compression strength of clay soil stabilized with cement
as the subbase layer [20]. Crushed ceramic in the expansive soil[21-24] and in the black cotton soil
(Raghundeep et al. 2015) has increased the resistance parameters so that these soils become desirable
to be used in the road construction projects. Crushed ceramic in the clay soil has also increased the
bearing capacity [25]. Ameta et al (2013) by performing the CBR and direct shear tests on the dune sand
stabilized with crushed tile, observed an improvement in bearing capacity and strength parameters of
dune sand [26].

The effect of coal on the pavement performance has been investigated by Saberian and Khabiri, 2017
[27]. The addition of the coal has increased the compression strength and bearing capacity and the coal
up to 4 percent has increased the safety factor of embankment slope.Ojuri et al (2017) evaluated the
effect of the lime-cement binder on the strength of soil mixed with mine tailing. The aim of their research
was the evaluating the effect of the application of this mixture in highway construction. Their results
showed that the CBR increases with increase in both mine tailing content and lime-cement content. Also,
increase in lime-cement content and curing time has led to increase in compression strength and
CBR[28].

The addition of 20% of waste materials has increased the compressive strain and rutting depth.
Addition of construction waste materials and stabilizing it with lime despite of reducing the rutting depth,
also will increase the lifetime of asphalt [29].

In the present study, mineral waste water has been used to stabilize the dune sand. Dune sand is one
of the most common soil in the desert area which has not a proper bearing ratio for road construction
projects. Therefore, addressing the stabilization and improvement of this type of soil is of great
importance. On the other hand, using industrial wastewater, including wastewater used in the present
study, is effective and helpful activity in environmental view. In order to investigate the stability of dune
sand with mineral wastewater compression, direct shear and CBR tests have been used.

2. Material and Methods

In this study, the stability of the dune sand using mineral wastewater has been investigated. First, the
tests related to particle-size analysis, measurement of Atterberg limits and compaction characteristics of
dune sand and mineral wastewater has been examined. The standard related to these tests is provided
in Table 1. After that, to investigate the effect of these kind of stabilization on the soil strength, direct
shear and CBR test have been used which have been performed based on the ASTM D-3080 [30]and
ASTM D-1883 [31], respectively. Finally, SEM images have been used to investigate how the mineral
wastewater executed in soil stabilization and subgrade strength increase.
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2.1.Dune sand

Based on the AASHTO category, the soil used in the present study was classified as fine sand (A-3).
After performing the soil recognition tests, gradation curve and some of the mechanical properties and
specifications of testing soil are shown in Fig.1 and Table 1, respectively. Fig.2 shows an image of sand
used and the dimensions of soil operations related to pavement and road construction.
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Fig. 1: The gradation curve of soil used in the present study.

44 Y FEE

(@) (b)

Fig. 2: (&) The volume of soil operation; (b) The location of harvesting the sand sample and
mineral wastewater used

Table 1: The specifications of soil used in the present study.

Parameter Content Unit Standard used
Soil classification A-3 - AASHTO

Gs 2.7 - ASTM D-854

CBR 28.5 (%) ASTM D-1883

C 0.1 (kPa) ASTM D-3080

0] 46 (degree) ASTM D-3080

Wopt 16 (%) ASTM D-698
Yimax 1.845 (gr/icm’) ASTM D-698
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The results of identifying the elements of the materials used were extracted by the XRF method in
accordance with reference studies [32], Therefore, the chemical components of sand used in the
geographical area of this research is presented as an average in Table (2).

Table 2: Identification of chemical elements of quicksand (mean) in the study area by XRF method

Detected element Quantity (%)

SiO; 48
AlL,O3 8.3
MgO 4.5
P03 14
TiO, 8
MnO 0.1
CaO 22.5
Na,O 0.8
K20 19

Others 8.5

2.2. Mineral wastewater

The stabilizer material used in the present study is a kind of mineral wastewater that after being dry
and dissipation of moisture has been used as the stabilizer material. These materials were obtained from
metal factories and mines around Bafgh. The raw materials, which were in the form of slurry, were
collected from the sewage canal and then dried in the laboratory in the oven. Fig. 3 shows the gradation
curve of the mineral wastewater which was performed by hydrometer test and based on the ASTM
D-442 standard [33]. Fig.4 shows the image of mineral wastewater. Based on the ASTM D-4318 [34]
standard the liquid limit and plastic limit of mineral wastewater were measured at 25.72 and 16.64,
respectively. The average, the maximum and the minimum of the element concentrations in the mineral
wastewater sedimentation sample were listed in the Table 3.
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Fig. 3: The gradation curve of the mineral wastewater
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Fig.4: The mineral wastewater alongside the dune sand

Table 3: Average, maximum and minimum amount of components in mineral wastewater used in
research [35]

Variable | Maximum(ppm) | Minimum (ppm) Average (ppm)
Ag 0.26 0.2 0.223
Al 26421 26419 26419.96
As 27.17 26.8 27.016
Be 2.8 2.2 2.52
Cd 0.3 0.24 0.275
Co 56.1 55.6 55.896
Cr 50.9 49.8 50.089
Cu 35.1 33.9 34.84
Mn 744 742 743.022
Mo 1.84 1.59 1.685
Pb 34.32 33 33.909
Se 0.53 0.5 0.514
\Y 449.92 448.8 449.149

2.3. Sample preparation

To create the test samples, dry dune sand was mixed with 0, 7, 14 and 21 percent of mineral
wastewater content that named SP100, SP93, SP86 and SP79 in text, respectively. Samples were
prepared in the optimum moisture content and the maximum dry density results from compaction test. To
prevent the variation of samples moisture, they must be kept in a closed environment.

For determination of subgrade mechanical properties as well as the C.B.R and Shear resistance,
tests were conducted on a modified sand soils which is characterized by sieve analysis (ASTM D1921)
to see the particle size distribution of the soil. In the present study, the situation of the compacted
subgrade for highway constructions was simulated by performing tests on compacted samples. Samples
were prepared by modified compaction (ASTM D698) for California Bearing Ratio tests (ASTM
D1883). For many countries, where resources are ata premium, it is actual important that stabilized
resident soil can be used for pavement subgrade. To make sure that modified sand can be used for
pavement material standard compact on and CBR tests were implemented.
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3. Results and discussion
3.1. Compaction test results

To measure the optimal moisture and the maximum dry density, weight of stabilized samples the
density test was used. The compaction curve of samples with 0, 7, 14 and 21 percent of mineral
wastewater content is shown in Fig. 5. By increase in the mineral wastewater content in soil, the dry
density weight has increased. The addition of the mineral wastewater to the soil reduced the optimum
moisture, but the certain trend between reductions in the moisture and increase in mineral wastewater
was not observed. Adding of additive has reduced the porosity of the soil, due to the finer grains than
dune sand, which can cause to a decrease in the moisture and in an increase in the dry density weight of
the soil. Results are shown in Table 4.

0% 7% 14% 21%

0 15 20 25
w(}pt(%)

Fig. 5: Compaction curve of dune sand stabilized with different contents of the mineral
wastewater

Table 4: Results of the compression test

Samples name Mineral Waste (%) Wopt (%) Yd max(k_l\;)
T m
SP 100 0 12.7 18.6
SP 93 7 10.75 19.4
SP 86 14 12 19.75
SP 79 21 12.5 19.95

3.2. The uniaxial compressive strength test result

To investigate the effect of the mineral water on the shear strength of the dune sand, the uniaxial
compression test was used. To make use of this test, the 14 to 35 percent of mineral wastewater has
been used in the soil so that the required adhesion to create the sample is obtained. Fig.6 shows the
results of the compressive strength test. As it is clear from the figure, an increase in the wastewater
content in the soil has increased both the compressive strength and failure deformation. Fig.8 shows an
image of the samples stabilized with the mineral wastewater. According to the figure it is clear that an
increase in the mineral content in the soil has increased the adhesion and interlocking between the
particles and the more integrated structure has been obtained that not only increase the compressive
strength, but also decreases the cracks created after the failure. In the sample stabilized with 14% of
mineral wastewater content, the failure sample has more and deeper cracks than the sample stabilized
with 35% of the mineral wastewater content. Therefore, increase in wastewater content in the dune sand
has increased the deformability of the soil. Some of the cracks created in the samples after the failure
has been indicated in Fig. 7.
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Fig.6: Shear strength of the dune sand samples stabilized with mineral wastewater

Fig.7: Stabilized sample after compressive strength test. (Left): the sample stabilized with 14% of
the mineral wastewater content and (Right): the sample stabilized with 35% of the mineral
wastewater content

3.3. Direct shear test results

Direct shear test for stabilized and non-stabilized samples has been performed for normal stresses of
55, 111 and 222 kPa. The results are shown in Figs (8-10). At normal stresses of 55 and 111 kPa, by
adding the mineral wastewater, the shear strength has increased but at normal stress of 222kPa addition
of the mineral wastewater has no effect on the increase in the shear strength. Therefore, at high normal
stresses, the effect of the addition of the mineral wastewater on the increasing the shear strength has
decreased. The maximum increase in shear strength in stabilized sample with 21% of wastewater
content and at normal stress of 50 kPa was found to be about 44%.
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Fig. 8: Shear displacement-shear stress curve of stabilized soil with mineral wastewater at
normal stress 55 kPa
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Fig. 9: Shear displacement-shear stress curve of stabilized soil with mineral wastewater at
normal stress 111 kPa
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Fig.10: Shear displacement-shear stress curve of stabilized soil with mineral wastewater at
normal stress 222 kPa

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020 (11. - 13. 11. 2020, Hustopece)
WASTE FORUM 2020, &islo 3, strana 1 69



Mohammad Mehdi KHABIRI, Sadegh Heidari BAFGHI, Bahareh EBRAHIMIALAVIJEH: Numerical and
Experimental Investigation of the Effect of the Mineral Wastewater and Improved Dune Sand Subgrade and
Pavement Rutting

3.4. CBR test results

One of the important tests in pavement project, is CBR test. The addition of 7% of mineral wastewater
content to dune sand has increased the CBR up to 58%. By increasing the mineral wastewater content,
the bearing capacity has decreased so that at 21% of mineral wastewater content has reached the
bearing capacity lower than that of the non-stabilized soil. Fig .11 shows this trend. As can be seen from
the figure, cubic equation is also calculated in terms of the wastewater content in the soil.

. y = 8,285x%3 - 76,696x2 + 202,39x - 81,903
80 s i RZ =1

0 7 14 21
Mineral Waste (%)

Fig. 11: CBR of the tested samples

3.5. Microscopic examination of specimens

Fig. 12 shows the SEM images of the stabilized samples. By adding mineral wastewater to the soil,
the holes between the particles reduces and interlocking between them increases. In this image, the
interconnection and adhesion of the materials to each other is quite clear compared to sand grains. Due
to the adhesion property of the mineral wastewater compare with dune sand, the soil components
compressed and interconnected after the stabilization and as a result the soil structure becomes more
compressed. These variations in soil increases the maximum dry density weight, strength and bearing
capacity of the soil which are in agreement with experimental results of this study.

Figure 13 shows the FTIR analysis of of mixture of sand and wastewater. According to the results
obtained from this analysis, it was found that the highest absorption spectrum is 3578 cm™, which is
related to the presence of tensile O-H from the group of alcohols and has an absorption percentage
close to 100. The absorption spectra of 2364 cm™ are related to the presence of C-O chain and also the
absorption spectra of 2014 cm™ and 2168 cm™ are related to the presence of tensile C=C from the group
of alkenes and C=C vibration from the group of alkynes, respectively. Also, according to the figure, it was
observed that the absorption spectrum of 1421 cm™ related to C=0 tensile from the aromatic ring and
the absorption spectrum of 999 cm™ and 873 cm-*, respectively, related to the presence of tensile C-O
from the group of alcohols and = C— H is a stretch of the group of alkenes. Finally, the last absorption
spectrum is 645 cm-1, which is related to the presence of vibratory C-H.
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Fig. 12: SEM images of dune sand samples stabilized with mineral wastewater
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Fig. 13: FTIR spectra of stabilized soil samples

3.6. The pavement settlement in numerical modeling

The pavement settlement was modeled using EverStress software and the effect of the subgrade

improvement on the settlement has been investigated. Fig.14 shows the meshing used in the model and
the strain contour obtained from the modeling.
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Fig. 14: (Left): Meshing in numerical software; (Right): Strain contour result from designed
subgrade in software
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Fig. 15 shows a 3D plot of the settlement in terms of two variable layer width and the mineral
wastewater content using the MATLAB software. The amount of the settlement in the sample without
stabilization was estimated to be 467.9um, which comparing with results related to stabilized layers with
this value shows that at all widths, the layer stabilized with 21% of the mineral wastewater content has
more settlement than that of the non-stabilized soil. In the layer stabilized with 7and 14 percentage of
mineral wastewater content the settlement has reduced compared with than that of the non-stabilized
sample. At constant wastewater content, by increasing the width of the stabilized layer the certain trend
in reduce or increase in the settlement was not observed. At width 20 or 40cm, by increasing the mineral
wastewater content, the settlement increases and at the width 30cm, by increasing the mineral
wastewater content from 7 to 14%, the settlement reduces and then by increasing the mineral
wastewater content up to 21%, the settlement increases. Therefore, the possibility of the creation of the
damage to subgrade and the possibility of occurring the rutting failure decreases.

3.7. Response Surface Methodology results

In the following, the recommended function of settlement in terms of two variables width and
wastewater content was calculated using Design Expert software and Response Surface method. This
function and the 3D plot obtained from this analysis are shown in Table 5 and Fig.16, respectively.
According to Fig. 15, some of these values of the settlement are higher than predicted values and some
are lower. The recommended function is a quadratic function with regression coefficient of 0.9144 which
indicates an acceptable approximation of recommended function.
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Fig. 15: 3D plot of the settlement obtained in terms of mineral wastewater content and layer width
(using MATLAB software)

Table 5: Recommended function from response level method

R-

Variable Suggested Functions
square

606.98046 — (11.08235 x Waste materials)

— (6.86730 x Thickness)
Settlement(um) + (0.057143 x Waste materials X Thickness) | 0.9144
+ (0.44078 x Waste materials?)
+ (0.093983 x Thickness?)
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Design Expert software

4. Conclusion

To improve and increase the strength parameters of dune sand, the stabilization with mineral
wastewater has been investigated. Mineral wastewater due to the creating environmental issues is
hazardous and using these materials in improvement projects with the aim of preventing from entering
the environment is of great importance. Compression, direct shear and CBR tests have been
investigated at different percentages of the mineral wastewater contents and the results are as follows:

1-Addition of mineral wastewater to the dune sand decreases the optimum moisture and increases
the maximum dry density weight. Increasing the mineral wastewater content in soil has increased the
maximum dry density weight, but the definite trend was not observed in optimum moisture variations.

2- Addition of mineral wastewater has increased the compressive strength of the soil. Increase in the
mineral wastewater content, has decreased the failure cracks.

3-At low normal stresses, addition of mineral wastewater to the dune sand has increased the shear
strength in direct shear test, while at high normal stresses, no increase has been observed.

4-Addition of 7% mineral wastewater content to the dune sand has increased about 58% of CBR.
Increasing the mineral wastewater content has reduced the CBR, so that at 21 percentage of mineral
wastewater content, the lower CBR was observed than that of the non-stabilized soil.

5-Examined SEM images show that addition of mineral wastewater reduces the soil holes and
increases the interlocking of the particles. Therefore, increased maximum dry density weight and
increased soil strength can be attributed to this factor.

6-The measured settlement in the numerical model in the stabilized layer with 21% of mineral
wastewater content is higher than that of the non-stabilized soil. But at 7 and 14 percentages of mineral
wastewater in all examined layers, the settlement has reduced compare with non-stabilized soil.

6-By using response level method, settlement function in terms of two variables layer width and the
wastewater content was calculated, and the recommended function was a quadratic function with
regression coefficient 0.9144.

Commonly, reusing wastewater in construction is considered a deleterious practice since it may
introduce pollutants to the environment and generate odor problems. However, this kind of reuse may
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result in some benefits for pavement subgrade. Currently, the recycle of wastewater in construction
and building is seen in some countries as an appropriate environmental policy. In future studies, the
environmental benefits and problems of using this or similar material can be examined.
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Abstrakt

V suvislosti s banskou &innostou je potrebné venovat' v suéasnosti Specialnu pozornost’ problémom
ochrany Zivotného prostredia. Priemyselné aktivity sa vo v8eobecnosti vyrazne podielaju na produkcii
nebezpeénych emisii a odpadov ako aj na vycCerpavani zdrojov surovin a vody. Jednym zo spdésobov
uplatriovania principov udrZatelnosti je vyuZivanie réznych typov priemyselnych odpadov v stavebnictve.
Tento prispevok Studuje moznosti vyuzitia odpadovej vody akalu z vyroby kovov na stabilizaciu
pieskového podloZia pri vystavbe cestnych komunikacii v Irane. Pri priprave kompaktnych vzoriek bol
odpadovy kal pridavany v pomeroch 0, 7, 14 a 21 % k hmotnosti pévodného pieskového materialu.
Vysledky testovania mechanickych parametrov (pevnostnych parametrov, skiSka zhutnenia, CBR test)
poukazuju na zlepSenie sledovanych vlastnosti vzoriek. U vSetkych S$tudovanych vzoriek bolo
pozorované zvysenie pevnosti v tlaku. NajvysSi narast pevnosti v tlaku (0 44%) bol pozorovany u vzorky
s pridanim 21 % kalu. Pomocou SEM analyzy povrchu vzoriek bol pozorovany kompaktnejsi povrch
a pokles porovitosti u analyzovanych vzoriek. Prispevok prezentuje aj vysledky modelovania hribky
vrstvy v softvéri EverStress. Vysledky testovania vzoriek s kalom z odpadovych vod poukazuju na
moznost aplikacie takychto odpadov v cestnom stavitelstve.

Kldéova slova: Mineralni odpadni vody, stabilizace podlozi, pevnost ve smyku, pevnost v tlaku,
dunovy pisek.
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Souhrn

Predlozeny ¢&lanek je zaméreny na vyuZiti recyklovanych material(i ve stavebnictvi pfi navrhu nové
smési cementové pasty s bio-remediacnimi GcCinky. V ramci pfispévku je pfedstavena metoda bio-
remediace betonu, resp. cementové matrice, z pohledu dodate¢né aplikace bakterii a Zivin na povrch
poruseného vzorku. Specifikovéna je problematika z pohledu aplikace v Ceské republice, vybér
nejvhodnéjsi bakterie a Zivin, problematika monitoringu bio-remediace pomoci elektronové mikroskopie
a vyuZziti mikromletého odpadniho mramoru jako zdroje vapniku pfi remediacnich procesech. Vysledky
ukazuji, Ze mikromlety mramor pozitivné ovlivriuje bio-remediaci cementové matrice.

Klicova slova: Cementovy kompozit, odpadni mramorovy kal, mikroskopie, recyklace, bio-
remediace.

Uvod

V soucasné dobé jsou hledany zpusoby, jak co nejvice prodlouzit zivotnost stavebnich konstrukci.
Nejbéznéji pouzivanym stavebnim materidlem jsou kompozity na bazi cementu, resp. betony. V pribéhu
zivotniho cyklu betonu muze dochazet ke vzniku trhlin vliivem smrsténi, dotvarovani nebo mechanického
namahani'. Vzniklé trhliny negativné ovliviiuji celkovou Zivotnost betontl. Jednou z moznosti, jak tento
problém eliminovat, je vyuziti efektu samohojeni betonu formou zacelovani trhlin. Tim je zabranéno
pronikani vody do betonovych konstrukci, naslednému poskozeni a destrukci’. K samohojeni betonu
muze dojit pomoci samovolné remediace (spontanni kalcinace) nebo bio-remediace (bakteriemi
indukované samohojeni). Samovolna remediace vytvaFi krystaly kalcitu precipataci uhli¢itanu
vapenatého (CaCOs;). Proces je zpusoben reakci portlanditu s rozpusténym CO, v roztoku, takze cela
reakce je zavisla na koncentraci volného Ca®" a dostupnosti CO,, tyto podminky nelze ovliviiovat,
protoZe se jedna o vné&j$i podminky?®.

Uginné&j$im zplisobem samohojeni betonu je bio-remediace, ktera je zaloZzena na principu bakterialné
indukovaném zacelovani trhlin pomoci tvorby novych kalcitovych zrn, ktera se tvofi okolo membrany
bakterii. Vytvofené novotvary nasledné slouzi jako krystalizaéni jadra pro zvétSovani krystalt kalcitu.
Soucasné ,feSené vyzvy“ tohoto typu samohojeni jsou pfedevsim ve zpUsobu, jak se bakterie aplikuji do
betonu pfi samotné vyrobé& nebo dodateéné nanaseni na povrch poskozeného betonu. KliCové je, aby
bakterie bezpel&né prezily hydrataéni a krystalizani procesy spojené s tuhnutim a tvrdnutim cementu,
nebo vystaveni exteriérovym vlivim pocasi. DalSim ukolem je ,dodani“ vhodného zdroje Zivin a vapniku,
aby meély bakterie dostateCny zdroj zivin a pfitom tyto pfidané latky neménily fyzikalné mechanické
parametry ptivodniho materialu® ®.

NejCastéji pouzivané bakterie spojené s timto fenoménem jsou Sporosarcina pasteurii, Bacillus cohnii
a Bacillus pseudofirmus. Bio-remediace je zaloZena na vyvolané reakci mezi atmosférickym oxidem
uhli¢itym a vapenatymi ionty, rovnice 1 a 2.

HZO + C02 — HCOg_+ H+ (1)
Ca®" + 2HCO;”— CaCOs; + H" + HCO3;™— CaCO; + H,0 + CO, 2)

DalSi moznosti je vyuZiti hydrolyzy mocoviny, ktera je katalyzovana bakterialni ureazou (enzymy).
Vysledkem této reakce je rozpad mocoviny na uhli€itan a amoniak, coz vede ke zvySeni pH a vysSi
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koncentraci CO, v materialu, viz rovnice 3 a 4. MoCovina, kterou bakterie s ureazou vyuziva k tvorbé
CO,, ale je degradaénim ¢&inidlem pro cementové kompozity®.

CO(NH,), + 2H,0 — 2NH," + COs* (3)
COs* + Ca®* — CaCO; (4)

Pro tuto experimentalni studii byl tedy vybran mikroorganismus Bacillus pseudofirmus z ddvodu
nepfitomnosti ureazy. Rod bakterii Bacillus je odolny vici prostfedi s pH vysSi nez 9 a teplotné
tolerantni, coZ je jeho velka vyhoda pro vyuziti v podminkach Ceské republiky’.

Mikroorganismus Bacillus pseudofirmus je fakultativné anaerobni grampozitivni bakterie, ktera je
alkalifilni a alkali tolerantni, a proto je schopna zit a mnozit se i za vysokého pH (tedy napf. i v roztoku
vody uvnitf nového betonu). Uvedené vlastnosti se vyuzivaji v bio-remediaci betonu. Dalsi vyhodou této
bakterie je jeji schopnost tvofit spory, které nasledné dokazi pfezivat ,pasivné® i nékolik let v materialu
a pfi vhodnych podminkach (teplota, vihkost a Zziviny) zacit ,pracovat®. Optimalni teplota ristu této
bakterie je kolem 30 °C, ale dokaze zit a efektivné se mnozit v rozmezi od 10 do 40 °C8. V ramci svého

metabolismu dokaze indukovat reakci vzdusného CO, a iontd Ca?*, viz rovnice 1 a 2.

V procesu remediace hraje vyznamnou roli vapnik, resp. jeho zdroj, ktery je zasadnim faktorem
v celém procesu, ato at se tyka procesu bio-remediace nebo autonomni (samovolné) remediace®.
Zdroje vapniku jsou rizné povahy a v betonové smési, resp. cementové matrici, maji riznou funkci.
Idedlni je spojit funkci“ v remediaénim procesu s néjakou uziteCnou funkéni ve smési. Pro takovéto
ucely je napf. mozné vyuzit odpadni mramorovy kal, ktery ma pfi nizkém obsahu (do 10 hm. %)
plastifikaéni Uginek na smés a pozitivné ovliviiuje i vysledné mechanické vlastnosti betonu®. Zaroveri
muze tvofit zdroj vapniku pro oba typy remediace. Clanek navazuje na publikované vysledky v &asopise
WASTE FORUM 2/2018, kde pozitivni vlivy mramorové moucky byly feSeny**.

Materialy a vzorky

Pro pilotni testovani byly pouZity dva roky staré cementové pasty, abychom eliminovali dal3i vlivy,
resp. proménné, v provedenych experimentech. Pro vyrobu prvni sady vzorkd byl pouzit standardni
cement CEM | 42,5R (Radotin), vzorky z ného vyrobené byly oznacené A az C a byly pouzity jako
referen¢ni, srovnavaci bez pfidaného vapniku. Druha sada vzorku byla vyrobena s 10% hm. nahradou
cementu ve formé& mikromleté odpadni mramorové moucky (Beroun, Jez, s.r.0.) a jsou oznacené D a E
(tabulka 1). V obou pfipadech byl pouzit stejny vodni soucinitel 0,35.

Odpadni mramorova moucka z procesu brouseni a fezani mramoru slouzila jako dalSi zdroj vapniku
pro remediacni procesy. Mramorova moucka obsahovala velké shluky zrn a dosahovala zrnitosti od 0 do
90 mikron(, s velikosti stfedniho zrna 29 mikrond a mérnym povrchem 177 m?kg. Pro zvy$eni jeji
aktivity byla mramorova moucka mleta za vyuziti vysokorychlostniho mleti ve spolecnosti Lavaris, s.r.o.
(LibCice nad Labem), coZz mélo za nasledek zvySeni mérného povrchu. Vysledna mikromletd mramorova
moucka dosahovala zrnitosti od 0 do 40 mikron0, s velikosti stfedniho zrna 4,5 mikroni a mérnym
povrchem 455 m?kg. Chemické sloZeni pouzitych materiali, zjiténé pomoci XRF analyzy, je
v tabulce 2. PFi pouziti Bogueho kalkulace slinkovych mineralll, vysledky ukazuji, Zze se jedna spiSe
o alliticky cement s vysokym obsahem C3S (74,6 hm. %) a niz§im obsahem C,S (7,2 hm. %), Cs;A
(8,1 hm. %), C,AF (8,5 hm. %) a MgO (1,6 hm. %). Déle vysledky ukazuji na vysokou Cistotu odpadniho
mramorového kalu, kde majoritnim prvkem je vapnik.

Z cementovych past byly vytvofeny mikroskopické lesténé nabrusy, kde do povrchu vzorkd byly
skalpelem vyryty ryhy, které ,simulovaly® trhliny vzniklé na povrchu betonu, primérna Sirka trhliny byla
0,05 mm a hloubka 0,18 mm. Uvedena velikost trhlin je dostacCujici pro remediaci a sou€asné je mozné
jeji zaceleni, nebot $itka trhliny tuto skutednost negativné ovliviiuje™>. Nasledné byla na povrch vzorki
aplikovana smés pro remediaci (voda, ziviny a bakterie) v objemu 50 pl, ktera je popsana v tabulce 1.
Nasledné byly vzorky umistény do exsikatoru s vlhkosti blizkou 98 %, ktera byla vytvofena nasycenym
roztokem CaCl,. Na povrch vzork( byla v prabéhu experimentu opétovné aplikovana smés pro

remediaci, a to jedenkrat b&éhem prvnich 14 dni po tfech dnech a nasledné jednou za 14 dni, vzdy tak,
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aby nedoslo k vyschnuti povrchu vzorku. Vyhodnoceni experimentu bylo provedeno ve chvili, kdy doslo
k zaceleni trhliny u jednoho z testovanych materiald, tj. po 2 mésicich od aplikace média a bakterii.

V ramci experimentu bylo snahou od sebe oddélit oba typy remediacnich procest (efekt samovolného
zacelovani trhlin a zacelovani indukovaného bakteriemi), které probihaji souCasné. Byly vybrany
zakladni kombinace vody, zivného média, bakterie a mikromletého mramoru, aby bylo mozné od sebe
oddélit samovolnou remediaci, bio-remediaci a vliv pfidavku mikromletého mramoru (viz tabulka 1).

Pro potfeby experimentu byla vybrana bakterie Bacillus pseudofirmus. Jako zdroj Zivin bylo pouzito
zivné médium 253 (1 g/L jehnéci-hovézi extrakt; 2 g/L kvasni€ny extrakt; 5 g/L pepton; 10 g/L NaCl; pH
upraveno na 10 pomoci uhli€itanové pufru (0,42 g/L NaHCOs3; 0,53 g/L Na,CO3). Na obrazku 1 jsou
snimky z elektronové a optické mikroskopie pro bakterie Bacillus pseudofirmus, resp. pro jejich spory.

Tabulka 1: Oznaceni vzorku a sloZeni aplikacni smési na povrch vzorku

Ozn. | Slozeni: cement/mramor [g/g] Bakterie | Prostredi pro rast bakterii

A 100/0 Ne Sterilizovana voda

B 100/0 Ne Zivné médium 253

C 100/0 Ano Zivné médium 253, bakterie

D 90/10 Ne Zivné médium 253, CaCO,

E 90/10 Ano Zivné médium 253, bakterie, CaCO;

Tabulka 2: Chemické sloZeni portlandského cementu a odpadni mramorové moucky

Chemické slozeni [hm. %] | CEM 142,5R Mramorova moucka
CaO 64,8 57,5
SiO; 20,1 5,02
Fe,O3 2,51 1,22
Na,O 0,13 0,73
MgO 1,92 0,39
AlLO3 4,02 0,14
SO; 3,01 0,06
Ostatni prvky 0,45 0,14
Ztrata zihanim 3,05 34,8

Obrazek 1: Bakterie — spory, snimek z elektronové mikroskopie — vlevo, snimek z optické
mikroskopie — vpravo
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Experimentalni metody

Pouzitymi experimentalnimi metodami byla opticka a elektronova mikroskopie (SEM). Pro zjisténi
poméru zaceleni simulovanych trhlin byla pouzita opticka mikroskopie a elektronova mikroskopie byla
vyuzita pro popis vzniklych struktur a jejich chemického slozeni.

Opticka mikroskopie byla provedena za pouziti mikroskopu s transfokatorem a moznosti 3D
zobrazeni. Jedna se o pristroj od firmy ZEISS Axio Zoom.V16. Pro elektronovou mikroskopii byl pouzit
rastrovaci elektronovy mikroskop se Schottkyho katodou FEG SEM Merlin ZEISS, ktery je umistén
v Laboratofi elektronové mikroskopie a mikroanalyzy na Univerzitnim centru energeticky efektivnich
budov v Bustéhradu. Kvantitativni a kvalitativni analyza chemického sloZeni vzorkd byla provedena
pomoci rentgenové mikroanalyzy, a to pfimo energiové-disperznim spektrometrem (EDS) od firmy
Oxford Instruments. V pribéhu obrazové analyzy bylo nastaveni mikroskopu nasledujici: urychlovaci
napéti 2 kV, proud 0,2 nA, vzdalenost pracovniho stolku 5,5 mm a rozliSeni 1024 px. V prabéhu prvkové
analyzy bylo nastaveni mikroskopu nasledujici: urychlovaci napéti 20 kV, proud 2 nA, vzdalenost
pracovniho stolku 8,5 mm a akviziéni ¢as 60 s. Z divodu vysSiho elektrického proudu potfebného pro
prvkovou analyzu byly vzorky nejdfive povrchové popraseny 3 nm vrstvou platiny a az posléze byla
provedena prvkova analyza.

Vysledky a diskuse

Pomoci optické mikroskopie byly vzorky pribézné snimany a v okamziku, kdy pohledové byla
u jednoho ze vzork( trhlina zacelena, byl experiment ukonéen. Na obrazku 2 Ize vidét poméry zaceleni
jednotlivych simulovanych trhlin z optického mikroskopu po 56 dnech od ,aplikace bakterii“, kdy byl
experiment ukoncen. Ze snimkud z optického mikroskopu Ize vidét zaceleni trhliny, u vzorkd C a E, kde
u vzorku E doSlo k jejimu celkovému zaceleni.

15 mm

Simulace trhliny - ryha

Obrazek 2: Snimky povrchit vzorki cementovych past s ryhou, opticka mikroskopie (oznaceni
podle tabulky 1).

DalSi vysledky z elektronové mikroskopie jsou prezentovany na obrazcich 3 az 7. V pfipadé aplikace
pouze vody na vzorcich A (obrazek 2 a 3), je z makroskopického hlediska vidét, Ze trhlina neni zacelena.
Ze SEM analyzy jsou patrna zrna kalcitu s kubickou krystalovou mfizkou, ktera jsou osamocena
a netvofi kompaktné&jsi strukturu, tyto krystaly vznikaji jako vysledek samovolné krystalizace uhli€itanu
vapenatého, ktery je pfitomny v cementoveé pasté. Uvedeny pfedpoklad potvrdila mikroskopicka prvkova
analyza, protoZe krystal obsahoval tyto prvky: vapnik (34,6 hm. %), uhlik (14,2 hm. %), kyslik
(51,1 hm. %) a ostatni prvky (0,1 hm. %). Pfi pfepoCtu na atomarni procenta a vyuZiti stechiometrie, Ize
konstatovat, Ze se jedna o CaCOg3, tedy kalcit ze samovolného hojeni. Velikost krystalu kalcitu byla od
1 do 30 mikrond.
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Obrazek 3: Mikroskopické snimky vzorku A, Fadkovaci elektronova mikroskopie, detektor
sekundarnich elektronu

Analyza vzork( B, na ktery byla aplikovana smés Zzivin bez bakterii, méla ovéfit, jaké utvary se tvofri
v trhliné v dusledku aplikace samotného zivného média. Na obrazcich 2 a 4 je patrné, ze trhlina je
Castecné zaplnéna amorfnimi utvary. Na SEM fotografiich jsou tyto Utvary viditelné jako ,listky* a jedna
se o krystalizaéni struktury proteini z média®®. Hypotéza byla potvrzena stanovenim chemického sloZeni
z téchto mist. Krystalizacni struktury mély vysoky obsah sodiku (34,1 hm. %), kysliku (51,9 hm. %)
a uhliku (11,1 hm. %). Déle zde bylo nalezeno mnoho dalSich prvk, jako jsou draslik a vapnik (celkové
2,9 hm. %).

Obrazek 4: Mikroskopické snimky vzorku B, radkovaci elektronova mikroskopie, detektor
sekundarnich elektronu

Vzorek C s aplikovanou smési Zivin a bakterii, viz obrazky 2 a 5, ukazuje ,Casteéné zaplinénou“ ryhu
a vzniklé novotvary jsou vice usporadany v porovnani se vzorky A a B. SEM snimky ukazuji nejen
podobné struktury jako na obrazcich 3 a 4, ale také dalSi struktury s amorfni a kubickou strukturou.
JelikoZ v tomto pfipadé neni zajistén pfidany zdroj vapniku a pfitomné ionty vapniku jsou pouze
v omezené koncentraci, tak nové amorfni a krystalické struktury jsou pravdépodobné jiné formy CaCOj3,
tedy kalcitu tvofeného bio-remediaci. Chemické slozeni bylo obdobné jako v pfipadé samovolné
remediace, tedy: vapnik (41,4 hm. %), kyslik (44,2 hm. %), uhlik (12,2 hm. %) a ostatni prvky (2,2 hm. %).
Chemické slozeni je mirné zkresleno pfFitomnymi krystalizaCnimi strukturami protein(, které jsou
obsazeny i v ostatnich prvcich. Oproti kalcitu tvofenému samovolnou remediaci ma Kkalcit z bio-
remediace mensi velikost (mensi nez 1 mikron).
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Obrazek 5: Mikroskopické snimky vzorku C, fadkovaci elektronova mikroskopie, detektor
sekundarnich elektronu

V pfipadé vzorku D (obrazky 2 a 6) lze vidét pozitivni efekt pfidaného vapniku ve formé odpadni
mikromleté mramorové moucky. Simulovana trhlina a jeji nejblizSi okoli je zaplnéno velkym mnozstvim
krystall ve velikosti od 1 do 30 mikronud. Chemicka analyza potvrdila, Ze se jedna o krystaly CaCOgs, tedy
kalcitu ze samovolné remediace. Navic je struktura plna krystalizanich struktur ve formé listkd, tedy
zkrystalizovanych proteinll ze Zivného média.

Obrazek 6: Mikroskopické snimky vzorku D, fadkovaci elektronova mikroskopie, detektor
sekundarnich elektront

Nejlepsi vysledek byl dosazen u vzorku E, tedy vzorku s pfidanym vapnikem, zivnym médiem
a bakteriemi. V tomto pfipadé doslo k celkovému zaceleni simulované trhliny (obrazek 2) a Ize ve
strukture vidét vyrazné kopeckovité uskupeni krystall ve velikosti mensi nez 1 mikron. Podle chemické
analyzy se jedna o krystaly CaCQO;, tedy kalcit tvofeny bio-remediaci. Dale lze vidét, Ze struktura
neobsahuje krystalizované proteiny, a tedy bakterie spotfebovaly vSechno Zivné médium na zaceleni
trhlin (obrazek 7).
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Obrazek 7: Mikroskopické snimky vzorku E, radkovaci elektronova mikroskopie, detektor
sekundarnich elektront

Popis samovolné tvorby Kkalcitu a bakteriemi indukované tvorby bylo urCeno z experimentu
s pfidavkem zdroje iontll vapniku, zivin a bakterii. V pfipadé smési bez bakterii je trhlina zaplnéna
krystalickymi utvary a amorfnimi utvary z Zivného média. PFi pouZiti bakterii ve stejné smési byla trhlina
zacelena z vétSi Casti a ze SEM analyzy jsou jasné patrné utvary s krystalickou strukturou, které maji
.tvar‘ bakterii. Pravdépodobné se jedna o bakterie pokryté riznymi formami kalcitu a samotna téla
bakterii vytvarela nuklea¢ni centrum pro rist krystald. Poméry rozdéleni kalcitu vzniklého samovolné
a bio-remediaci koresponduiji s vysledky ostatnich autorG™*.

Zcela patrny je pozitivni vliv pfidaného zdroje vapniku — mikromletého mramoru — na oba typy
remediaci. V naSem pfipadé byl pouzit odpadni mramorovy kal oproti béZné pouzZivanému laktatu
vapniku (mléénanu vapenatého), ktery je pfidavan spoleéné s bakteriemi a Zivnym médiem™.

Zavery

Z vysledkl vyplyva, Ze samovolna tvorba krystald CaCO; (na povrchu vzork( nebo v uméle vytvorené
ryze) probiha na vzorcich i bez bakterii, jeji mira je zavisla na mnozstvi vapenatych iontl a CO,, a také
na rychlosti tvorby krystalizacnich zrn kalcitu. V pfipadé pouZiti bakterii je mira tvorby nového CaCO;
vy$8i a je zavisla na mnozstvi a zdroji Ca®*. Bakterie podporuji tvorbu kalcitu, a to nejen svym
metabolismem, ale také slouzi jako krystalizaCni jadra pro samovolnou krystalizaci. Obé& popsané reakce
od sebe nelze jednoznacné oddélit, protoZe probihaji sou€asné. Kritériem jejich popisu muze byt
kvantitativni porovnani, protoze efekt autonomniho samohojeni je ,omezeny“. Pfidany zdroj vapniku ve
formé& odpadni mikromleté mramorové moucky mél pozitivni vliv na zaceleni trhlin a v kombinaci se
zivnym médiem 253 a bakterii Bacillus pseudofirmus doSlo k celkovému zaceleni simulované trhliny.
U ostatnich testovanych vzorku trhlina zcela zacelena nebyla.

Vysledky jasné ukazaly, Zze pfi vhodné volbé sloZeni cementové smési je mozné docilit synergického
efektu. Vhodné vybrana a upravena pfidana druhotna surovina (v naSem pfipadé mramorovy kal) maze
pozitivng ovlivnit nejen vysledné uzitné vlastnosti betonu'!, ale prodlouZit i jeho Zivotnost formou
samohojeni. DalSi faze vyzkumu se bude zabyvat aplikaci remediaéni smési pfimo do Cerstvé smési
betonu.
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Use of waste marble sludge as a source of calcium for self-healing concrete
with the use of bioremediation

Zdenék PROSEK, Pavia RYPAROVA, Pavel TESAREK

Czech Technical University in Prague, Faculty of Civil Engineering, Thakurova 7, 166 29
Praha 6, Czech Republic

Summary

The presented article is focused on the use of recycled materials in construction in the design of a new
mixture of cement paste with bio-remediation effects. The paper presents the method of bio-remediation
of concrete, respectively. cement matrix, from the point of view of additional application of bacteria and
culture medium to the surface of the damaged sample. The issues from the point of view of application in
the Czech Republic, the selection of the most suitable bacteria and culture medium, the issues of
monitoring bio-remediation using electron microscopy and the use of micronized waste marble as
a source of calcium in remediation processes are specified. The results show that micronized marble has
a positive effect on the bioremediation of the cement matrix.

Keywords: Cement composite, waste marble sludge, microscopy, recycling, bio-remediation.
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Ceské ekologické manaZerské centrum, z.S. a &asopis WASTE FORUM
Zvou na
Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi (TVIP 2020)
ktery se koné v ndhradnim terminu
11. - 13. 11. 2020 (netypicky streda-patek) v Hustopecich, hotel Amande.
V ramci TVIP se spolu s konferenci APROCHEM kona tradi¢né symposium

Vysledky vyzkumu a vyvoje pro primyslovou a komunalni ekologii
ODPADOVE FORUM 2020

Symposium je urceno:

e k prezentaci vysledki (pfedevsim) aplikovaného vyzkumu z celé oblasti priimyslové a komunalni
ekologie,

e pro zastupce podnikatelské sféry a vefejné spravy, aby se seznamili s vyzkumnymi tématy a projekty
s cilem eventudlniho pievzeti nebo rozvinuti dosazenych vysledka v praxi,

e k seznameni predstavitelii vyzkumné obce s potfebami realného ,,podnikového zivota™ a ptipadnému
navazani spoluprace.

Pilivodné vyhlaSeny program po vynuceném piesunu terminu kondni ziistava v naprosté vétSiné
Vv platnosti a aZ do 30. 9. je moZné jej doplnit o nové prihlasené piispévky (v ptipadé piednasek
V omezeném, u vyvések v témét neomezeném rozsahu).

Pavodni piihlasky k acasti automaticky zistavaji v platnosti (pokud ji G¢astnik sam svou ucast
nezrusi), nové se k ucasti Ize prihlasit do 1. 11. 2020.

K tradi¢nim problémovym okruhiim:

Odpady: Ovzdusi:

o Systémové otazky odpadového hospodatstvi

e Materialové, biologické a energetické vyuziti
odpadu

e Nebezpecné odpady, odstraniovani odpadi

o Sanace ekologickych z4tézi a nasledkd havarii

Cisténi odpadnich plyni a spalin
Snizovani a méfeni emisi

o Doprava a lokalni zdroje

o Kbvalita ovzdusi a zdravotni rizika

Véda a vyzkum pro obé&hové hospodarstvi:

« Sance a bariéry cirkularni ekonomiky

e Nové zdroje surovin a energie

 Inovativni technologické postupy a inovativni
technologie

o Nové materidly a jejich aplikace (bio-
a nanomaterialy)

Voda:

« Cisténi praimyslovych odpadnich vod

o Ziskéavani cennych latek z odpadnich vod
» Recyklace vody

o Nakladani s kaly, kapalné odpady

je letos po dvou letech ve spolupraci s Centrem vyzkumu ReZ opét zafazeno téma Radioaktivni odpady.
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INFORMACE PRO AUTORY

Prihlasky pFispévkii Ize zasilat do naplnéni kapacity — piihlasovaci formulaf naleznete ZDE. Usp&iné
odeslani ptihlasky je automaticky potvrzeno. Zhruba mésic pred konanim konference bude na
WWW.tvip.cz zvefejnén aktualizovany program. Autofi piispévkt budou pozadani, aby zkontrolovali
spravnost informaci uvedenych v programu.

Abstrakta (souhrn) prednasek — stru¢ny souhrn obsahu prednésky i vyveésky je nedilnou

soucasti prihlasky ptispévki, rozsah textu max. 500 znaka (véetné mezer). Abstrakt bude zahrnut do
tisténého programu konference.

PIné texty prednasek — autory vSech prispévk, tj. prednasek i vyvések, zadame o vCasné predani
graficky upraveného pIného textu ptispévku v elektronické podobé (MS Word) nejpozdéji do 15. 10.
2020. Po tomto terminu nemuzeme garantovat jejich zatazeni do sborniku na CD-ROM, ktery obdrzi
ucastnici konference pfi registraci.

Graficka uprava textu - piispévky pred zarazenim do sborniku konference neprochézeji redakéni a ani
grafickou upravou, pfi jejich psani mizete s vyhodou vyuzit Sablonu, kterou spolu s detailnim popisem
formatovani najdete na www.tvip.cz v sekci Informace pro autory.

Prezentace — je nutné piedat ptitomné obsluze nejpozdéji 5 minut pred za¢atkem sekce, do které je
zafazena piednaska. Pokud prezentaci obdrzime do 15. 10. 2020, bude rovnéz zafazena do sborniku na
CD-ROM.

Pro vlastni prezentaci pirednasky maji prednasejici (pokud neni uvedeno jinak) k dispozici 15 minut a
5 minut je vyhrazeno pro diskusi. Ve spolupraci s predsedajicimi sekci se budeme snazit o0 maximalni
dodrzovani vyhlaseného casového rozvrhu.

Pirednaskové mistnosti budou vybaveny dataprojektory, vcetné notebooku. Pouziti vlastniho
notebooku je mozné, funkénost propojeni je tfeba na misté predem ovéfit ve spolupraci s technikem a
soucasn¢ je nezbytné poskytnout prezentaci obsluze pro dalsi zpracovani na DVD.

Vyvésky — formatu AO (na vysku) budou ptichyceny lepici paskou na tvrdy podklad (sklo, dfevéné
obklady). Vystaveny budou po celou dobu konference v chodbé pied hlavnim salem nebo piimo v sale. V
programu bude vymezen ¢asovy prostor (,,Autorska prezentace vyvések®), kdy by autofi m¢li byt
pritomni u své vyveésky.

Utast autorii: Auto¥i se rovnéZ prihlasuji k ui¢asti, na konferenci musi byt piihlasen a osobné
pritomen alespoii jeden z autoru piispévku, anebo jim povérena osoba. Jednacim jazykem

je ¢estina a slovens$tina. Zahrani¢ni hosté jsou srde¢né zvani, tlumoceni v§ak organizator nezajist'uje,
prezentace prispévkll v anglicting je mozna. Za neodpirednasSenou pirednasku nebo nevystaveny poster
bude dodate¢né autorovi fakturovan poplatek 1000 K¢ (bez DPH) za zatazeni piispévku do programu
a jeho uvetejnéni ve sborniku.

Recenze: Organizator konference nema namitek, aby autofi nabidli sviyj ptispévek z konference

K uvetejnéni v nékterém recenzovaném ¢asopise, véetné ¢asopisu WASTE FORUM, ktery je indexovan
v databazi SCOPUS.

Komer¢ni prednasky ¢i kratka sdéleni jsou za uplatu mozné. Rozsah moZnosti firemni prezentace je
Siroky, stejné jako cenové rozpéti (vice ZDE). Rozhodné neni mozné komeréni sdéleni prezentovat jako
odbornou pfednasku ¢i vyvésku. V piipad€ poruseni této zasady bude dodate¢né fakturovéana piislusna
¢astka podle vySe zminéného ceniku.
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INFORMACE PRO UCASTNIKY

Hotel Amande, kde se TVIP 2020 kon4, se naléza na adrese Husova 8, Hustopede.
Vlozné na TVIP zahrnuje vstup na obé akce (APROCHEM i ODPADOVE FORUM), brozuru
S programem a souhrny vSech pfispévki a CD-ROM ¢i flashdisk s plnymi texty ptispévkl a predem vcas
dodanymi prezentacemi. Vybirat je mozné ze tii typt vlozného:
PIné vlozné (4 450 K¢ bez DPH)
Dvoudenni vlozné (3 950 K¢ bez DPH)
Jednodenni vloZné (3 450 K¢ bez DPH)
Piihlasky acasti je mozné zasilat do 1. 11. 2020 (dale mozné po dohod¢ s pofadatelem) prostfednictvim
pripraveného internetového formulare. V ptihlasce specifikujte také veskeré pozadavky na stravu a
ubytovani.
Ubytovani a stravovani zajist'uje poradatel. Vzhledem k omezené ubytovaci kapacité hotelu Amande
Hustopece nabizime ubytovani také v tésné sousedicim hotelu Rustikal a v Penzionu pod Radnici.
Ubytovani je mozné v jednolizkovych anebo dvojltizkovych pokojich. V ptipadé dvojliizkového pokoje
je nutné v piihlaSce ucasti specifikovat jméno spolubydliciho.

Stravovani béhem konference pro ty, ktefi je maji objednano, je zajisténo v hotelu Amande, vyjimkou
jsou snidané, ty ma kazdy tcastnik v tom hotelu, kde je ubytovan.

Podrobnéjsi informace, véetné cen ubytovani a stravovani najdete na www.tvip.cz v sekci Informace
pro ucastniky.

Open Innovation Matchmaking in Ecology (Waste Management)

Cilem symposia je mj. napomoci setkavani a propojovani Gc¢astniki za i¢elem navazovani novych
prilezitosti ke spolupraci. Abychom tento aspekt podpofili, ptipravili jsme ve spolupraci s WASTen,
z.s., tzv. ,,Open Innovation Matchmaking in Ecology (Waste Management)*“. Kazdy, kdo bude mit
zéajem o asistované propojeni s jinym ucastnikem, mtze tak ucinit predem prostifednictvim ptipraveného
formulate nebo na misté na registraci TVIP.

Exkurze

Exkurze probéhnou ve ¢tvrtek 12. listopadu mezi cca 14,00 — 17,30 hod. Pro rok 2020 se piipravuji
nasledujici exkurze:

« HANTALY, as. - prohlidka skladky, kompostarny a dotfid'ovaci linky plast,

e Vetropack Moravia Glass, a.s. - odborny vyklad s prohlidkou zavodu piedniho vyrobce obalového
skla v Evropé¢.

Exkurze v¢etné dopravy na misto jsou zdarma. Zajem o ucast je nutné uvést v pirihlasce ucasti nebo
dodatecné emailem na cemc@cemc.cz.

DULEZITE TERMINY na zavér:
Termin konani: 11. — 13. 11. 2020, z toho
Odpadové forum: 11. —13. 11. 2020
Aprochem: 12. — 13. 11. 2020
Ptihlasky ptispévku: 30. 9. 2020 (dale po dohod¢ s potadateli)
Zaslani plnych textii: 15. 10. 2020
Piihlasky Gcasti: 1. 11. 2020

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020 (11. - 13. 11. 2020, Hustopece)
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