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Uvodni slovo $éfredaktora
Vazeni ¢tenafri,
v predmluvé minulého cisla jsem psal o stavu nasi
Zadosti o zafazeni WF do databaze WoS. Od té doby nic

nového a dle dosavadnich mych zkusenosti hned tak
nebude.

V souvislosti feSenim WoS mi redakéni rada doporucila
pokusit se dostat WASTE FORUM do databaze open-
access casopisu DOAJ. Zkusil jsem to a prvni pokus se
rovnéz nezdafil s odiivodnénim, Ze je tfeba, aby jednotlivé
pFfispévky bylo mozné v PDF stahnout samostatné. Dosud
bylo nutné stahovat vzdy celé Cislo. Nastésti toto bylo
technicky snadno realizovatelné a tak pocinaje letoSnim
ro¢nikem Ize stahnout jak celé éislo, tak z obsahu daného
Cisla otevrit ¢i stahnout jen zajmovy prispévek. Hned po
dokonceni tohoto Cisla se o zarazeni ¢asopisu do DOAJ pokusim znovu.

Jiz minule jsem vas na tomto misté zval na Tyden vyzkumu a inovaci pro praxi a Zivotni
prostredi TVIP 2020/2021, ktery se kona v nahradnim terminu 19. — 21. 10. 2021 v Hustopecich
v hotelu Amande. Jak znamo, v ramci TVIPu se kona konference APROCHEM, zaméfena na
rizikovy management, a symposium Vysledky vyzkumu a vyvoje pro priumyslovou a komunalni
ekologii ODPADOVE FORUM, jehoz odbornym garantem je tento éasopis.

Z puvodniho programu tohoto odborného setkani se odhlasilo jen minimum prispévku
a naopak dalsi pribyly. Aktualni program najdete ZDE. V pfipadé zdjmu o dodatecné prihlaseni
prispévku je nutné to konzultovat s poradateli (studentv@cemc.cz), pficemz u vyvések by to
nemél byt problém. Zajem o ucast je nutné projevit vyplnénim pfihlasky uéasti, prostfednictvim
které se rovnéz objednavaji souvisejici sluzby (ubytovani, strava, uc¢ast na exkurzi), a to nejlépe
do 15. 9. 2021. Vice informaci najdete zde na stranach 209 — 211 nebo na www.tvip.cz, kde jsou
vSechny potrebné informace a kontakty, véetné prihlasovacich formularu.

Ondrej Prochazka

Editorial

Dear readers,

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

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

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

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

Regards
Ondfrej Prochazka
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Pro autory

WASTE FORUM je Casopis urCeny pro publikovani plvodnich védeckych praci souvisejicich
s primyslovou a komunalni ekologii. Tj. nejen vysledkt vyzkumu v oblasti odpadl a recyklace, jak by
mohl naznadovat nazev &asopisu, ale i odpadnich vod, emisi, sanaci ekologickych zatézi atd. Casopis
vychazi pouze v elektronické podobé a Cisla jsou zvefejfiovana na volné pfistupnych internetovych
strankach www.WasteForum.cz, tzn. je tzv. open access.

Do redakce se pfispévky zasilaji v kompletné zalomené podobé se zabudovanymi obrazky
a tabulkami, tak zvané ,,printer-ready”. Pokyny k obsahovému c&lenéni a grafické upravé prispévku
spolu s pfimo pouzitelnou Sablonou grafické upravy ve WORDu jsou uvedeny na www-strankach
Casopisu v sekci Pro autory. Ve snaze dale rozSifovat okruh moznych recenzentd 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 &estina, slovenstina a angli¢tina. Preferovana je angli¢tina a v tom pfipadé je
nezbytnou soucasti ¢lanku na konci nazev, kontakty a abstrakt v ¢eském &i slovenském jazyce, pfiCemz
rozsah souhrnu neni shora nijak omezen.

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

Uzavérka nejblizsiho cisla ¢asopisu WASTE FORUM je 8. Fijna 2021, dalsi pak 8. ledna 2022.

For authors

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

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

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

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

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

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

The deadline of the next issue is on October 8, 2021, more on January 8, 2022.
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Summary

The primary topic of sustainable development is the relationship between humans and nature, or human
settlements and landscapes. Given the pressing needs, the science of sustainability and bioeconomy,
being a multidisciplinary field, can be expected to play an important role in acquiring expert knowledge
and contributing to the realization of sustainable society. Sustainable development together with
bioeconomy is part of the mission of international, national, supranational organizations and institutions,
cities, municipalities, as well as non-governmental organizations. The main goal is to provide
a comprehensive overview of definitions that have been presented in the global context of sustainability,
to identify the main development milestones when defining this phenomenon and to evaluate the links to
bioeconomy. The partial goal is to identify the approaches of selected Czech organizations to
sustainable business. The literature search of sources is performed along with the bibliographic analysis
of the internationally used term ‘bioeconomy’. Primary data were obtained through the quantitative
research in the form of a questionnaire survey (n = 183) and through the qualitative research using focus
groups and individual interviews (n = 8). The content analysis revealed a terminological inconsistency
and the need to formulate a bioeconomy strategy at the level of the CR.

Keywords: sustainability, triple bottom line, development concept, bibliographic analysis, organization,
bioeconomy strategy

Introduction

For several decades, Mebratu' and Jabareen® * agree on the fact that the lack of a comprehensive
theoretical framework does not allow for the understanding of the complexities of sustainable
development. Due to the inadequate terminology, Neuwirth® even suggests another name, namely
“development policy”, which, in his opinion, is more inclusive and dynamic. Lozano® sees sustainability
as a “goal’, while he describes sustainable development as a “process” to achieve it. Prug and
Assadourian® and Sartori et al.” further agree that sustainable development is required to achieve
sustainability. In this sense, the so-called triple bottom line concept® ® '@ ! which supports the
assessment of overall business performance based on three important areas: profit, people, and planet,
and which arose from the frustration with traditional, financially focused measures of business
performance, cannot be overlooked.

The main goal is to provide a comprehensive overview of definitions that have been presented in the
global context of sustainability, to identify the main development milestones in defining this phenomenon
and to evaluate the links to the bioeconomy. The partial goal is to identify the approaches of selected
Czech organizations to sustainable business. The article consists of five main parts — Introduction
(introducing the topic, its topical nature, and deducing the goal), Theoretical Background, where the
opinions of mostly foreign authors on the examined issue are compared, Results (presenting the results
of the research conducted), and the final chapter called Discussion and Conclusion that only compares
the results achieved by foreign researches with the results of the research presented, including
recommendations for organizations engaged in sustainable business.

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, &islo 3, strana 1953



Pavia VRABCOVA, Hana URBANCOVA, Martin REHOR, Dominika KADERABKOVA' Bioeconomy in the
Development Context of the Sustainability Global Concept

Theoretical Background

It is evident that sustainable development is based on three pillars'*: the concept of development (the
socio-economic development in accordance with environmental constraints), the concept of needs (the
allocation of resources to improve the quality of life) and the concept of future generations (the
sustainable use of resources in accordance with the needs of future generations). Klarin'? draws,
besides other things, on the definition of the publication that was an important milestone focusing on
diverse considerations concerning the relationship between humans and the environment, namely Our
Common Future, published in 1987, also known as the Brundtland Report. Sustainable development has
undergone fundamental changes and various stages of development throughout history. Table 1 below
lists the most important milestones in the history of defining sustainable development and the essential

activities related to the concept.

Table 1: The overview of selected activities related to the global concept of sustainable
development and its background since the 1960s

Year, event/institution, place

Note

1969, Man and His Environment was published

The publication, which was written by nearly 2,000 scientists, focuses on activities aimed
at preventing global environmental degradation.

1972, the UN Conference on the Human
Environment, Stockholm, Sweden

The conference represents a crucial step in the development of sustainability and
sustainable development concept. The Limits to Growth study was created as one of the
documents for the conference. The principles of the Stockholm Declaration were
adopted (26).

1973, the International Union for Conservation of
Nature (IUCN), Gland, Switzerland

In 1973, the IUCN defined the conservation of nature and natural resources as a way of
managing natural resources and living organisms, including humans, to achieve the
highest sustainable quality of life.

1979, the First World Climate Conference,
Geneva, Switzerland

The conference focused on the research in the field of climate change monitoring.

1980, IUCN, United Nations Environment
Programme (UNEP), World Wide Fund for
Nature (WWF)

The creation of the World Conservation Strategy (WSC). This is the first document in
which the concept of sustainable development is accepted.

1981, the UN Conference on Least Developed
Countries, Paris, France

The outcome of this conference is a report with guidelines and measures to help the
underdeveloped countries.

1984, the United Nations World Commission on
Environment and Development (WCED) was
established

Since the establishment of the WCED, a more comprehensive concept of the
environment, i.e., the environmental and development issues on a global scale, has
been pressed for.

1987, WCED

The study called Our Common Future (Brundtland Report) was published. It is a holistic
concept, defining the term ‘sustainable development’ for the first time and linking it to the
requirement of social equality.

1987, the Montreal Protocol

The Protocol contains research results on substances that deplete the ozone layer.

1990, the UN Centre for Human Settlements

The People, Settlements, Environment and Development report was formulated, setting
out a basic framework for the sustainable development of settlements.

1992, the United Nations Conference on
Environment and Development (the Earth
Summit), Rio de Janeiro, Brazil

27 principles for sustainable development have been adopted within the Declaration on
Environment and Development (the Earth Charter).
Agenda 21 was established as a detailed action plan for the environmental protection.

1992, the adoption of Act No. 17/1992 Coll., on
the Environment, Czech Republic

Josef Vavrousek pushed through the current definition of the principle of sustainable
development as stated in Section 6 of the Environmental Act most.

1993, the UN Committee on Sustainable
Development was established

A year later, Europe 2000+ was published.

1995, the founding of the World Business
Council for Sustainable Development (WBCSD),
Geneva, Switzerland

WBCSD is an international organization based in Geneva that brings participants from
different business sectors and socio-economic spheres together.

1997, the UN Climate Change Conference,
Kyoto, Japan

After intensive negotiations, the Kyoto Protocol was adopted, outlining the obligation to
reduce greenhouse gas emissions for selected countries.

1998, the OECD Council meeting, Paris, France

Sustainable development has been declared a priority for member governments. The
key outcome of the conference is considered to be a three-year project resulting in the
comprehensive publication called Sustainable Development - Critical Issues.

2000, the Millennium Summit, New York, USA
Summit

The Summit confirmed the concept of sustainable development set out in Rio de Janeiro
in 1992. The so-called Millennium Development Goals (MDGs) were set.

2002, the World Summit on Sustainable
Development, Johannesburg, South Africa

The creation of the Johannesburg Declaration on Sustainable Development, which
provides an ideological framework and does not commit states to action.

2006, the renewed EU Strategy for Sustainable
Development

In addition to identifying persistent unsustainable trends, the strategy addresses
improving the lives of current and future generations through sustainable, resource-
efficient communities.

2009, the World Climate Conference, Geneva,
Switzerland

The World Climate Conference helped to further develop the global system for
monitoring the climate change in order to early detect potential disasters.

2009, Summit G20, Pittsburg, USA

G20 members concluded an agreement on a sustainable economy.

2012, the UN Conference on Sustainable
Development Rio +20, Rio de Janeiro, Brazil

One of the outcomes of the conference is the final document known as ‘The Future We
Want'. The process of creating the 2030 Agenda began.
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2012, the establishment of the Czech branch of
WBCSD - the Czech Business Council for
Sustainable Development (CBCSD)

The Czech branch of CBCSD cooperates with a number of national as well as
international institutions and companies.

2015, the UN Action Programme Addis Ababa,
Ethiopia

The United Nations Program of Action on Financing for Development, in which countries
committed themselves to technology and innovation cooperation and reaffirmed their
commitment to providing development assistance.

2015, the UN Summit, New York, USA

The Sustainable Development Agenda was adopted by the UN Summit in New York in
the document titled ‘Transforming Our World: The 2030 Agenda for Sustainable
Development’, which includes the Sustainable Development Goals (SDGs).

2015, the adoption of the Paris Agreement

The Paris Agreement was adopted by the Parties to the UN Framework Convention on
Climate Change. The Agreement implements the provisions of the UNFCCC and
replaces the Kyoto Protocol after 2020.

2015, Vision 2050 of the Czech Republic from
the perspective of the CBCSD

The Vision aims for a long-term prosperous society, a growing quality of life,
environmental protection, and social cohesion.

2015, the Sendai Framework for Disaster
Reduction 2015-2030

For the first time, the Sendai Framework implemented targets aimed at reducing the
impacts of adverse events and natural disasters. The main ambition of the adopted
Framework is to significantly reduce the number of fatalities, damage to key
infrastructure and economic losses caused by disasters by 2030.

2017, the Strategic Framework Czech Republic
2030

The Framework set out long-term priorities in key areas. The aim is to improve the
quality of life in the Czech Republic.

2018, A New Bioeconomy Strategy for
Sustainable Europe

The European Commission presented an action plan to develop a sustainable and
circular bioeconomy to serve society, the environment and Europe’s economy.

Source: own elaboration (2021).

The above-mentioned milestones may be divided into the following periods®®: the development stage
until the late 1970s, stagnation from 1980 to 1986, and the decline period from 1987 to 1995. However,
this approach needs to be revised in the light of recent developments. Since 2000, there have been
a number of major events in which the Sustainable Development Goals (SDGs) have been formulated
(the UN Summit in New York). The 17 SDGs set out by the 2030 Agenda have slowly followed in the
implementation process of the Millennium Development Goals (MDGs), which consisted of 8 rather
ambitious development goals'* *°. In consideration of the above, it can be summarized that still there is
currently no uniform terminology or comprehensive procedure for implementing sustainability principles
into individual business processes'® ' ' ¥ According to the authors, the most frequently mentioned
driving forces are circular economy®, corporate social responsibility’> 2 23, 24

, shared economy ,
technological innovation?®, and lean manufacturing® including all types of innovation*” %’.

To sum up, considering the theoretical background and the results of research in both the Czech
organizations and abroad'® ** 28 one of the pillars of sustainable and responsible business is currently
the readiness of organizations for demographic changes, employee training, offering flexible working
hours or focusing on equal opportunities and diversity. It is important to realize that the success of
organizations always comes with diverse and motivated employees who are loyal and want to work for
their employer, which is supported by e.g.%.

Nevertheless, the issues are still in their infancy and need to be addressed as well as the research
needs to be directed at them. Based on the information above, we can identify the knowledge gap in the
sense of missing comparison between sustainable business across sectors and different organizations
together. The theory does not answer the question about differences in sustainable business through the
bioeconomy in different organizations in the past several years. Therefore, the study will also focus on
this part of the issues.

Methodology

In connection with the main goal of the research, the key historical milestones in forming the concept
of sustainable development and definitions that are in line with the mainstream concept of sustainable
development are presented. By analyzing professional sources (monographs, papers, articles) in the
professional databases, such as Engineering Village, Elsevier, ISI Science Direct, Scopus and Wiley,
keywords and their variants are searched: sustainable business, environmental sustainability, economic
sustainability, social sustainability, performance measurement, sustainable development. In preparation
for the research, publications and other documents related to sustainable development are reviewed,
reflecting at least 25 years of research by scientists and experts in the field.
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For the bibliographic analysis, the Web of Science database (indexes: SCI-EXPANDED, SSCI,
A&HCI, CPCI-S, CPCI-SSH, ESCI, CCR-EXPANDED, IC; all years) was searched for the topic
‘bioeconomy’ and a total of 2,258 records were found without time limitation. All records were processed
in the VOSviewer_1.6.16 program, and the focus was on the keywords used in the studies and the links
between them (the minimum number of occurrences was 5; 142 met the threshold). The quantitative
data were obtained by the primary research using a questionnaire survey in Czech organizations
(n = 183), the survey was carried out from 06/2020 to 12/2020. The sample was based on the
ALBERTINA database of organizations (which contains important data of more than 2,700,000
organizations registered in the Czech Republic). The questionnaire was distributed to companies by e-
mail, 850 companies were contacted twice (with a reminder), the rate of return of the questionnaire is
22%. The results can only be generalized for the research sample.

The sector where the organization operates (primary, secondary, tertiary), the size of the organization
according to the number of employees, annual turnover, majority ownership (domestic, foreign), and the
type of organization (private, public, non-profit) were surveyed, see Table 2.

Table 2: Organizations that participated in the research — basic data

Characteristics Categories
e . Primary Secondary Tertiary

The sector of organization’s operation 4.2% I B4 100

The size of the organization <50 51-249 >250
26.2% 28.4% 45.4%

Majority ownership Domestic Foreign
45.4% 54.6%

The type of organization Private Public Non-profit
85.8% 11.5% 2.7%

Annual turnover <10 mil. EUR 11-50 mil. EUR >50 mil EUR
38.3% 37.7% 24.0%

Source: own survey (2021).

The data were evaluated using descriptive statistics. Then, the qualitative research was conducted,
the questionnaire was designed to comply with the ethical rules and with the requirement for anonymity.
The quantitative research consisted of interviews (n = 8) and focus groups with a moderator (n = 6). The
topic of bioeconomy and its influence on sustainable business were discussed.

Results

Table 3 summarizes the chronological overview of definitional variants characterizing the meaning of
global sustainable development of the most important events and authors. The most frequently cited
definition of sustainable development, which comes from the above-mentioned publication, is as
follows?’: “development that meets the needs of present generations without compromising the ability of
future generations to meet theirs, and without doing so at the expense of other nations”. However, the
simplicity of this approach is misleading, according to some authors® 3 32 ¥ Redclift*® contextualizes
the different needs of diverse cultures and cultural specifics, perceiving the term even as an oxymoron®.
It is clear that needs evolve over time, the definition above points to the time indefinite and positive
development of global civilization. The contradictory aspect of the definition®* is also reflected in the fact
that it anticipates a long-term positive development for future generations, but on the other hand
acknowledges that some groups may be adversely affected by certain interventions. This definition does
not offer a methodology or guidance on what strategies, plans or activities need to be implemented™.

Parkin et al.* state that there are more than 200 definitions of sustainable development. Authors
across the decades, such as Mebratu®, Franklin and Blyton*’, Uitto®, Cobbinah et al.*® and Zhang and
Zhu* agree that the terminology is unclear and ambiguous, which is also evident in Table 2 below,
giving the chronological overview of the definitional variants of and background to global sustainability
and sustainable development.

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, &islo 3, strana 1 56



Pavia VRABCOVA, Hana URBANCOVA, Martin REHOR, Dominika KADERABKOVA' Bioeconomy in the
Development Context of the Sustainability Global Concept

Table 3: The chronological overview of the definitional variants of the term ‘sustainable
development’ and its background since the 18th century

Year Author / Institution / Note/Definition
Measure
Hans Carl von Carlowitz used the term ‘nachhaltende Nutzung’ (sustainable use) in his publication
1713 Carlowitz within the idea of sustainable forest use - only as much wood should be cut as could be recovered
through planned afforestation projects®.
Malthus is considered the forerunner of the concept of sustainable development and the first
1798 Malthus economist to foresee the limits to growth caused by the lack of resources™, see Essay on the
Principle of Population.
Ricardo set up a more complex economic model, the essence of which is that economic growth has
1817 Ricardo been deteriorating in the long run due to the scarcity of natural resources. He stated that the physical
limitation of a given resource will affect its price in the long run*.
Organization of The OAS has identified specific sub-areas (economic, social and the dimension of natural resources)
1978 ) e -
American States (OAS) within its infrastructure development projects focused on watercourse management.
. The main objectives of this strategy include: the maintenance of the most important ecological
World Conservation L ) ) -
1980 42 processes, the observance of genetic information of all species, and the sustainable use of all
Strategy (WCS) >
populations and ecosystems.
1987 Brundtland et al.2° S_ustalnable devello_pment is s_l_Jch a development that meets the needs of present generations
without compromising the ability to meet the needs of future generations.
1988 Tisdell®® Sustainable development is the conservation of genetic diversity and the sustainable use of species
and ecosystems.
Sustainable development is an unrestricted development system, where development focuses on
1990 Harwood* achieving greater benefits for humans and the more efficient use of resources in balance with the
environment required for all humans and other species.
45 The process and mechanism to achieve the intended sustainable development or the process of
1992 Dovers and Handmer planned change and improvement.
1994 Elkington® Triple bottom line is a balance among three pillars: environmental, economic, and social.
46 Sustainable development requires a process with a precondition that can be maintained indefinitely without
1995 Holdren et al. - L . h .
a gradual reduction of valuable qualities inside or outside the system in which the process operates.
Sustainable development is a social construct derived from the long-term development of an
1998 Meadows*’ extraordinarily complex system - the human population and economic development integrated into
the ecosystems and biochemical processes of the Earth.
1999 Elkington and Sustainable development encompasses the simultaneous pursuit of economic prosperity,
Rowlands*® environmental quality, and social justice.
. 49 Meeting the needs of direct and indirect stakeholders (such as shareholders, employees, clients, pressure
2002 Dyllick and Hockerts groups, and communities) without compromising the ability to meet the needs of future stakeholders.
2005 Martin et al.” Capacity to continue into the long-lasting future.
Sustainable development is the process of discovering, evaluating, and exploiting economic
2007 Dean and McMullen® opportunities that are present when market failures reduce sustainability, including those that are
relevant to the environment.
Sustainable development means exploiting holistic, continuous, and interlinked phenomena between
2008 Lozano® economic, environmental, and social aspects. Every decision has implications for all aspects today
and in the future.
2010 Mitchell and Maxwell> Climate compatible development.
2014 Grias et al. % Development that meets the needs of the present while maintaining the life support system on the
99 ) Earth on which the well-being of present and future generations depends.
2017 Holden et al.>* Sustainable development is the limitation of human behaviour, including the limitation of economic activity.
2020 Zhang and zhu® Achieving higher and more evenly distributed levels of welfare within ecological limits.
Sustainable development can best be seen as development that meets the needs of the present,
2021 Hummels and Argyrou® | corresponds to planetary boundaries, and does not jeopardize the ability of future generations to
meet their own needs without crossing the same planetary boundaries.

Source: own elaboration based on the sources listed in the table (2021).

Since the ground-breaking work of Brundtland et al.?®, the term ‘sustainable development’ has been
used in different ways depending on whether it has been formulated in an academic context or in an
organizational, business, or environmental policy. The Brundtland Report develops the concept of needs,
especially basic needs, which should be given the highest priority (see SDGs). Of course, a situation in
which people are unable to provide for their basic human needs does not allow for addressing the
protection of certain environmental components. As can be seen from Table 2, the definitions are
inconsistent. Closely connected to sustainable development is the multidisciplinary field called
bioeconomy, which has relatively short historical development® and represents one of the main paths to
sustainable development. The links to food securing, depleting natural resources, and polluting the
environment, including the climate change, are the main reasons for the emergence of this
multidisciplinary approach.
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According to Lovri¢ et al.*®, the origins of bioeconomy can be traced back to the White Paper
— Growth, Competitiveness and Employment — Challenges and Ways Forward into the 21st Century of
1993, which emphasizes knowledge-based investment and the greater role of biotechnology in
innovation. The authors also mention the Lisbon Strategy adopted in 2000, which highlights and calls for
a competitive knowledge-based economy capable of sustainable economic growth while creating more
jobs. The year of 2005 gave rise to the new concept of knowledge-based bioeconomy®” 8, whose key
players are European technology platforms, which can include industry forums that create short-term as
well as long-term agendas in research and innovation at both national and European levels. Finland was
one of the first countries to develop its own bioeconomy strategy in 2014°%, which can be seen as a new
pathway to the sustainable green economy with the support for growth and innovation while conserving
natural resources. Von Braun>® emphasizes the sharing of new bioeconomic knowledge of rich countries
with developing countries and promoting the adaptation to local conditions, which is a current global
challenge and collective action. At present, according to Lovri¢ et al.*®, industry is the predominant
powerhouse of EU research and innovation priorities, which are dedicated to capital-intensive systems
and higher levels of global value chains.

Bioeconomy®® ®° is based on agriculture, forestry, aquaculture, food industry, energy, chemical

industry, and biotechnology industries including pharmaceuticals. This is a new progressive
interdisciplinary research area and the interdisciplinarity of the field is clearly visible. The scientific
contribution to solving these problems therefore necessarily requires a multifaceted and integrated
approach or interdisciplinary research®. Bioeconomy can be defined as an economy where the basic
building blocks for materials, chemicals and energy come from renewable biological resources®. At the
same time, the bioeconomy is a social economy, i.e., a service to society, humanity, and thus to the
entire planet, responsibly performed to improve the quality of life.

The bioeconomy assumes a close connection to sustainable development®® ®*. Not only the evolution
of the global population, but also the continuous changes in the environment, climate and ecosystems
and their negative impacts highlight the need to address the issues of bioeconomy in a broad context,
namely by using knowledge-based and innovation approach. The concept of knowledge-based economy
reflects the vision of achieving economic growth through high-tech industries, which requires investment
in innovation and highly skilled workforce. An interesting paradox is that the concept of bioeconomy has
become prominent in politics, science, and research, yet Western countries use the concept of
bioeconomy for promoting research and innovation processes to create better economic development
and growth based on biological foundations®®. Bioeconomic disciplines deal with complex social
problems and challenges, in which environmental, economic, and social dimensions are dynamically
interconnected in both conflicting and mutually improving behaviour, which is referred to as ‘wicked

problems’®®.

Strategies in bioeconomy are often contradictory®®, leading to diverse views on the measures needed
to realise its potential. This can be linked to the fact that bioeconomy integrates a number of sectors®
with completely different perceptions from the society’s perspective. The European Bioeconomy
Strategy was developed in 2018 following the update of the original Bioeconomy Strategy®’, which was
a necessary step to accelerate the implementation of sustainable European bioeconomy to maximise the
contribution to the 2030 Agenda and its sustainable development goals (SDGs) as well as the Paris
Agreement. The Czech Republic does not have a separate conceptual document on bioeconomy vyet,
but the ideas and principles of this multidisciplinary field are emphasized in a number of national
strategies, especially in the Strategy of the Ministry of Agriculture with a view to 2030°. What is
characteristic of the concept is that it involves a massive transformation of current production and
consumption systems. The rise in bioeconomy as a global concept is reflected not only in the growing
number of countries that have strategies and policies related to bioeconomy and bioeconomics, but also
in the scientific literature, as illustrated in Figure 1, which shows the number of records that have the
term ‘bioeconomy’ in their titles, summaries, or keywords.
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Figure 1. The number of publications related to bioeconomy listed in the Scopus database
Source: Scopus®®, own processing (2021).

It is clear from Figure 1 that this multidisciplinary field is increasingly being referred to in the empirical
research, as evidenced by Lovri¢ et al.*°. A total of 2,258 entries with bioeconomy have been found in
the bibliographic analysis.
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Figure 2: The bibliographic analysis in WoS — Bioeconomy and the most important keywords
Source: own processing in VOSviewer_1.6.16 program (2021).

As shown in Figure 2, the research in bioeconomy is strongly focused on sustainability, sustainable
development, circular economy, management, energy, bioenergy, biorefinery, biofuels, and last but not
least the food industry. As far as the future till 2050 is concerned, Sarkar et al.” identify several major
challenges in the context of bioeconomy, which will require transformation and innovative processes that
are interconnected with the environment, the health of individuals, sustainable production and consumer
demands driven by the projected growth in the world’s population.
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Based on the results of the primary research in the selected organizations in the Czech Republic, it
can be summarized that the majority of the surveyed organizations are engaged in sustainable business
(41%), but the focus group showed that the main reason is the pressure of the external environment,
both global and national. Table 4 shows the attitudes of the surveyed organizations with regard to their
focus on the 3 pillars of sustainable business.

Table 4: The pivot table (%) of organizations focusing on the three-pillar system by the annual
turnover

Organization’s focus Annual turnover Total
9 <10 mil. EUR 11-50 mil. EUR >50 mil. EUR
Organization’s focus — economic and environmental 3% 4% 2% 9%
Organization’s focus — economic and social 10% 10% % 27%
Organization’s focus — economic 10% 9% 4% 23%
Organization’s focus — economic, environmental, and social 15% 15% 11% 41%
Total 38% 38% 24% 100%

Source: own processing (2021).

The results show that 41% of organizations implement projects aimed at environmental protection,
projects beneficial to employees, local locations, or as the case may be to other important stakeholders,
together with the pursuit of economic objectives. Last but not least, the dependence of selected variables
on the identification features of the organization (size by the number of employees and annual turnover)
is examined, see Table 5.

Table 5: The organization’s orientation in accordance with the selected principles of sustainable
business —testing of dependencies between the selected qualitative variables

Annual turnover Size

Variable p-value/ p-value/

Cramer’s V Cramer’'s V
Results 0.260/- 0.114/-
Customer 0.609/- 0.647/-
The product quality 0.172/- 0.354/-
Innovation _(adaptablllty 0.268/- 0.042/0.183
and flexibility)
In-house processes 0.040/0.185 0.002/0.255
Increase in profit 0.587/- 0.910/-

Source: own processing (2021).

The null hypothesis about the independence of the organization’s size (p-value 0.04) and the annual
turnover (p-value 0.002) and the fact that the organization is process-oriented is rejected. Furthermore,
the null hypothesis about the independence of the organization’s size (p-value 0.04) and the focus on
innovation in the context of responsiveness and adaptability is rejected. The majority of the interviewed
company representatives have agreed that sustainability is necessary mainly in supply chains,
innovations, and digitization, including the increase in labour productivity. Such an approach helps good
external presentation to final consumers and contributes to better financial results.

Discussion

The survey and research conducted, in the context of objectives, confirm the lack of uniformity in the
understanding of the concepts and the diversity of definitions in the field of sustainability and
bioeconomy?® *. Historically, it can be stated that although these terms are widely used by organizations,
they do not always lead to an accurate understanding of the meaning. Biely et al.”* mention sustainable
development as a need for permanence in terms of understanding society, but the evolving society over
time does not allow for the unambiguous permanence of defining, as is the case, for example, with
physical units and the like. For this reason, developmental changes in sustainable development can be
viewed as changes that copy, among other things, changes in the society’s view of the issues, and the
milestones listed in Table 1 are proof of this.
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Sustainable development, as a separate term, is understood differently, depending on the area in
which the company deploys it. In practice, together with the changing understanding of the primary
purpose of an organization, it is closely linked to the economic power of the organization. The overriding
need for economic saturation or return on investment or other non-monetary benefits in the
understanding and implementation of all measures and rules associated with sustainable development
then becomes an unwritten rule, just as can be found in Schaltegger, Wagner?. Subsequent value
chains are already so extensive that they force the organization to diversify and have a multidisciplinary
understanding of all activities™ . The logical result is then the necessity to have procedures and
standards elaborated and to have defined areas of sustainability integrated into the normative
understanding with a declaratory overlap, which are often not fully implemented in a procedural way™.

From the primary research conducted in the selected Czech organizations, it is clear that a large
number of organizations are already engaged in sustainable business in the sense of directing their
projects at other non-economic benefits, especially in the environmental and social direction. However, it
is also evident that in such cases, in addition to the pressure of the environment on the associated
effects, the size of the organization, the organization chart and incentives from the public space play an
important role. It can be agreed® that these links give a good subject for further research in the future to
reveal the interactions and influence of individual process components on the effectiveness of
sustainable development and bioeconomy.

Conclusion

At present, there is insufficient theoretical and practical knowledge to exploit the potential of
bioeconomy based on the principles of sustainable development, and it is therefore necessary to focus
more resources on research and development, innovation, new technologies and practices meeting the
priority objectives of bioeconomy and circular economy. The agricultural and forest bioeconomy is
a global trend, with approximately 50 countries implementing bioeconomy strategies over the past
decade®, including high and middle-income countries. At present, the Czech Republic does not have
strategies set sufficiently to reflect the desired direction of bioeconomy, and therefore it is necessary to
take fundamental measures to support the development of this multidisciplinary field, and thus to gain
a competitive advantage and other social, economic, and environmental benefits as soon as possible.
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Souhrn

Primarnim tématem udrzitelnosti rozvoje je vztah ¢lovéka a prirody, resp. lidskych sidel a krajiny.
Vzhledem k naléhavym potiebam Ize oclekavat, Ze véda o udrZitelnosti a bioekonomice, jeZ je
multidisciplinarnim oborem, bude hrat ddlezitou roli pri ziskavani odbornych znalosti a pfispivat
k realizaci udrzitelné spolecnosti. Udrzitelny rozvoj spolu s bioekonomikou jsou soucasti poslani
mezinarodnich, narodnich, nadnarodnich organizaci a instituci, mést i méstskych ¢asti a v neposledni
radé neviladnich organizaci.

Hlavnim cilem je prezentovat uceleny prfehled definic, které byly v globalnim kontextu udrzZitelnosti
pfedkladany, identifikovat zakladni vyvojové milniky pfi definovani tohoto fenoménu a vyhodnotit vazby
s bioekonomikou. Diléim cilem je identifikovat pfistupy vybranych &eskych organizaci k udrZitelnému
podnikani. Je provedena literarni reSerSe zdroju spolu s bibliografickou analyzou mezinarodné
vyuZivaného terminu bioeconomy. Primarni data byla ziskana na zakladé kvantitativniho vyzkumu
formou dotaznikového Setfeni (n = 183) a kvalitativniho vyzkumu pomoci focus group a individualnich
rozhovort (n = 8). Obsahova analyza odhalila terminologicky nesoulad a potfebu formulovani strategie
bioekonomiky na trovni CR.

Kli¢ova slova: udrzitelnost, triple bottom line, koncept rozvoje, bibliograficka analyza, podnik, strategie
bioekonomiky.
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Summary

Ecotoxicity is one of the several hazardous properties of waste and presents an acute or delayed
danger due to the adverse impact on the environment by its toxic effects on the biotic systems. One of
the most important sectors in the waste management are discarded waste tires. The amount of them is
arising every year due to the development of automotive industry. The case study is focused on the
evaluation of the ekotoxicological impact of waste tires on the environment by using bioassays. Waste
tires have been fixed according to the establishment to crushed and ground by sample from which the
aqueous extracts have been made. For ecotoxicological testing we used three aquatic tests, namely the
test of acute toxicity on Daphnia magna, the growth inhibition test on Lemna minor and on Scenedesmus
subspicatus and one terrestrial test with Sinapis alba. Based on the results of the individual preliminary
tests have been made the basic tests and the determined value ECsy and ICs,. The most important
toxicity has been shown particularly in an aqueous extract from the ground by sample and the most
sensitive testing organism which exhibited the highest toxicity has been Daphnia magna. Results of the
terestrical test was negative. It has been found that the preparation of the sample - particle size - has
a significant effect on the ecotoxicity. It follows that worn tires pose an environmental risk to the aquatic
environment.

Keywords: waste tires, aqueous extract, ecotoxicity, tests of toxicity, environmental risk, aquatic
environment

Introduction

The anthropogenic activity originates a lot of the waste, which have negative effects on the
environment. The development of the automotive industry closely related with problems of the production
of the waste tires. The tires are used in the transport from air to the road. The tires after use are
represent as a hardly biodegradable waste®. Their accumulation is a global environmental problem and
amount is estimated at 1.5 billion annually®. Therefore, it is very important to operate with them so that
there is no environmental risk. Waste tires are classified in the waste catalog as "other wastes". They
enter the environment during their production already (solid pollutants produced by mixing,
homogenization and tire vulcanization; volatile organic compounds; odour in the form hydrogen
sulphide). These pollutants degrade air quality. Other environmental risk is mainly related to landfilling of
the waste. The tires disturb the stability of the landfill, increase the risk of the fire with release of toxic
gases. They are a risk of the toxic leakage and are very hardly biodegradable*®. The studies confirm
increased values of the heavy metals such as Cd, Cr, Se, Pb, Zn and Ba in a seepage, especially in
acidic environment. The risks of the waste incineration of the tires closely related to the release carbon
monoxide and polyaromatic hydrocarbons®. An important part of the environmental impact assessment is
the determination of the toxic effects of the waste tires using ecotoxicological tests. The tires contain
various water-soluble compounds, which can leach into the water and have toxic effects on aquatic
organisms. Wik and Dave’ tested the toxic effect at 12 randomly selected waste tires on Dafnia magna in
an aqueous extract. The determined value ECs, (after 48 hours) was in the range 0.25 — 16 g/l. In the
study confirmed clear photo activation with an increase in toxicity > 10 times in four cases by the
exposure of the test organisms to UV radiation for 2 hours. According to study, Wik and Dave®
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investigated the toxicity of the abrasive rubber from tires, which they leached into water at 44 °C. They
found the toxic effect of the waste tires on Daphnia magna, which is caused mainly by non-polar organic
compounds. Sediments from the road are likely reservoir of the tire particles in the environment®. It was
observed the effect of the temperature on the leachability of the toxicants from the sediment. The eluates
obtained at the higher temperatures were toxic. In the eluates was confirmed the presence of the mainly
zinc and aniline. These are potentially toxic substances with the effect on the organisms Dafnia magna
and Pseudokirchneriella subspicata. The results of the study by Panko et al.* pointed to the toxic effect
of a mixture of the particles formed from a complex mixture of the rubber from a tire and from roadway
(sediment), which represented acute toxicity to aquatic test organisms (green algae and daphnia) at
concentration up to 10 000 mg/kg. Wik et al.** in an experiment abraded rubber from three different tires
and leached them in deionized water, six times in succession. Leach toxicity was tested using
standardized tests of the toxicity with Pseudokirchneriella subcapitata (72-hour growth inhibition),
Daphnia magna (24 and 48-hour immobility) and Ceriodaphnia dubia (48-hours survival and 9 days
reproduction and survival) and Danio rerio (48-hours lethality). Ceriodaphnia dubia was the most
sensitive end organism tested (ECso, = 0.013 g/I) until the third leaching of the most toxic tire, which is
similar to the expected concentration in the outflows from the road. The evaluation of the toxicity
identification indicated that toxicity was caused by zinc and organic compounds®. Khan et al.** found
that the exposure to aqueous extract from waste tires causes short-term and long-term toxicity to the
freshwater organism Hyallela azteca. The chemical content of the freshwater and marine extracts
obtained from waste tires has confirmed adverse effects on the microalgae Raphidocelis subspicata
(freshwater) and Skeletonema cistatum (marine). Chemical analysis confirmed the presence of the
organic and metallic compounds in the extracts that inhibited algal growth. The extracts were mild to
highly toxic to algae depending on increasing the contamination by organic and inorganic additives. It
confirms the necessary for a better understanding of the impact of the plastics-containing chemicals on
the aquatic ecosystems®. The authors'* simulated natural conditions and placed a package of the tires
in water for 120 days. By analyzing the aqueous extract at specified time intervals, they found changes
in the physicochemical parameters of the samples and the presence of the undesirable substances.
There are several studies, which are focused on the methods of the recovery of the waste tires. Methods
include, for example, the use of the tire pulp in cement brash and asphalt brash. The study™ presents
experience with suitable technologies for the recovery of the waste tires in the construction, but they
point out on the toxicity of the used waste products contained in waste tires. They recommend more
complex studies to determine the toxic effects of the building materials containing waste tires by testing
their leachates at different acidities of the aqueous extract. The study® about the microplastic distribution
in Charleston Harbor, SC, USA have revealed that a large proportion of the microplastic particles present
in the tidal sediments are particles from waste tires. These particles come from the wear of the tires on
the roads and are washed into the estuaries during the rains. An autopsy of the fish confirmed that the
particles had been absorbed and accumulated in their intestinal tract.

The aim of this case study was to determine the ecotoxicity of the waste tires depending on the
particle size of the samples using appropriate ecotoxicological bioassays. Based on the obtained results,
it is possible to estimate the adverse effects of the waste tires on the aquatic environment.

Experimental part

The waste tires used for the testing were treated by grinding. Subsequently, the agueous extracts
were prepared from them. We determined physicochemical parameters - pH, specific conductivity and
COD. The ecotoxicological properties of the extracts were determined by bioassays: Acute toxicity test
on Daphnia magna, Growth inhibition (stimulation) test of common duckweed (Lemna minor) and Growth
inhibition test of green algae. At the same time, we also used one terrestrial test, using the seeds of
Sinapis alba.
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The sample preparation

The tire was processed with a retreading device into smaller pieces to achieve the desired fraction.
The rest of the tire was cut using an industrial shear mill. The metal cords, as part of the tire, were
separated using a magnet. The laboratory samples were ground with a ball mill RETSCH MM 301. One
group of the samples was ground under normal laboratory conditions to a particle size > 3 mm. The
samples of the tire were cryogenically processed by to achieve a final particle size of 1 mm (by freezing
at -200 °C using liquid nitrogen). In this way, a size < 1 mm was achieved.

Preparation of the agueous extract

The aqueous extracts were prepared from 100 g of the dry matter in 1 liter of the demineralized water
by shaking for 6 hours at 175 rpm. The dry matter was determined by drying the sample to constant
weight at 105 °C in a laboratory oven. The solid part was separated from the liquid part by centrifugation
(MEDITRONIC BL-S) at 4000 rpm for 20 min. The separation by filtration was used as needed. The
preparation of the aqueous extracts was performed under normal laboratory conditions. The procedure is
based on STN 83 8303.%°

Determination of physicochemical parameters
pH: device WTW Ino Lab pH Level 3, with combined electrode SenTix 81®, by STN EN ISO 10523.'

Specific conductivity: conductivity meter WTW LF 318, by STN EN 27888."°
COD: by STN ISO 15705.%

Ecotoxicological tests

In the case study, ecotoxicological tests (presented in Table 1 — 4) were used.

Table 1: Test conditions for Daphnia magna®® %

Test organism Daphnia magna Straus (Cladocera, Crustacea),

more than the third generation obtained by acyclic parthenogenesis under the
conditions of healthy breeding, individuals younger than 24 hours since birth

Biotest conditions 21 £ 2°C; 7.8 £ 0.2; laboratory conditions

Control sample diluting water prepared from the solutions of CaCl,.2H,0 (1), p.a., MgS0,.7H,0 (2),
p.a., NaHCOs (3), p.a., KCI (4), p.a. by the addition of solutions (1)-(4) per 10 ml and
adding demineralized water into a volume of 1 liter

Reference substance K>Cr,0O7, ECso = 0.82 mg/l (limit 0.3 — 1.5 mg/l)
Amount of the sample | min. 5 ml per individual, maintaining the height of the solution column min. 3 cm
Test duration 24, 48 hours

Basic test 20 daphnia/undiluted sample (10 ml), same conditions for a control, more different
concentrations and parallel tests

Validity of the test immobilisation < 10 %, change of concentration of dissolved oxygen O, < 2 mg/|

Monitored response % of immobilised individuals, dissolved oxygen, pH and temperature, ECs, (ECx — the

concentration of the toxicant, which causes the death of X % of the test organisms, or
causes their immobilisation)
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Table 2: Conditions for the test of growth inhibition of common duckweed?®?" 2

Test organism

Lemna minor

Biotest conditions

Incubation temperature 25 °C + 2 °C, simulation of day and night; lighting continually,
min. intensity of 6 500 lux

Control sample

Z-medium (was used as the nutrient solution and prepared in accordance with the
instructions from its supplier - Culture Collection of Autotrophic Organisms - CCALA,
Trebon, the Czech Republic.

Reference substance

3,5-dichlorophenol, ECs, = 2.75 mg/l (limit 2.2 — 3.8 mg/l)

Amount of the sample

50 ml

Exposure

7 days

Basic test

12 —15 leaves at the beginning, more different concentrations

Criterion of validity

average number of leaves in the control after the termination of the test > than
octuple at the beginning of the test, pH at the end of the test < than 1.5 in comparison
with initial pH

Monitored parameters

the number of leaves is counted and the appearance of the leaves is evaluated
(chlorosis, necrosis) at least three times during the test; growth inhibition (IC) in %;
inhibition biomass in %, 1Cs, (ICx - refers to X % inhibition of the growth of the
monitored plant or growth rate at a given time compared to control)

Table 3: Conditions for the test for green algae

23,24

Test organism

Scenedesmus subspicatus

Biotest conditions

25 + 2 °C; lighting continually, min. intensity of 5 000 lux

Control sample

Z-medium (10%) and deionized water (90%)

Reference substance

K,Cr,07, I1Cs0, 72n = 1.1 mg/l (limit 0.5 — 2.0 mg/l)

Amount of the sample

min. 5 ml per individual, maintaining the height of the solution column min. 3 cm

Exposure

min. 72 hours

Basic test

50 — 70 ml of undiluted sample with the addition of inoculum, initial algal
concentration: min. 10°cells in 1 ml of the sample, gradually increasing the
concentration of the sample with the addition of inoculum

Monitored parameters

cell growth (counting) every 24-hours (microscope NIKON ECLIPSE 50i, Burker
chamber), growth rate Iy, growth inhibition ICsg

Table 4: Conditions of test of inhibition of growth of root of Sinapis alba®

Test organism

Sinapis alba, germination > 90%, per 30 seeds of Sinapis alba L. in Petri dishes

Biotest conditions

20 °C £ 1 °C, thermostat TS 606 CZ/2-Var (WTW, Germany)

Control sample

Reconstituted water

Reference substance

K,Cr,05, ICsp, 72hours = 31.5 mg I (limit 4.1 — 85 mg L-1)

Amount of the sample

10 ml

Exposure

72 hours

Basic test

30 seeds in Petri dishes, more different concentrations

Monitored parameters

inhibition/stimulation of growth of root of Sinapis alba compared with the control (IC),
preliminary test

Results in graphs and tables are processed in the programme Microsoft Office - Excel and
STATISTICA 12, ANOVA, one-factor analysis of variance (using 95 % intervals of reliability for average
values of individual samples).
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Results and discussion

Determination of physicochemical parameters

The aqueous extracts from the waste tires have increased pH value - alkaline, compared to the
demineralized water used to prepare the extracts. Determined specific conductivity indicates a low rate
of the concentration of the ions of the dissolved substances in water (demineralized water had a value of
0.1 mS/m). We determined the organic substances dissolved in aqueous extracts by chemical oxygen
demand (Table 5). In the aqueous extract of the smaller particles, the parameters were higher.

Table 5: Physicochemical parameters of the aqueous extracts

Parameter pH specific conductivity (mS/m) COD (mg/l)
>3 mm 7.85 3.62 45.26
<lmm 8.21 10.51 62.84

Ecotoxicological tests

The bioassays were performed as preliminary tests and after their evaluation, the basic tests were
performed to determine ICs, and ECs. Each test was at least 6 repetition.

Acute toxicity test on Daphnia magna

The immobilisation of Daphnia magna was determined by a preliminary test after 24 and 48 hours.
Physicochemical parameters of the water leachates of the experimental samples are shown in Table 6.
The results of the acute toxicity test on Daphnia magna are shown in Table 7. Results of the preliminary
acute toxicity test with used the test organisms of Daphnia magna are:

- assessed as negative, if the immobilisation or the death of test organisms is < 50 % in comparison
with the control - in this case, a verification test must be performed.

- assessed as positive, if the immobilisation or the death of test organisms is =2 50 % in comparison
with the control - in this case, indicative and basic test must be performed and value ECs, needs to
be determined?.

The preliminary test for the aqueous extract for the sample 1 (particle size > 3 mm) is negative
(Table 7) and therefore no further testing is required. The tire sample with a particle size < 1 mm was
immobilised on average 76 % of the individuals. For the basic test, the concentration range was selected
the dilution of the aqueous extract.

Table 6: Physicochemical parameters of the water leachates of the experimental samples

pH Dissolved oxygen [mg/l] Temperature [°C]

0 hours 48 hours 0 hours 48 hours 0 hours 48 hours
Control 8.89 8.85 10.2 9.8 215 21.7
>3 mm 8.47 8.45 10.5 9.8 215 21.7
<lmm 8.59 8.44 10.2 9.8 21.6 21.5

Based on the data in Table 6, we can state compliance with the monitored parameters.

The determined value ECsq, = 8.53 g/l (immobilisation of the test organisms Daphnia magna) after 48
hours was calculated according to the regression equation: Immobilisation (%) = 62.2816 — 1.0479*x
(Figure 1). Wik and Dave'! found in a series of the extracts from the waste tires ECs, in the range of 0.55
— 5 gll, after 48 hours. Marwood et al.’ report the value ECs, = 5 g/l in the extract, which was prepared at
44 °C. The authors studied the influence of the conditions on the preparation of the extracts (mainly
temperature). The study shows the toxic effect of the waste tires on the aquatic environment, which was
also confirmed by our experiments. We have shown a significant effect of the particle size, from which
the extract was prepared. The particle size affects the solubility of the substances contained in the
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samples of the waste tire in demineralized water. It causes increasing the immobilisation of Daphnia

magna in comparison with the samples, which had a particle size > 3 mm.

Table 7: Basic statistical characteristics of test acute toxicity for Daphnia magna — preliminary test

Immobilisation, after 48-hours (%)
Sample 95 % Confidence intervals
Average Standard error — —
lower limit upper limit
>3mm 23 1.25 19.77 27.73
<1mm 76 2.39 68.63 83.87
Imobilisation (%) = 62,2816 - 1,0479"x
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Figure 1: Immobilisation of Daphnia magna in the aqueous extract of the ground tire sample

Test of inhibition (stimulation) of the growth of Lemna minor

During the seven-day exposure, the number of the leaves in the samples was counted every 24-hours
(including start and end of the test). At the same time, the appearance of the test organisms was
observed. The death of the leaf, necrosis and chlorosis were not recorded. The growth inhibition (lui; %)
is shown in Table 8.

Table 8: Growth inhibition (Iui; %) of Lemna minor

Growth inhibition (lpi; %)
Sample 95 % Confidence intervals
Average Standard error — —
lower limit upper limit
>3 mm 27.11 0.40 25.85 28.37
<1lmm 45.06 0.66 42.98 47.15

The test is negative if the growth inhibition is < 30 % or stimulation is < 75%, compared to the
control*. The results showed that a both groups of the samples were negative. The leachate of the
samples with a particle content < 1 mm caused 17.84 % greater inhibition of the growth inhibition
compared to the samples with a particle content > 3 mm. The test organism Lemna minor has been used
successfully to evaluate the toxic effects of the chemicals for several years®™. Based on the experience®,
we have included this test in the environmental risk assessment of the samples. The toxicity test with
Lemna minor is important in the whole set of the different toxicity tests.
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Growth inhibition test of green algae

During the seven-day exposure to Scenedesmus subspicatus, we recorded the numbers of the cells
in the samples each day (including start and end of the test). At the same time, the appearance of the
colonies was observed. Based on the results of the growth rate inhibition Iy (Table 9) the test is negative.
The test is negative if the inhibition of the algal culture growth is < 50 % compared to the control - in this
case no further testing is performed.

Table 9: Growth inhibition (lui; %) of green algae

Growth inhibition (Ipi; %)
Sample 95 % Confidence intervals
Average Standard error — —
lower limit upper limit
>3 mm 27.17 0.65 25.11 29.24
<lmm 44.56 1.39 40.12 48.99

The test results are negative for both fractions. The inhibition of the agueous extract of the fraction
>3 mm is 17.39 % lower compared to the inhibition of the agqueous extract of the fraction < 1 mm.
Gaultieri et al.*® confirmed the inhibition of the growth rate of the freshwater green algae Rahidocelis
subcapita after 72 hours in leachate with 50 g of the waste tires in one liter of water. The study®
evaluated the effect of the chemical content of freshwater and marine extracts made from the car waste
tires on the microalgae Raphidocelis subcapitata (freshwater) and Skeletonema costatum (marine).
Current additives such as benzothiazole, cobalt, zinc have been identified in high concentrations. The
extracts with the value ECs, ranging from 0.5 % to 64 % of the total concentration (100 g/l) inhibited algal
growth. The study provides evidence of a relationship between the chemical composition and toxicity of
the plastic extracts/rubber extracts. With the increasing contamination of the organic and inorganic
additives, the extracts ranged from mild to highly toxic to algae. It emphasizes need better understanding
of the overall impact chemicals associated with the plastics to the aquatic ecosystems. The ingredients
are considerably diluted in the natural environment however, the value ECsy determined in this study on
algae showed that they can pose a danger in closed ecosystems (bays, lagoons or lakes) or in oceanic
"hotspots" where plastics accumulate.

Test of the growth inhibition of the root of Sinapis alba

From the measured root lengths of Sinapis alba, we calculated the inhibition of the root growth li (%). The
test is negative, if the inhibition of the root growth compared to the control is < 30% or the stimulation < 75%,
then no further testing is required, by STN 83 8303. The calculated values of Sinapis alba root growth
inhibition is shown in Table 10. The aqueous extract obtained from waste tires shall not have a phytotoxic
effect on the seed species of the higher cultivated plant used.

Table 10: Inhibition of Sinapis alba root growth compared to the control

Sample li (%)
>3 mm 40,88
<1lmm 42,23
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Conclusion

The ecotoxicity is one of the several hazardous properties of the waste. The ecotoxicity is an acute or
delayed hazard due to adverse effects on the environment, bioaccumulation or toxic effects on biotic
systems. The aim of the case study was to evaluate the toxicity of the aqueous extracts prepared by
grinding whole the waste tires. Only metal parts were removed. Experimental samples prepared by
cryogenic milling to a particle size < 1 mm caused higher inhibition. Contamination of the aqueous
leachate in the water with dissolved organic substances from the waste was demonstrated by COD
parameter. All extracts were alkaline.

Aquatic tests with the using test organisms Lemna minor, Scenedesmus subspicatus and Daphnia
magna were positive, however, terrestrial test was negative. Lemna minor is one of the frequently
occurring organisms in the aquatic environment that's why we used them?” %,

We confirmed the sensibility of the use of test organisms Lemna minor for the toxicity assessment
also of this type of the samples. The significant impact of the homogenization of the samples by grinding
(particle size) was confirmed. The presence of inorganic and organic components in the tire causes the
toxicity of the aqueous extracts. However, most toxicological studies were focused on the samples
prepared from the tire tread. The results of this study are useful in practice in the recovery of the waste
tires as waste in various applications.
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Ekotoxikologické u€inky vyluhu z pouzitych pneumatik na zivotné
prostredie

Helena HYBSKA, Dagmar SAMESOVA, Martina LOBOTKOVA

Technicka univerzita vo Zvolene, Fakulta ekologie a environmentalistiky, Katedra
environmentalneho inzZinierstva, T. G. Masaryka 24, 960 01 Zvolen

Souhrn

Ekotoxicita patri k jednej z viacerych nebezpeénych viastnosti odpadov a v dbsledku nepriaznivého
pdsobenia na Zivotné prostredie svojimi toxickymi ucinkami na biotické systémy, predstavuje akutne Ci
oneskorené nebezpecenstvo. Délezitym odvetvim v odpadovom hospodarstve su vyradené odpadoveé
pneumatiky, ktorych mnoZstvo vplyvom rozvoja automobilového priemyslu kazdym rokom rastie.

Pripadova $tudia je zamerana na zhodnotenie environmentalnych vplyvov odpadovych pneumatik na
akvatické prostredie ako zlozku Zivotného prostredia pouzitim biotestov. Odpadové pneumatiky boli pre
stanovenie upravené na drvenu a mletu vzorku, z ktorych sa pripravili vodné vyluhy. Na ekotoxikologické
skusSanie boli pouzité tri akvatické ekotoxikologické testy, a to test akutnej toxicity na Daphnia magna,
test inhibicie rastu Lemna minor a test inhibicie rastu Scenedesmus subspicatus, a jeden terestricky test
s pouZitim semien vy8Sej kultarnej rastliny Sinapis alba. Na zakladne pozitivnych vysledkov
Z jednotlivych predbeZnych testov boli uskutoénené zakladné testy a stanovené hodnoty ECsy a ICx.
NajvyznamnejSia toxicita bola preukazana vo vodnom vyluhu zo vzorky mletej pneumatiky, pricom
najcitlivej§im testovacim organizmom, ktory vykazoval najvy$S$iu toxicitu boli perloo¢ky Daphnia magna.
Zistilo sa, Ze na ekotoxicitu ma vyrazny vplyv priprava vzorky — velkost Castic. Z uvedeného vyplyva, Ze
opotrebované pneumatiky predstavuju pre vodné prostredie environmentalne riziko.

Klicova slova: odpadové pneumatiky, vodné prostredie, toxicita, ekotoxikologické testy,
environmentalne riziko
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"Tomasé STRAUB, s.r.o., Ostravska 1847, 748 01 Hluéin

Souhrn

PredloZeny &lanek je zamérfeny na souéasné trendy ve stavebnictvi, které jsou spojeny s vyuZitim
stavebniho a demolicniho odpadu, a to opétovné ve stavebnictvi, jak v pozemnim stavitelstvi, tak
v dopravni infrastruktufe. V souladu s principy udrzZitelného rozvoje jsou hledany dalsi moderni
a perspektivni zptsoby na efektivni vyuZiti stavebniho a demoli¢niho odpadu. Celosvétovou snahou je
vyuZit co nejvét§si mnozstvi odpadu a minimalizovat, v idealnim pfipadé uUplné zakéazat skladkovani.
V Clanku jsou prezentovany nové moZznosti s dalSim potencialem a jsou zde predstaveny priklady
experimentalniho vyzkumu provedené na CVUT v Praze v nékolika poslednich letech. Konkrétné jsou
predstaveny dilci vysledky ze CtyF rdznych vyzkuma.

Klicova slova: stavebni demoli¢ni odpad, recyklace, pozemni stavby, dopravni infrastruktura.

Uvod

V soucCasné dobé jsou hledany zpusoby, jak efektivnhé vyuzit recyklované materialy a druhotné
suroviny jako nahrady pfirodnich material(. Velky potencial ma stavebni demoli¢ni odpad (SDO), a to
ten, ktery nové vznika, ale i ten doposud skladkovany, ktery prozatim nenasSel efektivni vyuziti.
Z pohledu dalsiho vyuZiti je mozné upraveny stavebni demoli¢ni odpad aplikovat ve stavebnictvi ve dvou
zakladnich oblastech, a to pozemnim stavitelstvi a dopravni infrastruktufe. V obou pfipadech je pfi
nakladani s SDO komplikovana legislativa a obecné pfevazné negativni zkuSenosti s nespravnou
aplikaci recyklatd v minulosti. Jestlize chceme v blizkém horizontu zvySit mnozstvi opétovné vyuzitého
SDO, je nutné upravit sou€asnou legislativu a pfedstavit nova feSeni, ktera se budou na SDO divat jinym
pohledem. Idealné tak, ze jiz pfed demolici budou provedeny kroky napf. ve formé prfeddemoli¢niho
auditu, a na zakladé jeho vysledkd budou hledany optimalizované postupy, jak SDO efektivné upravit
nebo separovat a po nasledné upravé opétovné vyuzit v souladu s modernimi trendy.

Pozemni stavitelstvi

Pfedevsim v oblasti dalSiho vyuziti SDO ve stavebnictvi je vhodné material rozdélit podle frakci, resp.
zrnitosti, a to na materialy frakce 0/4 a 4/16 mm.
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VyuZiti frakce 0/4 mm jako plniva a pojiva

Frakce 0/4, resp. 0/1 mm, je do jisté miry specificka z pohledu dal$iho vyuZiti. V mnoha pfipadech je
chapana pouze jako odpad, ktery neni mozné dale pouzit pfi nahradé jemnych frakci kameniva
v betonu. Hrubsi frakce Ize zpracovat ve formé recyklovaného kameniva, ale v pfipadé jemné frakce
recyklovaného SDO dosud neexistuje idealni feSeni, které by umoznilo jeji vyuziti v SirSim méfitku. Na
druhou stranu se ukazuje v mnoha vyzkumech, Ze se muzZe jednat o material s vysokym potencialem
dalSiho vyuziti. Proces upravy jemné frakce SDO, ktery by vedl k jeji implementaci, zcela zavisi na
konkrétni “Uloze”, jakou ma material plnit, a mize se znaéné ménit. Specifické je i to, Zze tato frakce
vznika i pfi upravach stavebniho demoli¢niho odpadu, napf. pfi Upravé a drceni recyklatu na kamenivo
pfislusné frakce pro pouziti v betonu.

Dle normy CSN EN 206" je jemna frakce SDO brana jako inertni pfimés, ktera se nepodili na
hydrataci cementu, a proto nekontaminované (hlinou nebo jinymi materialy) materialy na bazi betonu
nebo cihelného stifepu s maltou je mozné primarné vyuzit jako plnivo, resp. pfi upravé zrnitosti pomoci
vysokorychlostniho mlyna na mikroplnivo®. JenZe v pfipadé recyklovanych materialti na bazi betonu jej
Ize vyuzit i ve formé pojiva (resp. ¢asteCné nahrady pojiva), protoze stara cementova pasta obsahuje
mnoZstvi zrn, ktera je$té nejsou zhydratovana®. Pomoci mleti nebo dal$ich dprav je mozné v cementové
pasté tato zrna odhalit a mohla by tudiz i znovu reagovat. Diky tomu by mohly byt velmi jemné frakce
recyklovaného betonu vyuzity jako ¢asteCna nahrada bézného cementu. Navic se ve staré cementové
pasté nachazeji dalsi slouCeniny, které je mozné dale vyuzit pfi hydrataénich procesech v cementu diky
specifickému chemickému a mineralogickému slozeni. Jedna se pfedevSim o moznost vytvofeni tzv.
nuklea&nich center v prab&hu hydratace portlandského cementu®.

Dalsi vyzkum ukazal, Ze proces hydratace v cementovych kompozitech je mozné jesté podpofit
druhotnymi surovinami, jako je napfiklad struska nebo popilek, kde dokonce nemusi byt splnény
podminky normy CSN EN 450-1° pro pouziti popilku do betonu. Ve vétsiné pripadu stadi Gprava tvaru
zrn a zrnitosti primési®. Dal§i moZnosti je vyuZiti “necementovych” pojiv, napf. pfi kombinaci strusky,
popilku, sadrovce a vapna, pfipadné i betonového recyklatu do tzv. geopolymerud, které jsou
pripravovany z hlinito-kfemicitanovych materialu jejich geopolymeraci v zasaditém prostfedi za normalni
teploty a tlaku’. V poslednich letech se mnozstvi bézné& pouzivanych substituci za cement nezvysuje, ale
spiSe stagnuje. V celosvétovém méfitku je v poslednich letech vyuzivano jako pojivo v produkci betonu
7 hm. % vapence, 5 hm. % strusky, 4 hm. % popilku, 2 hm. % pucolan( a dal§i materialy tvofi pouze do
1 hm. %°®. Zbyly material pouZivany jako pojivo je portlandsky cement. Omezené mnozZstvi vyuZiti nahrad
za cement je zplisobeno omezenym mnozstvim suplementd a jejich heterogenitou. Proto se hledaji jiné
moznosti nahrad, jako jsou kalcinované jily nebo jemné frakce betonového recyklatu, u kterych nejsme
limitovani mnozstvim materialu. Jednou z moznosti je vyuziti tzv. LC3. Jedna se o vapencovy
kalcinovany hlinény cement, ktery je slozen z 50 hm. % slinkem, 15 hm. % vapencem, 30 hm. %
kalcinovanym jilem a 5 hm. % sadrovcem. Nevyhodou tohoto feSeni je, Ze vétSina celosvétovych zasob
kalcinovaného jilu je v oblasti Ciny, sttedni Afriky a jizni Ameriky, tzn. pro evropsky trh nedostupna®.

Z uvedeného divodu je pro evropsky trh lepsi moznosti vyuziti jemné frakce betonového recyklatu,
kde jsou znamy moznosti nahrady az do 20 hm. % bez pouziti chemickych pfisad® a v kombinaci
s chemickymi pfisadami az do 50 hm. %'°. Obecné je zasadni zplisob Upravy recyklatu a jeho efektivni
vyuziti, resp. efektivné vyuzit pfislusny potencial recyklatd (z hlediska jejich chemického
a mineralogického slozeni). Mezi efektivni zpusoby tzv. aktivace muze patfit napf. i vysokorychlostni
mleti, které neni energeticky naro€né a lze jej tak pouzit pro efektivni zpracovani betonového recyklatu,
resp. jeho vybranych frakci.

V ramci jednoho z experimentl byly zkoumany mozné nahrady cementu dostupné na evropském
trhu. Oznaceni jednotlivych testovanych smési je podle prevladajici slozky nahrady portlandského
cementu CEM | 42,5R Radotin v pojivu. VSechny testované suché smési obsahovaly 13 hm. % pojiva
(resp. cementu a nahrady cementu) a 87 hm. % plniva. Jako pojivo byla pouzita drcena vysokopecni
struska z Kladna, vapenny hydrat Certovy schody, fluidni popilek z Kladna a sto let stary recyklovany
beton z arealu Waltrovka upraveny pomoci vysokorychlostniho mleti. Jako lehéené kamenivo byla
pouzita drcena vysokopecni struska frakce 0/4 a 4/8 mm v poméru 7:1 hm. dild. Vodni soucinitel pro
vSechny smési byl 0,6 (voda/pojivo), sloZzeni je specifikovano v tabulce 1. Pro testovani byly pouzity
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vzorky krychli o hrané 100 mm a vzorky 40x40x160 mm. Porovnani vybranych vlastnosti pro vzorky
staré 28 dni je uvedeno v tabulce 2. Z ni je patrné, ze pfi redukci, resp. pfepoctu na “Cisty” cement, je
mozné dosahnout vhodnych uzitnych vlastnosti cementovych kompozitnich materiald. PFi vyzkumu
nebyly zamérné pouzity chemické pfisady a bylo pouzito vysoké mnozstvi nahrady, aby bylo mozné
oveéfit potencial nahrazek cementu. Z pohledu dalSich aplikaci by mohly byt uvedené smési pouzité napf.
pfi vyrobé vibrolisovanych prvku.

Tabulka 1: SloZeni pojiva v testovanych smési [hm. %].

Slozka / Oznaceni CEM | POP | STR | REC
CEM | 42,5R Radotin 13,0 |6,0 |6,0 |52
Mikromlety betonovy recyklat | O 20 |20 (|65
Vysokopecni struska 0 1,7 |35 (10
Vapenny hydrat 0 0 0 0,3
Popilek 0 33 |15 (O

Tabulka 2: Porovnani vlastnosti pro vzorky staré 28 dni (véetné smérodatnych odchylek).

Namérené fyzikalni vlastnosti / Oznaéeni | CEM POP STR REC
Objemova hmotnost [kg/m® CSN 73 1315 | 211413 | 207714 | 2042+10 | 19836
Pevnost v tlaku [MPa] EN 12390-3 22,6+0,6 | 19,91 14,310,7 | 14,810,3
Pevnost v tahu za ohybu [MPa] EN 1015-11 | 5,6+0,2 |4,5+0,1 |4,410,1 | 4,8+0,1
Dyn. modul pruznosti [GPa] CSN 73 1372 | 24,1+0,1 | 20,2+0,5 | 19,2+0,5 | 15,9+0,2
Dyn. smykovy modul [GPa] CSN 73 1372 10,0+0,1 | 8,0+0,3 | 7,8+0,2 | 6,7+0,1

Vyuziti frakce 4/16 mm jako plniva

Norma CSN EN 206+A1' v soudasné dobé& zavadi dva zakladni pojmy ohledné& recyklovaného
kameniva. Prvnim druhem je kamenivo regenerované a druhym pak kamenivo recyklované.
Regenerované kamenivo je ziskavano vyplachovanim jemnych ¢astic z Cerstvého betonu. Takto ziskané
kamenivo je ovSem mozné pouzit pouze vyrobcem nebo skupinou vyrobcu a nelze jej vyuzit vice nez
5 % celkového mnozstvi kameniva. Pfi davkach regenerovaného kameniva vysSich nez 5 % je nutno
toto kamenivo roztfidit na jemnou a hrubou frakci splfiujici pozadavky CSN EN 12620'". Pro hrubé
drcené recyklované kamenivo, v davce vySSi nez 5%, pak plati stejna pravidla, jako pro kamenivo
recyklované. Norma CSN EN 206 upravuje moznosti pouziti hrubého recyklovaného kameniva
(d > 4 mm) v zavislosti na expozicni tfidé, druhu recyklovaného kameniva. Recyklované kamenivo
druhu A musi byt tvofeno z minimalné 90 % recyklovaného betonu, betonovych vyrobkl, malty
a betonovych zdicich prvki (kategorie Rcy, dle CSN EN 933-11"%) nebo z 95 % recyklovaného betonu,
nestmeleného kameniva a hydraulicky stmeleného kameniva (kategorie Rcugs'®) nebo méné nez 10 %
ostatnich slozek, jako jsou cihly, dlazdice, vapenopiskové zdici prvky a neplovouci provzdusnény beton
(kategorie Rb;o.*?). Recyklované kamenivo typu B musi byt tvofeno z minimalné 50 % recyklovaného
betonu, betonovych vyrobk(, malty a betonovych zdicich prvki (kategorie Rcsy™?) nebo ze 70 %
recyklovaného betonu, nestmeleného kameniva a hydraulicky stmeleného kameniva (kategorie Rcu7o™?)
nebo méné nez 30 % ostatnich slozek, jako jsou cihly, dlaZzdice, vapenopiskové zdici prvky a neplovouci
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provzdusnény beton (kategorie Rbgo.*%). Recyklované kamenivo druhu B se dle CSN EN 206+A1* nesmi
pouzivat pro betony vysSich pevnostnich tfid nez C 30/37. Pro ostatni materialy, jako je asfalt, sklo,
kovy, sadrova omitka aj., je u recyklovaného kameniva typu A i B stanoven obsah Castic v fadech
procent.

Maximalni mnozstvi, které je mozné pouzit pro betony do expozi¢ni tfidy X0, je 50 % hrubého
recyklovaného kameniva druhu A i B. Do tfid XC1-C4, XF1, XA1 a XD1 je mozné pouzit maximalné
30 % hrubého recyklovaného kameniva typu A a do tfid XC1 a XC2 je mozné pouzit 20 % hrubého
recyklovaného kameniva typu B. Z omezeni této normy vyplyva, ze z hlediska trvanlivosti je beton
s recyklovanym kamenivem nejméné ohrozen karbonataci (tfidy XC) a vice pak plsobenim mrazu
(tfidy XF) a dalSich chemickych latek (tfidy XA). Z uvedenych limitd vyplyva vyuZiti betonu
s recyklovanym kamenivem pro zakladové konstrukce (tfidy X0, XC1) a dale pro konstrukce v interiéru.

Norma CSN EN 12620 dale uklada postupy zkouseni recyklovaného kameniva, které je ve vétsing
pfipadl stejné jako pro pfirodni kamenivo. Navic se ovéfuje slozeni recyklovaného kameniva, které je
dalezité pro zatfidéni do druhi kameniva®®. Mimo b&zné zkousky kameniva se dale ovéfuje obsah vodou
rozpustnych sirand v recyklovaném kamenivu, posuzuje se vliv vodou rozpustnych latek
z recyklovaného kameniva na pocate¢ni dobu tuhnuti cementové kase a potencial alkalicko-kfemicité
reakce. Norma dale stanovuje Cetnost ovéfovacich zkouSek recyklovaného kameniva, které je CetnéjSi
v porovnani s prirodnim kamenivem. Norma CSN EN 206" dale uvadi minimalni objemové hmotnosti pro
recyklované kamenivo do betonu, které je 2100 kg/m® pro typ A a 1700 kg/m?® pro typ B. Objemova
hmotnost recyklovaného betonového kameniva z &eskych recyklacnich stfedisek vySe uvedené limity
vétdinou splfiuji. Maximalni nasakavost kameniva neni v této Ceské verzi normy, na rozdil od
zahraniénich, stanoven, avSak je tfeba ji urcit. V zahraniCnich normach se maximalni povolena
nasakavost pohybuje kolem 10 + 2 %. Nasakavost betonového recyklovaného kameniva z €eskych
recyklaénich stfedisek se pro frakci 4/8 mm pohybuje mezi 6 a 12 % a pro 8/16 mm mezi 2 a 10 %",

Recyklované betonové kamenivo je mozné ziskat v rizné kvalité, ktera je vétSinou zavisla na jeho
sloZeni. Za nejkvalitngjsi recyklované betonové kamenivo je povazovano to, které vzniklo rozdrcenim
betonovych fragmentt povétSinou z vice-cyklové recyklace a obsahuje tak pouze pfirodni kamenivo
a cementovy tmel. Slozeni a plvod recyklovaného kameniva ovliviiuje jeho vlastnosti, jako jsou
objemova hmotnost, nasakavost, mrazuvzdornost, odolnost proti otéru a drceni a dalSi. V porovnani
s pfirodnim kamenivem jsou vlastnosti recyklovaného kameniva horsi, a to hlavné jeho nasakavost,
ktera se podle sloZeni pohybuje mezi 3 a 11 %", nékteré zdroje uvad&ji az 15% nasakavost
recyklovaného kameniva™. Dlvodem pro vy$$i nasakavost je vy3$$i porovitost kameniva zplisobena
prfedevSim cementovym tmelem. Recyklované cihelné kamenivo ma pak niz§i objemovou hmotnost nez
recyklované betonové kamenivo, av8ak vétSinou spliuje pozZadavek normy kameniva typu B.
Nasakavost recyklovaného cihelného kameniva je pak jesté vysSSi v porovnani s recyklovanym
betonovym kamenivem, a to od 10 do 20 %***°.

ZvySena nasakavost betonu s recyklovanym kamenivem, ktera je ve srovnani s béZznym betonem
0 20 az 100 % vy$3i®°, negativné ovliviiuje trvanlivost betonu, a to pfedevsim mrazuvzdornost a odolnost
vuci chemickym rozmrazovacim latkam (CHRL). Proto je vyhodnéjSi pouzivat beton s recyklovanym
kamenivem v konstrukcich, které nejsou pfilis namahany klimatickymi vlivy, tj. v zeminé a interiéru. DalSi
vyhodou pro pouZiti betonu s recyklovanym kamenivem do zakladovych konstrukci je moznost pouziti
betonl s niz§i pevnosti, kde dochazi k niz§im poklesim mechanickych a deformacnich vlastnosti ve
srovnani s béznym betonem?®.

V ramci jednoho z aktualnich vyzkumii realizovanych na CVUT v Praze byla optimalizovana receptura
s plnou nahradou hrubého pfirodniho kameniva (PK) kamenivem recyklovanym z betonového recyklatu
(RBK) a s riznym mnozstvim cementu a vodnim soucinitelem, do kterého byla zapoctena voda pro
prednasaknuti kameniva. Celkem bylo navrzeno sedm betonovych smési pevnostnich tfid C16/20
a C25/30. Pro kazdou pevnostni tfidu byla navrzena referenéni receptura bez pouziti recyklovaného
kameniva. Pro tfidu C16/20 pak byly navrzeny tfi receptury s nahradou 30, 50 a 100 % hrubého
kameniva kamenivem recyklovanym a pro tfidu C25/30 dvé receptury s nahradou 30 a 100 % pfirodniho
kameniva betonovym recyklatem. Ve vSech smésich byl pouZit portlandsky cement CEM | 42,5 R a pro
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snadné porovnani mély vSechny smési stejny efektivni vodni soucinitel a obsahovaly stejny pfirodni
pisek. Navrzené receptury jsou uvedeny v tabulce 3.

Tabulka 3: Receptury betont s ¢astecnou nebo plnou nahradou prirodniho kameniva (PK)
hrubym recyklovanym betonovym kamenivem (RBK).

Slozeni/ REF REC REC REC REF REC REC
vzorek 16/20 16/20 16/20 16/20 25/30 25/30 25/30
C30 C50 C100 C30 C100
Cement 260 260 260 260 300 300 300
Voda 169 184 206 211 165 183 208
PK (0/4 mm) 100 % 100 % 100 % 100 % 100 % 100 % 100 %
PK (4/16) 100 % 70 % 50 % 0% 100 % 70 % 0%
RBK (0/4 mm) 0 % 0% 0 % 0% 0% 0% 0 %
RBK (4/16 mm) 0% 30 % 50 % 100 % 0 % 30 % 100 %
Vodni soucinitel 0,65 0,71 0,79 0,81 0,55 0,65 0,69

Tabulka 4: Shrnuti fyzikalnich a mechanickych vlastnosti pro zkousené materialy.

} Objemova Pevnost v Pevnost v Modul_ -
Smés hmotnost tahu za ohybu pruznosti v Trida betonu
[kg/m?] tiaku [MPa] [MPa] tlaku [GPa]
REF 16 2262+9,95 31,4310,54 4,41+0,38 25,7+0,21 C25/30
REC 16 C30 2193+10,96 32,36+0,57 5,6310,33 28,9+1,88 C25/30
REC 16 C50 2208+7,28 33,50+0,31 4,98+0,16 25,4+0,50 C25/30
REC 16 C100 2057+13,27 22,25+0,84 3,28+0,41 18,0+0,24 C16/20
REF 25 225616,71 31,2310,74 4,41+0,38 25,7+0,21 C25/30
REC 25 C30 2193+10,96 32,36+0,57 5,3710,38 28,5+0,51 C25/30
REC 25 C100 2106+46,95 31,99+0,37 4,03+0,34 24,5+4,83 C25/30

Smési s 30% a 50% nahradou hrubé frakce byly navrzeny tak, aby odpovidaly poZzadavkim norem® ™.

U ostatnich smési byl nahrazen vys$si pomér hrubého pfirodniho kameniva, a to az 100 %. Z vysledku
pilotnich mechanickych zkou$ek, jejichz primérné vysledky jsou uvedené v tabulce 4, vyplyva, Ze pfi
nahradé do 50 % recyklovanym kamenivem nedoSlo u betonu tfidy C16/20 k vyraznéjSimu poklesu
mechanickych parametrd. Pfi nahradé 100 % kameniva splfiuje receptura REC 16 C100 pevnostni tfidu
betonu C16/20 i pfes pokles v pevnosti v tlaku. Pro recepturu betonu tfidy C25/30 nedoslo k zasadnimu
zhorSeni mechanickych parametrl pfi nahradé pfirodniho hrubého kameniva kamenivem recyklovanym.
Vy3Si pokles je patrny zejména u modulu pruznosti. Z uvedenych vysledku Ize odvodit moznost vyuZiti
vy$8ich nahrad recyklovaného kameniva (vy$$ich, nez stanovuje CSN EN 206+A1") zejména pro betony
nizSich pevnostnich tfid, které jsou pouzivané pro zakladove konstrukce, vyplfiové betony, konstrukce
bez statické funkce aj. U betonu vy$Sich pevnostnich tfid pouzivanych pro konstrukce se statickou
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funkci je kromé pevnosti betonu v tlaku vzdy vhodné stanovit i modul pruznosti betonu, ktery ovliviiuje
deformacni parametry a chovani prvku.

Dopravni infrastruktura

Vyuziti SDO v Zelezni¢nim stavitelstvi

V oblasti zelezni¢niho stavitelstvi jsou recyklované materialy pouzivany ve velkych objemech jiz
nékolik desitek let. Hlavni materidlem uréenym k recyklaci je “staré” kolejové loze tvofené znecisténym
drcenym kamenivem frakce 32/63 mm. Pro recyklaci kolejového loZe je zavedena zakladni pfedpisova
zakladna, ktera podrobné specifikuje jak technické, tak ekologické poZadavky. V obecné roviné se
v praxi uplatnuji dva postupy recyklace nazyvané “vyroba recyklovaného kameniva frakce 32/63 mm pro
kolejové loZze” a “vyroba recyklované Stérkodrti” frakce 0/32 mm pro pouziti v konstrukénich
a podkladnich vrstvach. Vyuziti recyklatu ze “starého kolejového loze” do konstrukénich vrstev z pohledu
legislativy je fe$eno predpisem CD S4 z roku 1998%. Obecné predpis S4, mimo vy$e uvedenou
problematiku recyklace “starého” kolejového loze, umoznuje vyuziti druhotnych materiall, tedy teoreticky
i SDO, do zemniho télesa. Podrobnéji pfedpis S4 definuje pouziti recyklovaného kameniva do zasypl
odvodhiovacich zafizeni, vypIni gabiond a mineralnich smési (jako dil&i slozku)®.

Jednou z moznosti je SDO vznikly z betonovych prazcu. Betonové prazce se na zelezni¢nich tratich
v Ceskoslovensku zadaly pouzivat v 50. letech 20. stoleti. V souasné dobé tvofi pfevaznou vétsinu
prazcu, které jsou uloZeny v kolejich spravovanych Spravou Zeleznic, s.o. (SZ). Jejich pFiblizny pocet se
pohybuje v rozmezi 15 az 20 milion kusu. Jiz v sou¢asné dobé je tfeba zabyvat se otazkou, jak nalozit
s dale nepouzitelnymi prazci. Jednou z moznosti je jejich drceni na betonovy recyklat, ktery by mohl byt
pouzit jako nahrada pfirodniho kameniva (napf. Stérkodrti) v konstrukci prazcového podlozi. Recyklat
vznikly drcenim vyhradné Zelezni¢nich prazci z vysokopevnostniho betonu se vyznacuje oproti ostatnim
recyklatiim typu SDO vysokou kvalitou a homogenitou. V sou€asné dobé se vyrfazené betonové prazce

V ramci vyzkumu na Katedfe Zelezniénich staveb Fakulty stavebni CVUT v Praze byly provedeny
analyzy pro ureni vhodnosti pouziti betonového recyklatu z prazcu v prazcovém podlozi. Pozadavky na
vlastnosti betonového recyklatu byly ztotoznény s pozadavky uvedenymi v pfedpisu OTP pro frakce
0/32 mm?*. Z tohoto rozsahlého predpisu byly pro porovnani vlastnosti betonového recyklatu
a Stérkodrté vybrany tyto duleZité vlastnosti: zrnitost dle CSN EN 933-1%°, otlukovost LA dle CSN EN
1097-2?°, mrazuvzdornost dle CSN EN 1367-1%" a objemova hmotnost dle CSN EN 13286-2%,

V ramci zkousky zrnitosti byla stanovena primérna kfivka zrnitosti. Vysledky jsou graficky uvedeny na
obrazku 1. Vyrobeny betonovy recyklat C¢astecné nevyhovél pozadavkim predpisu OTP. Zkou$ka
otlukovosti LA byla provedena na tfech vzorcich betonového recyklatu frakce 8/32 mm o hmotnosti
5000 g. Pro zkousku byla pouZzita sada 11 kouli a poCet otacek bubnu byl 500 ot/min. Jednotlivé vzorky
dosahly soucinitele LA = 22, 24 a 23. Vyrobeny betonovy recyklat tak vyhovél pozadavkum predpisu
OTP na otlukovost LA (max. 50). ZkouSka mrazuvzdornosti byla provedena na betonovém recyklatu
frakce 8/16 mm o hmotnosti 6000 g. Vzorek byl rozdélen na tfi dil€i vzorky s hmotnosti 2000 g. Celkem
bylo provedeno 10 zmrazovacich a rozmrazovacich cykli. Nejnizsi teplota pfi zmrazovacim cyklu byla
minus 20 °C. Po provedeni zmrazovacich cyklu byl stanoven primérny ubytek hmotnosti dil€ich vzorku
na sité 4 mm. Primérny ubytek hmotnosti dosahl hodnoty 2,91 %. Vyrobeny betonovy recyklat tak
vyhovél pozadavkim predpisu OTP na mrazuvzdornost, ktery uruje limitni hodnotu 4 %. Objemova
hmotnost betonového recyklatu frakce 0/32 mm byla stanovena metodou Proctorovy modifikované
zkouSky. Byl pouzit hmozdif typu B a péch o hmotnosti 4,5 kg. Byla dosazena maximalni sucha
objemova hmotnost betonového recyklatu 1870 kg/m? pFi optimalini vihkosti 8,5 hm. %.

Na laboratorni zkousdky navazalo experimentalni méfeni v méfitku 1:1 se zaméfenim na stanoveni
optimalni vihkosti konstrukéni vrstvy z betonového recyklatu ve vztahu k unosnosti povrchu konstrukéni
vrstvy, vyvoj narustu unosnosti v €ase v dusledku sekundarniho pusobeni cementové slozky recyklatu a
chovani konstrukce b&hem cyklického zatézovani®®.

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, &islo 3, strana 1 81



Zdenék PRQéEK, Tereza PA VLU, Milan RYDVAL, Jan VALENTIN, Martin LIDMILA, George KARRA'A, Jifi
PODOLSKY, Jan FOLTYN, Pavel TESAREK: Sou¢asné moznosti zvySovani vyuZiti stavebniho a demoli¢niho
odpadu ve stavebnictvi

a0
T T0 e e
E 60
E
K L e
& ’
B 40
o
E 30 L L S
20 +---
u 4
0,062 0,125 0,25 0,5 1 2 4 g 16 32 45
Velikost sita [mm]
----- spodni hranice dle OTP — — - horni hranice dle OTP betonovy recyklat - pramér

Obrazek 1: Primérna krivka zrnitosti vyrobeného betonového recyklatu frakce 0/32.

Z provedeného experimentu bylo zjisténo, Zze po pfimichani zamésové vody do smési betonového
granulatu frakce 0/32 mm dochazi ke spusténi sekundarni reakce cementové slozky recyklatu, ktera se
projevuje zvySovanim unosnosti konstrukéni vrstvy v €ase, pfiéemz k nejvyraznéjSimu narlGstu dochazi
béhem prvnich 24 hodin a po 7 dnech je jiZ unosnost takika ustalena. NejvySSi unosnosti konstrukéni
vrstvy z betonového recyklatu bylo dosazeno pfi vihkosti smési 8,4 %, coz odpovida optimalni vihkosti
recyklatu pro dosazZeni jeho maximalni objemové hmotnosti. U betonového granulatu s vihkosti 8,4 % byl
zjistén narust statického modulu pfetvarnosti povrchu konstrukéni vrstvy béhem 7 dni o takika 200 %,
pficemz bylo dosazeno konecné hodnoty statického modulu pfetvarnosti vice nez 100 MPa. Konstrukce
s konstruk&ni vrstvou z prazcového recyklatu frakce 0/32 mm o tloustce 15 cm v pribéhu cyklického
zatézovani v rozsahu 250 000 zatézovacich cykll prokazala velmi dobré schopnosti odolavat tomuto
zatiZeni, povrch konstrukéni vrstvy byl kompaktni bez zjevnych trhlin &i jinych zavad. Na konstrukéni
vrstvé uloZzené na zemni plani o unosnosti cca 13 MPa bylo po 10 dnech zrani a konsolidace dosazeno
statického modulu deformace vice nez 40 MPa, coZ vyhovuje aktualnimu poZadavku pfedpisu SZ S4
Zelezniéni spodek pro koleje s rychlosti do 120 km/h a provoznim zatizeni do 2 mil. hrt/rok. Po
provedeni cyklického zatéZovani v rozsahu 250 000 zatéZovacich cykld byl zaznamenan trvaly pokles
prazce 4,3 mm a pruzny pokles prazce pfi zatizeni od 0 do 42 kN 0,54 mm.

Vyuziti SDO v silni¢nim stavitelstvi

V silniénim stavitelstvi vyuziti SDO obecné upravuji technické podminky TP 210. Minerailni odpad
z demolic ¢i dekonstrukci staveb se obecné mulze vyuzivat do zemniho télesa silni¢ni stavby, podlozi
vozovek a konstruk&nich vrstev pozemnich komunikaci, dopravnich a manipulaénich ploch. Pokud se
jedna o vyuZiti jako zrnitého materialu nebo nahrady pfirodniho kameniva v podobé recyklovaného
kameniva, tak plati soubor nékolika norem, které musi SDO splnit. Jedna se o harmonizované normy
CSN EN 13 242+A1, CSN EN 13 043 a CSN EN 12 620, v pfipad&, kdy SDO je vyuZit jako nahrada
zeminy v podloZi silniéni stavby nebo pfi vystavbé zemniho télesa, tak musi tento material spinit CSN
73 6133. Obecné tedy z uvedeného plyne, Ze vyuziti stavebné-demoli¢niho odpadu je mozné pouze
tehdy, pokud dojde k pfeméné tohoto materialu na recyklat, v pfipadé uplatnéni do konstruk&nich vrstev
potom musi byt odpad pfeménén na recyklované kamenivo a musi byt spinény pozadavky, které se pro
recyklované kamenivo standardné predepisuji. Pouziti ¢i umisténi SDO v podobé& odpadu silniéni
stavebni praxe v podstaté neakceptuje. Technické podminky TP 210 v tomto ohledu slouzi pro
stanoveni pozadavk( na vyuzivani recyklovaného stavebniho materialu (RSM), coz Ize chapat jako
pFfedstuper recyklovaného kameniva. RSM je pfitom definovany jako materiadlovy vystup ze zafizeni
k vyuzivani a upravé SDO, kategorie ostatni odpad, nebo odpadl podobnych SDO, spocivajici ve
zméné zrnitosti a jeho roztfidéni na velikostni frakce v zafizenich k tomu uréenych. Zde se tedy jedinym
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pozadavkem stava zrnitost materialu. RSM se dle TP 210 rozliSuje na recyklat z betonu, recyklat ze
zdiva, recyklat smésny, recyklat z vozovek, recyklat asfaltovy a jako specificka kategorie pak slouzi jesté
R-material (tabulka 5). Ten ma v podstaté poZadavky nejvice propracované. Pro R-material, ktery
predstavuje upraveny asfaltovy recyklat, totiz mnoho let plati neharmonizovana CSN EN 13108-8, ktera
stanovuje jednotna doporucujici technicka pravidla v ramci Evropy, jak s timto materialem pracovat.

V Ceské republice s ohledem k rostouci snaze poslednich let R-material vyuZivat ve zvy$ené mire
jako nahradu pfirodniho kameniva v asfaltovych smésich a diky zavedeni vyhlasky ¢. 130/2019 byla na
prelomu let 2020/21 implementovana nova technicka norma CSN 73 6141, ktera zprestiuje pozadavky,
jak s R-materialem nakladat a jak jej spravné vyuzivat v asfaltovych smésich, aby bylo mozné
maximalizovat jeho vyuziti a byly pfitom garantovany vykonové pozadavky vlastni asfaltové smési. Tedy
zjednoduSené feceno, je-li to vyrobkovymi normami pro asfaltové smési umoznéno, tak u vysledného
vyrobku je jedno, zda obsahuje jen pfirodni kamenivo nebo 30 % hm. & 60 % hm. R-materialu, vzdy
musi byt splnény a garantovany stejné vlastnosti smési a stejna kvalita. Environmentalni parametry jsou
pfitom hlidany uvedenou vyhlaskou, ktera stanovi, kdy maze asfaltovy recyklat (pfesnéji znovuziskana
asfaltova smés) byt klasifikovan jako vedlejsi produkt, aniz by vstupoval do odpadového rezimu, kdy Ize
u odpadu pro takovy material docilit stavu konce odpadu a kdy naopak je nezbytné jej vést jako ostatni
nebo dokonce nebezpeény odpad. Nicméné i v téchto pfipadech existuji moznosti jeho vyuZiti. Pokud
u odpadu nejsou piekroeny meze sumy sledovanych PAU, potom Ize odpad zapracovat do asfaltové
smési a environmentalni parametry je tfeba ovéfit u vyrobené smési.

Druhou moznosti, kdy vime, Ze v konstrukci vozovky uréené k rekonstrukci je nebezpecny material
(ve smyslu koncentrace PAU), Ize v souladu s technickymi podminkami TP 150 vyuZit technologii
recyklace za studena na misté, kdy se material recyklérem (upravena zemni fréza) smicha s asfaltovou
emulzi & zpénénym asfaltem a obalenim zrn nebezpeCného materialu asfaltovym filmem dojde
k pasivaci u€inku PAU z hlediska jejich potencialniho uvolnéni do Zivotniho prostfedi. Technologie
recyklace za studena se pfitom v CR vyuziva uspé&sné od konce 90. let, protoze v ramci silniéni sité
zhruba ve 30 % vS8ech vozovek byla v minulosti pouzita i dehtova pojiva. Dehet je podobnou latkou, ktera
se na rozdil od ropného asfaltu vyznauje mnohanasobné vyssSimi koncentracemi sledovanych PAU.
Pokud je v asfaltovych vrstvach pouzit ¢i se pouziva ropny asfalt, Ize ve vzorku takového kompozitu jen
stézi prekrocit hranici 25 mg/kg susiny pro 16 sledovanych PAU.

V oblasti uplatfiovani asfaltového recyklatu (pfesnéji R-materialu) je dnes snahou docilit postupného
navy$eni pripustného podilu tohoto materialu v asfaltové smési. Standardné vyrobkové normy jako CSN
73 6121 pfipoustgji v zavislosti na typu asfaltové smési 15 — 50 % vyuziti R-materialu. Jsou samoziejmé
nékteré typy smési, kde to neni umoznéno, protoze pretfidénim a pfedrcenim asfaltového recyklatu neni
mozné docilit takové homogenity vysledného materialu, ktery by splnil naro¢né pozadavky smési. To se
tyka napfiklad mastixovych koberct nebo jemnozrnnych asfaltovych smési. Cilem pfipravované revize
uvedené normy je pfitom tyto meze zvySit na 30 — 70 % R-materialu, pficemz tento material v asfaltové
smési potom nenahrazuje jen kamenivo, ale i asfaltové pojivo. To je jedna z pfednosti tohoto typu
stavebniho recyklatu — umozniuje uplatnit tzv. upcycling, kdy se vyuziva nejen mineralni slozka, ale
plavodni pojivo se opétovné reaktivuje jako pojivo.

Vyuziti recyklatu z betonu je z hlediska uplatnéni v cementobetonovém (CB) krytu vozovky omezeno
pouze na zdroj, ktery pochazi z demolic ptivodni betonové vozovky. V souladu s CSN 73 6123-1
v sou€asnosti nelze pouzit betonovy recyklat z jiného typu konstrukci. Navic musi recyklat s CB krytu
splnit technické pozadavky vymezené pfilohou C normy, kde se kromé jiného stanovi klasifikace
hrubych zrn (Rcg), maximalni obsah jemnych Castic (fi5) a bezpe€nost z hlediska alkalicko-kfemicité
reakce (recyklat nesmi obsahovat reaktivnhi kamenivo a musi byt vyvaZzen obsah alkalii v nové
vyrabéném betonu). Pokud k vyuZiti recyklatu z betonu dochazi, potom se uplatni ve spodnich vrstvach
CB krytu, a to zpravidla do mnozstvi 30 % hm. Pro horni vrstvu, ktera dle sou€asné zavedené praxe je
navrhovana jako vymyvany (vymetany) beton momentalné pouziti recyklovaného kameniva neni mozné.
Realné zkuSenosti vSak ukazuji, ze mira vyuziti betonového recyklatu je u realizovanych staveb mensi.
PFi modernizaci dalnice D1 dochazelo k uplatnéni betonového recyklatu v znaéné omezeném rozsahu.
Material vznikly vybouranim plvodnich betonovych desek byl po predrceni vyuzivan v ramci
nestmelenych vrstev nebo pfi rozSifovani zemniho télesa dalnice a jako recyklované kamenivo.
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Tabulka 5: Doporucéena uziti RSM v silni¢nich stavbach (dle TP 210).

Typ RSM Pouziti v silniéni stavbé
AV CB | Nestmelené podkladni vrstvy | Stmelené Prolévané Podlozi,
podkladni | podkladni vrstvy | zemni
vrstvy téleso ¥
MZK | 8D, | SDs | MZ kostra | vyplh
Recyklat | ano | p/ne| ano ano | ano |p/ano ano p /ano
Z betonu
Recyklat ne ne ne p/ne | ano |[p/ano ano p/ne | p/ano ano
ze zdiva
Recyklat ne ne ne ne ne ano ano ne ano ano
smeésny
Recyklat | ano |p/ano| ano ano | ano |p/ano ano p/ano
z vozovek
Recyklat | ano ne |p/ano| ano | ano | p/ne ano p/ne
asfaltovy
Vysvétlivky:
p: podminecné pouZitelny (omezené napf. z technologickych, ekonomickych nebo environmentalnich
ddvodu)
AV: asfaltové vrstvy vozovek pozemnich komunikaci; CB: cementobetonové kryty vozovek pozemnich
komunikaci.

Y Zrnity material do podloZi vozovek, vrstevnatych nasypt (ztuZujici vrstva), pfipadné nezpevnénych
krajnic vozovky pozemnich komunikaci

Z hlediska podkladnich vrstev vozovek je betonovy recyklat efektivné vyuzitelny ve smeésich stmelenych
hydraulickymi pojivy a pfi vhodné zrnitosti bude dobre slouzit jako alternativa Stérkodrti. V téchto pfipadech
mechanicky zpevnéného kameniva, kde jsou dané pfisnéjsi pozadavky na zrnitost a sou€asné by mélo byt
omezeno i drceni vétSich zrn. Betonovy recyklat je uplatnitelny i pro nékteré typy asfaltovych smési. Pro tyto
ucely se ale fakticky nevyuziva, protoze silni¢ni stavitelstvi ma zna¢né prebytky asfaltového recyklatu a neni
zde proto silna poptavka po jiném typu recyklovaného kameniva.

Z pohledu silni¢niho stavitelstvi specifickym typem jsou recyklaty ze zdiva a smésné recyklaty SDO,
které vznikaji jako viceslozkové. Pro klasické konstrukce pozemnich komunikaci (dalnice, silnice I. —
[1l. tFidy) se bud nevyuzivaji viibec, nebo velmi sporadicky. Jednim z davodu, pfedevsim u konstrukénich
vrstev, je jejich zhorSena odolnost proti namrzavosti, ktera je dana pfitomnosti cihel nebo plynosilikata.
Konstrukce vozovky vzdy bude vystavena u&inkim vody a v zimnim obdobi potom kombinovanému
ucinku vody a mrazu. Tato skutecnost pfi pfirozené cyklickém pusobeni, kterému nelze nijak efektivné
zabranit, vede k postupnému rozpadu cihelnych ¢astic, coz ohroZuje nasledné soudrznost celé
konstrukéni vrstvy. PFi teoretickém vyuZiti v asfaltové smési potom cihelné €i plynosilikatové Castice
nemaji dostatecné parametry odolnosti proti otluku a souCasné diky své struktufe nasakaji vice
asfaltového pojiva. Z vySe uvedenych duvodl je tak mozné tento material vyuzit: (a) jako podkladni
vrstvy z hlediska zatiZzeni nevyznamnych dopravnich ploch, (b) jako material pro zemni télesa, kde mize
tvofit napfiklad jadro nasypu — zejména smeésny recyklat je vyuZitelny v aktivni z6né pozemni
komunikace jako nahrada nevhodnych zemin &i jako material pro mechanickou Upravu méné vhodné
zeminy, nebo (c) jako material, ktery bude vhodné uplatnén pro hydraulicky stmelené smési, jez se
VyuZiji u vozovek nizsich kategorii.
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Zavéry

V ramci projektu TA CR program Prostfedi pro Zivot 6. SS03010302 s nazvem “Vyvoj efektivnich
nastroju pro minimalizaci vzniku stavebniho a demoli¢niho odpadu, jeho monitoring a opétovné vyuziti”
budou hledany vhodné nastroje, které umozni efektivni vyuziti SDO. Z pfehledu pouzitého v ¢lanku
vyplyva, Ze je nutné a vhodné modifikovat a upravit sou€¢asnou legislativu, aby byly vhodné nastroje
efektivné vyuzity a jiz pfed vlastnim provedenim demolice bylo mozné efektivné rozhodnout o zplsobu
vyuziti recyklatu, resp. recyklata, které konkrétni objekt “maze” vygenerovat. Zaroven je nutné nasledné

efektivné vyuzit sou€asné technologie nebo najit dalSi nové pro efektivni zpracovani SDO a pfeménit ho
na surovinu.

Na CVUT v Praze jsou vyvijeny nové metody a pfistupy k op&tovnému vyuziti SDO ve stavebnictvi,
nékolik pfikladu je soucasti ¢lanku. Ve vétsiné pfipadl se jedna o feSeni, ktera jsou dale zdokonalovana
s ohledem na efektivni vyuziti upraveného recyklatu. Abychom mohli aplikovat laboratorné ovéfené
zku$enosti v praxi, musime podrobné znat puvod recyklovatelnych zdrojl. Pravé plvod odpadu je
parametr, ktery vyrazné ztézuje dalSi postup recyklace a v pfipadé vykupu SDO z rlznych zdroji je
vyuzitelnost takového odpadu vyrazné& omezena. Abychom zefektivnili vyuziti SDO, je nutné zavadét
metodiku, ktera bude odpad vnimat jako zdro;.

Podékovani

Tento prispévek byl pripraven diky podpofe TA CR program Prostfedi pro zivot & SS03010302
s nazvem “Vyvoj efektivnich nastroji pro minimalizaci vzniku stavebniho a demoli¢niho odpadu, jeho
monitoring a opétovné vyuZiti”. Podrobnéjsi informace k projektu jsou dostupné na adrese
https://decompose.fsv.cvut.cz/.
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Summary

The presented article is focused on current trends in construction, which are associated with the use
of construction and demolition waste, again in construction, both in building construction and in transport
infrastructure. In accordance with the principles of sustainable development, other modern and
promising ways are being sought for the efficient use of construction and demolition waste. The
worldwide effort is to use as much waste as possible and to minimize, ideally ban landfilling altogether.
The article presents new possibilities with further potential and presents examples of experimental
research conducted at the Czech Technical University in Prague in the last few years. Specifically,
partial results from four different studies are presented.

Keywords: construction demolition waste, recycling, building constructions, transport infrastructure.
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Abstract

Zeolites are a mineral resource that is widely used mainly due to their specific properties. In the
article, we investigated how the properties change - the internal capacity of zeolites under certain
specific conditions, such as temperature change, time changes helium purification. All measurements of
zeolite specific surfaces were performed on a Micromeritics Gemini VII - surface area and porosity
analyzers.

The samples were measured (dust, various fractions, pellets) at various conditions: temperatures
helium-purified (He), time changes.

The input and output parameters of the individual experimental samples were evaluated using
descriptive statistics. All measured data were then analyzed by multidimensional ANOVA analysis and
analysis, with our ambition to identify and quantify the dependence of the individual specimen treatments
on the total output - measured values of the weight of the evaporated water, specific surface.

The results at the end are divided into small or insignificant influence of changes in other monitored
parameters and on significant effects of parameters on the resulting parameters.

Small or insignificant influence of changes was stated by the amount of the water evaporated from the
zeolite with respect to the time of heating of the samples prior to the evaluation of the zeolite specific
surface. Similar conclusions can we come from the analysis of results where the different heating
temperatures of zeolite samples were compared before determining their specific surfaces and the
amount of evaporated water from the samples.

Significant effects of parameters on the resulting parameters: the different sampling times in their
preparation for measuring the specific surfaces of the investigated zeolite samples significantly affect the
measured specific surfaces. The weight of evaporated water is strongly dependent on the type of
treatment - the values are significantly higher due to the effects of helium and vacuum.

Key words: zeolite, samples of zeolites, specific surface, ANOVA, numerical analyses, industrial
rocks, temperature, helium, time

1. Introduction

Introduction in the current environmental problems with maintaining the purity and health acceptability
of ingredients environment for nature and mankind, the modification of natural ones comes to the fore
ion exchange materials to use them especially in cleaning or purification of various types of wastewater,
including radioactive. By chemical treatment, zeolites acquire new, original properties, e.g. their surface
increases, the sorption capacity increases, the physicochemical and mechanical ones improve
properties, etc. For the chemical modification of zeolites, ion exchange is usually used, in which the
zeolite is used to transform into a mono-cationic form, e.g. Na-zeolite, K-zeolite, etc. solutions of salts,
hydroxides, or acids °.
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Zeolite is a natural volcanic rock with unique physical properties. The uniqueness of zeolite is based
on its extraordinary crystal structure, which enables it to capture substances in all: solid, liquid and gas
states. Compositionally, zeolites are similar to clay minerals. More specifically, both are alumni-silicates.
They differ, however, in their crystalline structure. Zeolites have a rigid, 3-dimensional crystalline
structure (similar to a honeycomb) consisting of a network of interconnected tunnels and cages. The total
volume of the cavity, also called porosity, is of 24 — 32%. Specific weight is around 2,200 — 2,440 kg.m™®,
absorbability of used samples was as much as 39%. The properties of the zeolite come from its specific
crystal structure. Special aspect of this structure is, that the pore and channel sizes are nearly uniform,
allowing the crystal to act as a molecular sieve® 2.

The tetrahedrons in space form a crystal lattice which differs from other types of similar lattices in that
their cavities are interconnected by some channels which have an exact, always the same diameter for
a given type of zeolite. The diameters of the channels of the natural zeolites of the collet from 0.2 nm to
0.7 nm3171 form a micro-porous structure in which the volume and channels reach up to 50% of the total
volume”.

These cavities and channels contain weakly bound water. Its amount is variable and depends on the
chemical zeolite, the size of the channels and cavities as well as the external PCH e.g. temperature, the
voltage of water vapor in the surrounding environment, and careful heating, this so-called zeolite water
can be gradually removed from the grid without disturbing the mineral structure. The removed water can
be re-absorbed by the mineral in the original amount, or in the absence of water it can be replaced by
molecules of other substances (e.g. ammonia, ethyl alcohol, Hg, hydrogen sulfide, etc.) However only
substances with a diameter less than or equal to such as the diameter of the inlet openings to the
channels. Thus it is possible to separate e.g. argon from oxygen or molecules of paraffin with the same
chain from paraffin branched - chained and the like. Thus, zeolites function as sieves or filters, by means
of which we can selectively separate, "sieve" a certain type of molecules®.

In the Slovak Republic rock-forming zeolites represented by clinoptilolite, mordenite, and analcemia
are found at the edge East Slovak Neogene basin between the villages of Vranov, Kucin, Nizny
Hrabovec, Majerovce and Pusté Cemerné®.

Slovak zeolite from Nizny Hrabovec is gray-green and contains 40 — 70% clinoptilolite, 8 — 10%
feldspar, 6 — 10% cristobalite, 2 — 5% quartz, and 13 — 30% volcanic glass. The primary cation in Slovak
natural zeolite is potassium in other types it can be sodium, calcium, magnesium, iron, and volcanic
glass. The Si/ Al ratio for Slovak clinoptilolite ranges from 3.4 to 5.2. Zeolites clinoptilolite-type retain
their structure over a wide pH range, from 1.0 to 11.5 and they are radiation stable to the generally
stated absorbed radiation dose 107 Gy (gray). Slovak zeolite with primary cation K has very good
thermal properties, withstands temperatures up to 600 °C without change™.

2. Literature review

The short review from literature was done, below are results. With Physical Adsorption
Characterization of Mesoporous Zeolites deals authors, Thommes, M., Guillet-Nicolas, R., Cychosz,
K.A.° The authors of the book deal with the most important aspects of gas adsorption on the textural and
structural internal structure of zeolites. The experiments were focused on the precise steps necessary to
obtain accurate adsorption data and describe a detailed understanding of the basic adsorption
mechanisms in surface and pores analysis. The BET (Brunauer, Emmett, and Teller) method is used to
characterize the physical adsorption at surface evaluation. A more reliable analysis of the pore size of
these materials is the method of Density functional theory (DFT)°®.

Lecloux, A.J et al., discuss specific surface area. The specific surface analysis was used as
a screening tool for the classification and identification of nanomaterials. The results are compared on
particles with dimensions less than 100 nm. The research concludes that the experimental values of the
analysis allow the identification of nhanomaterials without any inaccurate negative identification (subject to
certain conditions - particle size, relative pressure range, qualitative particle image). The proposed
analysis model can be used to look for the potential effects of shape and size change for different
nanoforms’.
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An experimental study is focused on a new zeolite modification method (ZBHCM type) with an NH,CI
solution and develops a new zeolite-based moisture control material. The type of zeolite for the study is
determined by the morphological and physical characteristics of this material. Based on the experiments
performed, it is proved that zeolite has an effect on the internal temperature and a significant influence
on the humidity of the interior. These varies depending on the amount of zeolite used, with the issue
deals Zhou, B et al. in the Experimental article study on moisture migration process of zeolite-based
composite humidity control material®.

The research used the efficiency of MFIs, namely their synthesis by hydrothermal method.
Subsequently, the results were evaluated by TGA analysis and BET analysis (coke storage utilization)
for coke detection on MFI nanoparticles®.

The use of natural zeolites for environmental applications is gaining new research interests mainly
due to their properties and significant worldwide occurrence. The present work describes the
characterization of a natural Chilean zeolite and the results as adsorbent for ammonia from aqueous
solutions. The zeolite-rich tuff sample, mainly composed of clinoptilolite and mordenite, consisted of
13 ym mean volumetric particle diameter, 55 m? g™’ (methylene blue adsorption) and 177 m? g™
(nitrogen adsorption) of specific surface area. Particles were negatively charged over a broad pH range
(with or without ammonia) and 1.02 meq NH* g™' cation-exchange capacity. The ammonia removal
appears to proceed through ion-exchange and rapid kinetics (rate constant of 0.3 min™") at neutral pH
value, with removal capacities up to 0.68 meq NH* g™'. The Langmuir isotherm model provided
excellent equilibrium data fitting (R2=0.97). Results indicate a significant potential for the Chilean natural
zeolite as an adsorbent/ion-exchange material for wastewater treatment and water reuse applications™®.

Féldesova, M., Hudec, P. made study of surfaces of natural and chemically modified zeolites of
clinoptilolite type by physical adsorption of nitrogen at the temperature of liquid nitrogen by the
volumetric method was done on Slovak zeolite clinoptilolite with very good results™.

3. Experiment and equipment
3.1 Equipment Gemini VII - measurement of specific surface

Before measuring the internal surfaces on zeolite samples (dust, various fractions, pellets), they were
subjected to various drying, helium-purified and vacuum processes, under defined conditions —
temperatures in a range of 120 — 300 °C respectively, and time from 0.5 to 2 hours.

Precise measurements of the internal zeolite structure can be carried out using the Micromeritics
Gemini VIl Surface Area and Porosity Analyzers (See the picture Figure 1). The device works on
principles of material analyses and reliably produces accurate results on the surface but also in the
internal pores of the measured material. The device reliably and repeatedly focuses on the total pore
volume (not only surface) material and distributes the data directly through outputs to the digital form for
further processing. The unique ability of the device is to analyze not only the surface of the material
under investigation but also its internal specific surfaces (porous spaces in the specific structure)**3.
The device can avoid some source mistakes associated with traditional static volume instruments by
rejecting a common (general) mode. This feature provides much more accurate measurements. The
device also includes software (Windows, Windows XP, or Windows Vista), that includes a video
installation and verification system, including data processing and evaluation.
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Figure 1: Equipment Gemini VII Surface Area and Porosity Analyzers

Specific device parameters:
The applicability: Surface area: From 0.1 m? (full), from 0.01 m?. g™ (specific),
Pore volume: 4x10° cm?®. g™
Pressure measurements: Measured pressure range: 0 — 950 mm Hg, (0 — 126655,6 Pa)
P / PO resolution: <10,
Relative pressure range: 0 — 1.0 P / PO (adsorption only),
Pressure resolution: <0.1 mmHg, (13,332 Pa)
Accuracy and linearity: more than +/- 0.5%.

Environment: Temperature: Operating 10 — 35° C (50 — 96° F), room temperature 0 — 50° C
(32-122°F),

Humidity: 20% — 80% relative, not condensation.

Adsorption: Optimal for the use of liquid nitrogen - Nitrogen analysis. The device is used for non-
corrosive adsorption of gases under certain pressure at room temperature (and higher). Other gases
used: oxygen, argon, carbon dioxide, butane, methane, other hydrocarbons. The helium is needed.

Vacuum system: The vacuum source is 20 x 10° mm Hg (even higher) than the supply device (it is
recommended to connect the oil pair reduction device). The system includes an oil crossover device (as
a preventive part of the device).

Sample tube: 0.95 cm, outside length 15.5 cm, internal volume: 6.5 cm?®, maximum sample volume in
the tube is approximately 2.0 cm®.

3.2 Device VacPrep 061 Degasser

Sample drying takes place on the VacPrep 061 Degasser laboratory equipment, which is a surface
monitoring device and pore structure analysis. VacPrep offers two methods for removing pollutants from
samples such as - water vapor and adsorbed sample gases, to avoid interference with surface
measurements. The device ensures minimization of sample contamination during transfer from the
device to the output analysis. It markedly increases process reliability and accuracy of results. VacPrep
allows the removal of contaminants by heating samples up to 400° C using a vacuum system or flowing
gas method, or a combination of both methods. The device includes six sample heating stations and six
cooling stations. The temperature is set simply on the digital control panel located at the front of the
device (See the picture Figure 2).
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Figure 2: Equipment VacPrep 061 Degasser

4. Preparation of samples, measurement and analysis
4.1 Preparation of samples

All measurements of zeolite specific surfaces were performed on a Micromeritics Gemini VII - surface
area and porosity analyzers.

The individual measurements differed from each other by the preparation of samples before the
process of measuring specific surfaces, the drying times of the samples, the degrees of drying, the use
of a vacuum system and the passage of helium through the sample varied.

The samples were measured (dust, various fractions, pellets) at various conditions: temperatures
(120 ° C, 2 hours, 300 ° C, 0.5 hours, 300 ° C, 2 hours), helium-purified (He). Sample weight: 0.491g —
0.565g (before drying).

Samples of zeolites (of different grain size) were prepared at a precision of 0.01g on a metrological
verified laboratory scale of the WTC 06 / B1 type before the drying process. The weight of each sample
was as much as 0.491 — 0.539 g. The individual weight of each instrument tube is in the range 10.325 —
10.404 g (for this reason the weight of each tube was individually measured and matched to the weight
of each prepared zeolite sample).

After measuring the sample weights, the samples proceeded to the drying process with the possibility
of a vacuum and gas connection (helium) - individually used in all processes. Drying was carried out on
VacPrep 061 Degasser at various temperatures (max 300° C when the crystalline lattice of the zeolite
occurs). The drying time was from 0.5 to 2.0 hours. During the drying, the water present in the zeolite
was evaporated from the samples. Following the drying process, the samples were again weighed to
determine the amount of evaporated water (%)**.

The dried samples were then placed in a Gemini VIl - Surface Area and Porosity instrument in the
instrumentation tubes to measure their specific surface area (m® g*). Before the start of the
measurement, the weight of the measured sample, the weight of the test tube and the sample density
were entered into the software. Subsequently, the program started the measurement process and
evaluated the results in the required format (text, graph - isotherms, table). The results were then
analyzed and evaluated. Data were collected by the experiment. Values need to be adjusted for
statistical analyzes in the JMP statistical software. Columns that gave a range of values and were
perceived as categorical data were adjusted to the average values we achieved by a numeric indicator.

4.3 Numerical analysis

The input and output parameters of the individual experimental samples (See the picture Figure 3)
were evaluated using descriptive statistics.

Samples with a fraction of 0.05 — 3 mm were included in the study, which was subsequently exposed
to a temperature of 120 — 300 °C, with a heating time of 0.5 — 2.5 hours resp., in some cases the treated
samples were exposed to He and Vac. With the samples thus prepared, the mass of evaporated water
was measured in the range of 0.96 — 25.7% and the specific surface area in m% g* Where the values
ranged from 19.78 — 40.36 m. g™.
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Multivariate Simple Statistics

Column N DF Mean Std Dev Sum Minimum Maximum
The grain sized - mean 49 48,00 0.7936 0.7536 38.8600 0.0500 3.0000
The heating °C 53 52.00 241.887 83.1370 12820.0 120.000 300.000
The time [hour] 53 52.00 14528 0.7290 77.0000 0.5000 2.5000
The weight of evaporated water [%] 35 34.00 6.3723 4.3069 244.217 0.9600 25.7000
The inner surface [cm2/g] 51 50.00 25.3650 3.4642 1295.01 19.7798 40.3362

Figure 3: Multivariate Simple statistics of inputs and outputs

The basic analysis has been found to be extensions - measurements that are significantly different
from the average (See the picture Figure 4), they are samples of tiny fractions (dust) that were also
exposed to all treatments (temperature He and Vac).
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Figure 4: Analysis of divergent values

All measured data were then analysed by multidimensional ANOVA analysis and analysis, with our
ambition to identify and quantify the dependence of the individual specimen treatments on the total
output - measured values of the weight of the evaporated water, specific surface.

4.4 Analysis of multivariate

Multidimensional analysis of the dependencies of individual numerical variables is limited to
examining columns characterizing inputs (fraction, heating temperature, heating time) and characterizing
outputs (evaporated mass, the inner surface). The result of the analysis pointed to only a slight
dependence (See the picture Figure 5):

- determining the entry conditions: (inverse relationships - lower temperatures have been allowed at
lower temperatures and shorter at higher temperatures),

- the dependence of the outputs: (direct relationship - increasing the weight of evaporated water,
increase the inner surface of the sample),

Input-Output Dependence: (the direct relationship between exposure time and inner surface sample),
this dependence was subjected to further investigation using ANOVA analysis.
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Figure 5: Multivariate analysis of numerical experiment data

4.5 Analysis of ANOVA

Data were examined using the variability analysis principles, for the difference in outputs (evaporated
water mass, the inner surface) of the treatment method, which was considered in this case as
categorical data:

A. Temperature time (0.5/1.5/ 2)
B. Operating temperature (120/200/300)
C. Type of additional adjustments (without additional modifications / He / Vac + He)

A. HEAT RATE TIME

The analysis of the measured values of the mass of evaporated water about the different time of
temperature has not shown statistically significant variability so that it can be argued, that the time does
not play an important role in the effort to achieve higher values of evaporated water (See the picture
Figure 6).
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Figure 6: Analysis of ANOVA - the mass of evaporated water versus the time of heat

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, &islo 3, strana 193



Lucia DOMARACKA, Marcela TAUSOVA, Ladislav HVIZDAK, Pavol RYBAR, Méria DREVKOVA: Study of
changes in surface properties of zeolite due to modifications

The analysis of the time influence on the inner surface of the samples showed a statistically
significant difference in the values for the different time categories - 0.5/ 1.5/ 2 hours (See the picture
Figure 7). On this basis, it can be argued that time play a statistically significant role in trying to increase
and decrease the inner surface of the samples.
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Figure 7: Analysis ANOVA —inner surface versus time of temperature activity

The analysis of the measured evaporated water weight values about the different temperature of
120/200/300 °C, respectively, did not show statistically significant variability, so it can be argued that the

temperature not play a significant role in trying to achieve higher values of evaporated water (See the
picture Figure 8).
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Figure 8: ANOVA analysis - Evaporated water weight versus heating temperature

Even the analysis of the temperature effect on the inner surface of the samples did not show
a statistically significant difference in the values for the individual heat categories - 120/200/300 °C (See
the picture Figure 9). On this basis, it can be stated that increasing / decreasing heating temperature

cannot achieve statistically significantly higher / lower values of the inner surface of the individual
samples.

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, &islo 3, strana 194



Lucia DOMARACKA, Marcela TAUSOVA, Ladislav HVIZDAK, Pavol RYBAR, Méria DREVKOVA: Study of
changes in surface properties of zeolite due to modifications

S16E-128 D67 ao 067 128 164

— 120 Oneway Anova
— 200

—300 | Summary of Fit
Rsquare 000398
Adj Rsquare 003752
Root Mean Square Error 3.558548
Mean of Response 25.39238
Observatians (or Sum Wets) 51

B

&
!
«

&~
L

=1
I

Analysis of Variance

The inner surface [cm2/g]

' A i7a)!
U Sum of
Source DF Squares Mean Square  F Ratio Prob = F
The heating CHAR. 2 242858 12143 00959 09087
Errar 48  607.83718 12.6633
. i s C. Total 50 610.26576
Q e Means for Oneway Anova
Level Number Mean Std Error Lower 95% Upper 95%
120 14 254614 08511 23549 27374
200 2 243150 25163 19.256 29374
300 35 254263 06015 24.217 26,636

&

g8

.
=)
L

120 200 300 Each Pair ]
E

The heating CHAR. Student’s t
0.5 Normal

0.95+
0.98-

uanti

Figure 9: Analysis ANOVA - specific surface versus heating temperature

C. TYPE OF ADDITIONAL ADJUSTMENTS (WITH additional modifications / He / Vac + He)

Individual samples subjected to heat treatment were subsequently exposed to He and vacuum in
various combinations. In the analyzes, these variants are marked as follows:

The effect of the individual variants of the additional treatments was assessed by the ANOVA analysis
concerning the outlet values of the inner surface and the weight of the evaporated water of the individual
samples.

The weight of evaporated water is strongly dependent on the type of treatment — the values are
significantly higher due to the effects of helium and vacuum. The ANOVA analysis confirmed
a statistically significant difference in the resulting evaporated water values depending on the type of
sample treatment (See the picture Figure 10).
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Figure 10: ANOVA analysis - evaporation water weight versus the type of
treatment (He, Vac)

Further adjustments strongly influence the results of the internal indicator - the values are significantly
higher due to the effects of helium, and Vac. Analysis of ANOVA confirmed a statistically significant
difference in the resulting specificl surface values, depending on the type of sample treatment (See the
picture Figure 11). Variation of the "AA" effect — He and vacuum effects significantly increase the specific
surface area of the samples above the average value.
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Figure 11: ANOVA analysis - inner surface versus the type of treatment (He, Vac)

Conclusion and recommendations

When measuring the specific surface area of the samples of natural zeolites, we used the top
apparatus and followed all the recommended procedures.

The results can be summarized as follows:

Small or insignificant influence of changes in other monitored parameters:

1.

The amount of the water evaporated from the zeolite with respect to the time of heating of the
samples prior to the evaluation of the zeolite specific surface. As a result, it is known that the
different heating time of the sample (0.5, 1.5 or 2 hours) does not have a significant effect on
the change of the monitored parameter. (See the picture Figure 6).

Similar conclusions can come from the analysis of results where the different heating
temperatures of zeolite samples (120, 200 and 300 ° C) were compared before determining
their specific surfaces and the amount of evaporated water from the samples. (See the picture
Figure 8).

Even the study of the influence of temperature change in the preparation of zeolite samples
before measuring the specific surfaces did not show the effect of the change of this parameter
on the resulting measured specific surfaces of the zeolite samples.

Significant effects of parameters on the resulting parameters:

1.

In contrast, the different sampling times (0.5, 1.5 and 2 hours respectively) in their preparation
for measuring the specific surfaces of the investigated zeolite samples significantly affect the
measured specific surfaces (See the picture Figure 7)

The weight of evaporated water is strongly dependent on the type of treatment - the values
are significantly higher due to the effects of helium and vacuum. Variation of the "AA" effect -
helium and vacuum effects significantly increase the specific surface area of the samples
above the average value. (See the Picture Figure 11).

Recommendations resulting from the measurement and statistical analysis performed:

In case it is necessary to know the values of the specific surfaces of the minerals, it will be
appropriate to respect the established facts:

1. Increasing the heating temperatures of zeolite samples before measuring their specific surfaces
above 120 ° C is inefficient

2. Extend heating time up to 2 hours increases the measured values of the specific surfaces of the
zeolite samples
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3. The most important factor in the increase of the measured values of the specific surfaces is the
treatment of the samples before measuring the helium purification and vacuuming them.

In the study, we showed that, depending on the sample preparation, the measured specific surfaces
of the zeolite are significantly affected. Achieving above-average values in the monitored property is
conditioned by the type of selected treatment.

The facts found are valid for zeolite samples. In order to be generalized, measurements will also need
to be repeated on other rock samples.
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Souhrn

Zeolity st mineralnym zdrojom, kfory sa pouZiva hlavne kvoli svojim Specifickym vlastnostiam.
V ¢lanku sme skumali, ako sa menia viastnosti — vnutorna kapacita zeolitov — za urcitych Specifickych
podmienok, ako je zmena teploty, zmena Casu, aplikacia hélia. VSetky merania Specifickych povrchov
pre zeolit sa uskutoCriovali na pristroji Micromeritics Gemini VIl — analyzatory povrchovej plochy
a porovitosti.

Vzorky sa merali (prach, rézne frakcie, pelety) za r6znych podmienok: zmena teploty, aplikacia hélia
(He), ¢asové zmeny.

Vstupné a vystupné parametre jednotlivych experimentalnych vzoriek boli vyhodnotené pomocou
deskriptivnej Statistiky. VSetky namerané udaje boli potom analyzované multidimenzionalnou analyzou
a analyzou ANOVA s nasou ambiciou identifikovat’ a kvantifikovat zavislost jednotlivych tprav vzoriek od
celkového vykonu — namerané hodnoty hmotnosti odparenej vody, Specificky povrch.

Vysledky su na konci rozdelené na maly alebo nevyznamny vplyv zmien v dalSich sledovanych
parametroch a na vyznamny vplyv parametrov na vysledné parametre.

Maly alebo nevyznamny vplyv zmien bol stanoveny mnozZstvom vody odparenej zo zeolitu vzhladom
na dobu ohrevu vzoriek pred vyhodnotenim Specifického povrchu zeolitu. Podobné zavery mbzeme
odvodit z analyzy vysledkov, kde boli porovnané rbzne teploty zahrievania vzoriek zeolitu pred
stanovenim ich Specifickych povrchov a mnoZstva odparenej vody zo vzoriek.

Zaverecné zistenia: vyznamné UCinky parametrov na vysledné parametre: rozdielny ¢as vystavenia
vzoriek ucinkom, ako je teplo, pouZitie vakua a hélia pri ich priprave na meranie Specifickych povrchov
skumanych zeolitovych vzoriek vyznamne ovplyviiuji namerané Specifické povrchy. Hmotnost
odparenej vody silne zavisi od typu tpravy - hodnoty st vdaka ucinkom hélia a vakua vyrazne vy$Sie.

Kracové slova: zeolit, vzorky zeolitov, Specificky povrch, ANOVA, numerické analyzy, priemyselné
horniny, teplota, hélium, ¢as

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, &islo 3, strana 198


mailto:lucia.domaracka@tuke.sk
mailto:ladislav.hvizdak@tuke.sk
mailto:pavol.rybar@tuke.sk

Petra PROCHAZKOVA: Verification of the dependence of CO, CO, and NO, emission concentrations on vehicle
ride dynamics and route profile

Verification of the dependence of CO, CO, and NO,
emission concentrations on vehicle ride dynamics and
route profile

Petra PROCHAZKOVA

Czech University of Live Sciences Prague, Kamycka 129, 165 00 Praha-Suchdol, Czech
Republic
e-mail: prochazkovap@tf.czu.cz

Abstract

The aim of this paper is to verify the dependence of CO, CO; and NOy emission
concentrations on vehicle driving dynamics and route profile under real conditions of drive with
petrol engine vehicle. The vehicle was tested on roads in hilly countryside in the Czech
Republic. The experiments were focused on recording and analysing fuel consumption and
subsequently production of emissions (CO, CO,, NOy). Results showed dependence between
the average CO emissions and the average increase of instantaneous speed, slight tendency
towards a lower CO, emission. Also, dependence between the average CO, emissions and the
average gradient was proven, which means there is a tendency towards higher CO, emission
concentrations in sections with higher average gradient. By contrast, dependence between the
average NO, emissions and the average increase in instantaneous speed or the average
gradient were not proved.

Key words: real driving emissions, concentrations of CO, CO, and NOy

Introduction

With their mere existence, everyone acts on their surroundings and affects the Earth’s climatic system
to a various degree. One of the possibilities is slowing down the rate of consumption of fossil energy
sources and replacing them with other “non-fossil” or “low-carbon” sources. Transport, particularly
individual transport by cars, is one of the main producers of pollution and greenhouse gas emissions in
urban areas. Therefore, it is necessary to address, in a comprehensive manner, the technical
possibilities of switching over to the use of alternative energy sources as well as social and cultural
changes that are associated with the birth of a low-carbon society, which reduces the consumption of
fossil fuels, the overall consumption of energy and, based on that, production of CO, emissions, too. This
trend is also backed by European regulations that put great emphasis mainly on the decarbonisation of
transport (Directive 98/69 / EC 1998), which implies increased generation of purely electrical energy and,
consequently, hybrid and plug-in hybrid electric vehicles. Promoting EVs only makes sense where the
electricity they use is generated from renewable sources. It has been proven that EVs may be less
friendly in terms of the production of emissions in certain areas of use than the conventional combustion-
engine vehicles™.

Vehicle exhaust gases typically contain water vapour, nitrogen gas and carbon dioxide. Substances
that can also be present include nitrous oxide, nitrogen dioxide, carbon monoxide, dust patrticles,
benzene, formaldehyde, benzopyrene and other polyaromatic hydrocarbons, lead, mercury, arsenic,
dioxins and other substances. Exhaust gases contribute a significant fraction to air pollution and contain
substances mainly affecting the respiratory organs (e.g. oxides of nitrogen and particulate matter), some
of the substances are toxic (such as carbon monoxide, blocking the capacity of haemoglobin to transfer
oxygen) and/or carcinogenic (e.g. toluene, styrene, formaldehyde and benzopyrene). Contributing to the
formation of smog and near-ground ozone, exhaust gases also pose a significant environmental

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, &islo 3, strana 199


mailto:prochazkovap@tf.czu.cz

Petra PROCHAZKOVA: Verification of the dependence of CO, CO, and NO, emission concentrations on vehicle
ride dynamics and route profile

problem. Their composition depends on the fuel type, type and condition of the combustion system,
filters, catalysts, etc.?

The need to determine the emissions of the running vehicles in real circumstances led to the
development of Real Driving Emissions (RDE) tests, which have been mandatory for new vehicles since
2017 within the Euro 6 standard, as stipulated by Commission Regulation (EU) No 2016/427°.

Euro 6 defines the RDE test conditions and data analysis methods, including the major factors such
as the effect of driving, ambient temperature, altitude and altitude difference. The European Commission
(EC) has set (first in 1992) stringent emission limits, and certification tests that must be met by all new
vehicles have been introduced®.

Both current and past emission level measurements within certification procedures are made on a
chassis dynamometer in controlled laboratory conditions as prescribed in EU documents®®. The
standard driving cycles — the New European Driving Cycle (NEDC) and, currently, the Worldwide
harmonized Light vehicle Test Cycles (WLTC), have been criticised as not properly representing driving
in real-life situations’. The differences between real driving cycles and the NEDC regarding fuel
consumption and NO, production lie within the ranges of 12% to 30% and 32% to 628%, respectively®.
This led to a test procedure aiming to ascertain the real driving emissions for the EURO 6 standard
defining boundary conditions for roads and specific data analysis methods®.

For example, Faria et al.® presented a data analysis method for the use of the cold start and driving
on a road. Some of the results presented show that the consumption is 110% higher in the cold start
mode than in the hot start mode and emissions can be as much as 910% higher. As to the altitude and
road gradient. Gallus et al.'® analysed their effects on the CO, and NO, emissions. By testing two LDVs
the authors concluded that the emissions increase in all driving categories, reaching a maximum
increase within the ranges of 66% to 81% for CO, and from 94% to 115% for NO,. Rapone and Andre*
studied the effect of the traffic conditions by measuring the acceleration and NO, emissions.
Accelerations and NO, emissions are most pronounced in the heavy urban setting, where the emissions
NO, are three times as high as in the country setting where cars run at a steady speed. Gallus et al.*?
examined the effect of the driving style on the emissions. Three drivers who practised 3 different driving
styles in 2 vehicles participated in the experiment. During normal to sharp driving, CO, emissions
increase by 20% to 40%, NO, emissions, by 50% to 255% depending on both the driver and the vehicle.

The transport sector contributes nearly one-quarter to the total European greenhouse gas (GHG)
emissions, road transport being the predominant contributor*®. Road transport is also the main source of
air pollutants, oxides of nitrogen (NOy) in particular'®. So, traffic planning is an important step because
drivers will presumably select a route that will minimise the travel time and/or the travel costs (including
the toll where present)™. However, minimisation of the driver's own travel costs can bring an increase in
the costs of the entire system™. Studies demonstrate that drivers' environmentally friendly behaviour can
adversely affect the emissions of the whole system, and selection of a route to reduce the production of
CO, can increase the quantities of other pollutants. Such results suggest that an approach taking into
account multiple factors should be applied"’.

The aim of this paper is to verify the dependence of CO, CO, and NO, emission concentrations on
vehicle driving dynamics and route profile under real conditions of drive with petrol-engine vehicle. Test
route was selected based on the results of questionnaire survey, which the respondents use most often
to commute to work.

Methods

A Skoda Citigo with a three-cylinder petrol engine by Skoda Auto (Figure 1) was used for this
experiment.
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Figure 1: Skoda CitiGo

The technical parameters of the vehicle are summarised in Table 1. Operational data from the engine
control unit were recorded via an OBD interface (engine speed, vehicle speed) and, in addition, the VAG
— COM diagnostics system was used. The measurement of the current position (GPS coordinates) and
instantaneous speed was conducted by means of Garmin GPS 18x USB with a frequency of 1 Hz.

Table 1: Technical parameters of Skoda CitiGo

Skoda CitiGo
ENGINE
Engine type 3-cylinder, spark ignition, atmospheric
Max. power 55 kW at 5 000 rpm
Max. torque 95 Nm at 3 000 - 4 300 rpm
Fuel system Multi - point gasoline injection
CAR BODY
Service weight 929 kg
Manufacture year 2016
DRIVE PERFORMANCE

Max. speed 160 km h™*
Acceleration 0-100 km h™ 13,2's
Fuel consumption 4,71100 km™
Tank range 750 km

To measure Skoda CitiGo emissions, use was made of a PEMS VMK mobile on-board emission
analyser, which employs the non-dispersion infrared (NDIR) method for detecting CO and CO,
emissions and an electrochemical cell for detecting O, and NOy emissions. The data were recorded with
a frequency of 1 Hz onto a memory card. The technical data are summarised in Table 2.

Table 2: Technical parameters of mobile emission analyser®

Measured values |Measurement range | Resolution Accuracy

CO 0...10 % Vol. 0,001 % Vol. |0...0,67%:0,02% absolute,
0,67%...10%:3% of measured value

CO, 0...16% Vol. 0,01 % Vol. 0...10%:0,3% absolute, 10...16%:3% m.v.

HC 0...20 000 ppm 1 ppm 10 ppm or 5% m.v.

NOy 0...5 000 ppm 1 ppm 0...1 000 ppm: 25 ppm,
1 000...4 000 ppm: 4% m.v.

0O, 0...22% Vol. 0,1% Vol. 0...3%:0,1%, 3...21%:3%

The experimental drives were made during working days in the period of morning and afternoon rush
hours from 19 to 21 September 2017. The route was covered five times. The driver maintained a careful
driving style affected by the traffic situation. The outdoor temperature was around 12°C, with no wind,
the skies were partly cloudy and the roads were dry. The indoor temperature in the vehicle was set at
20°C, and no electric device was used. Table 3 gives a brief description of the route in terms of the time
and length.
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Table 3: Characteristics of the route measured

Total route length (km) 80,77
Total travel time (s) 7239+ 278
Avg. speed (km h™ 44+ 3
Elevation difference (m) 442
HORIZONTAL SECTIONS
Section length (km) | 6,58
UPHILL SECTIONS
Section length (km) 37,62
Ascent (m) 1,953
Avg. gradient (%) 5,19
DOWNHILL SECTIONS
Section length (km) 36,57
Descent (m) 1,943
Avg. gradient (%) 5,31

The measurement was conducted in an area with moderately high elevation range, in the hilly terrain
near the municipality of Usti nad Labem (Figure 2). An extensive questionnaire survey was also
conducted in the area. A test route, which the respondents use most often to commute to work, was
selected based on the results.

C ]Oﬂt{k‘ earth

Figure 2: Map of the area - Usti nad Labem

The elevation profile of the test route is shown in Figure 3.
M 1621 W 1606 m

Figure 3: Elevation profile of the area under test
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Result and discussion

The measured data contained 11,791 second-by-second records of current vehicle driving
parameters. The focus was put on driving dynamics, gradient and CO, CO, and NO, emissions. The
analysis aimed to verify the dependence of CO, CO, and NO, concentrations on the driving dynamics
and route profile. Similar approaches are used for the development of a new method that is related to the
dynamics of the certification driving cycles and dynamics of the test vehicles on the road, with the
objective to evaluate the fuel consumption and real driving emission tests in a manner comparable to the
certification driving cycles, as recommended by Varella et al.”®>. The data set and variables were
prepared in the following manner. Records made when the vehicle stood still, i.e. zero-speed records,
were excluded from the data. Furthermore, some problematic records made when the vehicle was
moving at slow speeds up to 1 km/h, but it was not meaningful to take such records into account
considering the accuracy of measurement of GPS coordinates and other parameters, were also
excluded from the data.

8,630 records remained in the data set after the abovementioned records had been excluded. These
records were divided into continuous sections with typical duration of 100 records. In several cases, the
number of records was different when the sections were interrupted due to the data exclusion. Overall,
the route was divided into 91 sections. Average CO, CO, and NOx emissions as well as average
percentage gradient were calculated and the driving dynamics was characterised for each of these
sections.

The average CO and CO, emission concentrations for a given section were calculated as the average
of all records. Individual records showed, for each second, CO and CO, emissions in percent, with the
resultant value characterising the CO and CO, emissions for a given section also being shown in
percent. The range of average values of CO and CO, emissions within the 91 sections is displayed in
Table 4.

Table 4: The average CO, CO, emissions

The average CO emissions (%) The average CO, emissions (%)
Median = 0,0214 Median = 12,8153

25%-75% = (0,0136,0,0389) 25%-75% = (10,7522,13,8285)

Non - Outlier Range = (0,0007,0,073) |Non - Outlier Range = (6,222,14,5111)

The median value of the average CO emissions within the 91 sections of the route was 0.021%. The
middle 50% of the values of CO emissions ranged between 0.014% and 0.039%. The non-outliers
ranged from 0.0007% to 0.073%. The average emissions of several sections were evaluated as outliers
or extreme values, from 0.073% to 0.5%.

The median value of average CO, emissions within the 91 sections of the route was 12.8%. The
middle 50% of CO, emission concentrations values ranged between 10.8% and 13.8%. The non-outliers
ranged from 6.2% to 14.5%. The average emissions of several sections were evaluated as outliers or
extreme values, these included emissions lower than 6.2%, two values amounted nearly to zero. The
same extreme levels were attained™, where the emissions were governed by the road profile as well as
by the driving style®.

The average NO, emissions for a given section were calculated as the average of all the records.
Individual records showed, second by second, NO, emissions in ppm, with the resultant value
characterising the NO, emissions for a given section also being shown in ppm. The distribution of the
values of average NO, emissions within the 91 sections was displayed by table 5.
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Table 5: The average NO, emissions

The average NO, emissions (ppm)
Median = 30,92

25%-75% = (24,55,38,24)

Non - Outlier Range = (10,7568,54,13)

The median value of the average NO, emissions within the 91 sections of the route was 30.92 ppm.
The middle 50% of the values of NO, emissions ranged between 24.6 ppm and 38.2 ppm. The non-
outliers ranged from 10.8 ppm to 54.1 ppm. The average emissions of several sections were evaluated
as outliers or extreme values, greater than 54.13 ppm. Overall, the results indicate that the NOy
emissions are low compared to the EU requirements for road traffic®.

The average gradient for a given section was calculated as the ratio of the elevation gain and the
distance covered in metres. The result was given in per cent. The descent was not included.

A change in instantaneous speed was calculated for each consecutive pair of records with respect to
a given section. All the positive values within a given section, i.e. where acceleration occurred, were
used for calculating the average relative to the total number of records of the given record. Specifically, if
a section included 100 records, 98 changes in instantaneous speed were calculated, and a certain
number of them was positive. The positive changes were added up and divided by 99. The resultant
variable characterises the driving dynamics. The higher this number was, greater and more frequent
acceleration occurred in the section concerned. The variable is reported in kilometres per hour.

The distribution of the values of the average ascent and acceleration within the 91 sections is listed in
Table 6.

Table 6: The average ascent and acceleration

The average ascent (%) The average acceleration (km/h)
Median = 0,9227 Median = 0,6768

25%-75% = (0,5671,1,8919) 25%-75% = (0,3778,0,9374)

Non - Outlier Range = (0,3,727) Non - Outlier Range = (0,1374,1,6455)

The median value of the average gradient within the 91 sections of the route was 0.92%. The middle
50% of the values of the average gradient ranged between 0.56% and 1.89%. The non-outliers ranged
between 0% (i.e. sections with no gradient) and 3.7%. The average gradients of several sections were
evaluated as outliers, greater than 3.7%. The maximum gradient in one of the sections was 9.1%.

The median value of the average acceleration within the 91 sections of the route was 0.68 km/hs. The
middle 50% of the values of the average acceleration ranged between 0.38 km/hs and 0.94 km/hs. The
range from the minimum to the maximum was between 0.14 km/hs and 1.65 km/hs.

When evaluating the variability of the values of the individual variables (CO, CO, and NO, emissions,
gradient and driving dynamics), it is possible to state that the data prepared encompassed diverse
sections with sufficiently variable values of driving dynamics and gradient, whose effect on the emissions
was further investigated using statistical methods. As Varella et al.?? pointed out, reproducibility of the
tests can pose a problem. In fact, the dynamic and environmental factors (such as the ambient
conditions, route, etc.) are unique for the specific geographic location, which can be representative of
one site.

To prevent the results from being distorted owing to extreme and outlying values, the data were
converted to ranks (rank 1 was assigned to the lowest values and rank 91 to the highest) and tested
using an independence test based on Spearman’s rank correlation coefficient. Statistical hypotheses
formulated for individual variables were tested at a significance level of 0.05. The TIBCO STATISTICA
13 program was employed for calculating the statistical testing, and Microsoft Excel was used for data
preparation. Table 7 summarizes the resulting operating parameter values of tested vehicle.

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a Zivotni prostfedi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, &islo 3, strana 204



Petra PROCHAZKOVA: Verification of the dependence of CO, CO, and NO, emission concentrations on vehicle
ride dynamics and route profile

Table 7: Consumption and production of emissions

Vehicle Fuel consumption (1 100 km™) |CO, (g km™) | CO (mgkm™) | NOx(mg km™)

Skoda CitiGo 4,61+0,22 | 10846 816184 24,11+0,31

Production of CO emissions

H: There is rank dependence between the average CO emission concentrations and the
average increase in instantaneous speed.

The p-value of the independence test based on Spearman’s correlation coefficient amounted to
0.004, i.e. lower than the selected significance level of 0.05. The hypothesis was not rejected. At the
significance level of 0.05, dependence between the average CO emissions and the average increase in
instantaneous speed was proven. Considering a positive value of the correlation coefficient of 0.3, it is
possible to interpret that there is a slight tendency towards a higher CO emission concentration in
sections with a higher value of the average increase in instantaneous speed. The effect of the driver on
the CO production can be disregarded: in fact, the emission concentrations normally lie well below the
standard limits®.

H: There is rank dependence between the average CO emission concentrations and the
average gradient.

The p-value of the independence test based on Spearman’s correlation coefficient amounted to
0.001, i.e. lower than the selected significance level of 0.05. The hypothesis was not rejected. At the
significance level of 0.05, dependence between the average CO emissions and the average gradient
was proven. Considering a positive value of the correlation coefficient of 0.35, it is possible to interpret
that there is a slight tendency towards higher CO emission concentrations in sections with a higher value
of the average gradient.

Production of CO, emissions

H: There is rank dependence between the average CO, emission concentrations and the
average increase in instantaneous speed.

The p-value of the independence test based on Spearman’s correlation coefficient amounted to
0.024, i.e. lower than the selected significance level of 0.05. The hypothesis was not rejected. At the
significance level of 0.05, dependence between the average CO, emission concentrations and the
average increase in instantaneous speed was proven. Considering a negative value of the correlation
coefficient of -0.24, it is possible to interpret that there is a slight tendency towards a lower CO, emission
concentration in sections with a higher value of the average increase in instantaneous speed, which
depends on the driving style, where excessive speed and aggressive acceleration play a major role®.

H: There is rank dependence between the average CO, emission concentrations and the average
gradient

The p-value of the independence test based on Spearman’s correlation coefficient amounted to
0.000, i.e. lower than the selected significance level of 0.05. The hypothesis was not rejected. At the
significance level of 0.05, dependence between the average CO, emission concentrations and the
average gradient was proven. Considering a positive value of the correlation coefficient of 0.51, it is
possible to interpret that there is a slight tendency towards a higher CO, emission concentration in
sections with a higher value of the average gradient.

Production of NOx emissions

H: There is rank dependence between the average NO, emission concentrations and the
average increase in instantaneous speed.
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The p-value of the independence test based on Spearman’s correlation coefficient amounted to
0.793, i.e. higher than the selected significance level of 0.05. The hypothesis was rejected. At the
significance level of 0.05, dependence between the average NO, emissions and the average increase in
instantaneous speed was not proven.

H: There is rank dependence between the average NO, emission concentrations and the
average gradient.

The p-value of the independence test based on Spearman’s correlation coefficient amounted to
0.507, i.e. higher than the selected significance level of 0.05. The hypothesis was rejected. At the
significance level of 0.05, dependence between the average NO, emissions and the average gradient
was not proven.

The NOy concentrations observed during the testing of passenger cars with a petrol-fuelled engine in
dependence on the route were negligible. Next research will target passenger vehicles with Cl engines,
where a very wide range of NO, emissions was observed also for Euro 6 vehicles®. Emissions can also
be reduced by using new-generation biofuels®.

Conclusion

The experiments demonstrated that with respect to the production of harmful emissions, there was
dependence between the average CO emission concentrations and the average increase in
instantaneous speed. The results can also be interpreted that there was a slight tendency towards higher
CO emission concentrations in sections with a higher value of the average increase in instantaneous
speed, and a slight tendency towards a higher CO emission concentration in sections with a higher value
of the average gradient. There was a slight tendency towards lower CO, emission concentrations in
sections with a higher value of the average increase in instantaneous speed, too. Also, dependence
between the average CO, emission concentration and the average gradient was proven, which means
there is a tendency towards a higher CO, emission concentration in sections with a higher value of the
average gradient. By contrast, dependence between the average NO, emissions and the average
increase in instantaneous speed or dependence between the average NO, emissions and the average
gradient were not proved. Based on these results, the drivers could decide how they will affect the
production of emissions based on their choice of route taking into consideration the course of gradient
and driving style.
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Overeni zavislosti koncentrace CO, CO, a NO, na dynamice jizdy vozidla
a profilu trasy

Petra PROCHAZKOVA
Ceska zemédélska univerzita v Praze, Kamycka 129, 165 00 Praha-Suchdol,
e-mail: prochazkovap@tf.czu.cz

Abstrakt

Cilem tohoto ¢lanku je ovéreni zavislosti koncentrace CO, CO, a NOy na dynamice jizdy vozidla
a profilu trasy v redlném provozu vozidla Skoda Citigo s benzinovym motorem. Vozidlo bylo testovano
na silnicich v kopcovité krajiné v Ceské republice. Provadéné experimenty byly zaméfeny na zdznam
a analyzu spotfeby energie (paliva) a nasledné produkce emisi (CO, CO,, NOx). Vysledky prokazaly
zavislost mezi primérnymi emisemi CO a prumérnym zvySenim okamcZité rychlosti, mirnou tendenci
k nizS§im emisim CO,. Rovnéz byla prokazana zavislost mezi pramérnymi emisemi CO, a prumérnym
pfevySenim, coz znamena, Ze v usecich s vy$8i hodnotou primérného pfevySeni existuje tendence
k vy88i koncentraci emisi CO,. Naproti tomu nebyla prokazana zavislost mezi primeérnymi emisemi NO,
a primérnym zvySenim okamzité rychlosti nebo pramérnym pfevysenim.

Klicova slova: skute¢né emise v realném provozu, koncentrace CO, CO, a NOy
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Komeréni prezentace / Commercial presentation

Ceské ekologické manaZzerské centrum, z.s. a ¢asopis WASTE FORUM
zvou na
Tyden vyzkumu a inovaci pro praxi a Zivotni prostiedi (TVIP 2020/2021)
ktery se kona v ndhradnim terminu
19. - 21. 10. 2021 v Hustopecich, hotel Amande.
V ramci TVIP se spolu s konferenci APROCHEM kona tradicné symposium

Vysledky vyzkumu a vyvoje pro primyslovou a komunalni ekologii

ODPADOVE FORUM 2021

Symposium je urceno:
e Kk prezentaci vysledki (pfedevsim) aplikovaného vyzkumu z celé oblasti pramyslové
a komunalni ekologie,

e pro zastupce podnikatelské sféry a veiejné spravy, aby se seznamili s vyzkumnymi
tématy a projekty s cilem eventudlniho pfevzeti nebo rozvinuti dosazenych vysledka
Vv praxi,

e k seznameni predstavitelli vyzkumné obce s potfebami realného ,,podnikového zivota®
a pripadnému navazani spoluprace.

Pivodné vyhlaseny program poté, co ani v ndhradnim listopadovém, ¢i bfeznovém terminu
se nemohl konat, ziistava v naprosté vétSiné v platnosti a az do 31. 8. 2021 je moZné jej
doplnit onové prihlaSené prispévky (pozdeji az po dohodé). Pribézné aktualizovany je ke
zhlédnuti ZDE.

Pivodni prihlasky k ucasti automaticky zistavaji v platnosti (pokud ucastnik sam svou
ucast nezrusi), nové se k tcasti Ize prihlasit do 15. 9. 2021.

K tradi¢nim problémovym okruhtim:

Odpady: Ovzdusi:
* ISlysten(”llc,)vv i (?tazky odpadového « Cisténi odpadnich plynt a spalin
OSpOCATSIVL L ., e Snizovani a méfeni emisi
o Materialove, biologické a energetické « Doprava a lokélni zdroje
vyuziti odpadi o Kvalita ovzdusi a zdravotni rizika

o Nebezpecné odpady, odstraiiovani odpadi
o Sanace ekologickych zatéZi a nasledka

‘ol Véda a vyzkum pro obéhové
havarii

hospodarstvi:
« Sance a bariéry cirkularni ekonomiky
e Nové zdroje surovin a energie
o Inovativni technologické postupy
a inovativni technologie
« Nové materialy a jejich aplikace (bio-
a nanomaterialy)

Voda:

« Cisténi primyslovych odpadnich vod

o Ziskavani cennych latek z odpadnich vod
o Recyklace vody

o Nakladani s kaly, kapalné odpady

je letos ve spolupraci s Centrem vyzkumu ReZ opét zaiazeno téma Radioaktivni odpady.
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Komeréni prezentace / Commercial presentation

INFORMACE PRO AUTORY

Piihlasky prispévki lze zasilat do naplnéni Kkapacity — piihlaSovaci formulaf
naleznete ZDE. Uspé&sné odeslani piihlagky je automaticky potvrzeno. Zhruba mésic pied
konanim konference bude na www.tvip.cz zvefejnén aktualizovany program. Autofi
ptispévkl budou pozadani, aby zkontrolovali spravnost informaci uvedenych v programu.

Abstrakta (souhrn) prednasek — strucny souhrn obsahu pfednasky i vyvésky je nedilnou
soucasti prihlasky prispévkil, rozsah textu max. 500 znakl (vCetné mezer). Abstrakt bude
zahrnut do tistén¢ho programu konference.

Plné texty prednasek — autory vSech ptispévki, tj. pfednasek i vyvések, zddame o v€asné
piedani graficky upraveného plného textu piispévku v elektronické podobé (MS Word)
nejpozdéji do 30. 9. 2021. Po tomto terminu nemuzeme garantovat jejich zafazeni do
sborniku na CD-ROM, ktery obdrzi ucastnici konference pii registraci.

Graficka dprava textu — piispévky pred zarazenim do sborniku konference neprochazeji
redakéni a ani grafickou Upravou, pfi jejich psani muizete S vyhodou vyuzit Sablonu, kterou
spolu s detailnim popisem formatovani najdete na www.tvip.cz v sekci Informace pro autory.

Prezentace — je nutné ptedat pfitomné obsluze nejpozdéji 5 minut pied zacatkem sekce, do
které je zarazena prednaska. Pokud prezentaci obdrzime do 30. 9. 2021, bude rovnéz zafazena
do sborniku na CD-ROM.

Pro vlastni prezentaci prednasky maji prednasejici (pokud neni uvedeno jinak) k dispozici
15 minut a 5 minut je vyhrazeno pro diskusi. Ve spolupraci s piedsedajicimi sekci se
snazime o maximalni dodrzovani vyhlasené¢ho ¢asového rozvrhu.

Pi‘ednaskové mistnosti budou vybaveny dataprojektory, vcetné notebooki. Pouziti vlastniho
notebooku je mozné, funkénost propojeni je tieba na misté predem ovéfit ve spolupraci
s technikem a soucasné je nezbytné poskytnout prezentaci obsluze pro dalsi zpracovani na DVD.

Vyvésky — formatu AO (na vysku) budou pfichyceny lepici paskou na tvrdy podklad (sklo,
dievéné obklady). Vystaveny budou po celou dobu konference v chodbé pied hlavnim salem
nebo pfimo v sdle. V programu bude vymezen Casovy prostor (,,Autorska prezentace
vyvések*), kdy by autofi méli byt pfitomni u své vyvésky.

Ukast autorii: AutoFi se rovnéZ prihlafuji k uifasti, na konferenci musi byt pfihlasen
a osobné pritomen alespon jeden z autori piispévku, anebo jim povéfend osoba. Jednacim
jazykem je CeStina aslovenstina. Zahrani¢ni hosté jsou srde¢né zvani, tlumoceni vSak
organizator nezajiStuje, prezentace piispévki v anglictin€ je moZna. Za neodprednasenou
prednasku nebo nevystaveny poster bude dodateéné 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 sviij pfispévek
z konference Kk uvetejnéni v nékterém recenzovaném casopise, veetné Casopisu WASTE
FORUM, ktery je indexovan v databazi SCOPUS.

Komerc¢ni prednasky ¢i kratka sdéleni jsou za uplatu mozné. Rozsah mozZnosti firemni
prezentace je $iroky, stejné jako cenové rozpéti (vice ZDE). Rozhodné neni mozné komer¢ni
sdéleni prezentovat jako odbornou prednasku ¢i vyvésku. V piipadé poruSeni této zasady
bude dodatecné fakturovana ptislusna ¢astka podle vySe zminéného ceniku.
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INFORMACE PRO UCASTNIKY
Hotel Amande, kde se TVIP 2021 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 ptispevkii a CD-ROM ¢i flashdisk S plnymi texty
ptispévki a pfedem véas dodanymi prezentacemi. Vybirat je mozné ze tii typti vlozného:

PIné vlozné (4 450 K¢ bez DPH)
Dvoudenni vloZné (3 950 K¢ bez DPH)
Jednodenni vlozné (3 450 K¢ bez DPH)

Prihlasky ucasti je mozné zasilat do 15. 9. 2021 (dale mozné po dohod¢ s potadatelem)
prostiednictvim pfipraveného internetového formulare. V piihlasce specifikujte také veskeré
pozadavky na stravu a ubytovani.

Ubytovani a stravovani zajist'uje pofadatel. Vzhledem k omezené ubytovaci kapacité hotelu
Amande Hustopece nabizime ubytovani také v tésné sousedicim hotelu Rustikal
aV Penzionu pod Radnici. Ubytovani je mozné v jednoliZkovych anebo dvojlizkovych
pokojich. V pfipad¢ dvojlizkového 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 ucastnik v tom hotelu, kde je ubytovan.

Podrobnéjsi informace, vcetné 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 Gcastnikii za G¢elem navazovani
novych prilezitosti ke spolupraci. Abychom tento aspekt podpoftili, pfipravili jsme ve
spolupraci s WASTen, z.s., tzv. ,,Open Innovation Matchmaking in Ecology (Waste
Management)“. Kazdy, kdo bude mit z4jem o asistované propojeni s jinym ucastnikem,
muze tak ucinit pfedem prostiednictvim ptipravené¢ho formulafe nebo na misté na registraci
TVIP.

Exkurze

Exkurze je planovana do Vetropack Moravia Glass, jednoho znejvétsich vyrobctu
obalového skla a soudasné jednoho ze dvou zpracovatelii odpadového skla v CR, nebo bude
mozné zavitat do arealu spole¢nosti HANTALY, a.s. navitivit provoz skladky, dotiidovaci
linky, kompostarny,

Exkurze, v¢etn¢ dopravy na misto, jSou zdarma. Zajem o ucast je nutné uvést v piihlasce
ucasti nebo dodate¢né emailem na cemc@cemc.cz.

DULEZITE TERMINY na zavér:

Termin konani: 19. — 21. 10. 2021, z toho
Odpadové forum: 19. — 21. 10. 2021
Aprochem: 20. — 21. 10. 2021

Prihlasky prispévki: 31. 8. 2021 (dale po dohod¢ s potadateli)
Zaslani plnych texti: 30. 9. 2021
Piihlasky ucasti: 15. 9. 2021
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