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Uvodni slovo séfredaktora

Uz to vypadalo, ze zajem o publikovani ve WASTE FORUM klesa,
protoze k datu redakéni uzavérky doslo do redakce jen 6 pFispévku.
Ono by se nic moc nestalo, protoze elektronicka verze umoznuje
vydat Cislo bez ohledu na jeho strankovy rozsah.

Potom se ozvali kolegové z Centra environmentalnich technologii
VSB-TU Ostrava, jestli by bylo mozné do &isla zafadit vybrané
pfispévky z jimi pofadané konference ISEH 2013. A tak obohatili toto
Cislo o sedm pfispévkl, z toho tfi od zahrani¢nich autori. Vzhledem
k tomu, Ze se jednalo o0 mezinarodni symposium, je pochopitelné, Zze
pfispévky jsou v angli¢ting, ale jsou doplnéné o souhrny v Ceském
jazyce. | tyto pfispévky proSly samoziejmé& nezavislou recenzi.
Abychom Kk Cislu pfitahli vétSi pozornost pfipadnych zahrani¢nich
navstévnikl, zaradili jsme je do predni Casti. VySSi podil pfispévkl v anglickém jazyce je cestou
k proniknuti ¢asopisu do zahraniénich databazi a pfes né pak k pfipadnému impakt-faktoru.

Plny nazev zminéné konference byl 2" International Symposium and Workshop on Environment
and Health of Contaminated Areas. Pofadalo ji Centrum environmentalnich technologii v ramci
projektu Institut environmentalnich technologii (VaVpl CZ.1.05/2.1.00/03.0100) spole¢né s Ostravskou
univerzitou v Ostravé a dalSimi partnery. Konference byla zaméfena na kliCové aktivity tykajici se zdravi
a zivotniho prostfedi ve vztahu k priimyslovym kontaminovanym oblastem. Konala se 6. — 8. listopadu
2013 a zucastnilo se ji 176 osob.

Na zavér zvu v8echny na 9. ro¢nik &esko-slovenského symposia Vysledky vyzkumu a vyvoje pro
odpadové hospodaistvi ODPADOVE FORUM 2014. Kona se spolu s konferenci APROCHEM 2014
v ramci TVIP 2014 (Tyden vyzkumu a inovaci pro praxi) ve dnech 23. — 25. 4. 2014 v Hustopecich u
Brna. Prihlasky pfispévkl a vSechny potfebné informace jsou na www.tvip.cz. Termin pro prihlasky
prispévku je 15. ledna 2014.

Ondrej Prochazka

Pro autory

Ceské ekologické manazerské centrum (CEMC) na vydavani ¢asopisu WASTE FORUM nedostava
zadnou podporu z vefejnych zdroju. Proto je ¢asopis vydavan pouze v elektronické podobé a Cisla jsou
zverejhiovana na volné pfistupnych internetovych strankach www.WasteForum.cz.

Do redakce se prispévky zasilaji v kompletné zalomené podobé i se zabudovanymi obrazky
a tabulkami, tak zvané ,,printer-ready”. Pokyny k obsahovému ¢lenéni a grafické Upravé pfispévki
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 recenzentl zadame autory, aby
soucasné s prispévkem napsali tfi tipy na mozné recenzenty, samoziejmeé z jinych pracovist nez je autor
i spoluautory. Je vzdy dobré mit rezervu.

Publika¢ni jazyk je €estina, slovenstina a anglitina, pficemz ve snaze, aby se Casopis WASTE
FORUM dostal do mezinarodnich databazi védeckych €asopisl, coz je nezbytny pfedpoklad, aby mohl
ziskat Casem i impakt-faktor, je upfednostfiovana angli¢tina. V tomto pfipadé vSak je nezbytnou soucasti
¢lanku na konci nazev, kontakty a abstrakt v Ceském Ci slovenském jazyce, pfiCemz rozsah souhrnu
neni shora nijak omezen. U ¢lankd v ¢eském &i slovenském jazyce je samoziejmou soucasti nazev,
kontakty a souhrn v anglickém jazyce.

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

Uzavérka dalsiho cisla ¢asopisu WASTE FORUM je 8. ledna 2014.
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LCA as a Communication Tool between Experts

and Non-Experts —What can we do with LCA and cannot do?
Kiyoshi SHIBATA
Faculty of Social System Science, Chiba Institute of Technology, Japan

Summary

It is essential to investigate the chain reactions and their effects in complex and uncertain system for
the reduction of environmental impact. Life cycle assessment (LCA) is a tool to provide a clear view of
the structure of the problem. However, LCA is becoming too much sophisticated tool only available for
the experts, and the non-experts can do nothing but obey the expert’s judgments. What should be done
to encourage the non-experts to utilize the LCA results, and request experts to provide necessary and
enough information?

Recently, technology assessment with public participants has been introduced to various techno-
political issues. In this paper, possibility in introduction of the methodologies developed in public
participating technology assessment to LCA are discussed to make LCA as an effective communication
tool for the decision making.

Keywords: Life Cycle Assessment, Technology Assessment, Public Participation, Decision Making,
Expert

Introduction

Life Cycle Assessment (LCA) is a tool to make comprehensive evaluation of environmental aspect and
potential impacts associated with a product life cycle. The life cycle includes natural resources
acquisition, raw materials processing, assembling, transportation, assembling, consumption and end-of-
life management, such as disposal or recycling. The International Standards Organization (ISO) has
established a comprehensive set of standards for conducting life cycle assessments. According to
1ISO14040, LCA is composed with four interrelating steps; goal and scope definition, inventory analysis,
impact assessment, and interpretation of them.

LCA can be applied to develop and improve the products’ environmental performance, making public
policy, and marketing. LCA is expected to be a effective tool to contribute in developing sustainable
society.

In Japan, the basic concept of LCA was introduced in early 1990s. The first International EcoBalance
Conference was organized in 1994, since then it has been continuously held in every two years. The
Ministry of International Trade and Industry (now, The Ministry of Economy, Trade and Industry)
organized LCA Forum Japan, and conducted several projects on LCA, such as building inventory data
base or developing impact factors based on endpoint modeling. The author myself has conducted
several LCA case studiesl and also published a few conceptual works2

In this article, initial motivation of the development of LCA is reminded, and one of future direction is
discussed in view of democratization of technology assessment.

Comprehensiveness

As described in the previous section, one of the unique features of LCA is comprehensiveness. The
term “comprehensive” is composed with two essential directions. One is to reveal hidden environmental
impact. When one take an action to reduce the environmental emission in front of her/him, the action
may cause other environmental effects in somewhere else, probably unintentionally. For example,
electric vehicles generate no exhaust gas, but electric power plants exhaust air emission to provide
electricity to the vehicles, as often mentioned.
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The other one is to evaluate various environmental impacts with a single index. Usually a product or
service delivers environmental impacts in various ways, such as climate change, water pollution, loss of
ecological diversity etc. through emission of various substances, such as carbon dioxide, CFCs,
hazardous chemicals etc.

Improvement of an environmental aspect may result in the increase of other impact. To optimize the
total impacts, it is necessary to compare the significance and evaluate the weights of each impact. In
LCA, great numbers of efforts have been done to develop and establish the weighting factor of each
environmental burden. The former one is the issue on the tradeoff between processes and the later one
is between environmental impacts. To identify such shifting mechanism, the analysis should be made for
large scale of framework for the targeting system, as possible.

Decision Making and Comparison

It is often said that LCA is a tool to support decision making. Though there are lots of methodological
difficulties in comparative assertion, it is desirable to choose the better one based on comparison of two
or more products, especially for consumers. Singular index would be very helpful to make such choice. It
is easy to reach an answer in making their decision with the index.

However, 1SO 14040 seems to be very reluctant in the comparative assertion. It is very natural to so,
considering to maintain objective manner in LCA, especially in the environmental impact assessment.

The procedure of impact assessment is recommended to follow classification, characterization, and
valuation. According to 1SO14042, the former two steps are mandatory and the valuation step in which
an unified Index is calculated. Weighting the significance of environmental burdens or impacts is based
on the values of them. The weighting factors based on the values could be different for each individuals
or group of people, depending on their preference and believes. It would be difficult to reach a unique
decision among many people, especially among different stakeholders, or unified impact factors in LCA.
The author is very pessimistic to establish unified impact factors, and thinks LCA does not always
effective to make decision on controversial environmental issues.

However, LCA is still an attractive tool for a system designer, such as an product designer or process
engineer, to find the weakness or critical pass of their system. It is essential for LCA to reveal the
tradeoff relationships in a complex system and provide objective information to the stake holders.

LCA will be a useful tool, even without unified index, to find the conflicts among the stakeholders and
its reason, and it is the clear starting point of the discussion among them. It is essential to pay attention
to shifting environmental risk to somewhere or somebody else by life cycle thinking.

Technology Assessment

LCA can be looked at as a kind of technology assessment. Technology assessment (TA) itself is
a practice intended to enhance understanding of the effect with the implications of science and
technology, and improving decision making

As far as the author knows, first governmental TA was organized by Office of TA in US congress in
1972. Of course, original concept and practice can be back to further more. It was intended to support
the congress’s decision, providing information and predicting the effect of new technology introduction on
economy, employment and ethical aspect. In Japan also, several similar trials were made in 1970s. In
such TA, the experts in technology or social science evaluated the effects based on their expertise and
provided information to support political decision making. However, such TA for policy makers in Japan
was diminished in 10 years, as well as that in US.

Participatory Technology Assessment (pTA)

In European countries, meanwhile, TA with public participation was invented, and many
methodologies have been developed, such as consensus conference or citizen jury etc. There are
several reasons why the public participation is required in TA. The daily life is so dependent on science
and technology and the people are too much influenced in either good or bad ways by them. They can
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be victims of pollution or environmental destruction caused by introduction of modern technology. There
would be unknown undesired side effect of advanced technologies. At the same time, the citizens
unintentionally can cause such issues, damaging other ones. (In this article, “public”, “citizen”, “lay
people” and “non-expert” are used in a similar meaning.) While the experts, scientists and engineers in
this sense, are producing new innovative idea or subjects with huge financial support from the
government, the experts themselves have difficulties to understand whole structure of the issue, which
they are creating. Weinburg3 has defined “trans-science” as; questions which can be asked of science
and yet which cannot be answered by science, issue is increasing.

There used to be experts who had enough knowledge for decision making, which non-expert did not.
And the non-expert should entrust the experts who say what the non-experts should do. To expand the
public acceptance, it was thought that improving the understanding of science, or in other word, science
literacy was important. But recently, this figure is often criticized as paternalism or deficit model.

Although science is the most reliable system of knowledge, an expert can cover only narrow and
focused area. And knowledge of science is tentative, in historical view. There are still huge unknowns.
Stirling4 has classified the scientific knowledge on risk into four categories, saying “experts must look
beyond risk to ambiguity, uncertainty and ignorance using quantitative and qualitative methods”.
Furthermore, experts can determine only limited area, considering value-pluralistic.

Among European pTA methods, including scenario workshop, planning cells, citizen hearing, future
search conference, as well as others, the consensus conference is focus in this paper, because there
have been several trials of that in Japan. The consensus conference is intended to provide policy-
makers with citizens’ considered opinions, concerning emerging technological development. It was
developed during late 1980s by Danish Board of Technology, a parliamentary TA agency. In the
consensus conference, the experts and non-experts are treated as equal partners, and non-experts
make a document on what they understand and find problem, by exchanging questions answers with the
experts. Providing expert knowledge and making final document are separated and independent
process.

Kobayashi5 has reported that experts sometimes find issues which they has never thought of in the
questions posed by non-expert in the consensus conference. It is essential to discuss with and learn
from the interest groups, and hopefully to compromise. This kind of communication is essential in pTA.

Bilateral Communication

In the previous section, the limit of expert's knowledge was discussed. Sometimes, the information
which is provided by the expert is not effective to solve the problem to which the general public is facing.

While the experts and governmental officers have authorized knowledge, lay person do not have
necessary scientific information and fundamental background to understand it. It is a common case.
Thus, the non-experts have no way other than to obey the expert’s judgment. However, local residents
sometimes can raise more adequate practical solution, than the experts who have general and universal
knowledge in their specific field. Especially for the issue relating risks, the people who may exposed to
hazard have the right to decide whether they accept the risk or not. It means it is essential that both
parties, who have different value judgement system, provide the information from both side, admitting
the difference between them. The experience in pTA would be beneficial for the both parties.

Communication on LCA

LCA is certainly one of the technology assessment methodologies. Environmental issues are negative
side effects of modern technologies. What LCA is aiming is to take the secondary or the higher order of
side effect in a life cycle of product or service into account of the evaluation, introducing wide range of
view and avoiding falling in the experts’ narrow way of thinking.

LCA, in general, can be applied to the following aims; (i) Identifying the necessary improvement in
environmental aspects, (ii) Decision making for product development, marketing, and purchasing,
(i) Indexing for promoting the better products, using environmental labeling or green procurement
listing. It is obvious the environmental conscious consumers would like to compare and select products
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or services, based on LCA result, when they purchase them. However, 1ISO14040 seems to be very stoic
and reluctant for comparison of the results. That is somewhat reasonable, looking at the uncertainty in
the results caused by the lack in methodological robustness and undetermined nature of the
environmental impacts. That means the decision makers are people who conduct LCA. In other words,
only LCA practitioners can make decision.

The consumers or the third party are hard to conduct LCA, because data acquisition in a specific
production process requires expert knowledge and it is generally protected by industrial secret. If they
want to conduct LCA, the result will be very roughly estimated ones. Considering these aspects, it is
natural to say that the non-experts should rely on the experts’ practice and leave important decision to
them.

On the other hand, while a producer improves their products' environmental performance, without
providing proper information about such effort, the consumers are never able to identify and praise that.
It does not make sense to make such effort for the private company. It is necessary to let environmental
conscious consumers know the information on the environmental aspects of products. Carbon footprint
is a simplified index focusing on the climate change. The producers of the products only provide the data
and the consumer makes the decision based on the data. Type Il labeling is also a tool to give
a consumer for their decision-making. They are really one step toward pTA. However, these indexes just
provide some environmental information to the consumers, and consumers’ decision will be only
expressed as volume of selling. It does not bring the information on the reason why the consumers
chose the products back to the producers. The LCA practitioners, in this case the producers, cannot
receive the response from the customers.

In fact, the institutional environmental assessment of Japan, which is mandatory procedure for large
scale construction project, requires a stage to take stake holders’ opinion including locals. In the scheme
of risk assessment of hazardous chemicals, the Japanese government accepts public comments. The
door is open to the public to raise their concern in some extent. Even though the opportunity is still
limited and there are criticism that the public participation in Japan is just an indulgence, the public
participation to technology assessment or environmental decision making is expanding gradually.

Conclusion

LCA is a scientific tool, collecting physical and chemical quantitative data and aggregating in
mathematical way. However, it is not science, which leads unigue and universal solution. In inventory
analysis in LCA, the result may be significantly different depending on system boundary or allocation
procedure. And the effect, which is difficult to evaluate quantitatively, tends to be neglected.

The environmental issue is balancing problem between various stake holders, and cannot be solved
only by scientific knowledge but by social, legal and ethical perspective as well. That is one of trans-
science issues. There can be plural answers, depending on the value judgment of the stakeholders

Scientific rationality leads clear and persuasive logical expression. The author once has said that LCA
is a tool to explain ones subjective value judgment in objective manner. Understanding the nature of LCA
information, LCA practice can avoid falling into self-righteousness opinion.
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Posuzovani zivotniho cyklu (LCA) jako komunika€ni nastroj mezi odborniky

a neodborniky — Co mizeme ucinit s LCA a co nemizeme?
Kiyoshi SHIBATA
Faculty of Social System Science, Chiba Institute of Technology, Japan

Souhrn

Je nezbytné zkoumat retézové reakce a jejich ucinky v celé jejich komplexnosti a s prihlédnutim k
limitujicim faktordm daného systému pro celkové sniZzeni dopadu na Zivotni prostredi. Posuzovani
Zivotniho cyklu (LCA) je nastroj, ktery ma poskytnout jasny pohled na strukturu problému. Nicméné, LCA
je stale prilis sofistikovany nastroj, ktery je k dispozici pouze pro odborniky, a neodbornici nemohou
délat nic jiného, nez naslouchat znaleckym zavérum. Co je tedy tfeba udélat, aby byla povzbuzena
schopnost neodbornikl vyuZivat LCA vysledky a spolupracovat s odborniky s cilem zajistit nezbytné
a dostatec¢né informace?

V souvislosti s nedavno hodnocenymi zdravotnickymi technologiemi byly zavedeny rizné techno-
politické otazky, na kterych se podilela i vefejnosti. V tomto dokumentu jsou nastinény nékteré moznosti
zavedeni metodik, rozvijejicich schopnost posuzovani technologii na zakladé LCA s ucasti vefejnosti,
jsou zde uvedena klicova témata vedouci k tomu, aby se LCA stala efektivnim komunikacnim nastrojem
pro rozhodovani.

Klicova slova: LCA — posuzovani zivotniho cyklu, posuzovani technologii, zapojeni verejnosti,
rozhodovaci proces, expert
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The Use of Life Cycle Assessment (LCA) Method in Project

and Environmental Education at VSB — TUO

Jana KODYMOVA, Silva HEVIANKOVA, Miroslav KYNCL, Soria VICENIKOVA
VSB — Technicka univerzita Ostrava, 17. listopadu 15, 708 33 Ostrava — Poruba
e-mail: jana.kodymova@vsb.cz

Summary

This paper deals with the use of the LCA method in the development of special abilities in students of
VSB - Technical University as well as its use as a support tool in projects.

All life cycle analyses were performed in accordance with 1ISO 14040 and 14044 Standards, using
SimaPro 7.2 software and Ecoinvent v2.1 database. The analyses were done according to a typical LCA
study consisting of the following stages: goal and scope definition; life cycle inventory (LCI) analysis, with
compilation of data both about energy and material flows and on emissions into the environment,
throughout the life cycle of the case study; assessment of the potential impacts (Life Cycle Impact
Assessment, LCIA) associated with the identified forms of resource use and environmental emissions.

The first part of this paper describes an example of a students’ exercise which helps to develop their
expert abilities. The following part focuses on a current project granted by the Ministry of Agriculture
dealing with a biogas station. In this project the LCA method helps to indicate the key processes or used
materials, which may have potentially negative environmental impacts. Based on LCA methodology,
significant negative effects were determined in the event of one type of fermenter feedstock in the biogas
station, i.e. grass harvested from the public area and incorporated into the silage.

Keywords: LCA, midpoint, Eco-indikator99, Biogas station, VSB — TUO, environmental management,
student’s abilities, SimaPro.

Introduction

VSB-Technical University of Ostrava (VSB-TUO) is a technical and economic institution of university
education, the principal task of which is the provision of higher education based on free and
internationally oriented research. The scientific and teaching staff collaborate with research and
academic institutions and specialists on both national and international levels.

After democratic changes in 1989 environmental protection became an important political issue. The
process started in the early 1990s with legislation development. Information from abroad, now much
more easily accessible, delivered the message about the status of the environment and possible ways of
improvement. The Department of Ecology was established in 1990 and introduced the study branch
Environmental Engineering as a mixture of natural sciences and technological studies. At the
Department of Mineral Processing, Waste Management and Waste Water Treatment study branches
were developed. The Institute of Environmental Engineering was set up in 1997 combining the two
previously named departments. New study branches with a systematic environmental approach were
designed. In 1998 the Institute of Environmental Engineering started to develop a new study branch,
a 2-year MSc. Environmental Management Course. The Environmental Management study branch is
designed as an MSc. 4-semester course and this course consists of several special courses which focus
on prevention technologies and methods, such as Cleaner Production - CP, Environmental management
systems - EMS, Environmental Impact Assessment — EIA, Life-cycle assessment - LCA, Sustainable
consumption and production - SCP, ect.! This article will detail at the LCA method.

LCA method

Although the concept of LCA evolved in the 1960s and there have been several efforts to develop
LCA methodology since the 1970s, it has received much attention from individuals in environmental
science fields since the 1990s. For this concept many names have been used, for instance eco-
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balancing (Germany, Switzerland, Austria and Japan), resource and environment profile analysis (USA),
environmental profiling and cradle-to-grave assessment. The Society of Environmental Toxicology and
Chemistry (SETAC) has been involved in increasing the awareness and understanding of the concept of
LCA. In the 1990s, SETAC in North America, and the US Environmental Protection Agency (USEPA)
sponsored workshops and several projects to develop and promote a consensus on a framework for
conducting life cycle inventory analysis and impact assessment. Similar efforts were undertaken by
SETAC-Europe, other international organizations (such as the International Organization for
Standardization, ISO), and LCA practitioners worldwide. As a result of these efforts, consensus has been
achieved on an overall LCA framework and a well-defined inventory methodology.?®

A typical LCA study consists of the following stages: goal and scope definition; life cycle inventory
(LCI) analysis, with compilation of data both about energy and material flows and on emissions into the
environment, throughout the life cycle of the case study; assessment of the potential impacts (Life Cycle
Impact Assessment, LCIA) associated with the identified forms of resource use and environmental
emissions®; interpretation of the results from the previous phases of the study in relation to the objectives
of the study2.’

The purpose of an LCA can be (1) comparison of alternative products, processes or services; (2)
comparison of alternative life cycles for a certain product or service; (3) identification of parts of the life
cycle where the greatest improvements can be made.

The experimental part
LCA in an Environmental management course

This method is used to develop a special ability of students in an Environmental Management course.
The students are asked to bring their favourite cup for the first lesson. Thus, in the first lesson, we can
usually find cups made of various materials (e.g. ceramics, tin, plastics, glass, etc.). Next, each of the
students completes an LCA study for his/her cup. The main objective of this exercise is to introduce the
LCA method to the students. Their LCA studies are very simple but the students have to do all the
obligatory stages themselves, because each of the cups is unique (e.g. by weight, material, size, price).

Some of the items are similar for all students as all the studies have the same LCA goal of the study,
i.e. the “assessment of the potential impacts of their own cup and comparison of all their cups in the
class”. For these reasons they need to have one unit (usually one cup of water of a defined volume), the
same reference flow (the amount of cups for a defined time — e.g. a month or a semester), the system
border, and so on. This means that the first obligatory step in their LCA study is jointly prepared by all
the students together. Nevertheless, the subsequent stages are carried out by each student individually.

The students learn to gather information for the inventory stage of an LCA study. They prepare their
own data about the washing cup (using stage) and about its transport from the shop, where they bought
the cup, home. For the other stage — storing the cup in the retail trade — they learn how to work with the
information from different LCA studies. Two years ago an LCA was compiled for the sale in specific retail
shops in the Ostrava region, and the data from this study are available for the students to work with.
They can verify the limits so used information and they develop their critical thinking. And also they try to
obtain their own information about the production of their cup — making of the product. They can try to
look up some fundamental information on the internet (BREF document, or Annual Report of mainly
Czech producers) or they can contact individual producers and request some useful information. While
doing that, they learn to properly allocate data and edit it for its further use. In the final step, they
generate the final inventory table, for which they use SimaPro v. 7.2 and Ecoinvent v2.1 database
software.

The subsequent step is analyses of potential impacts of their cup. The students are acquainted with
most applied methods in the Czech Republic. Later, they choose one of them and analyze individual
cups in accordance with this assessed method. When assessing all the individual cups, the students
compare their cups with each other. Finally, they try to interpret their results, test the consistency of the
studies, and determine the limits of their studies.
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LCA in project at VSB — Technical University of Ostrava

One of the projects where the LCA method is used is the project of Agricultural department of the
Czech Republic, called “Research of treatment, utilization and disposal of waste products from biogas
station”. LCA was carried out as the opening study for this project.

A Life Cycle Assessment (LCA) was developed to identify the unit processes in the life-cycle of biogas
production and utilization offering the greatest opportunities for environmental improvement potential.
The main goal of the study was mapping of material and energy flows in a biogas station and
assessment of the potential impacts of a biogas station in individual months in a Czech biogas station.
For the study, a fundamental unit was defined — 1 MJ of total energy (heat and electrical energy
together). This means that in the case of the BGS potential impact assessment evaluated the service,
not a specific product.

Fig. 1: lllustrated diagram of the system under assessment

The basic data for this evaluation were obtained from a large-scale agricultural BGP in farm Stonava,
the Czech Republic, which has been in operation since 2009. An analysis was performed in accordance
with 1ISO 14040 and 14044 Standards, using SimaPro 7.2 software and Ecoinvent v2.1 database. For
mutual comparison, the characterization model Ekoindikator99 was used.®

Discussion of the results

At VSB — Technical University of Ostrava the LCA method is used in teaching as well as in a project.
When used in teaching/learning, the main objective is to introduce the LCA method to students and to
develop students’ awareness of LCA methodology in accordance with ISO 14040 and ISO 14044
Standards.

The use of this method can also contribute to the development of their scholar/technical competence.
In this case, the LCA method is an excellent tool in developing the following competences:

- life cycle thinking. LCA method teaches students to think about products they use in their
everyday lives within all their life cycles — from the cradle to the grave — thinking about their
materials and energy ambitiousness, and also about seriousness of the consumption of their
life style.

- analysis ability. Students carry out some stages of their cup analysis themselves, some
information is taken from other LCA studies and must be modified for their studies, some
information is obtained from public documents — most often from BREF documents. All this
information needs to be processed and allocated appropriately.
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- ability to work with information. As Winston Churchill maintains: “I only believe in statistics that
| doctored myself, the LCA study teaches students that the knowledge of the methodology
how results are obtained is of the same (or higher) importance as (than) the results of the
study. They compare their obtained information with other students in the study group, which
often differ slightly.

- critical thinking. This ability is very closely linked with the previous ability. Students can learn
that it is good to submit all information to a critical review, and not just mindlessly accept it as
the absolute truth.

As stated above, the LCA method is also used within a project. The LCA method helps to look at the
project in a complex way in order to better understand problems, without them spilling over from one
element of the environment to another. The application of Ekoindikator99 methodology works with
midpoint and endpoint impact categories. In this paper only midpoint category results are presented.
Below follow the results of the characterization and normalization.
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Fig. 2: Characterization in the midpoint impact category — production and use of biogas

For the identification of the main potential impact category, the analysis of dominance (ABC analyses)
was used, which is aimed at the identification of the most important impact of the individual indicator
value (e.g. carcinogens, radiation, land use, and so on). For the ABC analysis limits values were
determined, which have become the border for each category (individual category are differentiated by
colours for better orientation).

Tab. 1: Table of ABC analysis of dominance for individual months

| Impact category 01 02 03 04 05 06 07 08 09 10 1 12
Carcinog E E E E E E E E E E E E
Resp. organics E E E E E E E E E E E E

| Resp. inorganics B B B B B B B Cc Cc C B B
Climate change D D D D D D D D D D D D
Radiation E E E E E E E E E E E E
Ozone layer E E E E E E E E E E E E
Ecotoxicity E E E E E E E E E E E E
Acidific./ Eutrophic. D D D D D D D D D D D D
Land use Cc C C Cc Cc Cc B _-] D D
Minerals E E E E E E E E E E E E
Fossil fuels Cc C Cc Cc Cc Cc Cc D D D Cc C

A — the most significant impact (100-50% of the overall impact of the category), B — significant impact (50-30% of the overall
impact of the category), C — less significant impact (30-15% of the overall impact of the category), D — not significant impact (15-
2% of the overall impact of the category), E — insignificant impact (2% and less of the overall impact of the category)
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It is clear from Table 1 that the process of energy production in a BGS Stonava has an insignificant
impact on the impact category: carcinogenesis, respiratory diseases caused by organic substances,
ionizing radiation, depletion of stratospheric ozone, ecotoxicity and mineral resources. There was not
significant influence on the climate change impact category and acidification and eutrophication, in the
months of August, September and October to the category of the impact of fossil raw materials and in
the months of November and December the impact category land use. This category (i.e. land use)
seems to be crucial as there are the biggest differences between the different months during the year.
While in November and December there were no significant impact on this category, in August,
September and October the most significant impact on the land use category is evaluated. The similar
differences, however not so significant, can also be seen in the fossil material impact categories and
respiratory diseases caused by inorganic substances. These categories are in some months of 2010
affected significantly; in other ones they are less significant. The same conclusions are confirmed by
subsequent normalization. In the following normalization the results from characterization were divided
according to the reference values from the European countries.’
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Fig. 3: Normalization in the midpoint impact category — production and use of biogas

The following analysis focused on the impact in October and November within land use impact
category. These two months were chosen because, although they are two consecutive months, the
overall impacts on land use impact category are the most dissimilar during the analyzed year. The
results are presented in the unit milipoint [mPt], whose precise explanation can be found in the manuals
of PRE Consultants.
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Fig. 4: The comparison of the impact on individual impact category for October and November
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There are differences in each month, which are caused by different feeding for the silage. In October
Biogas was used as a feedstock to the digester: silage, hay, fresh sorghum, fresh corn, beet pulp,
digestate and manure. In November such a wide array of materials was not used (among the feedstock
hay, fresh sorghum, fresh corn and beet pulp were missing). Figure 4 compares the contributions of the
various impact categories, which was linked with feedstock to the digester in the month of October and
November. Using fresh feeding for the silage is causing increased positional impact.

Grasses and meadows cover are used as one of possible feedstock to the digester, but when
compared it with the “standard used materials” (e.g. corn) than grasses and meadow vegetation means
lower methane production.® We can say that grasses and meadows vegetation is more convenient for
pasturing of the livestock than as feedstock to the digester.

Finally, let us emphasize that the Stonava farm was originally founded for the purpose of agricultural
production and the biogas station was built to process their agricultural wastes. Therefore, there are
insignificant impacts of transportation input materials for digester and transportation of the produced
digestate on the field.

Conclusion

The LCA method is a very complex system of assessment, when we can comprehensively
understand an individual product and its environmental impact. The LCA method is also a very useful
tool which helps students develop their skills (e.g. life cycle thinking, critical abilities, analyst abilities and
abilities to work with information). These skills are not related to LCA studies only, but will help students
in their future professional lives in general.

In this paper we also demonstrate the use the LCA method in a current project of Ministry of
Agriculture, which focuses on a biogas station. For this pilot project, the biogas station in a farm was
selected, which was originally founded for the purpose of agricultural production and the biogas station
was built to process their agricultural wastes. This means that the potential environmental impact, related
to transportation input materials for the digester and transportation of the produced digestate on the field,
is insignificant. In this project the LCA method helps to indicate the key processes or used materials,
which may have potentially negative environmental impacts. Based on LCA methodology, there are
significantly negative effects in the case of one type of feedstock to the fermenter, i.e. grass harvested
from the public area included into the silage.

List of symbols

MJ mega joule

LCA life cycle assessment
BGS biogas station

mPt milipoint (SimaPro unit)

VSB-TUO VSB-Technical University of Ostrava
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Vyuziti metod posuzovani zivotniho cyklu (LCA) v projektech
a environmentalnim vzdélavani na VSB — Technické univerzité Ostrava

Jana KODYMOVA, Silva HEVIANKOVA, Miroslav KYNCL, Soria VICENIKOVA
VSB — Technicka univerzita Ostrava, 17. listopadu 15, 708 33 Ostrava — Poruba

Souhrn

Tento &lanek je zaméfen na pouziti LCA metody pfi rozvoji odbornych schopnosti u studenti VSB —
Technické univerzity Ostrava stejné tak jako pro podplrny nastroj vyuzivany pfi feSeni projektu.

VSechny analyzy Zivotniho cyklu jsou zde provadény v souladu s normami rady ISO 14040 a ISO
14044, a je k nim vyuZivano SimaPro softwaru verze 7.2 a Ecoinvent v.2.1 databaze. Analyzy jsou
provadény v souladu s typickou LCA studii skladajici se z nasledujicich fazi: definice cili a rozsahu,
inventarizace Zivotniho cyklu (LCI) sestavajici z dat vztahujicich se k energetickym a materialovym
fokim a k emisim do prostredi, dale nasleduje posouzeni potencialnich dopadi na Zivotni prostredi
(LCIA)spojené s danymi formami vyuZivani zdroji a emisemi do prostredi.

Prvni ¢ast C¢lanku je vénovana prikladu cviCeni se studenty, které pomaha rozvijet odborné
schopnosti. Nasledujici ¢ast je pak zamérfena na soucasné feSeny projekt ministerstva zemédélstvi,
ktery je zaméfen na bioplynové stanice. V ramci tohoto projektu byly pomoci LCA metody zjistény
klicové procesy a materialy, ktery maji nejvyznamnéjsi potencialni negativni viliv na prostfedi. Na
zakladé LCA metody bylo zjisténo, Ze mira negativniho viivu na Zivotni prostredi je, v pfipadé této
konkrétni stanice, zptisobena rdznymi variantami z hlediska vsazky do fermentoru.

Klicova slova: LCA - posuzovani zivotniho cyklu, midpoint, Eco-indikator99, bioplynové stanice, VSB
— TUO, environmentalni management, schopnosti studentt, program SimaPro.
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Keiki FUJITA: Sustainable Industrial and Business Development

Sustainable Industrial and Business Development
Keiki FUJITA
J. F. Oberlin University, Tokyo, Japan

Summary

In order to keep sustainability for Business and Industrial Development, two important items should be
taken into consideration

One is global Environmental consideration and other one is Management consideration.

Global Environmental Problem has two characters, one is character through generation to generation
where all human activities and influence are considered across parent, child, grandchild and great-
grandchild’s generation and the other is character of living together on the same boat where all human
activities and influence are considered simultaneously at the same time. Concept of Environmental
Justice is a matter of great importance.

Keywords: Development, industry, business, sustainable industrial development, sustainable
business development, norms, Life Cycle Assessment (LCA)

Introduction

The citizen on the earth is leading its life having many problems now.

There are many uncountable problems such as war, shortage of food as well as water, poverty, an
earthquake, abnormal weather, and conflict between the citizens whose thought and religions differ, the
environmental upheaval caused by global warming, difficulty of biodiversity maintenance, and families'
estrangement, children's bullying, level expansion between wealth and poverty, accident of a nuclear
power plant, aging, a decrease in the birth rate, unemployment, defect of medical system are facing to
us NOw.

The citizen on the earth is surviving making all possible efforts having these problems. That is, the
citizen call for Sustainable Life within its capacity.

Most of the causes why these problems occur and aggravating of the contents of them are social
sustainability are not being maintainable.

The concept of sustainability has shown us in the Report drafted by the United Nations World
Commission on Environment and Development in 1987. The basic idea of this concept is that
sustainability hinges squarely on the notion of intergenerational equity of the intergenerational resources
allocation. The intergenerational resource allocation should be such that the needs of the present
generation should be met without compromising the capability of future generations to meet their
respective needs.

The Report of the World Commission on Environment and Development (Brundland Committee
Report, Committee established in 1984) also made a call for serious awareness of the limits of
environment's ability to accommodate human activities as a serious constraining factor on the
sustainability of resource allocations. We should keep in mind that the ongoing accumulation of common
social capital, such as the development of urban environment and the provision of rich eco-system
services and biological diversity, have both the instrumental value and basic value as a means of
expanding potential well-being, and as crucial constituents of sustainable well-being.

The writer advocated it at the UNIDO conference (United Nations Industrial Development
Organization) as UNIDO’s director by the name of ESID (Ecologically Sustainable Industrial
Development) in 1993. It was activity focussing on global warming consideration of industrial
development. After then similar concept of Sustainable Transport, Sustainable Agriculture, Sustainable
City, Cultural Sustainability etc have been advocated.

In this paper, it will be stated how industrial exploitation and business development ,both are the core
of the human beings' economic activity, are set to Sustainable in these wide range activities.
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Development of Industry and Business

Industry and Business differ fundamentally. While the former consumes resources, making full use of
the manufacturing technique of the time, it is an act which supplies to citizens goods and the product
which the society needs, and brings about social convenience.

And, the latter is an act which builds the system which supplies these goods and a product to society
smoothly. It is an act which gives economic benefits to the citizen who both involved and is useful for the
continuation of a life.

Although these both have done evolution and development under strong connection mutually,
occasionally stagnation and degeneration are carried out in response to strong influence by change of
the surrounding environment

About Industrial Development, the development speed is affected by technology, invention and
resources, and the quantity and the quality of supporting energy.

About Business Development, the development speed is affected in finance, its system, law,
institutional system, politics, geographical features, etc.

That is, both development has the character influenced by surrounding environment. However, the
wisdom and capability of the human being often moves the influence of Industry and Business in the
good direction, and make bad influence reduce in many cases.

There is the fact that the organization which is a gathering of man, for example, administration,
a university, a company, a research institute, an organization, an assaociation, NPO-NGO, etc. have had
big influence on the quality of development of both Industry and Business. In this paper, consideration is
added also about the organism which is the important player for Sustainable Industrial and Business
Development.

Sustainable Industrial Development

After the Industrial Revolution, while the role of the industry on the earth makes the position as main
player change gradually by progress of the technology, the present economic prosperity is achieved. In
the middle of 17" century, main industry was Textile industry, then changed into Transport industry,
Steel industry ,Chemical - Petro industry, Atomic energy industry, and ICT industry now.

At the period when the capability of the earth was large enough human beings were able to perform
various activities within the range of earth’s capacity.

After Meadows reported as a title of “the limit of growth" in his report by Club of Rome in 1972, many
citizens began to notice if living way of them continue as they did , life of them is not sustainable and this
notice became human-living’s common view

Then, in order to overcome such problems, human livings through maximum using their wisdom, have
continued technical development and process management in industry so that earth’s territorial
restriction might not exceed the earth’s capacity.

Through such industrial development activities, human beings were able to make it possible to survive
the maximum number of human beings on the limited earth surface in its history. The Sustainable state
is realized for human-beings survival. It is a result of wonderful Industrial Development.

Sustainable Business Development

A Business act is an act performed for a long time for human beings. Probably, in ancient times, there
occurred several acts such as hunting, fish picking, a woodwork carpenter, construction, agriculture,
making clothing, war, and conveyance, and there might be man’s forte and the special ability would be
utilized mutually, and symbiosis would be aimed at. It is the beginning of business
It was also the act performed among a small number of human beings in the beginning. It spread among
many human beings, and it was exceeded over sea, river and mountain and it spread geopolitically. It
followed land transportation and marine business. And it has gradually expanded so that it may perform
systematically on a large scale

In these business acts, specialization and specialization had been performed respectively, and,
thereby, the figure and the form where society tends to get a thing and service easily. These acts
develop as international business and many commerce acts came to be performed smoothly.
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In order to develop Business, the conditions which make it possible are required. It is required to
produce raw materials, stuff, and utility in large quantities cheaply. Next, products are carried and the
means the information exchange is needed. Finally the quality of a product must be secured

These commercial transactions had been stepped on rationally in human being history. The
development and expansion speed of business changed with the technical progress of that time, and
new Business is also born by the technical progress,

Because the business content has become complex and complicated than before, it is not possible to
correspond to those social requirement only by a technological property of the own enterprise, and it is
far better to unite with other enterprises which have the forte and the technique. By doing such business
tie up they can correspond to the business requirement timely and raise up profit more easily than before
However, in order to perform business among the countries where history, culture, religion, custom and
technology and education differ, Business Rule which is common across the border was needed and
various kind of treaties and organizations were born

Norms for Sustainable Industrial and Business Development

As mentioned above, it is Human that gives Sustainability to Industry and Business Development. If
selfish activities of human continues as the human being avarice, exhaustion of earth resources would
be begun somewhere in the world, global environment and conditions for human to survive would be
destroyed and human survival itself would be threatened. Therefore, Human is creating some norms.
The writer will present the main norms in this presentation.

Corporate Social Responsibility (CSR)

There are several conditions necessary for human society. Among them the following two conditions

are minimum indispensable requisite for sustainable society building.

< Being economically feasible

< Being socially justifiable
Human society becomes more complex and complicated in this century. We are obliged to try to
continue to solve various simultaneous equations whose optimum solution is difficult to be found. Once
given social conditions changed, we have to change the optimum solutions in the past in order to
correspond to new appearance of merging needs. We should always prepare the prioritized solutions to
those needs. In this context, human development process, particularly corporate responsibility, as one of
human society constituent, is important in this century.

Corporate should provide for a basic principle for decreasing of the resource and formation of Material

Recycling Society to preserve natural environment and natural resource. It is assumed to be top priority
to minimize the generation of waste, to use the general waste again and to describe clearly the priority
order of an appropriate processing method of the waste for reproduction use.
Corporate should make measures to make and execute the plan which enables the earth environment
excellent and regional economic activity brisk. Corporate will be seriously requested such paradigm
construction in this century that aims at assuring the stability of the citizens life after getting the solution
of environmental problems.

Life Cycle Assessment (LCA)

The quality of the product is necessary to be maintained all the process from the birth of the product
to the end of the use. The cycle is called life cycle (Life-cycle) of the product, the assessment is called
life cycle assessment (Life Cycle Assessment = LCA)

LCA for automobile will include assemble with the material manufacturing, and not only running, and
nor abandonment but the fuel production and the road construction for the car. In general, the
composition parts and stuffs of the car are examined up and the consumption of the resource concerning
each manufacturing and the amount of the exhaust of the environmental burden material are multiplied.
Such investigation will be done about each stage of the assembly and the gasoline manufacturing and
the waste dismantlement, etc.
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There is new conception necessary to consider the amount of consumes natural resources. It is an
idea that it is necessary to raise the resource efficiency to several times more when thinking about the
fact to which a resource big like this is consumed by the business activity. Past product economic value
was caught assuming that the product performance(Customer satisfaction degree) was mathematically
divided by the cost of the product at the life cycle, That is, to improve the economic value of product, only
had to raise the property or performance of product and the cost of production be reduced. However, the
necessity for the considering the influence on another standard, that is, earth environment has come out
from the product value due to the earth environmental deterioration. In this LCA concept, we can
introduce, Eco-efficiency which can reduce Material Intensity, Energy intensity and Toxicity material
discharged and increase the recycling possibility of material.

Expanded Producer Responsibility (EPR)

Due to above environmental difficulties, every government enacted law of promoting for material
recycling society formation. Such law takes part in of the concept of EPR (Expanded Producer
Responsibility) as producer’s obligation and at the same time it provides citizen’s responsibility who
exhaust product.

After enacted this law, all the producers come to have responsibility from producing stage to end use

stage of the product and environmental burden become decreased by getting citizen’s efforts.
However sustainable advantage of each enterprise differs. SWOT analysis with structure and purpose is
efficient and effective tool for identifying enterprise’s core competence and then assemble a collection of
assets that will increase value added and provide a competitive advantage to the enterprise. Excellent
firms accelerate the shift away from the mass production of low cost standard product and best practice
is found.

The search for best practice is also called Bench Marking. This involves determining where you need
to improve, finding an organization that is exceptional in this area, then studying the company and
applying the best practice in your company. Quality improvement techniques such as QC (Quality
Control), TQC (Total Quality Control), TQM (Total Quality Management), JK (Jishu Kanri) are important
to achieve best practice in the firm. Some of the techniques from product quality management and
techniques from customer service management are indispensable techniques as a sequential process to
achieve best practice in the firm. There is no better source of competitive advantage than a continuous
stream of delighted customers. Merit of Purchasing Top Runner Product, Machinery and Equipment in
Japan, increases bigger and bigger due to the latest energy conservation technological features.

Conclusion

In order to keep sustainability for Business and Industrial Development, two important items should be
taken into consideration

One is global Environmental consideration and other one is Management consideration.

Global Environmental Problem has two characters, one is character through generation to generation
where all human activities and influence are considered across parent, child, grandchild and great-
grandchild’s generation and the other is character of living together on the same boat where all human
activities and influence are considered simultaneously at the same time. Concept of Environmental
Justice is a matter of great importance.

The total management system establishment is requested as the basic and fundamental element of
qualitative conversion from old style of business to new sustainable style of management. The necessity
of Synergy (integration and synergy effect), Inter-linkage (chain), Holistic approach (inclusive
correspondence), Coordination (adjustment), and Integration (accumulation) should be emphasized. For
attaining these elements, Good Governance (effectiveness, efficiency, fairness, transparency) is highly
emphasized, and Bad Governance (corruption, violence, autocracy, confusion, poverty, wealth disparity,
gender discrimination, high infant death, low literacy, destruction of cultural heritage etc ) should be
exterminated.

Sustainable development of society can’t be promoted effectively if it is entirely left to the government
and other institutions. Instead, each individual, in his/her own stance, should participate in, make
decision, and act to address the social and economic problems in a proactive and productive way.
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Udrzitelny pramyslovy a obchodni rozvoj
Keiki FUJITA
J. F. Oberlin University, Tokyo, Japan

Souhrn

Abychom zachovali udrzitelny pramyslovy a obchodni rozvoj, musi byt zvazeny dvé dilezité
poloZky.Jednou je globalni environmentalni mysleni a druhou myS$leni v oblasti fizeni.

Globalni environmentalni mySleni ma dva rysy. Jednim rysem jsou z generace na generace
prenasené vSechny lidské activity a vlivy pfedavané generacemi rodic¢u, déti, vnukt a pravnuk( a druhou
charakter Zivota na “stejné lodi”, kde jsou vSechny lidské activity a vlivy hodnoceny simultanné ve
stejném case. Koncepce environmentalni spravedinosti je velmi dileZitou zalezitosti.

Klicova slova: Vyvoj, primysl, obchod, udrzitelny pramyslovy rozvoj, udrzitelny obchodni rozvoj,
normy, LCA - posuzovani Zivotniho cyklu

Patronem tohoto éisla je Institut environmentalnich technologii VSB-Technické univerzity Ostrava a Ostravské univerzity

WASTE FORUM 2013, &islo 4, strana 206



Takashi MINAKOSHI: Mottainai Reuse Project in Japanese Business for Global Environment

Mottainai Reuse Project in Japanese Business for Global

Environment
Takashi MINAKOSHI

International Research Institute for Environmental 3R Policy Studies (IRIEPS),
Minakoshi Shokai Co., Ltd., Japan

Summary

The actual situation is Recycle before Reuse, or even there is no 3R (Reduce, Reuse and Recycle)
waste management. The important thing is that E-waste is may not have reached the end lifetime. Since
electronics lifecycle is becoming shorter, most of all those electronics are still in good working condition
or just need miner repair to be able to use again. In other words, today most of valuable resources are
lost, in Japan we say “Mottainai’.

Meaning of Mottainai is a sense that we should not throw away anything while it is still useful or
valuable, roughly “Don’t waste”. Mottainai in this one word can be expressed the 3R and also including
mind of respect and gratitude for things.

The fact of matter, one day those reuse electronics also reaches end lifetime to be E-waste.
IRIEPS’s future goal is that collects those E-wastes which cannot reuse anymore from oversea and
recycle in Japan.

Additionally, Mottainai reuse project is not only for electronics. It can expand to any of things from
people’s life such as furniture, clothes, dinnerware and others.

Keywords: Electronic (E) waste, 3R (= Reduce, Reuse and Recycle), Mottainai (Don’t waste)

Introduction

Electronics technology is growing very fast recently and all electronics industries produce new
electrical and electronic products (electronics) every year into all over the world. Especially portable
device such as cell phone is one of fastest growing electronics. These electronics make people’s
convenience and modern life. For these reasons, the amount of the electronics put on market is
increasing every year.

Economic system is producing, distributing, consuming goods, and services and amount of each part
are increase as economics is growing. In other hand, it leads to producing waste. The electronics have
its life time, in other words, all electronics which are on market today might become obsolete in near
future. Moreover, electronics lifecycle is becoming shorter every year as technologies improve.
According to GfK Japan, in the article, researched from October to December of 2012, in Japan, says
replacement of cell phone was 1.7 years which much shorter than government’s estimate, 3.3 years
[May 09, 2013]. ThE-waste of those electrical and electronics equipment (EEE) calls E-waste and it is
also increasing every year as much as new electronics put on market.

E-waste

Currently, the available data for E-waste is limited. However, we can see the data which is sales of
electronics products. For reference, in US, according to National Point Online, in the article, Sustainable
Innovation & Technology Transfer Recycling from E-waste to Resources, stated in 2006, more than
34 million TVs and displays, and more than 24 million PCs have been placed on the market in the United
States. Moreover, approximately 139 million portable communication devices such as cell phones,
pagers or smart-phones have been manufactured. Especially, communication devices have to be
highlighted that less than 90 million were sold in 2003 and 152 million are expected to be sold in 2008
which is the highest growth rate has occurred [April 03, 2010]. Consumer Electronics Association
provides the US consumer electronics industry growth and Growth Categories in 2009 gives more
information and from them also can tell the growth rate has occurred.
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Furthermore according to Santa Clara County Department of Environmental Health, in their report,
Best Management Practices for Electronic Waste:

* An estimated 500 million computers will become obsolete in the U.S. by 2007.

» 1 billion dollars could easily be spent in the next five years to clean up the last 20 years
of stockpiled obsolete computers.

+ E-waste presents different challenges than household hazardous waste or solid waste recycling
because of its weight, volume, storage needs, and costs [April, 2004].

There are other factors from Recycling-international, in the article, says waste from obsolete
electronics equipment (E-waste) is growing globally and around 40 million tons of E-wastes are
produced every year with computer waste in India expected to increase fivefold between 2007 and 2020.

The United States of America produces E-waste around 3 million tons every year and 2.3 million tons
of them go to China (April 2010, No. 3, Page 10). According E-wastes: the Way Forward, in the brief,
says “about 5 % of all municipal solid waste is the E-waste in the US and it increases 3-5% each year.”
[August 2004].

3 R: Waste Management

The 3R which refers to Reduce, Reuse and Recycle is the strategies of waste management for
minimizing waste;

* Reduce: Decrease the amount of trash.

* Reuse: Use the products once again.

* Recycle: Turning it into new from used products.

By focusing primarily of the 3R, Reduce followed by Reuse and then Recycle is very important,
especially for E-waste to be able to keep value efficiently as much as possible and make its life time
longer.

Actual Situation

The United States of America is the biggest producer of E-waste, however, according to Ruediger
Kuehr, in his article, E-waste: not your normal trash, claimed, “In the US, the Environmental Protection
Agency (EPA) has reported that the US generated 1.9 to 2.2 million tons of E-waste in 2005, with only
12.5 % collected for recycling.” [Kuehr, April 26, 2010]. In other words, today most of valuable resources
are lost. According to the United Nations Environment Program, identified several causes, in the report,
Sustainable innovation and technology transfer industrial sector studies;

» Insufficient collection efforts (stockpiled).

- Partly inappropriate recycling technologies (landfill, produce dioxin).

« Often illegal exports streams of E-waste into other regions with no or inappropriate recycling

infrastructures in place.

These regions with inappropriate recycling infrastructure are often located in developing and
transition countries [July, 2009].

This informal waste management creates serious environmental issues and damages the human
health.

In developed countries, electronics recycling companies regularly recycle electronics products (E-
wastes) by de-manufacturing, shredding, or trashing even though those products still can use or just
need small maintenance to be reused. Those E-wastes are very valuable and potential resources for our
company. There are several reasons the electronics recycling companies are de-manufacturing or
shredding electronics products are;

+  Check each electronics products will cost money and time a lot for the company.

»  Strict rules and regulations for exporting E-waste (EPA export rules, international rules, OECD

import/export controls, etc.).

» Electronics products may return back to the company, if the products or the way the company

shipped is not qualified the rules.

Some of electronics products get more valuable by de-manufacturing or shredding.
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Mottainai

The actual situation is Recycle before Reuse, or even there is no 3R waste management. The
important thing is that E-waste is may not have reached the end lifetime. Since electronics lifecycle is
becoming shorter, most of all those electronics are still in good working condition or just need miner
repair to be able to use again. In other words, today most of valuable resources are lost, in Japan we
say “Mottainai”.

Meaning of Mottainai is a sense that we should not throw away anything while it is still useful or
valuable, roughly “Don’t waste”. Mottainai in this one word can be expressed the 3R and also including
mind of respect and gratitude for things.

Look at the world perspectives, there are many countries which have high demands of those 3R
electronics or E-wastes for reuse purpose.

IRIEPS

IRIEPS proposes that Reuse is most important key to solve the E-waste issues. IRIEPS’s Mottainai
Reuse Project is to collect or purchase used products in Japan such as:
» Electronics: TV, Audio, PC, Cell phone etc.,
*  Medical Equipment: Diagnostic Ultrasound etc.,
*  Machine Tool: Farm Tractor etc.,
+ Game: Play Station, Xbox, Nintendo DS etc.,
+ Others.

IRIEPS exports those products to countries where repair and reuse them. As well as, IRIEPS
purchases metal scraps and exports to countries where recycle them.

The project leads to reduce amount of E-waste and avoid inappropriate E-waste management for
solving and helping from damaging environment and human health.

First of all, the system of this project start from used electronics collectors. The collectors collect
unwanted electronics from household or electronics stores. Then the collectors bring all the electronics
to member of IRIEPS companies.

The company checks all the electronics, such as, manufacture, year of made, size, shape, and
condition following domestic and international law or guideline, and demand of the countries, for
purchasing and then export to overseas for customers.

Those companies have been this project over 15 years with all over the world, mainly in Asia, Middle
East and Africa. As soon as all the used electronics arrive to the countries, the electronics goes to local
market to have deal or directly to buyer’s electronics shop. At the shop, the engineers who have high
skills repair the electronics such as:

+ Soldering circuit board,

»  Polishing,

* Re-painting,
*  Tuning,

« Others.

Through this project over 15 years, the use electronics’ durability is proven and tested by those countries.
That is one of the reasons that reuse electronics is very popular as new electronics in these countries.

Conclusion

The fact of matter, one day those reuse electronics also reaches end lifetime to be E-waste.
IRIEPS’s future goal is that collects those E-wastes which cannot reuse anymore from oversea and
recycle in Japan.

In conclusion, when all the countries get together and could achieve the sustainable cycle of reuse E-
waste where it needs and recycle E-waste where it can as 3R’s order, it will solve issues of E-waste and
help environment and human health.

Additionally, Mottainai reuse project is not only for electronics. It can expand to any of things from
people’s life such as furniture, clothes, dinnerware and others.
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Japonsky projekt Mottainai opétovného vyuziti elektronickych vyrobkut
za u€elem snizeni globalni zatéze zivotniho prostredi

Takashi MINAKOSHI

International Research Institute for Environmental 3R Policy Studies (IRIEPS),
Minakoshi Shokai Co., Ltd., Japonsko

Souhrn

Soucasna situace je situaci, kdy je pouzivana recyklace pred znovupouZzitim nebo dokonce neexistuje
3R (zmenS$eni, znovupouZiti and recyklace) nakladani s odpady. DuleZitou véci je, Ze elektronicky odpad
nedosahuje konce Zivotnosti. Od té doby co se Zivotni cyklus elektronickych vyrobki stal krat§Sim,
vétSina z této elektroniky je stale v dobré kondici. Jista ¢ast nicméné potiebuje opravu, aby byla opét
pouzitelna. Jinymi slovy, dnes je velka ¢ast hodnotnych surovin ztracena. V Japonsku tomu fikame
Mottainai.

Jestlize hovofime o Mottainai, pak mame na mysli skute¢nost, Ze bychom neméli vyhazovat nic
z elektrickych vyrobku, co je stale pouZitelné a hodnotné, zkratka ,Ne do odpadu!* Mottainai — v tomto
Jjednom slové mize byt vyjadieno 3R a také minéni o ucté a vdécnosti za to, Ze muzeme uzivat urcité
VECI.

Ve skuteénosti jednoho dne znovupouZzita elektronika take dospéje do stavu, kdy bude elektronickym
odpadem. Budoucim cilem IRIEPS je proto shromazdovat ze zamofi tento elektronicky odpad, ktery
nebude jiZ nikdy vyuZitelny jako vyrobek, a recyklovat jej v Japonsku.

Kromé toho, Mottainai - projekt pro znovupouZiti elektronickych vyrobki neni vyuzitelny jen pro tyto
vyrobky, ale muze byt rozSifen na nabytek, odévy, jidelni vybavu a jiné pfedméty.

Keywords: Elektronicky (E) odpad, 3R = zmenSeni, znovupouZiti and recyklace, Mottainai (ne do
odpadu!)
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Summary

This article presents the results of three laboratory model tests of semicontinuous high-solids
anaerobic digestion carried out on simple apparatus of volumes from 0.02 to 0.03 m®. With all the three
model tests, the substrate was batched and mixed manually in the reacting mixture daily on weekdays.
In the model test 1, the batches consisted of the groats of winter triticale Agostino and the achieved
biogas production was 2.97 my®>.m°.d™ (based on 1 m® of the total volume of the fermentor) at average
methane content of 46 % of the volume. In the model test 2, the batches consisted of maize silage KS
KWS Atletico and the biogas production was 2.06 my®.m?>.d™ at average methane content of 47 % of the
volume. In the model test 3, the batches consisted of biogas biscuit meal of EKPO-EB type and the
biogas production was 21.72 my®.m*.dat average methane content of 55 % of the volume. The results
were used for the proposal of new mobile technology of high dry matter of anaerobic digestion in
horizontal bag.

Key words: high-solids anaerobic digestion, methane, biogas, biowaste

Introduction

Anaerobic digestion is one of the methods suitable for processing biowaste, mainly from agriculture
and food processing industries. In practice, various types of technologies for wet anaerobic digestion
have proved to be useful as well as various technologies of dry or high-solids digestion, which is in
progress in non-liquid charge.

Discontinual high-solids digestion appears to be a suitable solution with regard to simple technology
which has recently made it possible to process high-solid and fibrous materials. Semicontinuous high
solids digestion has been applied only to a small extent so far, mainly because the batching technology
solution requires a special approach.

If we compare high-solids digestion with traditional low-solids suspension anaerobic digestion,
comparable specific yields of biogas and methane can be achieved with only a small amount of waste
water. The technology has other advantages as well, e.g. smaller storage capacities, lower operational
costs, lower consumption of process heat, and, as the case may be, less demanding equipment
checks!™. To realize high-solids methanization successfully, it is always necessary to identify possible
areas which could be improved, i.e. to carry out optimization proposal of the technology with the
configuration of the reactor (including preparation of raw materials, codigestion, mixing, etc.), because
the main disadvantages include the long-time of keeping the substrate in a high-solids process
compared to the process in drawable suspension (which is confirmed e.g. by the author Schafer?),
mainly difficult starting and accumulation of intermediate products (organic acids) as a result of
insufficient mixing®. Radwan et al.® state that the demands for heating fermentor for high-solids
anaerobic digestion might be lower than with the low-solid sludge fermentor, because with high-solids,
slightly exothermic effect of anaerobic process might already be significant.
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Experimental Part

Laboratory model

The laboratory model tests of high-solids semicontinuous anaerobic digestion were carried out on
very simple apparatuses with active reaction volumes of 0.02 to 0.03 m°. The fermentors are described
in detail and shown with each model test in the following paragraphs.

For the model test 1, a simple fermentor (see Figure 1) was used, consisting of 0.03 m® capacity
plastic reactor, heated to 40 °C in circular furnace (LAC M100-12 type). The fermentor was
supplemented with drum gas meter Ritter TGO5 for recording daily production of biogas.

Figure 1: Fermentor for the model test 1

For the model test 2, a simple fermentor (see Figure 2) was used, consisting of 0.02 m® capacity
plastic reactor with elliptic bottom and heated to 40 °C in an incubator. The fermentor was
supplemented with drum gas meter Ritter TGO5 for recording daily production of biogas.

Figure 2: Fermentor for the model test 2

For the model test 3, a simple fermentor was used, consisting of 0.03 m? capacity plastic heated to
40 °C in 0.11 m?® capacity barrel, and by means of water recirculated by the pump between the barrel
and water batch with thermostat. The fermentor was supplemented with drum gas meter Ritter TGO5 for
recording daily production of biogas and it is shown in Figure 3.

Figure 3: Fermentor for the model test 3
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Feedstock

For high-solids anaerobic digestion, mainly the substrates with total solids of 15 to 30 % of the weight,
or more. Three different substrates acquired from the producers in the Moravian-Silesian Region were
tested. They are two agricultural substrates and one mixed substrate produced by reworking of biowaste
from confectionery production that cannot be used up as fodder. As charge for induction of all three
models, separated digestate prepared from freshly supplied digestate by centrifuging the liquid part. This
digestate came from biogas station Pustéjov and at the same time it was used as inoculum. The
selected substrates were: the groats of winter triticale Agostino, maize silage KWS Atletico and biogas
biscuit meal of EKPO-EB type.

In the model test 1, the groats of winter triticale Agostino was fermented; it came from the agricultural
biogas station Pustéjov and contained 85.7 % of the weight of total solid and 97.3 % of the weight of
organic substances in the solid. The substrate is characterized by high percentage of starch of 64.8 %.
It is commonly used biogas substrate.

In the model test 2, maize silage KWS Atletico was fermented; it came from the agricultural biogas
station Pustéjov and contained 27.9 % of the weight of total solid and 94.9 % of the weight of organic
substances in the solid. The substrate is characterized by high percentage of starch of 23.8 % and high
content of fibre (24.82 % of the weight) in solid. This biogas substrate is commonly used in agricultural
biogas stations in the Czech Republic and mainly in Germany. The silage was crushed in a mincer to get
particles < 0.01 m (to prevent problems with clogging the entrance pipe of the model fermentor) and
stored almost without air for 7 days at maximum. After that, a new reserve amount of material was
prepared.

In the model test 3, biscuit meal of EKPO-EB type was fermented; it consists of a number of
biowastes from confectionary production. The main components of the biscuit meal include waste wafer
mass, waste fat dough, chocolate filling, fat mass filling and starch from jelly production. Loose material
contains 91.7 % of the weight of total solid and 98.5 % of the weight of organic substances in the solid.
The substrate is characterized by high percentage of starch of 44.4 %, 18.9 % of carbohydrates and
14.0 % of fat. The biscuit meal was supplied by the company CERVUS, s.r.0. Olomouc.

The Methodology of Modelling

For After assembling the fermentors for the individual tests, each reactor was filled with the charge
without pressing immediately after the substrates had been supplied. The containers were covered with
gas-tight lids. The exhaust hoses for biogas (0.5%) were pulled through the thermally isolated lids. The
fermentors were closed and the individual gas meters were connected. By means of thermostats, the
temperature growth was set so that within 24 hours the charge temperature reached the required 40 £ 1 °C.

The production of biogas/methane, temperature, biogas pressure and the temperature of the charge
were recorded daily at 9:00. The composition of biogas (CH4, CO,, O, contents, balance) were also
measured by the portable infrared analyser GEOTECH Biogas. Consequently, the biogas hose was
disconnected for a short time and the pH of the charge was measured by immersion probe. Then the
fermentor was opened, the contents briefly mixed with a wooden spoon and the substrate was batched.

Once a week, biogas samples were collected in glass sample bottles and the composition was
verified by gas chromatographer Agilent. The intensity of the production of biogas, or methane was
calculated.
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The Results of the Experiment and the Discussion
A) Model Test 1

The fermentor was filled with non-liquid mixture of 85 % of maize silage KWS Atletico with 15% of the
Bioalgeen WKL agent (the hydrolyzate of brown seaweed), which was used to modify pH and mainly as
nutrient solution. The initial reaction solid was ca. 15 % of the weight. Liquid digestate was gradually
added in small batches (1.0 kg) as inoculum.

The process of methanogenesis (altogether 12 kg of the charge) was sufficiently started as late as
after the 4™ batch of inoculum, when the content of the reaction solid fell from 15 % of the weight to ca.
10 % of the weight. However, the mixture was still semi-liquid or non-liquid. During the first days,
methanogenesis was fully started and easily decomposable organic substances were consumed. The
production of biogas increased to 0.041 m°.d™ and the content of methane in biogas was 50 % of the
volume. From 10" day, daily batching of the groats of winter triticale Agostino started (from 0.15 to 0.30 kg).

During 94 days of the experiment, the average daily batch of the groats of winter triticale Agostino
reached 0.155 kg. This corresponded to the average load of the fermentor by organic substances of
4.37 kgvs.m™.d™* and the hydraulic time of delay of 104 days. At the average reaction solid of 17 % of the
weight, the biogas production intensity of 2.97 my®.m™>.d"* and methane of 1.36 my®.m™>.d™* was reached
(the calculation corresponds to the total fermentor capacity of 0.030 m®).

Specific production of biogas from the groats of triticale was 0.574 my®.kg™. Specific production of
methane was 0.310 my*.kgys™. The average methane content in biogas was 46 % of the volume. At the
end of the test, inhibition of methanization by ammonia probably occurred, because the digestate had
a distinct ammonia odour and the pH reached the value of 8.3.

It is clear from the exam results that the given process could be applied in operation, however the
WKL agent would have to be replaced by digestate, or separate application.

B) Model Test 2

The fermentor was filled with non-liquid mixture of 90 % of the weight of maize silage. The process of
anaerobic digestion (altogether 12 kg of the charge, 11 % of the weight of solid) started practically
immediately, without further intervention, but the production of biogas and the pH value (6.2) were rather
low. In the following days, 0.020 kg of NaHCOs to increase the neutralization capacity and 0.02 kg of the
SCHAUMANN BC PRO START agent to add micronutrients were applied. The process of
methanogenesis was started on the 8" day of the experiment, the methane content in biogas reached
46 % of the volume and from the next day of the process, percolation was carried out by one-time
release of ca. 1 kg of process liquid from the bottom of the fermertor and immediate shower from the top
on the charge.

For the first 21 days, the process was organized in discontinual mode. The average intensity of the
biogas production reached only 1.09 my®.m=.d™, and the intensity of methane production 0.54 my®.m=>d*
(the calculation corresponds to the total fermentor capacity of 0.020 m®), the average methane content
being 49 % of the volume. The pH value was stabilized at 8.2.

From the 22" day of the experiment, the process was organized in semicontinuous mode by one-time
daily batching of maize silage (from 0.150 to 0.300 kg).

During 79 days of the experiment, the average daily batch of the maize silage reached 0.192 kg. This
corresponded to the average load of the fermentor by organic substances of 2.71 kgys.m®.d™* and the
hydraulic time of delay of 131 days. At the average reaction solid of 11 % of the weight, the biogas
production intensity of 2.06 my>.m3.d* and methane of 0.97 m>.m3.d* was reached (the calculation
corresponds to the total fermentor capacity of 0.020 m®). Specific production of biogas from the maize
silage was 0.214 my®kg™. Specific production of methane was 0.356 my® kgys™. The average methane
content in biogas was 47 % of the volume. At the end of the test, inhibition of methanization by ammonia
probably occurred, because the digestate had a distinct ammonia odour and the pH reached the value of 8.3.
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It is clear from the exam results that although it was the case of non-liquid charge, the process was
not high-solid. Continuous stirring could not be done, however, the methane yield exceeded the
expectation and the given process could be probably applied in operation.

C) Model Test 3

The fermentor was filled with 20 kg of the digestate separate with total solid of 15 % of the weight.
After the temperature of 40 °C had been reached, a batch of 0.050 kg of biscuit meal of EKPO-EB type
was added. The process of methanogenesis was fully started during the first 5 days. During weekdays,
one-time daily batching of biscuit meal was carried out (from 0.020 to 0.200 kg).

The first 10 days of the experiment was not included in the total balance, because specific production
of biogas exceeded the value of 1.0 my®.kg™, which was caused by intense degassing of the separate
itself (the residual maize silage, beet slices, etc.).

During 120 days of the experiment, the average daily batch of the biscuit meal EKPO-EB reached
0.064 kg. This corresponded to the average load of the fermentor by organic substances of 1.89 kgys.m>.d™
and the hydraulic time of delay of 440 days. At the average reaction solid of 12.1 % of the weight, the
biogas production intensity of 1.72 my>.m3.d®* and methane of 0.95 my>.m=.d* was reached (the
calculation corresponds to the total fermentor capacity of 0.030 m®). Specific production of biogas from
the biscuit meal was 0.502 my\>.kg™. Specific production of methane was 0.356 my®.kgys™. The average
methane content in biogas was 55 % of the volume. The value of pH fluctuated within the range of 6.5
and 8.4 according to the weight of the biscuit meal.

It is clear from the exam results that the digestate separate Pustéjov biogas station could be
completely degassed under mesophilic conditions; the results also showed the necessity to solve stirring
of semi-liquid charge also in the case of processing very quickly gasifiable biscuit meal. Without
continuous stirring, the period of delay cannot be shortened, which makes it economically feasible for the
operation.

Conclusion

This article aimed at publicizing the results of simple laboratory model tests of semicontinuous high-
solid anaerobic digestion. The intensity of biogas production, especially during the model tests 1 and 2 is
comparable with the intensity common with wet co-fermentation in agricultural biogas stations, but the
low methane content shows the need for optimization of reaction conditions, ideally by creating the
charge consisting of more substrates. The results were used for the proposal of new mobile technology
of high-solid anaerobic digestion in a horizontal bag.
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Jednoduché laboratorni zkousky semikontinualni vysokosusinové

anaerobni digesce

Katefina KASAKOVA, Jiri RUSIN, Katefina CHAMRADOVA, Karel OBROUCKA
VSB-TU Ostrava, Institut environmentélnich technologii, 17. listopadu 15, Ostrava - Poruba
708 33, e-mail: katerina.kasakova@vsb.cz

Souhrn

Prispévek seznamuje s vysledky tri laboratornich modelovych testi semikontinualni vysokosusSinové
anaerobni digesce provedenych na jednoduchych aparaturdch o objemu 0,02 az 0,03 m*. P¥iv$ech
tfech modelovych testech byl substrat do reagujici smési davkovan a zamichan ruéné v pracovnich
dnech. V modelovém testu 1 byl davkovan Srot zrna tritikale ozimého Agostino a bylo dosazeno intenzity
produkce bioplynu 2,97 my3.m®.d™* (vztazeno na 1 m® celkového objemu fermentoru) pfi primérném
methanu 46 % obj. V modelovém testu 2 byla davkovana kukufi¢na silaz KWS Atletico a bylo dosaZeno
intenzity produkce bioplynu 2,06 my>.m*.d™ pfi primérném methanu 47 % obj. V modelovém testu 3 byla
davkovana bioplynova biskvitova moucka typu EKPO-EB a bylo dosazZeno intenzity produkce bioplynu
1,72 my>.m*.d* pfi primérném methanu 55 % obj. Vysledky byly vyuZity pfi névrhu nové mobilni
technologie vysokosus$inové anaerobni digesce v horizontalnim vaku.

Kli¢ova slova: vysokosus$inova anaerobni digesce, methan, bioplyn, bioodpad
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Republic

Viadimir LAPCIK

VSB - Technical University of Ostrava, av. 17. listopadu 15, 708 33 Ostrava-
Poruba, e-mail: vladimir.lapcik@vsb.cz

Summary

The article summarizes possibilities of energy recovery from municipal waste. It describes the history
of incineration and energy recovery from municipal waste in Czechoslovakia and then in the Czech
Republic. The attention is paid to the three currently operated plants for energy recovery from municipal
waste in the Czech Republic (ZEVO MaleSice, SAKO Brno and TERMIZO Liberec). The following are
the characteristics of the planned plants for energy recovery from municipal waste in the Czech
Republic. All these plants operate essentially based on grate boilers with flue gas treatment at the
highest technical level. The article also lists other technologies which can be used for energy recovery
from municipal waste — these are gasification and pyrolysis units. The conclusion of this contribution is
devoted to the current and future situation in the area of energy recovery from municipal waste in the
Czech Republic.

Keywords: Municipal waste, energy use, incinerators based on grate boilers, gasification, pyrolysis.

Introduction

In the Czech Republic from 2 million tonnes of mixed municipal waste (MMW), 600 thousand tonnes
per year can be processed in existing incinerators, in the three planned incinerators another
400 thousand tonnes, and in other energy waste recovery plants, 350 thousand tonnes of mixed
municipal waste. To the year 2020, about 650 thousand tonnes of mixed municipal waste still remains,
which we will not be able to put on landfills.

It should be noted that the waste energy recovery saves e.g. an equivalent of the brown coal volume,
which would otherwise have to be extracted and consumed in power plants and heating plants. It should
also be pointed out that no matter how well cleaned flue gases from power plant processes are, their
quality is incomparable with that of treated flue gases from waste energy recovery processes.

Incineration and energy recovery from municipal waste
in the Czech Republic

The first municipal waste incinerator with energy recovery was built in the Czech Republic in Brno in
1904-1905. The incinerator had seven combustion chambers in conjunction with the Babcock-Wilcox
steam boiler, behind it the Parson turbine was integrated with an output of 300 kW, connected to a three-
phase AC generator with an output of 220 kW. In full operation, the incinerator burned an average of
27.5 tonnes of waste per day; 1 kg of waste produced about 1.14 kg of steam with a pressure of 9 atm.
In the 30ies, the incinerator was extended and served its purpose until 1941, when it was destroyed
during the allied air raid over the city of Brno.

The second municipal waste incinerator was built in Prague in 1930-1933. The Prague incinerator
station of solid waste, heating and power plant were put into operation in 1934. Refuse collection
vehicles carted the waste into four containers for temporary storage. Subsequently, the waste was
transported to a waste sorting plant and then to a building of combustion batteries with two boilers whose
capacity was 200 tonnes per day. The combustion batteries allowed for the production of 6 to 25 tonnes
of steam per hour. The steam was supplied to surrounding businesses as well as to its own power plant
with two turbine generators of 5 MW each. During the World War Il, a next boiler with an output of 45
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tonnes per hour was built. Later the incinerator was modernized and expanded. The total reconstruction
of the incinerator ran from 1959 to 1982, but it was not too successful. At the beginning of the 70ies,
there was only an old sorting plant, two original turbine generator units and two cranes at a slag dump in
the incinerator plant. The capacity of the incinerator was 80 to 100 thousand tonnes annually. The boiler
room had two boilers of 15 tonnes per hour, the first one combusted the waste and the other coal and
black oil to ensure peak supplies of heat.

At the end of the 80ies of the 20th century, the incinerator was reconstructed again. Within the plant,
four powder granulation high pressure boilers were installed with a chamber for waste incineration. The
fifth boiler was intended for black oil. The total installed thermal capacity was 251.2 MW. At that time the
incinerator burned MSW (municipal solid waste), brown coal and black oil. After the reconstruction the
incinerator could dispose of up to 45 tonnes of waste per hour. The operation of the incinerator in
Vysoc€any was closed in 1997.

In the post-war history a large municipal waste incinerator was put into operation in Brno (now SAKO
Brno, plc) as the first in the former Czechoslovakia. The incinerator was built in the years 1984-1989.
Originally, the incinerator had three CKD Dukla boilers with cylindrical grates. The total capacity of the
incinerator was 240 thousand tonnes of waste per year. Since 1998 the incinerator has also produced
electricity using the equipment with an output of 400 kW..

In the years 2008-2011, the incinerator underwent large renovation and modernization (for around
EUR 72 million), when two new lines for waste incineration were built. Each line includes a steam boiler
with a rated output of 45 TPH of steam. The maximum incineration power of the grate of each boiler is
16 tonnes per hour, the minimum one is then 8 tonnes per hour. The total incinerator capacity is
248,000 tonnes of waste per year for the heating value of waste of 8-9.6 MJ/kg. The municipal waste
incinerator SAKO Brno, a.s. was officially re-opened on 7th September 2011*. The renovated plant of the
Brno incinerator (see Fig. 1) can satisfy up to 30 % of steam consumption in the city of Brno.

Each boiler is equipped with an internal incineration reverse grate by Martin GmbH, developed
specifically for the incineration from municipal solid waste; the boiler itself is of water-tube kind with
natural circulation, three-pass design with two drums. The modern operation of the Brno incinerator
meets stricter emission limits than required by current legislation on air quality protection.

The treatment of flue gas, resulting from the incineration of waste, has the following steps:

The flue gas generated during the incineration of waste is fed to the top of an absorber at the outlet
from the boiler at a temperature of 195 °C. The flue gas treatment is based on a semi-wet type system,
and along with technical and operational measures also addresses issues of heavy metals, dioxins and
other persistent organic pollutants. The CNIM-LAB semi-wet type system consists in injecting fine-
atomized aqueous lime slurry into the flue gas stream at a temperature of 195° C. The result is a series
of chemical reactions taking place during gradual evaporation of water between the parallel flow of hot
gaseous acidic components of flue gas and alkaline sorbent which is a lime slurry aerosol. The result is
a very fine powder which is separated from the flue gas on fabric filters. Into the flue-gas duct of each
line before absorbers, the activated carbon is forced down under pressure, to the surface of which the
heavy metals and dioxins are mainly bound which were not removed by the previous reactions.

If necessary to capture the increased concentrations of acidic components of the flue gas, in addition
to the semi-wet type system, the dry type flue gas treatment system can be run, during which a dry
hydrate of lime is fed into the flue-gas duct before the fabric filter to increase the efficiency of the
neutralization reaction. The flue gas, including fly ash, reaction products of neutralization and residua of
unreacted reagents are led through the flue-gas duct on the fabric filter. Prior to entry into the chimney
with a height of 125 m, the cleaned flue gas is subjected to a continuous analysis.

The construction of a new incinerator for disposal from municipal solid waste in Prague was
considered already in the late 70ies. The construction itself was commenced in September 1988. The
Plant for energy recovery from municipal waste (ZEVO) MaleSice was put into operation in the fall of the
year 1998. There were four steam boilers by CKD DUKLA in the incinerator, with a capacity of 15 tonnes
of waste per hour each. The total capacity of the incinerator is 310 thousand tonnes of waste per year.
This capacity is used from two thirds only. In 2010, a new co-generation unit was put into operation,
allowing increased production of energy from waste. The incinerator delivers about 1,000 TJ of thermal
energy annually to Prazska teplarenska, a.s., and produces about 90,000 MWh of electricity per year.
The output of the installed turbines is 17.6 MW..
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ZEVO Malesice has four identical lines, two of which were in operation previously and two of them
were shut down, but in winter three of them worked if there was a high enough demand for heat. It is
now moved to 3 + 1 after the adaptation with the co-generation?.
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Fig. 1 Scheme of municipal waste incinerator of SAKO Brno, plc’

About 2 years ago, the flue gas treatment system in ZEVO MaleSice was reconstructed. Now the
plant disposes of a top multi-stage flue gas treatment system. The flue gas is first fed to a spray dryer for
pre-treatment of dust particles, acidic components and heavy metals. The effect of the first stage is also
the fact that water is evaporated from a washing suspension so that the waste leaves the system in the
solid phase only. The flue gas continues passing to an electrostatic precipitator where particles are
removed (the second treatment stage). Behind the electrostatic precipitator, a new combined catalyst
(SCR - selective catalytic reactor) is integrated, where the degradation of nitrogen oxides and oxidative
decomposition of dioxins and furans take place (DeNO, and DeDiox catalytic reactor). The flue gas is
thus deprived of nitrogen oxides, dioxins and furans, and is pre-treated in terms of acidic components,
and patrticles are removed. Further it proceeds into the two-stage wet flue gas treatment system. There
is a so-called pre-scrubber placed here, which dissociates chlorides, iodides, bromides and fluorides,
and in the next stage the absorption SO, and SO; takes place as well. Thus, it is a five-stage flue gas
treatment system. As regards the achieved emission levels, it is clear that all emission values are below
ten per cent of the allowed limits, only CO reaches 30 % and NO, 70 % of the level of emission limits®.

A last modern municipal waste incinerator in the Czech Republic was put into operation in Liberec
(TERMIZO plc). The construction was commenced in 1997; the trial operation started in 1999 and was
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completed in 2000 by final building acceptance. The incinerator has a capacity of 96,000 tonnes of waste

per year, has one incineration line with a moving grate of the Von Roll system with a capacity of

12 tonnes per hour. The made preheated water steam is supplied to a local heating system.

Currently the construction of other municipal waste incinerators is considered, which would partly
address the issue of waste management at regional levels. In all the cases the usage of conventional
grate boilers is considered.

The projects in the Moravia-Silesian Region (KIC Odpady) and the Pilsen Region (ZEVO Chotikov)
are developed the most.

The project preparation of the KIC Odpady, a.s. incinerator (Regional Integrated Centre of Waste
Management) is at an advanced stage. The project has passed the assessment of the impacts of
construction on the environment; land-use and building proceedings. The incinerator should be put into
operation in 2015. Currently, its realization is suspended due to the action against the validity of the
building permit filed by a civic association. The incinerator design parameters are 192,000 tonnes of
used municipal waste; the turbine output is 15 MW,. There are two variants of the overall energy
balance. The first variant assumes 90 GWh of electricity per year and 576 TJ of heat per year when
taking out heat in hot water. The second, more likely option assumes the supplies of 20 GWh of
electricity per year and 1,152 TJ of heat per year when taking out heat in steam of 1.1 MPa.

The planned Plant for energy recovery from municipal waste (ZEVO) in Chotikov near Pilsen should
also operate in a cogeneration mode®. Up to 100,000 tonnes of municipal waste* per year should be
used for energy recovery. Its commissioning is planned for 2015. Currently, the project passed the
environmental impact assessment, planning procedure and building permit.

The Highlands Region prepares the project Integrated waste management system in the Highlands
Region whose part is a municipal waste incinerator as well.

Other upcoming projects:

+ The company United Energy, a.s. is preparing the construction of plants for energy recovery from
waste at the premises of the Komorany heating plant with an annual capacity of 100 to 150 thousand
tonnes of waste. The commencement of operation is also planned for 2015.

» Further construction of the municipal solid waste (MSW) incinerator being considered is located at the
premises of the Opatovice power plant. Its capacity should be about 100,000 tonnes of incinerated
waste and the heat should be used in the agglomeration of Pardubice and Hradec Kralové.

Gasification of waste

The essence of gasification is the conversion of carbonaceous materials at higher temperatures
(above 800 °C) into combustible gaseous substances under the supply of under-stoichiometric amount
of air or other oxidising agent. The gasification is a strongly endothermic process. The advantage is that
due to the high temperatures there are no problems with the formation of toxic dioxins, furans and
polycyclic aromatic hydrocarbons. The reducing environment prevents the formation of nitrogen oxides”®.
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Coke Gasification furnace

'Limestone Wastes charged into the furnace are

melted at high temperature, and the thermal
decomposition gas passed to the combustion
chamber. Inorganic substances are melted
at the furnace bottom and tapped
intermittently through tapping hole.
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Fig. 2 Kazusa Clean System — gasification and melting furnace®

The gasification is partial combustion of organic compounds forming gases which can be used as a
raw material (using reform processes) or as a fuel. The gasification processes are suitable for the
treatment of municipal waste, some hazardous waste and dried sewage sludge.

Very interesting structures are e.g. gasification units working in the plant for energy recovery from
municipal waste of the company Kazusa Clean Systems Co., Ltd. The plant was built in Kisarazu City, in
the Japanese Prefecture of Chiba, by the firm Nippon Steel Engineering Co., Ltd.® (see Fig. 2).

In the gasification furnace, the temperature of up to 1,800 °C is reached in the melting zone (here
municipal waste is melted in the last phase), while the leaving slag is granulated in a water trough and
then crushed. From the slag, metals are obtained by magnetic separation, and the rest is used in civil
engineering.

The gas comes into the combustion chamber, where it is burned. Flue gases are fed to the waste
heat boiler which produces superheated steam driving the turbine and the generator, producing
electricity. Units are available with a capacity of 100 or 125 tonnes of municipal waste per day. The
company Kazusa Clean Systems Co., Ltd. has 2 units in place for processing 100 tonnes of municipal
waste per day and 2 units for processing 125 tonnes of municipal waste per day. The output of the
generators is then 3,000 kW, and 5,000 KW,

Flue gases are cleaned in a multistage process as is the case of the ZEVO Malesice plant and, also,
as projected for the Plant for energy recovery from municipal waste Chotikov (ZEVO Chotikov), including
the SCR - the DeNO, and DeDiox catalytic reactor.

Pyrolysis

Pyrolysis is the thermal decomposition of organic materials in the absence of oxygen-containing
media (air, carbon dioxide, water vapour) which leads to the formation of gaseous, liquid and solid
fractions. This process is an alternative to combustion.

The essence of this method is that organic compounds are less stable at higher temperatures. High
molecular substances are decomposed to low molecular ones, which leads to their breakdown into
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volatile products and coke. Pyrolysis is carried out at the temperatures ranged from 150 °C to 1,000 °C.
According to the temperatures, we distinguish:

» Low-temperature pyrolysis (reaction temperature up to 500 °C),
»  Medium-temperature pyrolysis (reaction temperature from 500 °C to 800 °C),
»  High-temperature pyrolysis (reaction temperature above 800 °C).

Advantages of pyrolysis processes’: Easier and less capital-intensive plants, produced fuels are
easily merchantable, than heat and steam, there is only a small fraction of gaseous products of
incineration compared to the same amount of fuel.

Disadvantages of pyrolysis processes: Sometimes more expensive operation, sometimes a problem
to remove the pyrolysis residue (pyrolysis coke), liquid hydrocarbons.

Pyrolysis can be used in addition to the thermal treatment of municipal waste and sewage sludge also
to treatment of plastic waste and used tires.

For a long time, the pyrolysis and gasification of coal are considered to be very promising also in the
field of energy recovery from waste. Although research in this area is quite wide and technological
development is well advanced, neither of these technologies is still established in the waste area so that
the future operator could get it complete, as we say "turnkey". This is currently a big problem, because
there is nothing in this field in the Czech Republic the entrepreneurs could equipped with the intended
operations for treatment of waste (municipal waste, tires) that they would like to operate as a plant for
waste energy recovery”.

One of the plants that is, however, offered in our country for tire processing (other types of waste can
be used as well), is the M3RP pyrolytic line from the supplier AmbientEnergy LLC (USA), the SCOGEN
manufacturer (India)®. Another plant is the one from the SIMUL trust Ltd. company (nowadays HEDVIGA
Ltd., Czech Republic), with a trade name PTR (= engl. STD — slow thermal decomposition), which is able
to use both waste rubber materials, tires and municipal waste, and a variety of other waste (sewage
sludge, waste oil, plastics, biomass)®. Pyrolysis plant PTR 1000 (Hedviga Ltd.) is connected with the
cogeneration unit Cento T 160-200 (manufacturer TEDOM, plc, Czech Republic)™.

The experimental part, results and discussion

Emission values of flue gases from pyrolysis plant PTR 1000 (manufacturer Hedviga Ltd., Czech
Republic) measured behind the cogeneration unit Cento T 180 are shown in Table 1. Emission was
measured during pyrolysis process of used tires in spring 2013,

Measured emission values was lower than Czech emission limits for cogeneration units, in case
Czech emission limits for incineration of waste are much lower than these limits (see Table 1).

Table 1: Measured emission values — Pyrolysis plant PTR 1000 (manufacturer Hedviga Ltd., CR)

Parameters Average values Emission limits Remarks
3 3 Emission limits (CR)
NO« 424 mg/Nm 500 mg/Nm for cogeneration units
3 3 Emission limits (CR)
Cco 104 mg/Nm 650 — 1300 mg/Nm for cogeneration units
3 3 Emission limits for incineration
Total dust 0,55 mg/Nm 10 mg/Nm of waste (CR)
HF 0,09 mg/Nm® 1 mg/Nm°® detto
HCI 1,85 mg/Nm° 10 mg/Nm°® detto
PCDD/F (X TEQ) 0,0307 mg/Nm° 0,1 mg/Nm°® detto
Hg metals 0,01600 mg/Nm°® 0,05 mg/Nm°® detto
3 3 Emission limits for incineration
Cd metals 0,00088 mg/Nm 0,5 mg/Nm of waste (CR)
PAH 0,813 mg/Nm° 1 mg/Nm° Emission limit EU
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Conclusion

Currently, we get only about 3.6 million GJ of energy at the average calorific value of mixed municipal
waste (MMW) of about 10 MJ/kg and the actual annual burning about 360 thousand tonnes of MMW.
According to well-known balances and overviews of the current waste management and following the
strategy of development of waste management, it is stated that in 2020 it will be necessary to operate
the plants for energy waste recovery with a total annual processing capacity of 2.0 million tonnes of
MMW. With an average calorific value of mixed municipal waste, we obtain at least 20 million GJ of
energy (potential energy) per year through the energy recovery of that amount of waste [11].

The capacity of three municipal waste incinerators in our country is about 600 thousand tonnes of
waste (MMW) per year. The use of selected and modified municipal waste in cement plants through the
gasification and in biogas stations is about 350 thousand tonnes per year.

Thus, from 2 million tonnes, 600 thousand tonnes can be processed in existing incinerators, in the
three planned incinerators another 400 thousand tonnes, and in other energy waste recovery plants, 350
thousand tonnes of municipal waste. To the year 2020, about 650 thousand tonnes of mixed municipal
waste still remains, which we will not be able to put on landfills.

It should be noted that the waste energy recovery saves e.g. an equivalent of the brown coal volume,
which would otherwise have to be extracted and consumed in power plants and heating plants. It should
also be pointed out that no matter how well cleaned flue gases from power plant processes are, their
quality is incomparable with that of treated flue gases from waste energy recovery processes. The above
facts should be taken into account in drafting the energy policy in the Czech Republic for the next period.

List of symbols

CR Czech Republic

GJ giga joule

MJ mega joule

MW mega watt

MMW mixed municipal waste
MSW municipal solid waste

PTR (= engl. STD) slow thermal decomposition
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Energetické vyuziti komunalniho odpadu v Ceské republice

Viadimir LAPCIK

VSB - Technické univerzita Ostrava, IEI HGF, |IET, t¥ 17. listopadu 15, 708 33 Ostrava-Poruba,
e-mail: vladimir.lapcik@vsb.cz

Souhrn

Prispévek shrnuje moZzZnosti energetického vyuZiti komunalniho odpadu. Popsana je historie
spalovéani a energetického vyuZiti komunélniho odpadu v Ceskoslovensku a poté v Ceské republice.
Pozornost je vénovana tfem v souéasnosti provozovanym zarfizenim na energetické vyuZziti komunalniho
odpadu v Ceské republice (ZEVO Malesice, SAKO Brno a TERMIZO Liberec). Déle jsou uvedeny
charakteristiky pfipravovanych zafizeni na energetické vyuziti komunalniho odpadu v CR. V$echna
uvedena zafizeni pracuji v zasadé na bazi roStovych kotl s ¢isténim spalin na nejvy$§i mozné
technické drovni. Prispévek také uvadi dalsi technologie, které je mozno vyuZit pro energetické vyuZziti
komunalnich odpadid — jedna se o zplyriovaci a pyrolyzni jednotky. Zavér prispévku je vénovan
soudasné a budouci situaci v oblasti energetického vyuZiti komunalnich odpadi v Ceské republice
s ohledem na platné pravni normy.

Klicova slova: Komunalni odpad, vyuZiti energie, spalovani odpadu v rostovych pecich, zplyriovani
odpadu, pyrolyza.
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Summary

The formation of deposits on heat exchange surfaces of combustion equipment causes a decrease in
heat exchange, a decrease in power, and consequently deterioration in the economic balance of
combustion equipment. In order to decrease or limit the formation of deposits, a lot of mechanical
systems are operated for cleaning, such as blow cleaning or jet washing, chipping, as well as vibration or
acoustic methods. Besides mechanical methods, chemical methods can also be used.

This article focuses on the experimental use of the French technology DRIVEX. This technology is
used for lowering the amount, as well as altering the physiochemical character, of the deposits forming
on heat exchange surfaces of the combustion equipment during its operation. These changes should
reduce the time necessary for cleaning, or lengthen the maintenance interval for various types of
combustion equipment.

Verifying the DRIVEX technology mainly aims at reducing the amount of deposits formed on heat
exchange surfaces. The operation of the hazardous waste incinerator of the company SITA CZ in
Ostrava was selected for the experiment.

Key words: combustion equipment, heat exchange surfaces, DRIVEX, cleaning deposits

Introduction

The issue of cleaning energy equipment including communal waste (hereinafter referred to as CW)
and industrial waste (hereinafter referred to as IW) incinerators is currently being solved intensively both
in this country and abroad. At minimum investment and operating costs, these technologies are
supposed to increase energy efficiency of the equipment, lengthen the time of the operational campaign
and contribute to environmental protection. Even if the basic conditions necessary for combustion are
fulfilled, i.e.: the air/fuel ratio, sufficient mixing of air and fuel and sufficient combustion temperature,
unburnt gaseous and solid residues (ashes, slags) form during combustion.

The combustion products contain nitrogen, sulphur, chlorine, fluorine derivatives, etc., as a result of
element transformation during the combustion process. These derivatives are very dangerous for the
environment., as well for ceramic and metal materials used in the construction of burning equipment.
The melting temperature of ash forming during the combustion of fossil fuels, IW or CW, is very low. This
temperature is lower than the surface temperature of materials (both metal and ceramic) inside the
combustion chamber as well as in the linked technological units. Some ashes, especially vanadium-
sodium ones, formed during the combustion of heavy fuel oils, are extremely aggressive with respect to
corrosion, if the temperature of heat exchange surfaces reaches values of 450 - 500°C.

Unburnt carbon residues, which are able to bind SO, also contribute to the increased risk of low-
temperature corrosion and to forming very hard and strongly adhering deposits in "cold" parts of the
combustion equipment (superheaters, economisers, etc.). This is the basis for forming acidic combustion
products in the equipment burning heating oils with high content of sulphur, which subsequently become
the source of air pollution.
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Unburnt particles and ash are carried away by combustion products. Melted and partially-melted ash
is caught on heat exchange surfaces and causes a progressive growth in the deposited layer. The
deposits then cause a lowering of heat exchange on heat exchange surfaces and there is also decrease
in power and combustion equipment yield. This is accompanied by the increase in the temperature of
combustion products at the combustion equipment output. If these losses exceed certain limits, it is
necessary to change the mode of operation of combustion equipment; besides, flues could be
completely clogged. If the combustion equipment is not provided with devices for cleaning combustion
products (cyclones, textile filters, electrostatic filters, washers, etc.), some solid particles, which are not
caught on the walls of the combustion equipment, are subsequently released into the atmosphere, which
results in air pollution.

"Mechanical” Technologies for Maintaining Cleanliness of the Combustion Equipment

To decrease the formation of deposits (resulting in the equipment being shut down, increases in fuel
consumption, etc.), a lot of systems for cleaning have been designed and operated. The best known
methods include blow cleaning or jet washing of heat exchange surfaces™?!. There are also vibration,
chipping and acoustic mechanical systems for removing the deposits falling off to the grates or to the
lower parts of the combustion area or individual flue drafts!®. In general, it can be concluded that these
methods are efficient if the deposits are "dry", i.e. brittle and not so adherent. Failing that, the amount of
the deposits increases until it is necessary to shut down the equipment due to cleaning.

Air and steam blowers are generally devices with high power consumption and they also need
intensive maintenance to be efficient enough!®. Moreover, if the blowing device is not absolutely clean (if
it contains some water), it will result in low-temperature corrosion, which is hazardous for metal parts of
the equipment. If the combustion equipment is not provided with a dedusting device, the operation of
cleaning equipment is always connected with considerable increase in the content of dust in combustion
products released into the atmosphere. Using these cleaning systems results in an increase of
emissions also in the case of equipment provided with a dedusting device.

"Non-Mechanical" Technologies for Maintenance of Cleanliness of the Combustion
Equipment

The idea to use a chemical agent which has an impact on deposit forming on heat exchange surfaces
as a well as on the walls of the combustion equipment is not new. Using common salt to activate
combustion and removing soot was already known to our ancestors. There is one significant
disadvantage connected with this method - accelerated decay of metal components, on which chlorates
form due to contact with salt. It is essential that the proposed chemical methods for cleaning the internal
parts of combustion chambers and boilers meet technical as well as economic criteria.

Experimental Part

Verifying the DRIVEX technology mainly aims at decreasing the amount of deposits formed
on heat exchange surfaces (Figure 1, 2). It was necessary to identify their location in the combustion
line. The operation of the hazardous waste incinerator of the company SITA CZ in Ostrava (Figure 3)®°
was selected for the experiment. After localization and discovering the amount of deposits in the
combustion part of the line, a balance sheet of application of the technology was processed and time
schedule for the experiment was determined in compliance with the planned shut downs. It was agreed
that one nozzle, fixed to the free flange at the front of the rotary kiln, would be used.

DRIVEX 2200 was selected as the reagent. Drivex 2200 is liquid substance with pH 6.9, whose main
component is magnesium (65.5 g/l). Magnesium, as the main component of the Drivex 2200 solution
occurs in the form of magnesium oxide MgO and in the form of magnesium chloride MgCl,. The specific
weight of the DRIVEX 2200 reagent is 1,200 kg/m3!".,
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1st and 2nd boiler draft
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Figure 1: Deposits on the walls on the
entrance in the 1st Dboiler draft - during
reconstruction
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Figure 3: View of the combustion part of
the line

Figure 2: Deposits on the heat exchange
surfaces in the 2nd boiler draft

After agreeing on the location of the equipment, the technology was installed in cooperation with the
workers of the company DRIVEX. For its operation, the equipment itself needs connection to operational
compressed air (6 bars), a programmable automatic machine and its accessories (metering pump) and
a power supply 400 V/3f. The so-called eurocontainer containing the reagent DRIVEX 2200 and
metering pump are connected by a hose. After installation work was completed, on the basis of an
inspection of the combustion equipment during shut down, and the analysis with respect to the amount
and character of the deposits in the combustion and adjoining areas, the programmable automatic
machine was set, according to empiric experience, to injection every 4 hours and the initial batch of
8.6 |/ 1 injection, which corresponds to 8 kg of reagent per 10 tonnes of processed waste. This batching
was started after shut down during which surfaces in the rotary kiln, clarifier chamber and transfer to the
1st boiler draft were cleaned.

The size of reagent batches was gradually reduced during the experiment, the initial high batches
aimed at creating a protective film on the heat exchange surfaces of the equipment. The proper test was
finished at the moment when the incinerator equipment switched to the cooling mode due to the planned
technology shut down. To find out the status of the deposits after the test, it was possible to enter the
equipment after 4 days of cooling; photographic documentation of the status was made and deposit
samples were collected for the subsequent analyses. The total amount of the injected DRIVEX 2200
reagent during the test was 2,188 I.
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Table 1: The parameters of the Drivex 2200 reagent batching

Process durativ / batched amount (1) / Batching period /
day injection 24 hours
7 8.6 6 times every 4 hours
7 6.3 6 times every 4 hours
64 4.3 6 times every 4 hours
14 2.0 6 times every 4 hours
In total 92 days

The supposed kinematics of the reagent being carried by the combustion products is shown in Fig. 4.

Nozzle

Figure 4. Splash and supposed "carrying" of the reagent by the combustion products

The Results of the Experiment and the Discussion

With respect to the reliability of the equipment, it can be observed that during the whole period of

the experiment (from 27" April 2012 to 27" July 2012) i.e. 92 days, there was only one failure of the

DRIVEX equipment, caused by an interruption of the supply of compressed air; due to that, one batch of
reagent was skipped. During the experiment, the injector was checked as well. In the course of the
experiment, the injector showed normal wear, even if it was located in an area with a temperature of

700 — 800 °C.

The result of the experiment is expressed from two points of view:

a) Numerical expression

To evaluate the possible benefits of the DRIVEX technology, two comparative periods were selected
and the efficiency of the combustion process and heat exchange was evaluated. The stated parameters
show an increase in the efficiency of the heat change during the period when the reagent DRIVEX was

used, see Tab. 2.
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Table 2: The technology parameters with and without the reagent DRIVEX

The average 10-day The average 10-day
The Selected Comparative Parameters | values before shut down | values before shut down
without DRIVEX with DRIVEX
The amount of the processed waste (t/ h) 2.65 2.52
The amount of steam (t/ h) 6.80 7.84
The temperature of overheated steam (°C) 240 278
The temperature of the combustion
products at the output from the afterburner 1050 1175
chamber (°C)
The temperature of the combustion 336 392
products at the output from the boiler (°C)

b) The statement - evaluation resulting from the visual observation of the result

On the basis of visual findings realized during shut down after the experiment, it was proved that the
walls of the rotary Kiln, or its fireproof lining show no atypical wear, the walls of the afterburner chamber
were covered with a vitreous layer. On the right part of the afterburner chamber, more voluminous and
harder deposits were detected. This difference could have been caused by the subsequent penetration
of parasitic air through leaks caused by a damaged seal on the hatch door leading to the afterburner
chamber. The workers who do the cleaning found out that the amount of deposits in the lower part of the
afterburner chamber decreased and their nature changed, but the deposits partly "moved" from the usual
zones of the afterburner chamber and the transfer to the 1st draft further to the lower zone of the 1st
draft of the boiler and partly also the lower part of the 2nd draft (see Figure 5). Removing the deposits
was ultimately more efficient, and according to the operation workers, cleaning took less time and it was

easier.

Planned location of the second nozzle

Nozzle location

[ The expected deposit occur
D New deposit occurrence

1st draft

2nd draft

/

Figure 5: Deposit occurrence after the experiment

Conclusion
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It can be concluded that using the DRIVEX technology resulted in a decrease in the amount of the
deposit formed and their properties. The deposits were more brittle and they could be removed more
easily.

The analysis of the experiment result showed that for the following experiment, it would be suitable to
connect another nozzle into such a location of the technology which would prevent clinging of the
transferred deposits detected in the experiment, see Figure 5.
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Souhrn

Tvorba usad na teplosménnych plochach spalovacich zarizeni zptsobuje sniZeni tepelné vymény,
snizeni vykonu a tedy i zhorSeni ekonomické bilance spalovacich zafizeni. Za ucelem sniZeni nebo
omezeni tvorby Usad je provozovana fada mechanickych systémi pro CiSténi jako napr. ofukovani
teplosménnych ploch parou, nebo ostfikem vody, déale oklepavaci, vibracni a akustické metody. Vedle
mechanickych metod je moZno pouZit i metod chemickych.

Clanek ném priblizuje experimentalni pouziti francouzské technologie DRIVEX. Tato technologie se
vyuzZiva ke snizeni mnoZstvi a ke zméné fyzikalné-chemického charakteru usad vznikajicich na
teplosménnych plochach spalovacich zarizeni za provozu. Dusledkem téchto zmén by mélo dojit ke
zkraceni potrebné doby cisténi nebo prodlouzeni intervalu udrzby pro riizna spalovaci zafizeni.

Cilem ovéreni technologie DRIVEX je pfedevS§im snizeni mnoZstvi vznikajicich dsad na
teplosménnych plochach. Pro experiment byl zvolen provoz spalovny nebezpeéného odpadu spolecnosti
SITA CZ v Ostravé.

Kli¢ova slova: spalovaci zafizeni, teplosménné plochy, DRIVEX, ¢isténi usad
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Ma konkurencéni prostredi vliv na vydaje obci na nakladani
s komunalnim odpadem v CR?

Jana SOUKOPOVA, lvan MALY, Vojtéch FICEK
Masarykova univerzita, Ekonomicko-spravni fakulta, Katedra verejné ekonomie,
Lipova 41a, 602 00 Brno, e-mail: soukopova@econ.muni.cz

Souhrn

Clanek obsahuje vysledky analyzy konkurenéniho prostfedi v odpadovém hospodarstvi. Pro analyzu
byl zvolen Pardubicky kraj a obdobi 2008 — 2012. Autofi navazuji na vyzkum, ktery byl proveden
v Jihomoravském kraji v obdobi 2007 — 2011 a nepotvrdil, Ze by konkurenéni prostfedi mélo teoreticky
oCekavatelny vliv na vydaje obci na nakladani s odpady. Jednim z divodu tohoto zjisténi mohou byt
prokazané deformace konkurencniho prostfedi v Jihomoravském kraji, jak je deklaroval ve své zpravé
UOHS. Pro posileni vypovidaci hodnoty vysledk( predchoziho vyzkumu vybrali autofi jiny kraj
a zkoumané obdobi rozsifili o rok 2012. Vysledky analyzy na sledovaném vzorku obci ukazuji, Ze ani
v Pardubickém Kraji nelze jednoznacné prokazat ovliviiovani vySe vydaji obci konkurenénim prostredim.
Zajimavé je vSak zjisténi, Ze po ocisténi dat o udaje obci, jejichz smluvnim partnerem byla néktera ze
spoleénosti jmenovanych nalezem UOHS jako U&astnik(i kartelové dohody, vysledky hypotézu o viivu
konkurence potvrzuji. Autofi se domnivaji, Ze tim byl éaste¢né potvrzen deformujici viiv kartelu na
konkurencéni prostredi a vydaje obci v Pardubickém krayji.

Kli¢ova slova: odpadové hospodarstvi, konkurenceschopnost, vydaje obci na nakladani s komunalnim
odpadem, kartel

Uvod

PFi zpracovani analyzy konkurenéniho prostfedi jsme vychazeli z jiz provedenych vyzkum( v CR
i v zahrani€i, kdy prvni prace tykajici se vlivu charakteru trzniho prostfedi a konkurence na odpadové
hospodarstvi najdeme v 70. letech 20. stoleti pfedevSim v USA [2-3]. Z vysledkd vyzkumu, které byly
provedené Savasem [1] a Stevensovou [2] vyplyva, Ze konkurence ma vliv na vySi vefejnych vydaju.
Stevensova [2] také upozoriiuje na fakt, Ze v odpadovém hospodarstvi u malych obci tento vliv mize byt
prevySen efektem uUspor z rozsahu, pfipadné efektem uspor z hustoty osidleni a zejména v pfipadé
mensich obci doporu€uje vytvarfeni homogennich svozovych oblasti a jejich obsluhovani regionalnim
monopolem z hlediska Uspor nakladd. Od 70. let se vyzkum zamérfoval na dalSi proménné jako napf.
charakter svozové spolecnosti [3-4], zplUsob kontrahovani [5-6], transakéni naklady [7]. Vyzkumy
poslednich let fesi v této oblasti pfedevsim problematiku PPP [8-9]. V Ceské a Slovenské republice je
problematika odpadového hospodarstvi a vydaju obci zkoumana spiSe z pohledu kontrahovani [10-12].

Tento ¢lanek navazuje na jiz provedeny vyzkum autor( v Jihomoravském kraji [13-14] a jeho cilem je
ukazat na studii obci Pardubického kraje, zda pfi poskytovani sluzeb nakladani s odpady hraje roli sila
konkurencniho prostifedi. Vyzkum provedeny v Jihomoravském kraji nas vedl| k zavéru, Ze ,neni mozné
potvrdit, Ze by sila konkurenéniho prostfedi méla vliv jako faktor ovliviiujici objem vydaju na nakladani
s odpady” [13]. To mUze byt také tim, Zze v letech 2007 - 2011 bylo konkurenéni prostfedi deformovano,
jak konstatuje ve svém nalezu Ufad pro ochranu hospodarské soutéze (UOHS) [15], ktery odhalil
zakazané dohody na zékladé vlastniho Setfeni a v zafi 2010 zahajil spravni fizeni se spolecnostmi ASA,
SITA a van Gansewinkel. Vroce 2011 pak bylo spravni fizeni rozSifeno o firmu AVE. V ramci
vySetfovani UOHS zjistil, Ze uvedeni soutéZitelé si mezi lety 2007 a 2011 (SITA a van Gansewinkel
pouze v letech 2008 az 2010) prostfednictvim vzajemnych kontaktd a vymény informaci rozdé&lovali
zakazniky, kdyZz mezi sebou koordinovali svij postup ve vefejnych zakazkach (tzv. bid rigging) v oblasti
nakladani s odpady. Tento fakt nas ved| k tomu, ovéfit vysledky vyzkumu vlivu konkurenéniho prostiedi
v jiném kraji CR pfi zachovani stejnych metod vyzkumu a stejné vyzkumné otazky. Pro analyzu pak byl
zvolen Pardubicky kraj a obdobi 2008 — 2012.
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Cilem vyzkumu bylo potvrdit i vyvratit hypotézu H,, Ze vliv konkurence na ceny bude vyssi u
obci, které maji sousedy s jinym smluvnim partnerem, nebot’ je zde predpoklad nizsich
marginalnich nakladu konkurencni spole¢nosti pri zvazovani expanze a prevzeti nového klienta.

Metodika a data

Pfi analyze vychazime z dat vydaji na nakladani s odpady obci. Ty jsou vykazovany podle
odvétvového tfidéni rozpocCtové skladby [16]. Pro analyzu byly zvoleny nasledujici polozky (paragrafy)
rozpoctové skladby: 3722 - Sbér a svoz komunalnich odpadu a 3725 - Vyuzivani a zneSkodrnovani
komunalniho odpadu. Tyto vydaje tvofi vice nez 85% celkovych vydaju obce na nakladani s odpady
vcelé CR. Proto byla nasledné& provedena analyza a porovnani nakladovych a cenovych vztah(
a konkurenéniho prostfedi pouze u téchto vydaji. Navic se v ramci Pardubického kraje u obci s vyjimkou
mésta Pardubice® objevovaly pouze vydaje na nasledujici polozky (paragrafy):

e 3722 - Sbér a svoz komunalnich odpadd,
e 3725 - Vyuzivani a zneSkodrnovani komunalniho odpadu a
e 3729 - Ostatni nakladani s opady.

Vydaje na prevenci vzniku odpadtl a monitoring nakladani s opady (paragrafy 3726 a 3728) se
u obci v Pardubickém kraji vibec neobjevily nebo nebyly v danych paragrafech evidovany.

Analyza vydaju na nakladani s odpady provedena v ramci vyzkumu byla zaméfena pouze na faktor
konkurence jako indikatoru ovliviiujiciho vySi vydaji obci na nakladani s odpady. Faktor efektu uspor
z hustoty osidleni nebyl pro Pardubicky kraj zkouman z dlivodu rovnomeérné hustoty obyvatelstva v kraji.
Navic obce, spadajici do 5-tého a 95-tého percentilu Qosa Q95 byly z analyzy vynaty.

Pro analyzu byla pouzita data vydaji obci na odpadové hospodafstvi z automatizovaného
rozpo&tového systému ARIS Ministerstva financi Ceské republiky (MF CR) [17] a informaéniho systému
UFIS Ministerstva financi CR [18-19] za roky 2008 - 2012. Vime, Ze u t&chto dat existuje riziko zkresleni
zpusobené tim, ze vydajové i pfijmové polozky obci nejsou v téchto systémech vzdy vykazovany podle
rozpocétové skladby. V dusledku jeji Spatné znalosti pak dochazi k vykazovani vydajovych nebo
pfijmovych polozek vramci Spatného paragrafu rozpocCtové skladby. Tento fakt potvrzuje i nami
provedené Setieni v Pardubickém kraji, kdy u fady obci (napf. Srnojedy?, Svinosice) dochazi k Gétovani
veSkerych vydaji odpadového hospodarstvi na polozku 3722 - Sbér a svoz komunalnich odpadu. Proto
by jisté vhodnéjSim zdrojem dat byly udaje autorizované obalové spoleCnosti (AOS) EKO-KOM, a. s.,
ktera od roku 2001 vyhodnocuje ekonomické udaje obci souvisejici s nakladanim s odpady. AvSak
vzhledem k tomu, Ze spoleénost EKO-KOM tato data neposkytuje, byla pro analyzu vyuzita data MF CR,
ktera jsou vefejné pristupna. Data o poétu obyvatel a rozloze obci byla ziskana z Ceského statistického
Ufadu [20]. Data o svozovych spole¢nostech byla zjiSténa dotaznikovym Setfenim u obci, kdy byly
zjiStovany informace o svozoveé spolecnosti, zajistujici sluzby nakladani s odpady v obci a o kvalité této
sluzby po celé obdobi 2008 - 2012°.

Pro srovnani jednotlivych obci Pardubického kraje byly pouZity vydaje na obyvatele. Vyzkum byl
proveden pro pétileté obdobi na datech 2008 — 2012. Pro analyzu byla ziskana data pro vSech 451 obci
Pardubického kraje.

Pro analyzu jsme pouzili metodicky aparat teorie mnozin a shlukové analyzy, pomoci néhoz jsme na
zakladé kritéria konkuren¢niho faktoru (poCet sousedicich obci) roztfidili obce do skupin (mnozin).
Nasledné jsme vyuzili aparat deskriptivni statistiky, kdy jsme pro vzniklych pét mnozin obci porovnali
Udaje o prumérnych vydajich na obyvatele, stfedni hodnoté vydaju na obyvatele a smérodatné odchylce
vydaju a obyvatele s mnozinou dat celého Pardubického kraje. Nasledné jsme vyuzili hierarchickou

! Mésto Pardubice mélo vydaje na paragrafy 3721 - Sbér a svoz nebezpecnych odpadud, 3722 - Sbér a svoz

komunalniho odpadu, 3723 - Sbér a svoz ostatnich odpad(, 3725 - Vyuzivani a zneskodnovani komunalniho
odpadu, 3726 - Vyuzivani a zneSkodfiovani ostatnich odpadu, 3229 - Ostatni nakladani s odpady.

Dle mistostarostky obce Srnojedy Elisky VlaSi¢ové ,...v paragrafu 3722 je zahrnut svoz komunalniho odpadu,
svoz tfidéného odpadu, svoz bio odpadu, najem odpadovych nadob, svoz zahradniho a velkoobjemového odpadu
a svoz nebezpecného odpadu. Jedna se o likvidaci vsech odpad(i od obéanu, ne jen o odpad komunalni.*

PFi dotaznikovém Setfeni bylo zjiSténo, Ze v obdobi 2008 - 2012 byla provedena zmé&na svozové spolecnosti
pouze u 5 obci. Tyto byly z analyzy nasledné vyjmuty na zakladé vy$sSi smérodatné odchylky ve vydajich na
obyvatele (150 K&/obyvatele).
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shlukovou analyzu a provedli jsme dekompozici do mensich mnozin, kdy jsme jako zakladni proménné
pro algoritmus shlukové analyzy zvolili konkurenéni prostfedi a Uzemni ¢lenéni na okresy.

Kvali porovnatelnosti vysledk( této studie s pfedchozimi [13-14] jsme v analyze také abstrahovali od
vlivu pfipadnych Uspor z rozsahu a dasledku rozdilt v hustoté osidleni na jednotkové naklady.

Pfed samotnym testovanim hypotézy Hy bylo také nutné o istit data od vyraznych odchylek.
Z naslednych analyz a mnozin byly vynaty obce, jejiz primérné vydaje na jednoho obyvatele v letech
2008 az 2012 dosahovaly extrémnich hodnot. Délitkem takto pojmenovanych dat byl ukazatel
smérodatné odchylky, jez byla na zakladé expertniho odhadu stanovena na toleranci do 150 K¢ na
jednoho obyvatele a to dle charakteristiky dat v datovém souboru s pfihlédnutim ke skuteCnosti, ze
v pétiletém rozmezi Ize predpokladat pfirozeny rozptyl mezi samotnym rokem 2008 a rokem 2012. Diky
tomu se vzorek snizil na 369 obci.

Vysledky a diskuse

Na uzemi Pardubického kraje plsobi 21 soukromych a vefejnych spolecnosti, které ve 451 obcich
zajistuji sbér a svoz komunalniho odpadu. Nasledujici tabulka uvadi jejich kompletni pfehled v€etné
udaje o poctu obci, na jejichz uzemi vykonava predmétné sluzby.

Tabulka 1: Seznam svozovych spoleénosti na tzemi Pardubického kraje

Svozova spoleénost Charakter viastnictvi Pocet obci
AS.A., spol. sr.o. SS 3
AVE CZ odpadové hospodafstvi s.r.o. SS 51
EKOLA Ceské Libchavy s.r.o. SS 81
CHLADEK Ivo-KUKA-spol. SS 5
LIKO SVITAVY a.s. SS 53
MP Pardubice SS 15
SITACZ, a. s. SS 23
SOP a.s. SS 70
Eko Bi s.r.o. VS 7
KOS s.r.o0. Jablonné nad Orlici VS 9
ODEKO s.r.o. VS 5
Sluzby mésta Kraliky s.r.o. VS 2
SmP Odpady a.s. VS 31
Technické sluzby Hlinsko, s.r.o. VS 58
Technické sluzby Chrudim 2000 spol. s.r.o. VS 3
Technické sluzby Lan8kroun, s.r.o. VS 2
Technické sluzby Letovice VS 4
Technické sluzby mésta Se¢ VS 8
Technické sluzby Moravska Tfebova s.r.o. VS 15
Technické sluzby Opatov s.r.o. VS 1
TS mésta Bystfice nad Pernstejnem a.s. VS 5
CELKEM 451

Zdroj: autori
Poznamka: SS - soukroma spolecnost, VS - verejna spolec¢nost (podil vefejného sektoru je vétsi nez 50 %)

Z analyzy konkurenéniho prostfedi vyplyva, Ze sila konkurenéniho prostiedi je v Pardubickém kraji
primérna. Vice nez 65% obci v kraji nema v regionu tvoficim sousedicimi obcemi zadnou konkurenéni
spole¢nost nebo ma pouze jednu konkurencni spoleCnost a vice nez 90 % obci ma do dvou
konkurencnich spole¢nosti, viz nasledujici tabulka.
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Tabulka 2: Charakter konkurenc¢niho prostredi v obcich Pardubického kraje

Pocet konkurencénich spole¢nosti Pocet obci Podil na konkurenci v kraji
zadna konkurenéni spole¢nost 124 27,49%

1 konkurencni spolecnost 175 38,80%

2 konkurenéni spole¢nosti 116 25,72%

3 konkurenéni spole€nosti 31 6,87%

4 konkurencni spolecnosti 5 1,12%

CELKEM 451 100,00 %

Zdroj: autori

Pro analyzu konkurencéniho prostfedi byl zpracovan kartogram konkurenéniho prostiedi, kde je
znazornéno pokryti obci Jihomoravského kraje svozovymi spoleénostmi, viz nasledujici obrazek.

Obrazek 1: Mapa svozovych oblasti podle svozovych spole¢nosti pro rok 2012 pro Pardubicky kraj

A.S.A., spol. sr.o.

AVECZOH s.r.0

Eko Bi s.r.o.
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KOS s.r.o.
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. Sluzby mésta Kraliky s.r.o.
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Technické sluzby Chrudim 2000 spol. s . o.

Technické sluzby LanSkroun, s.r.o.

Technické sluzby Letovice

Technické sluzby mésta Sec&

Technické sluzby Moravska Tfebova s.r.o.

Technické sluzby Opatov s.r.o.

TS mésta Bystfice nad Pernstejnem a.s.

Zdroj: autofi

Z kartogramu je zfejmé, nékteré obce jsou umistény uvniti rozsahlejSich teritorii se spoleénym
smluvnim partnerem, jiné se nachazeji na hranicich mezi dvéma a vice svozovymi spole¢nostmi.
Situace je tedy podobna jak v Jihomoravském kraji, ve kterém byl provadén predchozi vyzkum [13].
Nasledujici tabulka ukazuje vysledky analyzy konkurenéniho prostfedi v Pardubickém kraji na datech
ocCisténych od extrémnich hodnot.
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Tabulka 3: Vysledky analyzy vlivu konkurenéniho prostredi u vydaju na obyvatele u primérnych
vydaji za roky 2008 — 2012*

Charakter konkurenéniho  Pocet Aritmeticky Median Smérodatna
prostredi obci prumér [Kc] [KE] odchylka [K¢]
Zadna konkurencni 96 636,50 607,20 63,70
spole¢nost

1 konkurenéni spolecnost 147 636,85 603,27 61,89

2 konkuren¢ni spolecnosti 97 632,16 599,01 62,38

3 konkurenéni spole¢nosti 25 635,92 620,67 56,99

4 konkurencni spolecnosti 4 529,82 526,46 56,09
CELKEM 369 634,30 607,66 62,09

*Tabulka obsahuje vysledky jiz oc¢isténého souboru dat, kdy z analyzy byly vyriaty obce, jejiz primérné vydaje na jednoho obyvatele v letech
2008 az 2012 dosahovaly extrémnich hodnot, mély smérodatnou odchylku vétsi nez 150 K¢/obyv .

Zdroj: autori

Z tabulky je zfejmé, Ze vysledky provedené analyzy €astecné potvrzuji nami stanovou hypotézu
Ho. Nicméné na zakladé vysledkl analyzy neni mozné konstatovat, ze na vySi vydaji ma konkurencéni
prostiedi zcela jednoznacny vliv. To proto, ze vysledky analyzy zpochybnuje fakt, ze v pfipadé silné
konkurence (3 a 4 konkurujici si spole€nosti) vzorek obci nedosahuje ani 10% celkového zkoumaného
vzorku. Je ziejmé, Ze obce, ve kterych existuje stabilni konkurenéni prostiedi (2 a vice konkurujicich si
spolecnosti), maji niZsi vydaje nez obce s Zzadnym &i nizkym konkurenénim prostfedim. Tato skuteénost
potvrzuje vyzkumy provedené v sedmdesatych letech ve Velké Britani Savasem [1] a v USA
Stevensovou [2]. Tento vysledek také potvrzuje vysledek analyzy v Jihomoravském kraji [13, 14], ze
které vyplynulo, Ze niZ8i vydaje mély obce se 3 a 4 konkurenénimi spole€nosti v sousedicich obcich, coz
je zfejmé i zde.

Pro posileni relevance vysledkl analyzy byla povedena dekompozice vzorku na menSi celky
a provedena analyza vlivu konkurenéniho prostfedi v jednotlivych okresech, kde jsme predpokladali
snizeni vlivu ostatnich faktord ovliviiujicich vysledky analyzy. Vysledky analyzy jsou zfejmé
z nasledujicich tabulek a grafu.

Tabulka 4: Pocet obci a konkurencnich spolec¢nosti v jednotlivych okresech v letech 2008 — 2012

Pocet svozovych  Pocet obci dle konkurencnich svozovych spolecnosti

Nazev okresu

spolec¢nosti 0 1 2 3 4 celkem
Chrudim 8 17 27 38 8 1 91
Pardubice 6 22 43 19 4 1 89
Svitavy 7 26 46 22 6 0 100
Usti nad Orlici 8 31 31 18 7 2 89

Zdroj: autori

Tabulka 5: Prumérné vydaje na nakladani s odpady v letech 2008 — 2012

Prumérné vydaje na obyvatele dle poc¢tu konkur.

Nazev okresu spole¢nosti

0 1 2 3 4 celkem
Chrudim 550,22 606,41 626,56 670,98 39598 607,69
Pardubice 787,48 711,76 682,03 540,20 517,00 714,23
Svitavy 584,85 594,08 627,34 618,27 0,00 600,45
Usti nad Orlici 608,35 601,94 576,27 644,75 610,62 602,54

Zdroj: autofi
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Graf 2: Prumérné vydaje na nakladani s odpady v letech 2008 — 2012 a pocet konkurencnich
spolec¢nosti u obci v jednotlivych okresech Pardubického kraje
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Zdroj: autofi
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Tato rozSifena analyza vSak dava rozdilné vysledky a na jejim zakladé je nutné vyslovit odliSné
zavéry ve smyslu toho, Zze Hypotézu Hy neni mozné potvrdit, protoZze vysledky analyzy ukazuji, Ze
pouze v okrese Pardubice ma konkurenéni prostfedi jednoznacny vliv na vysi vydajl na nakladani s KO
obci.

M(Ze to byt také tim, Ze pro obdobi 2007 — 2011 byl UOHS konstatovan kartel mezi spoleénostmi
A.S.A,, spol. s r.o., van Gansewinkel, a.s., SITA CZ a.s. a AVE CZ odpadové hospodarstvi s.r.o. (dale
jen ASA, AVE, SITA a van Gansewinkel), deformujici konkurenéni prostiedi na trhu. Dle UOHS [15]
dohody nebyly uzavirany mezi vSemi ucastniky fizeni soucasné, jednalo se o Sest dvoustrannych dohod,
které se vazaly k zakaznikim a zadavacim fizenim v odpadovém hospodarstvi, ptisemz UOHS zajistil
dikazy, které ukazaly, Zze mezi jednotlivymi soutéziteli dochazelo ke kontaktim, které postupné prerostly
do koordinace postupu vuci zakaznikim, tedy do protisoutézniho jednani. To se projevovalo predevsim
podavanim tzv. krycich nabidek do vybérovych Fizeni (pfedlozeni nabidky, jejimz cilem nebylo zakazku
ziskat, ale pouze vytvofit dojem, Zze soutéz o zakazku probiha) ¢i nepodavanim nabidek
a neoslovovanim zakaznikd konkurence poptavajicich sluzby odpadového hospodarstvi. Existence
kartelu byla v po&atcich pfedpokladana pouze v Jihomoravském kraji, nasledné véak rozsitena pro celou CR.

Na zakladé téchto konstatovani byly z analyzy vyjmuty spole¢nosti ASA, AVE a SITA. Spole¢nost
van Gansewinkel v Pardubickém kraji v oblasti sbéru a svozu KO nepUsobila. Nasledujici tabulka
ukazuje vysledky analyzy.

Tabulka 6: Vysledky analyzy vlivu konkurenéniho prostredi u vydaju na obyvatele u primérnych
vydaji za roky 2008 — 2012 bez spolecnosti ASA, AVE a SITA

Charakter konkurencniho  Pocet Aritmeticky Median Smérodatna
L h o % « odchylka

prostredi obci prumér [Ké] [KE] [K&]
Zadna konkurencni

spole¢nost 88 637,71 603,59 64,77

1 konkurencni spole¢nost 126 637,16 614,06 63,61

2 konkurenéni spolenosti 69 632,73 623,00 62,57

3 konkurenéni spole¢nosti 22 628,14 590,63 57,02

4 konkurenc¢ni spolecnosti 4 529,82 526,46 56,09

Zdroj: autori

Z tabulky je zfejmeé, ze pokud zkoumame konkurencni prostifedi u obci nezatiZzenych potencialné
deformujicimi prvky, kterymi zde jsou spolupracujici spoleCnosti ASA, AVE a SITA, je mozné
konstatovat, Ze hypotéza H, byla potvrzena. To nas vede k zamySleni nad vlivem zajmovych skupin
a jejich role v integrovaném systému nakladani s odpady. A také na otazku vlivu zpusobu kontrahovani,
které podle fady vyzkumd ma na vydaje obci silny vliv. Napfiklad podle Ochrany a kol. [12] je v pfipadé

vvvvvv

nejefektivnéjSi povazuji vefejnou soutéz.

Zaver

Z vysledkl analyzy je patrné, Ze v ramci sledovaného vzorku obci je mozné dospét k zavéru v tom
smyslu, Ze vySe vydajl neni konkurenénim prostfedi jednoznaéné ovliviiovana. Nicméné po zohlednéni
faktu potencialni deformace konkurence na zakladé kartelu v letech 2007 — 2008 byla po eliminaci obci
zatizenych zdeformovanym konkurenénim prostfedim hypotéza H,, ze vliv konkurence na ceny bude
vyssSi u obci, které maji sousedy s jinym smluvnim partnerem, nebot’ je zde predpoklad nizSich
marginalnich nakladi konkurencéni spoleénosti pfi zvazovani expanze a prevzeti nového klienta
v pfipadé Pardubického kraje potvrzena.

Je zfejmé, Ze faktory, které vySi vydaju ovliviuji ve vySSi mife, jsou obchodni a cenova politika
svozové spolecnosti, zplsob kontrahovani sluzby, &i spokojenost se svozovou spole¢nosti v minulém
obdobi, které nebyly v této analyze zkoumany. Svou nezastupitelnou roli hraje také cena koncového
zafizeni. Navic v této analyze nebyl zkouman efekt Uspor z rozsahu. Tento faktor bude prfedmétem
dal$iho vyzkumu.
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Timto vyzkumem jsme chtéli doplnit vyzkum provadény v Jihomoravském kraji, ktery z naseho

pohledu pfinesl vysledky, které nekorespondovaly s vysledky studii provadénych v zahrani¢i [1-2].
Vysledky tohoto vyzkumu nas vedou k otazce sledovani zajmovych skupin v odpadovém hospodarstvi
ajejich vlivu na efektivnost vydaji na odpadové hospodarstvi, které budou soucasti naseho
nasledujiciho vyzkumu.
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Does the competitive environment influence municipal solid waste
management (MSW) expenditures in the Czech Republic?

Jana SOUKOPOVA, Ilvan MALY, Vojtéch FICEK

Masaryk University, Faculty of Economics and Administration, Department of Public
Economy, Lipova 41a, 602 00 Brno, e-mail: soukopova@econ.muni.cz

Summary

The paper analyses competitive environment of the waste management area. The Pardubice
region and the period 2008-2012 were chosen for the analysis. Authors built on the research conducted
in the South Moravian region over the years 2007-2011. That research did not confirmed theoretically
expected influence of competitive environment onto municipalities’ expenditures on the waste
management. One possible explanation could stem from an existence of significant distortion of
competitive environment in the South Moravian region officially reported by the Office for the Protection
of Competition. In order to strengthen a validity of previously published results the authors select another
region and they extend time period adding the year 2012. The authors work with the same hypothesis as
previously. They assume there is a stronger correlation between competition and expenditures in
municipalities having neighbours with another contractor. This statement implies from the assumption of
lower marginal cost which competing companies achieve in the case of considering expansion or
takeover of a new client. The results achieved from an analysis of selected sample of municipalities
suggest we cannot prove again a direct influence of the competitive environment onto expenditures in
Pardubice region. However, we found one remarkable detail. After cleaning the sample eliminating the
data of municipalities, whose contracted providers were one of companies quoted in an official Office for
the Protection of Competition report, the hypothesis was confirmed. The authors believe, it strongly
suggests an existence of distortion effect of cartel onto the competition environment as well as
municipalities” expenditures in Pardubice region.

Keywords: waste management, competitiveness, efficiency, municipal solid waste management
expenditure, cartel.
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Souhrn

Clanek se zabyva moznosti vyuZiti plastického kalu, ktery vznikd béhem procesu prani kfemenného
pisku v Ledcich u Brna (LB MINERALS, s.r.0.), pro vyrobu licovych cihel standardni cihlafskou
technologii z plastického tésta. Kal byl posuzovan jako cihlafské zemina podle CSN 72 1564 a podle
uvedenych kritérii byla posouzena jeho vhodnost i pro vyrobu licovych cihel (klinkerti)) s nizkou
naséakavosti (skupina HD podle CSN EN 771-1), které v soucasné dobé nejsou v Ceské republice
vyrabény. Surovina pouZitelna pro vyrobu klinkerd musi vykazovat velmi dobrou slinavost,
tzn. schopnost vytvaret stfep s nizkou nasakavosti pfi co nejnizsich vypalovacich teplotach.

Klicova slova: licové cihly, cihelny stfep, kal z prani kameniva, pérovitost, mrazuvzdornost

Uvod

Klinkery predstavuji cihlaiské vyrobky s mimofadnou odolnosti proti povétrnostnim vlivim vlivem
nizké nasakavosti stfepu. Diky tomu jsou velmi vhodné pro Casti staveb, které jsou mechanicky nebo
chemicky namahané. Klinkery se pouZivaji pro licové zdivo (Casto dérované s maximalné 15%
vyleh&enim otvory), cihelnou dlazbu (plny priifez) a jako pasky pro obklady st&n. CSN EN 771-1
nespecifikuje poZadavky na licové cihly a tedy ani Zadné parametry, které by klinker mél splfiovat. Rozdil
mezi pojmy ,licova cihla“ a ,cihla klinker* spo€iva pfedevSim v nasakavosti stfepu. Zatimco nasakavost
b&znych licovych cihel se pohybuje v rozmezi 8 az 15 %, coz vyplyva z pozadavku CSN 72 2623
(Cihlafské vyrobky pro rezné zdivo), klinkery podle dfive platnych narodnich norem vykazuji maximaini
nasakavost do 8 % (skute€na nasékavost Cini dokonce jen 1 az 6 %). S nizkou nasékavosti stfepu
souvisi vysoka pevnost a mrazuvzdornost klinerd. Napfiklad podle asi nejpropracované&j$i normy na
licové cihly klinker ve stfedni Evropé, rakouské Onorm B 3220, musi licova cihla i dlazdice klinker
vykazovat maximalni nasakavost 8 % po 4 hodinach varu. Podle némecké DIN 105 — 4 &ini maximaini
nasakavost pouze 6 %, ovSem pfi odliSné metodice stanoveni (bez varu, pouze 72 hodin ve vodé
o teploté 20 °C). Pro vlastni experiment byly zvoleny minimalni poZzadované vlastnosti laboratorniho
vypaleného stfepu klinkeru podle pozadavki norem a vysledk( analyzy mikrostruktury komeréné
vyrabénych klinkerd v zahrani€i. Pozadavkem na stfep klinkeru je pfedevsim jeho nasakavost pod 10 %,
pevnost v tlaku min. 60 MPa a mrazuvzdornost.

Experimentalni ¢ast
Metodika reseni

Kal Ledce predstavuje druhotnou surovinu, kterd vznikd béhem procesu promyvani (prani)
kfemenného pisku frakce 0-4 mm (drobné tézené kamenivo DTK 0/4) vlomu Ledce uBrna.
Natézeny kfemenny pisek se v promyvacce zbavuje nezadouci jemnozrnné slozky jilovych a prachovych
zrn, které se ve formé suspenze (kalu) odvadéji do kalolisu (obr. 1 vlevo), kde je suspenze odvodnéna
do podoby plastického tésta. Pro urychleni procesu odvodnéni je do suspenze davkovan flokulaéni
pFipravek SOKOFLOK 26 v koncentraci asi 0,1 %. Nasledné je kal v podobé hald skladkovan v okoli
tézebni jamy (obr. 1 vpravo). Ro¢ni produkce tohoto kalu predstavuje primérné 30 tisic tun.

Vhodnost odebraného kalu jako cihlafské suroviny pro vyrobu licovych cihel klinker byla posuzovana
podle CSN 72 1564. Technologické vlastnosti kalu byly porovnavany s vlastnostmi cihlaiské zeminy
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z cihelny Dolni Jir€any, ktera byla v dfivéjSi dobé pouzivana pro vyrobu licovych cihel. Bylo stanoveno
mineralogické sloZeni kalu (RTG difrakéni analyza), zrnitost (sedimentaci podle CSN 72 1565-2
a sitovym rozborem podle CSN 72 1565-3) a chemické sloZeni.

Pro pfipravu zkuSebnich vzorkua byly obé porovnavané suroviny upraveny v laboratornim kolovém
mlyné, v némz byla také upravena jejich vihkost tak, aby vytvofily plastické tésto o deformanim poméru
0,6 podle Pfefferkorna (CSN 72 1074). Zkudebni vzorky o velikosti 100x50x20 mm byly pfipravovany
ruénim stloukanim do kovovych forem podle CSN 72 1565-4. Na vyliscich byla stanovena citlivost
k suSeni podle Bigota CSB (CSN 72 1565-11). Po pfirozeném vysu$eni vylisk(i pfi laboratornich
podminkach (teplota 20+3 °C, relativni vlhkost 50+5 %) byly vzorky dosouSeny v laboratorni susarné
do konstantni hmotnosti pfi teploté 110 °C. Byla stanovena pracovni vihkost tésta w, podle CSN 72 1074
a délkovd zména susenim DS (CSN 72 1565-5). Analogicky byla stanovovana i délkova zména
palenim DP.

7 =
L, BT |mnn lmQ L i

Obrazek 1: Kalolis pro odvodriovani suspenze kalu a halda odvodnéného kalu Ledce

Po vysu$eni byly vzorky vypalovany podle CSN 721565-4 v elektrické laboratorni peci pfi nariistu
teploty 3°C za minutu na teploty 1060, 1090 a 1120 °C. Jednotlivé parametry porové struktury
vypalenych stfepd (nasakavost NV, objemova hmotnost OH, zdanliva poérovitost PZ a zdanliva
hustota ZH) byly stanovovany podle CSN 72 1565-6. Pevnost v ohybu vypalenych stfepl (0p0,) byla
zkousena podle CSN 72 1565-7 na vzorcich o velikosti 120x25x25 mm. Pouzit byl univerzalni zkusebni
stroj TESTOMERIC M350-20CT s nastavenou rychlosti zatéZovani 10 N/s a vzdalenosti podpér 80 mm.
Pevnost v tlaku (o,,) byla zkouSena na nafezanych a zabrouSenych vzorcich o ploSe 40x40 mm.

Mrazuvzdornost vypaleného stfepu byla posuzovana na zakladé nepfimych a pfimych metod.
Nepfimé metody se zjednodusené daji rozdélit do dvou skupin:

1) Hodnoceni mrazuvzdornosti podle nasakavosti stfepu — plati jednoduché pravidlo, Ze s klesajici
nasakavosti roste predpoklad vySSi mrazuvzdornosti stfepu. Z normy DIN 52251-3 se uZiva saturacni
koeficient ,T-value“ (tabulka 2), jako pomér hodnot nasakavosti za atmosférického tlaku a bézné
laboratorni teploty (nékdy se oznacuje jako nasakavost ,za studena®) a nasakavosti vakuem.

2) Hodnoceni mrazuvzdornosti podle rozdéleni velikosti pord — toto hodnoceni vyzaduje stanoveni
distribuce poru ve vzorku. NejCastéji se vyuziva vysokotlaké rtutové porozimetrie a hodnoceni podle
medianu poloméru poéru rsey, jehoz limitni hodnoty jsou uvedeny v tab. 1.

Tabulka 2: Prehled jednotlivych kritérii nepfimého posuzovani mrazuvzdornosti

T-value Friese Bentrup
mrazuvzdornost do 0,75 Mso0 > 1 um Iso0 > 1,65 um
nejista mrazuvzdornost 0,75-0,85 0,60 < rsg < 1,65 um
nemrazuvzdornost pres 0,85 lsoos < 1 um I's00,< 0,60 um

Pro pfimé stanoveni mrazuvzdornosti laboratornich vzork( byl pouzit postup podle CSN 72 1565-14,
kdy kritériem je pozadovana mrazuvzdornost M25. Nasycené vzorky vodou (varem) se vkladaly
do zmrazovaciho zafizeni ochlazeného na teplotu (-20) °C. Zde se ponechaji 6 hodin pfi této teploté.
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Poté se vyndaji a rozmrazuji se vodou o teploté 15 °C az 30 °C minimalné 2 hodiny. Zmrazovaci cykly
probihaly do vzniku prvniho poruseni, které se popiSe Cislem: 0 — beze zmén, 1 — trhliny zpUsobujici
pouze povrchové poruseni, 2 — odstépovani hlubsi nez 2 mm, 3 — povrchové odlupovani, 4 — listkovani
(tj. odlupovani vrstev v plochach) nebo praskliny v celé tloustce strepu.

Vlastnosti kalu Ledce jako cihlarské suroviny

Mineralogicky kal Ledce tvofi kfemen, Zivce (ortoklas, albit), slida (muskovit) a montmorillonit.
Obsah jiloviny, tedy zrn o velikosti pod 2 ym, je velmi nizky (21 %), nicméné pfitomnost jilového
mineralu montmorillonitu propuj¢uje kalu velmi dobrou plasti¢nost. Kal Ledce v porovnani se zeminou
Jir€any neobsahuje jilovy mineral kaolinit. DalSim vyraznym rozdilem v mineralogickém sloZeni obou
porovnavanych surovin je vyrazné vyssi obsah draselného Zivce ortoklasu v kalu Ledce.

Relativné vysoky podil zrn vétSich jako 0,063 mm (31,9 %) je dan zplsobem vzniku kalu — tvofi jej
zrna kfemenného pisku a zivcl. Vice jako 98 % téchto zrn o velikosti nad 0,063 mm je menSich nez
1 mm, navic v8echna zrna propadnou sitem 2 mm. To je vyhodné napfiklad pro jejich vyuZiti v cihlafské
vyrobni smési. Nehrozi totiz vyrazné obrusovani valcovych mlynd, které jsou obvykle pro vyrobu zdicich
materialll nastaveny pravé na hodnotu maximalniho zrna 1,5 az 2 mm.

Diky velmi vysokému obsahu oxidu Zelezitého Fe,O; (tab. 2) je mozno oCekavat vyrazné sytou
Cervenou barvu stfepu po vypalu.

V cihlafské vyrobé je kal pouZzitelny napfiklad pro vyrobu plnych a dérovanych cihel na zakladé
stanoveni mikrogranulometrie sedimentaéni analyzou — pomér zrn o velikosti do 2 um, 2-20 um
a 20-63 pym spada do oblasti | Winklerova trojuhelnikového diagramu (obr. 2).

Tabulka 2: Chemické sloZeni pouzitych surovin

Oxid SiO, A|203 Fe,O; MnO Na,O K,O TiO, CaO MgO ZZ

Kal Ledce 52,4 20,0 8,5 0,1 1,1 34 10 25 39 6,8

Zemina Jiréany 69,2 123 54 0,1 1,1 21 06 12 11 6,8
=<2 um.
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Obrazek 2: Winklertv diagram kalu Ledce (Vhodnost cihlarské suroviny pro vyrobu: | — cihly piné
a dérované, Il — duté cihly a dérované tvarovky vétsich rozmérd, lll — tenkosténné cihlarské
vyrobky, IV — krytina a obkladové vyrobky)

Vysledky a diskuse

Kal Ledce vyZaduje vy8Si mnozstvi rozdélavaci vody (34,7 %) v porovnani s cihlafskou zeminou
Jir€any (23,4 %). Také citlivost k suSeni kalu Ledce je ve srovnani s cihlafskou zeminou Jiréany mirné
vySSi a souvisi s vyrazné vyssi rozdélavaci vihkosti — tim je také vy$Si smrsténi suSenim (kal Ledce
9,8 %, zemina Jir€any 7,2 %). Tyto vlastnosti souviseji s typem obsazZenych jilovych minerald v obou
surovinach. Kal Ledce je surovina montmorilloniticko-illiticka, kdezto v zeminé Jir€any je dalsi plastickou
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slozkou kaolinit, ktery v porovnani s montmorillonitem a illitem vykazuje vyrazné nizSi mérny povrch,
resp. tvofi vyrazné vétsi zrna.

vvvvvv

Stfepy na bazi kalu Ledce po vypalu naplnily pfedpoklad velmi dobrého probarveni do ¢ervena (obr. 4),
které naznacoval vysledek chemické analyzy kalu (obsah Fe,0s). S rlstem vypalovaci teploty roste také
intenzita cihlové Cervené stiepu, ktera pfi nejvyssi vypalovaci teploté 1120 °C pfechazi az do hnédého
odstinu, patrného zejména na fezu stfepu (obr. 5) v disledku vytvoreni redukéni atmosféry uvnitf stfepu.
Na Fezu stfepu Ize objevit zrna, ktera svou velikosti nepfevySuji 2 mm (obr. 6). Na povrchu vypalenych
vzorkd vyrobenych z cihlafské zeminy z Jir€an byl zfetelny vétsi pocet trhlin (obr. 7). Ten je disledkem
existence hufe melitelnych zrn (konkreci) v cihlarské zeminé Jir€any, které béhem vypalu vykazuji
odliSné objemové zmény jako strep.

Vihkost [%]

35

30 A

25 A

N
o

-
o
L

-
o

o

o

wk =13,0 %
CSB = (34,7-13,0113,0 = 1,67

.

1 |csB = (23,4-10,010,0 = 1,34

wk =10,0 % :
‘ —kal Ledce

=—2zemina Jiréany

2 4 6 8 10 12
Délkové smrsténi DS [%]

Obrazek 3: Bigotova krivka — kal Ledce a zemina Jiréany. Stanoveni citlivosti k suseni CSB

Obrazek 4: Barva strepu v zavislosti na teploté vypalu (stfep Ledce)

1060 °C___

1090 °C 1120 °C

Obrazek 5: Vyvoj porovitosti a barvy strepu v zavislosti na teploté vypalu (stfep Ledce, opticky

mikroskop, 80x)
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Obrazek 6: Nejvétsi pozorovatelné zrno kfemenného pisku ve stfepu (stiep Ledce, opticky
mikroskop, 40x)

Obrazek 7: Trhliny na povrchu stfepu vyrobeného z cihlarské zeminy Jiréany

Chovani stfepu bé&hem vypalu z hlediska délkovych zmén byla posuzovana metodou DKTA
(CSN 72 1083), ktera simulovala cely vypalovaci reZim, véetné 2 hodin izotermické vydrze na maximalni
teploté. Prabéh kfivek DKTA je u obou porovnavanych stfepd velmi podobny. U stfepu na bazi kalu
Ledce je nezbytné pocitat s vy§8Sim smrsténim vypalem, a to i b&éhem izotermické vydrze na maximalni
pouzité vypalovaci teploté 1090 °C. Vys8i objemovy narlst stfepu na bazi zeminy Jir€any v teplotnim
intervalu 650-800 °C je nutné pfiCist vyS8Simu obsahu illiticko-slidovych struktur v této suroviné
v porovnani s kalem Ledce (zfetelné na obr. 8).
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Obrazek 8: DKTA — kal Ledce a zemina Jir¢any (1090 °C, nardst 3 °C/min, 2 h vydrz)

Po vypalu na nejnizSi pouzitou teplotu zkuSebni vzorky na bazi kalu Ledce vykazovaly parametry,
které jsou akceptovatelné pro stfep licovych cihel s nizkou nasakavosti — klinkert. Kal Ledce i zeminy
Jir€any prokazaly béhem vypalu velmi dobrou schopnost vytvaret stifep s nizkou nasakavosti pfi
relativné nizkych délkovych zménach stfepu palenim DP (tab. 3). VySSi hutnost stfepu pfi dané teploté
vypalu vykazuje stfep vyrobeny ze zeminy Jir€any, a to jak na zakladé nasakavosti (obr. 9), objemové
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hmotnosti OH i zdanlivé pérovitosti PZ. Tato skuteCnost se ovdem neprojevila u pevnosti stfepu v ohybu,
ktera naopak byla u stfepu na bazi zeminy Jir€any nizsi, coz je dusledkem vySe popsaného vzniku trhlin
ve stfepu béhem vypalu (obr. 7). Stanovena pevnost v tlaku stfepd vyrobenych z kalu Ledce (tab. 3)
je pfi v8ech vypalovacich teplotach odpovidajici pozadavkim na stfep licovych cihel Kklinker,
tj. minimalné 60 MPa.

S rostouci vypalovaci teplotou dochazi u stfepl vyrobenych z obou porovnavanych surovin k poklesu
saturacniho poméru T-value (tab. 4 — hodnoty v zavorce patfi pro stfep na bazi cihlafské zeminy
z cihelny Jir€any), coz znaéi teoretické zvySovani mrazuvzdornosti stfepu. Z pohledu distribuce velikosti
port (obr. 10) dochazi nejprve pfi zvySeni vypalovaci teploty z 1060 °C na 1090 °C k narlstu medianu
poloméru pord rsq, a souCasné k poklesu nasakavosti stfepu, coz je z pohledu mrazuvzdornosti
nejvyhodnéjSi. Nicméné nejvysSi vypalovaci teplota 1120 °C jiz znamena razantni pokles hodnoty rsos
v dusledku vzniku malych pérd vlivem pocinajiciho nadymani stfepu. Tato skutecnost se zfejmé také
projevila pouze v nevyrazném narustu poétu zmrazovacich cyklud, které vydrzel bez defektu stfep na bazi
kalu Ledce, pfi zvy3eni vypalovaci teploty z 1090 °C na 1120 °C.

Tabulka 3: Vlastnosti stfept v zavislosti na teploté vypalu

Oznaceni Teplota DP OH ZH Pz Opop Opo
vzorku [°C] [%)] [kg.m?®] [kg.m?] [9%6] [MPa] [MPa]
1060 -4,34 2105 2604 19,16 11,8 71
Ledce 1090 -5,55 2255 2497 9,70 14,7 84
1120 -5,97 2235 2481 9,92 17,7 112
1060 -4,56 2277 2617 12,97 8,5 -
Jiréany 1090 -5,22 2384 2514 5,15 11,1 -
1120 -5,18 2357 2495 5,54 13,7 -

DP — délkové zmény palenim, OH — objemova hmotnost, ZH — zdanliva hustota, PZ — zdanliva porovitost,
Opo,p — PEVNOSt V Ohybu, Oy, — pevnost v tlaku
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Obrazek 9: Nasakavost vzorku v zavislosti na teploté vypalu

Tab. 4 Parametry mrazuvzdornosti stiepu (index 1 — nezmrazované vzorky, 2 — zmrazované vzorky)

Stirep I'sos [UmM] T-value [-] M [cykly] poruseni komentar

Ledce 1060 1,86 0,43 (0,57) 30 1-1-1 mrazuvzdorny
Ledce 1090 2,20 0,34 (0,45) 52 1-1-1 mrazuvzdorny
Ledce 1120 0,36 0,16 (0,34) 53 1-1-4 mrazuvzdorny

Patronem tohoto éisla je Institut environmentalnich technologii VSB-Technické univerzity Ostrava a Ostravské univerzity

WASTE FORUM 2013, &islo 4, strana 245



Radomir SOKOLAR, Lucie VODOVA: Posouzeni vhodnosti kalu z prani kfemenného pisku pro vyrobu licovych cihel

r 140

o
-l ——

-
smdo

- g ——| Ledce-1120 120

\ o
100 «
) £
| Ledce -1090 \ £
- \ s
i 80 2
\ g_
£
v 60 k)
~ \ 5
N \ >
- X 40 E
[ Ledce-1120 | ™\ A @
NN BN =
T~ N 20
\.\ R
T —
Ris - S
b =
Vi P —

0,010 0,100 o4 4 gpohtt ¥ 10,000 100,000
Polomér péru [pm]

Obrazek 10: Distribuce velikosti port stfepu na bazi kalu Ledce v zavislosti na teploté vypalu.
Odecet medianu poloméru pori rsyy,

Zaver

Cilem vyzkumu bylo posouzeni kalu, ktery vznika v piskovné Ledce u Brna, jako jediné suroviny
pro vyrobu licovych cihel s nizkou nasakavosti, tzv. klinkera.

Stanovené parametry kalu téméF ve vSech bodech splnily naroéné pozadavky, které jsou kladeny
na suroviny uréené pro stfep klinker. Technologie prani kameniva s naslednym kalolisovanim vytvari
druhotnou surovinu s velmi dobrou homogenitou a zejména granulometrii, ktera nevyzaduje dal$i mleti.
Jednou z nevyhod kalu je vy38i mnozZstvi rozdélavaci vody, coz souvisi s mineralogickym sloZenim
(montmorillonit) a pouzitim flokulantu v ramci procesu zahustovani kalu. Stim také souvisi vySsi
smrsténim susenim tésta (9,8 %), coz je vy8Si hodnota, nez je normou vyZadovano pro cihlafské zeminy
uréené k vyrobé plnych palenych cihel. To je typ vyrobku, ktery je na zakladé mikrogranulometrie
(WinklerGv diagram) vhodny z kalu Ledce vyrabét.

Vypal zkuSebnich vzorkd prokazal velmi dobrou slinavost kalu Ledce, ktera se projevuje vznikem
hutného stfepu s nizkou nasakavosti pod 10 % jiz pfi teplotach pod 1100 °C. Z hlediska optimalnich
parametrl stfepu (nasakavost, pevnost, mrazuvzdornost) se jevi nejvhodnéjsi teplota vypalu kolem
1090 °C, kdy vznika stfep s nasakavosti 6,7 %, pevnosti v ohybu 14,7 MPa, pevnosti v tlaku 87 MPa
a mrazuvzdornosti 52 cyklu. Sou€asné stfep vykazuje i velmi vyhodnou distribuci velikosti péra, ktera se
projevuje nizkou hodnotou saturac¢niho poméru T-value = 0,34 a vysokym medianem poloméru péru
I'sose, COZ podle teoretickych prfedpokladd podporuje dobrou mrazuvzdornost stfepu.

Podékovani
Prispévek vznikl za podpory projektu ,SUPMAT — Podpora pracovniki center pokrocilych stavebnich
materialt*®, Registracni ¢islo projektu CZ.1.07./2.3.00/20.0111.
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Sludge from the washing of quartz sand as a raw material for the production
of facing bricks

Radomir SOKOLAR, Lucie VODOVA

Brno University of Technology, Faculty of Civil Engineering, Institute of Technology of Building
Materials and Components, Veveri 95, 602 00 Brno, Czech Republic

Summary

The article deals with the possibility of using plastic sludge, which is generated during the washing
process of quartz sand in Ledce u Brna (LB MINERALS, Ltd.), for the production of facing bricks
by standard brick technology from the plastic body. Sludge was assessed as a brick clay according
to CSN 72 1564 and according to these criteria were assessed its suitability for the production of facing
bricks (clinker) with low water absorption (HD group according to EN 771-1), which are not currently
manufactured in the Czech Republic. The raw material used to manufacture clinker must have a very
good sinterability, ie. the ability to create shard with low water absorption at the lowest firing
temperatures.

Keywords: facing bricks, brick body, slugde from washing of quartz sand, porosity, frost resistance
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Nakladanie s odpadom na stavbach — pripadové studie
Lenka SIROCHMANOVA, Marianna TOMKOVA

Stavebna fakulta TUKE, Vysokoskolska 4, 042 00 KoSice, Slovenska republika
e-mail: lenka.sirochmanova@tuke.sk

Suahrn

V sucasnosti pri kaZdej Cinnosti, stavebnictvo nevynimajuc, vznika ako vedlaj$i produkt stavebny
odpad, ktory je potrebné uskladnit, zhodnotit, recyklovat. Stavebnictvo dnes, ako jedno z poprednych
odvetvi hospodarstva, ktorého cielom je uspokojit najréznejSie ludské potreby, prispdsobuje svoju
vyrobu ekonomickym, technickym a architektonickym podmienkam dopytu. VyuzZiva prudky rozvoj
techniky a uplatriuje moderné technologie a materialy. Napriek pokroku a modernizacii vSak stavebna
vyroba nadalej zataZuje Zivotné prostredie produkciou stavebnych materialov a vyrobkov (spotreba
energie pri tazbe a vyrobe), dopravnou naro¢nostou (hmotnost a intenzita dopravovanych materialov),
staveniskom (hluénost, prasnost, stavebny odpad) a dlhodobym uZivanim budov. Téma nakladania
s odpadom a zneSkodriovania odpadu je nadalej velmi aktualna. Prispevok okrem iného prinaSa
pripadové Studie z rbznych oblasti vystavby s uvedenym spésobom nakladania s odpadom. Cielom je
zistenie najbeznejsSej formy nakladania so vzniknutym stavebnym odpadom na stavenisku.

Kruacové slova: nakladanie s odpadom, vystavba, rekonstrukcia.

Uvod

Stavebnou ¢&innostou sa produkuje (okrem iného — emisie, znecistovanie vod, pédy a pod.) znaéné
mnoZstvo stavebného odpadu. Podla udajov Statistického uradu Slovenskej republiky za rok 2011
predstavuje stavebny a demolaény odpad, ktory vznika v désledku uskutoCriovania stavebnych prac
a zabezpecovacich prac, ako aj prac vykonavanych pri udrzbe, uprave alebo odstrariovani stavieb, az
25,20 % z celkového objemu odpadov. Ako nasledok stavebnej €innosti su vyCerpavané prirodné
zdroje, pretrvava sklenikovy efekt a globalne otepfovanie, a naria sa celkové znecistenie ekosystému.

Odpad chapeme ako vec, ktora je nevyuzivana, nesluzi svojmu ucelu, je nepotrebna, bezvyznamna
a je potrebné sa jej zbavit. Z legislativneho hladiska je odpadom hnutelna vec, ktorej sa jej drzitel
zbavuje, chce sa jej zbavit' alebo je v sulade so zakonom alebo osobitnymi predpismi povinny sa jej
zbavit. Vyhlaskou MZP SR ¢&. 284/2001 Z.z." sa ustanovuje Katalég odpadov, ktory obsahuje:

e zoznam skupin, podskupin a druhov odpadov,

e zoznam nebezpelnych vlastnosti odpadov podla Bazilejského dohovoru,

e zoznam skupin odpadov podliehajucich rezimu kontroly a zoznam Skodlivin podla Bazilejského

dohovoru,

e zoznam kritérii na posudzovanie nebezpecnych vlastnosti odpadov.
Odpady sa v zmysle predmetnej vyhlasky zaraduju do kategdrii a druhov s uplatnenim postupu
uvedeného v prilohe €. 5 danej vyhlasky.

Pripadové studie o nakladani so stavebnym odpadom

Problematika nakladania so stavebnym odpadom je nametom mnohych vyskumov unas aj
v zahraniéi. Na Ajou Univerzite v Kérei sa zaoberali otazkou nakladania s odpadmi v stavebnictve® ako
faktorom, ktory ma vyznamny vplyv na ekonomiku a zZivotné prostredie krajiny. Na zaklade odpovedi
z dotaznika, bolo stanovenych 59 faktorov nasledne rozdelenych do 5-tich tried (pracovné sily, material,
metodika, manazment/riadenie, politika). Vysledkom bolo tiez stanovenie indexu nakladania s odpadom,
ktory posudzuje uroven vykonu nakladania s odpadmi v konkrétnom projekte.
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V podmienkach Slovenska, v zmysle zakona, kazdy zhotovitel, pri ktorého €innosti stavebné odpady
vznikaju, musi vytvorit podmienky pre bezpecné zhromazdovanie jednotlivych druhov odpadov, ako aj
dalSie nakladanie s nimi. O mnozstve a druhu odpadu musi byt vedena presna evidencia. Doklady
0 spbésobe nakladania s jednotlivymi druhmi odpadov je zhotovitel povinny predlozit povolujucemu
organu v priebehu kolaudaéného konania.®

Pripadova studia ¢.1 — Rodinny dom, KoSice

Predmetom stavebnych prac bola asanacia objektu rodinného domu — buracie prace a prace
spojené s vypratanim a uvolnenim pozemku. Objekt sa nachadzal dlhodobo v havarijnom stave. Krov,
ako aj Cast stien a stropov, bola spadnuta. Asanacia stavby bola z hladiska statiky stavby a hygieny
prostredia neodkladna.

Pri buracich pracach vznikol stavebny odpad, ktory bol rozdeleny do kategoérii a skupin podla
Katalégu odpadov:

Tab. 1 Vzniknuty odpad — Rodinny dom, Kosice

Kod Kategoria

odpadu odpadu Nazov odpadu Mnozstvo v tonach
1334 131
170101 Beton
17 01 02 Tehly
Ostatny
odpad | zmesi beténu, tehal, obkladagiek,

17 0107 dlazdic a keramiky iné ako
uvedené v 17 01 06

4.2

1702 01 Drevo

Zmesi Beton Tehly Drevo

Zhromazdovanie vzniknutych odpadov na stavenisku prebiehalo na vyhradenych a oznaenych
miestach, az do doby jeho prevozu do zariadeni uréenych na zneSkodnovanie odpadov. Vyhradené
miesta boli zabezpe€ené proti uniku neZiaducich latok do Zivotného prostredia. Odber odpadov sa
uskutocnoval na zaklade uzavretych zmluvnych vztahov a v zmluvne dohodnutych terminoch.

Pripadova studia ¢.2 - TESCO EXPRESS, Banska Bystrica

Predmetom stavebnych prac bola rekonstrukcia objektu, ktora sa realizovala za ucelom zriadenia
obchodnej prevadzky ,TESCO Express®. Zaroven bola v ramci rekonstrukcie objektu realizovana pre
potreby Tesco Express aj vystavba parkovacej plochy.
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G ol

Obr. 2 Prace na objekte TESCO EXPRES, Banska Bystrica

Vzniknuty stavebny odpad bol rozdeleny do kategérii, ako znazorfuje tab. 2. Nasledne obr. 3
poukazuje na mnozstvo vzniknutého stavebného odpadu v tonach.

Tab. 2 Vzniknuty odpad - TESCO EXPRESS, Banska Bystrica

o dec;?ju Kategoéria odpadu Nazov odpadu
170101 Betdn

170102 Tehly

17 01 03 Obkladacky, dlazdice, keramika

Zmesi betdnu, tehal, obkladaciek, dlazdic a keramiky iné

170107 Ostatny odpad | \ "\ \vedené v 17 01 06

17 0201 Drevo

17 02 03 Plasty

17 02 02 Sklo

17 02 04 Nebezpelny Sklo, plasty a drevo obsahujuce nebezpecné latky
170301 odpad Bitumenové zmesi obsahujuce uhofny decht

17 04 02 Hlinik

1704 11 Kable iné ako v 17 04 10

17 04 05 Ostatny odpad Zelezo a ocel

17 04 09 Kovovy odpad kontaminovany nebezpecnymi latkami
17 05 06 Vykopova zemina ind ako v 17 05 05

17 06 04 Izolaéné materidly iné akov 17 06 01 a 17 06 03
2001 32 Nebezpecny Vyradené elektrické a elektronické zariadenia
150110 odpad Obaly z nebezpecnych latok

150101 , Obaly z papiera a lepenky

150102 Ostatny odpad Obaly z plastov
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Obr. 3 Mnozstvo vzniknutého stavebného odpadu v tonach

Hlavny objem odpadu vznikol pri buracich pracach. Po¢as vystavby boli odpady zo stavebnej vyroby
zhromazdované do velkoobjemovych kontajnerov. Na zhromazdovanie vacsiny predpokladanych druhov
odpadov bola vyé&lenena spevnena plocha pre bezpelné uloZenie kontajnerov na juhozapadnej Casti
arealu. Tento priestor sa nachadzal na obsluzno-zasobovacej strane budovy a bol umiestneny tak, aby
k nemu bol zabezpeleny bezproblémovy pristup zberovymi vozidlami. Po zahajeni realizacie
spevnenych pléch bol kontajner presunuty ku kontajneru sliziacemu k vystavbe parkoviska. Odpady boli
zneSkodnené na najblizSej skladke tretej stavebnej triedy.

BeZzny komunalny odpad vzniknuty pri prevadzke bol zneSkodrovany v sulade so VSeobecne
zavaznym nariadenim mesta Banska Bystrica, v ktorom komunalny odpad odoberaju a nasledne
zneSkodnuju Technické sluzby na regionalnej skladke. Nebezpeény odpad bol zhromazdovany vo
vyhradenom priestore a zneSkodfovany prostrednictvom opravnenej organizacie v zariadeniach na to
uréenych. Pri uprave uzemia a vykopovych pracach parkoviska tvorila vo vysokej miere odpad zhrnuta
ornica, ktora sa pouZila na rekultivaciu pléch v blizkom okoli a na upravu okolia stavby (sadové upravy).

Pripadova stadia ¢€.3 - ,,Ulicka remesiel“, KoSice

Predmetom stavebnych prac bola v uvedenej lokalite Uprava a revitalizacia verejnych priestranstiev,
prvkov drobnej architektury, verejnej zelene a rekonstrukcia a dobudovanie miestnej dopravnej
infrastruktury. Pristupové a parkovacie plochy, ktoré sa nachadzali na Hrn¢iarskej, Vodnej a Rumanovej
ulici, boli na konci svojej Zivotnosti a nespifiali poZzadované technické parametre z hladiska prislusnych
technickych noriem. Z tohto hfadiska bolo nutné riedit nevyhovujuci stav povrchov spevnenych ploch
(komunikacie, chodniky), bariérovost’ prostredia, asanaciu nevyhovujucich objektov, sadové Upravy.
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Obr. 4 Prace na ,,Ulicke remesiel*

Pri tychto stavebnych pracach boli kategorizované dve skupiny odpadov ako znazorfuje tab. 3.

Odpady, ktoré pri stavebnej ¢innosti na stavenisku vznikali, boli triedené a az do dalSieho pouzitia
boli do¢asne zhromazdované na vyhradenych a vyznaCenych miestach. Miesta uloZenia odpadov boli
zabezpecCené pred znehodnotenim, odcudzenim a unikom neZiaducich latok do Zivotného prostredia.
Z dévodu predpokladaného druhotného vyuzitia a opatovného spracovania vacsiny druhov odpadov,
ktoré vznikli pri buracich pracach, boli odpady uloZené v dostupnych vzdialenostiach. Nasledne boli ako
druhotna surovina pouzité demolované povrchy a podkladové vrstvy ciest a chodnikov pre podkladové
vrstvy novych skladieb povrchov, a staré dlazobné kocky a obrubniky na namesti vo vhodnych
vytypovanych polohach. Ostatné odpady, ktoré neboli opatovne vyuzité, boli odovzdané do
environcentra. Drevna hmota z vyrubanych drevin bola ponuknuta na socharske ucely umeleckym
Skolam.

Tab. 3 Vzniknuty odpad — ,,Ulicka remesiel“, KoSice

Kéd Kategoria

odpadu | odpadu Nazov odpadu Mnozstvo v tonach

170101 Beton

Ostatny
odpad

Bitimenové zmesi iné ako v 17 03

17 03 02 o1

61,48

Podkladowy betdn, obrubniky Bitimenové zmesi iné
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Pripadova studia ¢.4 — Vymenikova stanica, KoSice

Predmetom stavebnych prac bola v ramci projektu Eurdpskeho hlavného mesta kultiry 2013
prestavba vymennikovej stanice na kultirne spoloCenské centrum. Statické posudenie uUnosnosti
ocelovej konstrukcie zistilo, ze stav vymennikovej stanice je z dévodu kordzie a trvalej deformacie
nevyhovujuci.

Obr. 5 Vymenikova stanica, KoSice

Pri buracich pracach vznikol stavebny odpad, ktory bol rozdeleny do kategérii a skupin podla
Katalégu odpadov (tab.4).

PocCas odstrafiovania pévodnej vymennikovej stanice bola z hladiska odpadu aj financnych
nakladov najkomplikovanejSia demontaz azbestocementovych dosiek z obvodového plasta budovy.
Likvidaciu odpadu zabezpecila vybrana spolo¢nost, ktora zaroven zabezpecila odvoz nebezpelného
odpadu na riadenu skladku odpadu. Ostatny stavebny odpad bol uskladfiovany vo velkokapacitnom
kontajneri umiestnenom na parkovisku a po naplneni priebeZzne odvazany na organizované skladky
odpadov v KoSiciach. Beton a €ast vykopovej zeminy boli odovzdané do envirocentra. ZvySna zemina
bola pouzita na konecné upravy okolia objektu.

Tab. 4 Vzniknuty odpad — Vymenikova stanica, KoSice

Kod Kategéria Nazov odpadu Mnozstvo v tonach
odpadu odpadu
230
170101 Bet6n
Zmesi beténu, tehal, obkladaciek,

17 01 02 dlazdic a keramiky iné ako

Ostatny uvedené v 17 01 06

odpad ] P
17 01 07 ggkopova zemina ind ako v 17 05
17 09 04 ggx]e;ggﬁ odpady zo stavieb a 30,84
10,4 8,58 6.7

170605 | Nebezped- | Stavebné materidly obsahujice — — — S E——

ny odpad azbest Zmesi betonu, Vykopovdzemina Zmie3any odpad Betdn Azbest

tehal ind
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Pripadova studia ¢.5 — Novostavba rodinného domu, Dvorniky

Predmetom stavebnych prac bola novostavba rodinného domu vo vychodnej €asti obce Dvorniky,
okres KoSice-okolie. Zrealizovanim stavby vznikli nové obytné priestory pre Stvorélennu rodinu
s prislusnym hygienickym a technickym zazemim. V objekte su taktiez rieSené zariadenia pre
garazovanie aut a technické zazemie.

Obr. 5 Rodinny dom, Dvorniky

Pri stavebnych pracach vznikol stavebny odpad z vystavby pozostavajuci z vyburanych hmét, drevenych
Casti zvySkov debnenia, murovacich materialov, beténu, zvyskov kovovych €asti, papierovych obalov,
obalov a potahov z dreva, odpadovych folii zo stavebnych materialov v celkovom mnoZstve cca 15 ton.

Vysledok a zaver

Legislativa odpadového hospodarstva definuje pévodcov a drzitefov odpadu a taktiez spbsoby
nakladania so vzniknutymi odpadmi. V zmysle § 2 zakona &. 223/2001 Z. z. o odpadoch v zneni

neskorSich predpisov znamena® nakladanie s odpadmi - zber odpadov, prepravu odpadov,
zhodnocovanie odpadov a zneSkodrfovanie odpadov vratane starostlivosti o miesto zneSkodrovania,
priCom:

e zhodnocovanie odpadov su cinnosti veduce k vyuzitiu fyzikalnych, chemickych alebo
biologickych vlastnosti odpadov
o zneSkodniovanie odpadov je také nakladanie s nimi, ktoré nespésobuje poskodzovanie
zivotného prostredia, alebo ohrozovanie zdravia fudi
e zhromazdovanie odpadov je doasné uloZenie odpadov pred dalSim nakladanim s nimi
¢ skladkovanie odpadov je ukladanie odpadov na skladku odpadov
e skladovanie odpadov je zhromazdovanie odpadov pred niektorou z €innosti zhodnocovania
odpadov alebo zneSkodnovania odpadov; za skladovanie odpadov sa nepovazuje ich
zhromazdovanie pred zberom odpadov na mieste ich vzniku
Castym javom pri zistovani stavu s nakladanim so stavebnym odpadom bol tieZ nepresny odhad
mnozstva a typu vzniknutého stavebného odpadu (rozdiel medzi technickou spravou a dokladmi
0 odbere odpadov). Z porovnania uvedenych pripadovych Studii je zrejmé, Ze najCastejSim typom
stavebného odpadu na vybranych stavbach bol zmieSany odpad azmesi tehal a betdnu.
NajvyuzivanejSim spdsobom nakladania so stavebnym odpadom bolo skladovanie. Nasledujuca tabulka
prinada celkové zhrnutie nakladania so stavebnym odpadom na predmetnych stavbach:

Celkové mnozstvo

odpadu v tonach Nakladanie s odpadom

Pripadova studia Stavebné prace

ZnesSkodnovanie skladkovanim v zariadeni
buracie prace 284,6 na zneSkodrnovanie odpadu
Zhodnotenie v envirocentre
Zneskodnovanie skladkovanim v zariadeni
na zneskodrnovanie odpadu
Odstranenie nebezp.odpadu v Specialnom
zariadeni na zneskodriovanie odpadu

Rodinny dom,
Kosice

TESCO EXPRES, buaracie prace

Banska Bystrica

51,15
rekonstrukéné prace
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Ulicka remesiel* ) o Zhodnotenig_v envirocentre
‘P,(oéice ' rekonstruk¢né prace 3125,18 Recyklacia, opatoyné pouZitie na
stavenisku
ZnesSkodnovanie skladkovanim v zariadeni
Vym'em’kové prestavba 286,52 _na ;neékodﬁovanie odp?du _
stanica, KoSice Odstranenie nebezp.odpadu v Specialnom
zariadeni na zneSkodnovanie odpadu
Novostavba RD novostavba 15 Zneskodnovanie skladkovanim v zariadeni
Dvorniky na zneSkodfovanie odpadu

Porovnanim Studii na rozliécnych typoch stavieb, na ktorych prebiehala vystavba, rekonstrukcia
a buracie prace, bolo ciefom zistit, ktora z moznosti nakladania so stavebnym odpadom je najbeznejsie
vyuZivana. Celkové mnozstvo stavebného odpadu zavisi od typu prac a samotného typu objektu.
Najmenej odpadu vznika pri novostavbe rodinného domu, zatial €o pri rekonstrukcii verejnych
priestranstiev  (,Ulicka remesiel“, KoSice) vznika stavebného odpadu najvaésie mnozstvo.
Samozrejmostou pri nebezpeénom odpade je najprv jeho samostatné skladovanie a nasledne
odstranovanie Specializovanymi spolo¢nostiami. Z porovnania vSetkych vysSie uvedenych informacii
a podkladov je zrejmé, ze napriek viacerym kladom a efektivnosti, ktoré so sebou zhodnocovanie
stavebného odpadu prind8a, je na Slovensku stale najpouzivanejSim spdsobom nakladania so
stavebnym odpadom zne&kodrovanie skladkovanim v zariadeni na zneSkodnovanie odpadu. Nebolo by
na Skodu zvysit potrebu implementacie problémov rieSenia s nakladanim stavebného odpadu uz do fazy
projektovania stavby..

To, ¢o sa deje so stavebnym odpadom po odvoze zo staveniska nebolo predmetom vyskumu.

Vo vyspelych krajinach sveta pretrvava v poslednych rokoch nazor, Ze odpady predstavuju
predovsetkym zdroj druhotnych surovin a odpadom sa stava len nevyuzitelny podiel. Zhodnocovanie
odpadu je velmi dbélezitou podmienkou ochrany Zivotného prostredia, ktora patri medzi poZiadavky
odpadového hospodarstva vacsiny Statov sveta. Rovnako, z hladiska zdravia obyvatelstva je potrebné
zvysit kontrolu nad nakladanim so stavebnym odpadom.
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Waste management at construction sites — case studies
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e-mail: lenka.zupova@tuke.sk

Summary

Currently, for each activity, construction industry included arises as a byproduct a construction waste
that must be stored, evaluated or recycled._Construction industry today, as one of the leading sectors of
the economy, which aims are satisfying various human needs_adapts his production to economical,
technical and architectural conditions of demand._It uses the rapid development of technology and
applies modern technologies and materials. Despite the progress and modernization construction,
however, construction industry is still environmentally harmful through_production of building materials
and products (energy consumption in mining and manufacturing), traffic intensity (weight and intensity of
transported material), site (noise, dust, debris) and long-term use of buildings. The theme of waste
management is still very actual. This paper among other things provides case studies from different
areas of construction with the different method of waste management on construction site. The aim is to
detect the most common form of waste management on construction site.

Keywords: waste management, construction, reconstruction.
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Souhrn

V ¢lanku jsou uvedeny vysledky tri experimentd (A, B, C) zaméfenych na zjisténi celkového mnoZzstvi
narostlé travni biomasy na zahradé rodinného domu v prubéhu vegetacniho obdobi, a potfebného
objemu domaciho kompostéru pro zpracovani této biomasy.

V ramci experimentl byla v prabéhu celého vegetaéniho obdobi na pokusnych plochach zahrad
v pravidelnych intervalech (1x za 2 tydny) seCena trdva. PoseCena trava byla v pfipadé experimentu A
smi8ena s hoblinami v objemovém poméru 3:1, v dalSich experimentech B a C byla ponechana v Cistém
stavu. Surovina uréena ke kompostovani byla vkladana do domaciho kompostéru; béhem procesu
kompostovani byla smés 1x za 4 tydny promichavana a provzdus$riovana.

Vlivem kompostovaciho procesu béhem vegetacniho obdobi o délce Sesti mésict doslo k redukci
objemu kompostovanych surovin na 31 — 45 % na konci vegetacniho obdobi. Pfed zaatkem nové vegetacni
sezony doSlo k poklesu objemu kompostované travni biomasy na 22 — 23 % objemu surové hmoty.

Z namérfenych a vypoctenych udaji vyplyva, Ze pro zpracovani travni biomasy vzrostlé a posecené
na 1 m? zahradniho trévniku je zapotfebi 2,9 — 4.1 dm® objemu kompostéru. Vzhledem k vykyvim
v produkci travni biomasy v jednotlivych letech je vhodnéj$i uvaZovat o potfebé 4 — 4,5 dm® objemu
kompostéru na kazdy 1 m? travniho porostu zahrady.

Klicova slova: biologicky rozlozZitelny odpad, domaci kompostovani, potfebny objem kompostéru,
travni hmota

Uvod

Vysoky podil biologicky rozlozitelnych komunalnich odpadl (BRKO) ukladanych na skladky odpadu
je jednim z nevaznéjsich problém( soucasného odpadového hospodarstvi v Ceské republice. Hlavni
snahou pfi nakladani s témito odpady by mélo byt pfedchazeni jejich vzniku. Dané problematice, vCetné
navrhu metodiky prognézovani vyvoje zatizeni regionu BRKO, se vénovala Kotovicova a Vaverkova'
(2008). Podle vykladu legislativy Ceské republiky je doméaci kompostovani povazovano za metodu
predchazeni vzniku odpadu.

B&hem minulych 10 — 15 let bylo v Ceské republice prodano velké mnozstvi zahradnich kompostér
za ucelem domaciho kompostovani. Prevazujici vstupni surovinu tvofi poseCena trava z okrasnych
ploch. Problematika tohoto odpadu roste se zvySujicimi se plochami intenzivné oSetfovanych travnika.
Plochy se seou v rozmezi 3 - 20krat za sezdnu. Struktura odpadu po sedi je tvofena travou o délce 15 —
20 mm. Vihkost odpadu (travy) se pohybuje v rozmezi od 50 — 70 % z duvodu prestfizeni stébla.
NasecCenou travu z téchto travnikovych ploch neni vzdy mozné zkrmovat, a tak se pomérné Casto stava
nezadoucim odpadem 2.

Dnes jiz samoziejmym zpusobem nakladani s odpadni travni biomasou je kompostovani. Proces
kompostovani travni biomasy probiha jinak nez v pfipadé kompostovani jinych biodegradabilnich
odpadld. Pomér C:N uvadi rdzni autofi v Sirokém rozsahu 12-30:1. Obsah dusiku v susiné travy je 1,6 -
2,9 %, hodnota drasliku 1,2 — 2,0 %, fosforu 0,2 — 0,4 %, vapniku 0,5 — 0,7 C%, hoiciku 0,2 -0,3 % 3
Uspé&sné kompostovani vétsich objem( travy predpoklada spravné sestavenou surovinovou skladbu *,
ovSem ne kazdy zahradkar se tim fidi.

Proto bylo sledovano mnozstvi poseCené travy zvybrané zahrady a dale objemové zmény
kompostované suroviny b&éhem degradace v kompostéru pfi tfech nezavislych experimentech, které se
mirné liSily jak vstupnimi podminkami, tak i nakladanim s kompostovanou surovinou.

Cilem experimentu bylo zjistit, jaké mnozZstvi travni biomasy pfi pravidelné udrzbé& okrasného
travniku zahrady naroste, a jaky minimalni objem kompostérl je zapotfebi pro zpracovani daného
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mnozstvi travniho odpadu. Prvni &ast experiment(i (A) jiz byla publikovana °, prace pfinasi rozsifeny
pohled na danou problematiku.
Experimentalni ¢ast

Experimenty (A-C) byly provadény vletech 2011 a 2012 v arealech soukromych zahrad.
Kompostovani probihalo v zahradnim kompostéru o objemu 300 dm® (A, C), resp. 270 dm® (B). BIizsi
popis podminek jednotlivych experimentu je uveden v tabulce 1.

Tabulka 1: Podminky experimentu

experiment A B C
lokalita Hrotovice Troubelice - Piskov Brno

Termin 24.4.-24.9.2011 15.5.-25.9.2011 21.4.-24.9.2012
Rozloha se&ené plochy | 44 m? 35 m* 28 m*
Surovinova skladba pro | travni biomasa + | travni biomasa travni biomasa
kompostovani hobliny v poméru 3:1

Na v8ech zahradach byla vytyCena plocha, ktera byla pred zalatkem vegetacni sezony zbavena stafiny
z minulého vegetacniho obdobi. Travnik nebyl v pribéhu vegetacniho obdobi uméle zavlazovan ani hnojen.

Na vytyCenych plochach se provadélo sefeni vyrostlé travy v intervalu 14 dni motorovou sekackou se
sbé&rnym koSem. Po posedeni travy byl obsah ze sb&mého kose vysypan do nadoby o objemu 20 dm?, ve
které byla travni biomasa zvazena s piesnosti 1 g. Hmotnost nadoby byla po méfeni odectena.

V pfipadé experimentu A byla na zakladé obecnych doporuéeni poseCena travni biomasa doplnéna
hoblinami v poméru 3:1 za u€elem doplnéni uhliku. V pfipadé experimenti B a C byla travni biomasa
ponechana v surovém stavu za ucelem ovéreni prabéhu experimentu bez vyrazné Upravy vstupni suroviny.

Po zvazeni byla v kompostéru v terminu seCeni nejdfive zméfena vySka degradované suroviny,
nasledné byla do kompostéru vsypana nova vstupni surovina a znovu byla zméfena vySka
kompostované suroviny. Ze zméfenych vySek byl politdn objem nasypané vstupni suroviny a rovnéz
byly pocitany objemové zmény kompostované suroviny v priibéhu kompostovani.

V prubéhu experimentu byly kompostované suroviny v kompostéru pravidelné v intervalu 28 dni
pfekopavany. Relativné dlouhy interval pro pfekopavani byl zvolen s ohledem na malé mnozstvi
vkladané vstupni suroviny i s ohledem na nizkou ochotu vétSiny ob¢ant aktivné udrzovat intenzivni
kompostovaci proces v kompostéru.

Vysledky a diskuse

Vysledky experimentu A

Mnozstvi poseceni travni biomasy a mnozstvi pfidavanych hoblin v pribé&hu experimentu A je
uvedeno v tabulce 2.

Tabulka 2: Mnozstvi posecené travni biomasy a mnoZstvi pridanych hoblin do kompostované
suroviny pfi experimentu A °

Datum Posedena travni Pridané Datum Posecena travni Pridané
biomasa [kg] hobliny [kg] biomasa [kg] hobliny [kg]
1. 24.4.2011 5,8 1,7 7 17.7.2011 1,2 0,4
2. 8.5.2011 5,8 1,7 8. | 31.7.2011 3,2 1
3. 22.5.2011 59 1,7 9 14.8.2011 2,3 0,8
4, 5.6.2011 59 1,7 10. | 28.8.2011 1,4 0,5
5. 19.6.2011 7,2 2,4 11.]11.9.2011 1,6 0,5
6. 3.7.2011 3,3 1,1 12. | 25.9.2011 1,2 0,4
Celkem 44.8 13,9
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Objemové zmény kompostované suroviny jsou pro nazornost ukazany graficky na obrazku 1.
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Obrédzek 1: Kumulativni objem suroviny a objem suroviny v kompostéru pfi experimentu A °

Vysledky experimentu B

Mnozstvi poseceni travni biomasy a mnozstvi pfidavanych hoblin v priibéhu experimentu je uvedeno
v tabulce 3.

Tabulka 3: MnoZstvi poseéené travni biomasy pFi experimentu B '

Datum Posecéena travni Datum Posecéena travni
biomasa [kg] biomasa [kg]

1. | 15.5.2011 9,5 0. 24.7.2011 ,

2. | 29.5.2011 1,3 7. 9.8.2011 2,0
3. | 12.6.2011 3,0 8. 28.8.2011 2,5
4. | 26.6.2011 2,5 9. 11.9.2011 2,5
5. | 10.7 2011 2,0 10. 25.9.2011 1,2

Celkem 28,5

Objemové zmény kompostované suroviny jsou pro nazornost ukazany graficky na obrazku 2.
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Obrazek 2: Kumulativni objem suroviny a objem suroviny v kompostéru pfi experimentu B
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Vysledky experimentu C

Mnozstvi poseceni travni biomasy a mnozstvi pfidavanych hoblin v pribéhu experimentu je uvedeno
v tabulce 4.

Tabulka 4: MnoZstvi poseéené travni biomasy pfi experimentu C ®

Datum Posecéena travni Datum Posetena travni
biomasa [kg] biomasa [kg]

1 10.5.2012 8,5 | 6. 16.7.2012 7,3
2 23.5.2012 6,7 | 7. 5.8.2012 15,5
3. | 6.6.2012 5,4 | 8. 19.8.2012 9,2
4, |19.6.2012 10,2 | 9. 4.9.2012 8,3
5. | 1.7.2012 4,4 110. |24.9.2012 5,4
Celkem 80,9

Objemové zmény kompostované suroviny jsou pro nazornost ukazany graficky na obrazku 3.
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Obréazek 3: Kumulativni objem suroviny a objem suroviny v kompostéru pfi experimentu C ®

Kumulativni objem suroviny ukazuje celkovy objem surového materialu urCeného ke kompostovani
(ti. smés Cerstvé poseCené travy a hoblin nebo pouze Cerstvé poseCena trava) v prub&hu vegetacni
sezony (tj. objem, jaky by mélo dané mnozZstvi suroviny, pokud by nedochazelo k rozkladu
v kompostéru), zatimco objem suroviny v kompostéru ukazuje, jaky byl skute¢ny objem kompostovanych
surovin v prabéhu vegetaéni sezény v kompostéru.

Jak je zgrafll patrné, pfi procesu kompostovani v domacich kompostérech dochazi k velké
objemové redukci kompostovanych surovin. Za dobu trvani experimentu, tj. béhem 6 mésicl, klesl
objem kompostované suroviny pfi jednotlivych experimentech na 45 % (A), 31 % (B) a na 38 % (C)
v porovnani s objemem Cerstvé suroviny. Do zaCatku nasledujici vegetacni sezény (tj. zhruba po
11 mésicich kompostovani prvni vsazky) klesl objem kompostovanych surovin u experimentt B a C na
23, resp. 22 %. Pokles objemu kompostované suroviny b&éhem prvniho mésice kompostovani odpovida
hodnotam, ktera namérili Bo Yue a kol.’. Dal$i redukci objemu v ¢ase uvedeni autofi nesledovali. Naproti
tomu Mazalova **'* uvadi objemovou redukci kompostovanych surovin kolem 80 % po 18 mésicich
kompostovani.

Z experiment dale vyplyva, Ze mnozstvi travni biomasy vyrostlé v pribéhu vegetaéni sezény lezi
v Sirokém intervalu 0,8 — 2,9 kg.m™, pficemz dynamika rlstu travni biomasy znaéné kolisa.
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Zaveéery

Hlavnim cilem popsaného experimentu bylo stanovit potfebny objem domaciho kompostéru pro
zpracovani odpadni travni biomasy ziskané pfi udrzbé zahrady v pribéhu celého vegetacniho obdobi.
Zpusob udrzby pokusné plochy a kompostovaciho procesu v kompostéru (seceni travy 1x2 tydny, zadna
zalivka travniku, zadné hnojeni travniku v priibé&hu vegetaéni sezény, pfekopani kompostované suroviny
1x4 tydny) nejblize odpovidaji udrzbé zahrady u objektu slouziciho k rekreaci.

Z naméfenych a vypoctenych udaju vyplyva, Ze pro zpracovani travni biomasy vzrostlé a posecené
na 1 m? zahradniho travniku ve variantach experimentt A — B - C je zapotfebi 3,8 — 2,9 -4,1 dm® objemu
kompostéru. Vzhledem k vykyvdm v produkci travni biomasy v jednotlivych letech je vhodnéjSi uvazovat
o potfeb& 4-4,5 dm*® objemu kompostéru na kazdy 1 m? travniho porostu zahrady. Takovyto objem
kompostéru je dostatecné velky i pro chvile maximalni produkce biomasy.

Je uziteCné zminit, Ze pfi kompostovani na pfekopavanych zakladkach na kompostarnach dochazi
k redukci objemu kompostované travy v termofilnim rezimu na 30- 40 % puvodniho objemu jiz za
3 tydny a pfi pouziti biotechnologickych pfipravk(l je redukce objemu jesté vyraznéjsi. Na druhou stranu,
pouziti biotechnologickych pfipravkd povazuji néktefi odbornici (napf. Ing. P. Pliva, CSc.) za zbyte¢né
nakladné, zejména pfi spravné provozovaném kompostovani.
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Determination of Volume Changes of Biomass Treated in Home Composter
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Summary

The paper presents results of three experiments focused on the establishment of total grass biomass
amount grown in the house garden during the growing season and volume of a home composter
required for biomass treatment.

Grass in the experimental parts of the gardens was cut at regular intervals (1x2 weeks) during the
growing season. During the experiment A the cut green biomass was mixed with wood shavings at
a volume ratio of 3:1 while during experiments B and C the cut green biomass was pure. Raw-material
appointed to composting was placed inside a home composter. During the composting process, the
blended biomass was mixed and aerated for 1x4 weeks.

Due to composting process during growing season of six months the volume of composted raw-
material was reduced to 31-45 % compared to volume of fresh material at the end of growing season.
Before new growing season composted raw-material was reduced to 22-23 % compared to volume of
fresh material.

The measured and calculated values show that the composter volume required for the treatment of
grown-up and cut grass biomass per 1m? of garden lawn is from 2.9 to 4.1 dm®. Due to fluctuations of
grass biomass production in individual years, it is recommended to increase the required composter
volume to 4-4.5 dm?® per 1m? of garden lawn.

Keywords: biodegradable waste, home composting, garden grass treatment, composter volume, grass
biomass
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Suahrn

Bioodpady patria v sucasnej dobe k najvyznamnejSim obnovitelnym zdrojom energie. Ich hlavnou
vyhodou je dobra dostupnost a nizka cena primarnej energie. Energeticky potencial biomasy je viak
Vv sticasnej dobe vyuZivany menej ako 20%, predovSetkym z dévodov vysokych nékladov na vyrobu
energie. Pric¢inou vysokych nakladov je nizka energeticka ucinnost transformacie a vysoké logistické
néklady. ZvySenie vyuZitia biomasy a bioodpadov na vyrobu elektrickej energie bude mozné dosiahnut’
len zvysenim ekonomickej efektivnosti tohto procesu. V suc¢asnej dobe pri zhodnocovani biomasy
dominuje vyroba paliv. Pri vyrobe elektrickej energie dominuje pouZitie plynnych paliv. Tieto sa ziskavaju
bioprocesmi a termickymi procesmi. MozZnosti zvySenia ekonomickej efektivnosti bioprocesov
su v porovnani s termickymi procesmi niZSie. Preto systematicky narast termickych procesov
na energetické zhodnocovanie biomasy ma velku perspektivu. Termicka transformacia energie biomasy
na teplo sa uskutocriuje priamo spalovanim, alebo vyrobou plynu pyrolyzou a splyriovanim. Z hladiska
energetickej a termodynamickej ucinnosti najviac vyhovuje kombinovany spdsob, spocivajuci vo vyrobe
plynu, ktory pozostava z pyrolyzy, primarneho spalovania, splyriovania a zo sekundarneho spalovania.
Optimalne rieSenie sa dosahuje pri maximalnej vyhrevnosti vyrobeného plynu. Vyskum navrhnutého
procesu bol uskutoéneny metédami fyzikalneho a matematického modelovania. Na ich zaklade bolo
navrhnuté a postavené experimentalne zariadenie.

Kluéové slova: biomasa, odpady z biomasy, termické zhodnocovanie biomasy, ekonomicka
efektivnost

Uvod

Medzi obnovitefnymi zdrojmi energie patri biomase prioritné postavenie. Jej hlavnou vyhodou
je Siroka dostupnost a vhodné energetické ukazovatele. Vyhrevnost vsetkych druhov biomasy
je priblizne rovnaka a dosahuje hodnoty 18 - 22 MJ/Kg.

Vyroba tepla spafovanim sa uskutoCriuje v spalovacich zariadeniach, v ktorych sa pre uskutoCnenie
spalovacieho procesu vytvaraju potrebné teplotné a koncentraéné podmienky. Kvalita procesu
spafovania je charakterizovana predovSetkym teplotou horenia, ktora determinuje kvalitu vyrobene;j
tepelnej energie. Uginnost spalovania charakterizuje stupef premeny primarnej energie na energiu
tepelnd. Teplo spalin sa mdze priamo vyuzit v technologickych procesoch, kde spaliny odovzdavaju
svoje teplo tepelne spracovavanému materialu. Tepelna energia spalin sa pouziva na ohrev vzduchu,
vody a pary, ktoré sluzia na teplarenskeé, resp. technologické ucely. Mechanicka energia spalin,
resp. pary sa vyuziva priamo, najCastejSie v8ak na vyrobu elektrickej energie v parnych a plynovych
turbinach a v spalovacich motoroch. Vyuzitie tepla spalin je charakterizované u€innostou, ktora zavisi
predovSetkym od kvality (teploty) tepelnej energie. [1, 2]

Priame spalovanie biomasy a odpadov a spalovanie plynu ziskaného pyrolyzou alebo splyhovanim
boli Uspedne zvladnuté a parametre procesu sa &asto priblizuju k ich technologickym hraniciam. Dal$ie
zvySovanie efektivnosti je mozné dosiahnut rozvojom a integraciou existujucich metod, ktoré vedu
ku koncepéne novym rieSeniam. Vysoku efektivnost dosahuju zariadenia integrujuce spalovanie
a splyfiovanie. LepSie zhodnotenie biomasy je mozné dosiahnut vhodnou kombinaciou pyrolyzy,
spalovania a splynovania.

Vyrobou energie priamym spalovanim biomasy sa jej energeticky potencidl znatne zniZuje.
To zapriCifuje nielen nizku vytaznost energie, ale aj vysoké vyrobné a logistické naklady. ZvySenie
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energetického zhodnocovania biomasy je mozné dosiahnut zvySenim jej termodynamického potencialu
charakterizovaného vztahom
Q=ST
Kde:
Q - je mnozstvo tepelnej energie
S - extenzivna zlozka tepelnej energie
T - intenzivna zloZka tepelnej energie

Dalsie zlepSenie mozno dosiahnut vyuzitim odpadného tepla z procesov spalovania a z vyroby
energie a tiez logistikou odpadového hospodarstva. Technologicky optimalne je vytvaranie uzavretych
cyklov, v ramci ktorych sa odpadné teplo vyuZije na suSenie a predohrev materialu. Jeho vyuZitie
v teplarenstve vzhladom na sezénny charakter znizuje ekonomické ukazovatele vyroby. Vhodnymi
technologickymi a logistickymi rieSeniami je mozné posilnit nielen technicku, ale aj ekonomicku
efektivhost a dalej znizovat environmentalne dopady termického zhodnocovania biomasy a odpadov
na zivotné prostredie. [1]

Spbésoby generacie tepla

Vyroba tepla sa uskuto€fiuje priamym alebo nepriamym spafovanim biomasy. Pri priamom spalovani
biomasy sa spaluju horlavé zlozky priamo alebo po Uprave. Nepriame spalovanie biomasy pozostava
z pyrolyzy, splyfiovania a nasledného spalovania vygenerovaného plynu. Ciefom nepriameho
spafovania je zvySenie efektivnosti termického spracovania biomasy. Energetickym kritériom
optimalnosti tohto procesu je maximum energie biomasy pretransformovanej na teplo.
Termodynamickym kritériom je maximalna teplota Cerstvych spalin, ktora charakterizuje kvalitativnhu
Zlozku tepelnej energie. Tymto kritériam neodpoveda Ziaden zakladny spésob konverzie. VonkajSie
prepojenie existujucich zakladnych spdsobov nie je vyhodné, pretoze pri iom dochadza k strate tepla,
¢im sa znizuje efektivnost celého procesu. Preto sa vacsina realnych procesov uskutoCriuje integrovane
v jednom zariadeni ako kombinacia zakladnych spdsobov v réznom usporiadani (Obr. 1).

Spalovanie e Cpatovania o epalovarie
: * splyfiovanie * splynovanie
: * pyrolyza

Prim.
Spalovanie

HE Pyrolyza
Spalovanie Splyriovanie] : :
: Splyriovanief :
’ Pl sek Z
i i vzduch :
vzduch : : Prim. vzduch :
c):. ........................................

Obr. 1: Typy spalovania a) jednostuprnové; b) dvojstupriové; c) trojstuprnoveé

Na Obr. 1a je jednostupriovy proces generacie tepla, pri ktorom dochadza k priamemu spalovaniu
biomasy, ako aj produktov pyrolyzy a splyfiovania. Zdrojom tepla su spaliny, ktoré su produktom
spalovania. Kritériom spalovania je maximalna teplota Cerstvych spalin.

Dvojstupriovy systém (Obr. 1b) pozostava z procesu splynovania a nasledného spalovania
vygenerovaného plynu. V tomto procese su generované produkty spalovania na vysSej teplotnej hladine,
¢im sa zvySuje aj efektivnost procesu vyuZzitia tepla.
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Trojstupnové spalovanie biomasy

Trojstupfiovy proces (Obr. 1c) je oproti dvojstupfiovému procesu rozsireny o pyrolyzu, ktora prebieha
pred procesom splyfiovania. Pri trojstupfiovom spalovani vstupujuci bioodpad je ohrievany nepriamo cez
stenu odchadzajucim plynom, resp. spalinami. Pyrolyzny plyn, ako aj plyn vygenerovany splyfiovanim,
vstupuje do spalovacieho priestoru a pevny zvyS3ok postupuje do splyhovacej Casti, v ktorej sa
uskuto€nuje splyfiovanie a nasledne primarne spafovanie. Efektivna je vysokoteplotna pyrolyza, nakofko
pri nej je najvyssi stupen konverzie CO, na CO a tiez je vysoka vyhrevnost vygenerovaného plynu.
Vysoka teplota zabezpecluje, Ze v8etky produkty pyrolyzy su v plynnom stave a nevyZaduju Ziadne
Specifické spracovanie.

V splyfiovacej Casti su vytvorené teplotné a koncentratné podmienky pre generaciu syntetického
plynu. ZvySené mnozstvo vzduchu spdsobuje zvySenie podielu splyfiovania na ukor pyrolyzy. Tym
sa znizuje termodynamicka ucinnost’ procesu. Preto parametre zariadenia je potrebné navrhnut tak, aby
pri pozadovanom vykone bola vytaznost pyrolyzy blizka maximalnej hodnote, ktora zavisi
od chemického zlozenia biomasy.

Matematické modelovanie a experimenty boli zamerané na porovnanie jednotlivych typov spalovania,
pricom trojstupfiové spalovanie by malo mat’ vygenerovany plyn s vy8Sou vyhrevnostou a pri spalovani
by mala byt teplota spalin vy$Sia. Koncepcia trojstupfiového zariadenia ho umoziiuje pouzit ako
generator plynu alebo ako generator tepla. [3, 4]

Matematicky model

Pre vyskum trojstupfiového procesu zhodnocovania bioodpadov bol vytvoreny matematicky model
(Obr. 2). Pri tvorbe modelu bola zvolena metéda elementarnych bilancii s vyuZitim nahradnych
Ciastkovych modelov jednotlivych procesov v zariadeni. Pri tejto metdde je zariadenie dekomponované
na zony a tie na elementy (Obr. 2a). V jednotlivych elementoch prebiehaju procesy odparovania
a kondenzacie, pyrolyzy, splyfiovania, tvorby vodného plynu a horenia uhlika podla vytvorenych
podmienok. Matematicky model bol vytvoreny pomocou open-source softvéru Lazarus (Obr. 2b).

Elementy <E “IE Ty e, BB e -
s : ° Pyrolyza [
médium . yr— - - 7 7 pt y a—
Suprud [> [:> [:> [:> [:> [:> ‘ Obsevsciacust < Dospaovacia &t
Interakcia | e
Biomasa . ot || ] vt
Exit
a) b) _
Obr. 2: Matematicky model a) metoda elementarnych bilancii; b) prostredie vytvoreného

modelu

Matematicky model sluzi na vyc€islenie prinosov trojstupfiového spalovania a najdenie optimalnych
prevadzkovych parametrov. Kvéli jeho adekvatnosti s realitou je ho potrebné priebezne kalibrovat
na zaklade experimentalnych resp. prevadzkovych merani.
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Experimentalna trojstupriova pec

Kvoli overeniu trojstupriovej technoldgie spalovania bolo navrhnuté a postavené experimentalne
zariadenie vysoké 195 cm, hlboké 80 cm a Siroké 60 cm (Obr. 3a). Jedna sa o sumerné dvojkomorové
rieSenie, kde dospalovaci priestor s privodom sekundarneho vzduchu je umiestneny v strede. Kazda
komora ma 45 litrov, kde bolo po€as experimentu davkovanych 2 x 15 kg/h bukovej Stiepky o priemernej
vihkosti 30 %. Na Obr. 3b su v schéme oznaCené meracie miesta teploty a odberné miesta pre analyzu
spalin.

_.|A Experiment & 1-<::m-Pravé strana (PS)
é =0-Lava strana (LS)
@ Kalib.modelu (LS)
Experiment & 2"::'"PS
xperiment ¢.
(Za?:\?oren: kla::)a)_o_

(Otvorena klapa)

Ty L e Kalib.modelu (LS)
W 600 { O\ Ol
Ta Ts T Tap
T o o
* o 400 - : e
Ta T
200
Tu rTip
o|__Joo 0 . . . . )
AN . .
2 SR 1 2 3 5 6
a) SR b) C) Meracie miesto

Obr. 3: Experimentalna trojstupriova pec a) zariadenie; b) schéma; c) priebeh experimentu

Z uskuto¢nenych experimentov vyplynulo (Obr. 3c), Ze zariadenie je dostato¢ne citlivé na teplotné
a koncentracné podmienky, ako aj na netesnosti voci okoliu. Hlavny nedostatok experimentov bol v tom,
Ze neboli dosiahnuté potrebné teplotné podmienky, ktoré by umozfiovali tvorbu technologickych pasiem
po vySke pece a ich primeranu polohu: spalovanie, splyfiovanie, pyrolyza a susSenie. Hlavnhym
problémom bola netesnost’ voci okoliu, €o sa prejavilo na nerovnomernosti teplét na pravej a favej strane
zariadenia. Z tohto dovodu bola pri kalibracii matematického modelu zanedbana prava strana
zariadenia, ktora vykazovala velky vplyv prisatého vzduchu.

Vysledky simulacii

Na kalibrovanom matematickom modeli podfa experimentu boli simulované jednotlivé spdsoby
generacie tepla pre jedno, dvoj a trojstupriové spalovanie Stiepok z odpadného bukového dreva s 30 %
vihkostou a kusovostou 2 cm. Pre porovnanie bol uvazovany vykon zariadeni 75 kg/h, pracovny objem
0,1 m® a uvazované straty stenami 15 %.

Simula¢ne bolo najdené, Ze jedno a dvojstupriové spalovanie biomasy (Obr. 4) umozrfiuju pomocou
prebytku primarneho vzduchu dosiahnut maximalnu teplotu Cerstvych spalin 1250°C. V pripade
dvojstupfiového spalovania pri nepouzivani sekundarneho vzduchu je mozné generovany plyn pouzit
na technologické Gcely o maximalnej vyhrevnosti 4 MJ/m?®.
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Obr. 4: Vysledky simulacii pri zmene primarneho vzduchu

Priebeh simuldcii trojstupfiovej pece a nastavenia modelu je na Obr. 5. Do spalovacej ¢asti vstupuje
plyn s vyhrevnostou 5,5 MJ, kde je spalovany sekundarnym vzduchom s teplotou Cerstvych spalin
1176°C. Pri pouzivani nizkeho mnozstva sekundarneho vzduchu je mozné ziskat plyn o vyhrevnosti

5 MJ/m?,
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Obr. 5: Trojstupriové spalovanie a) Struktura modelu; b) priebeh simulacii pri primarnom
vzduchu 200 m®h

Na zaklade kalibrovaného matematického modelu a skusenosti z experimentu bolo navrhnuté
a postavené experimentalne poloprevadzkové zariadenie.

Poloprevadzkova trojstupnova pec

Nové experimentalne zariadenie (Obr.6a) ma pracovn( vysku 250 cm, hibku 65 cm a Sirku 60 cm
(Obr. 6a). Kvoli minimalizacii vplyvu netesnosti bolo navrhnuté dvojvrstvové oplastenie s jednou
komorou (pracovna vyska 200 cm a objem 100 litrov), kde dospalovaci priestor s privodom

sekundarneho vzduchu je umiestneny paralelne so spalovacou komorou.
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Obr. 6: Poloprevadzkova trojstupriova pec a) zariadenie; b) priebeh experimentu a umiestnenie
termoclankov

Na zariadeni bol vykonany 6 hodinovy experiment (Obr. 6b) s etapami — 1,5 h (nabeh pece);
2,5 h (rezim generovania maximalnej teploty spalin) a 2 h (rezim generovania plynu).

Ako referenéné palivo bola pouzita drevna bukova Stiepka o priemernej vihkosti 30 %, ktora bola
doplfiovana po zniZeni hladiny o 30 — 40 cm. Priemerny vykon vsadzania bol 60 kg/h.

Analyza spalin v dospalovacej komore potvrdila dostato¢nu tesnost’ zariadenia (O, = 0,08 %)
a vysoky podiel horfavych zlozZiek (CO nad 8000 ppm — obmedzeny rozsah pristroja; H, = 76396 ppm).

Pre overenie navrhnutej technoldgie bude potrebné urobit’ na zariadeni dlhodobejSie experimenty.
Predpokladom do buducnosti je vyuZzit iné typy biopaliv, bude vSak potrebné simuladne navrhnut
a nasledne upravit parametre zariadenia pre vybrany typ biopaliva.

Zaver

Na zaklade analyzy procesu spalovania, pyrolyzy a splyfovania bol navrhnuty kombinovany spdsob
termického zhodnocovania biomasy, ktorym mozno dosiahnut’ energeticky a termodynamicky optimalne
rieSenie. Paralelnym uskutocfiovanim pyrolyzy a splynovania mozno zvySit kalorick hodnotu
vygenerovaného plynu resp. entalpicki hodnotu spalin. Dosiahnutd energetickd a termodynamicka
efektivnost procesu umozriuje zvySit ekonomicku efektivnost energetického zhodnocovania biomasy
a tym podporit' jej SirSie vyuzivanie.

Simulaciami bolo zistené, Ze oddelenim pyrolyzy a splyfiovania je mozné zvySit vyhrevnost
splyfiovacej pece o cca 1 MJ/m°. Trojstupfiova pec pracuje pri vy$ej teplote, ¢o je mozné vyuzit pri
dodrzani teplotnych poZiadaviek na spalovane komunalneho odpadu. Koncepcia pece umozZniuje jej
pouzitie na vyrobu tepla a na vyrobu plynu. Geometrické a funkéné usporiadania pece zlep3Suje moznosti
jej efektivneho vyuzitia. Vyrobeny plyn je vhodny pre kogenera¢nu jednotku. Jej odpadné teplo
sa da vyuzit priamo v procese zhodnocovania biomasy (suSenie).

Na zaklade vysledkov simulacii a experimentov bolo navrhnuté poloprevadzkove zariadenie, ktoré
sluzZilo na experimentalne overenie ziskanych poznatkov a naslednu kalibraciu matematického modelu.
V dalSej etape bude na zaklade simulacii a skusenosti z experimentov postavena prevadzkova
trojstupriova pec.
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Three-stage furnace for biomass energetic treatment
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Summary

Biomass is presently most important energy source. Its energy potential is of about 50% of all
renewable energy sources. Biomass thermal evaluation is very topical and has great perspective. From
the analysis of direct combustion, pyrolisis and gasification has followed that no one of them enables
effective transformation of biomass energy on heat. From the energy and thermodynamic efficiency point
of view, the most convenient is combination of pyrolysis, primary combustion and secondary combustion.
Optimal solution is at maximum pyrolysis degree. The research of the presented approach was realised
by mathematical and physical modelling.

Economical effectivity of biomass energeticall utilisation depends besides its costs, costs of its
dressing on the costs of its thermal evaluation. In the presented contribution three basic modes of heat
generation from biomass are presented: one stage, two stage and three stage. The three stage furnace
with high temperature pyrolisis is presented. In this furnace pyrolitc gas and syngas are generated
separately. By this arrangement heating value of the generated gas was increased by 1,5 MJ/m®.

Keywords: biomass, biomass waste, biomass thermal treatment, economic efficiency.
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Institut environmentalnich technologii — nové védeckovyzkumné centrum
na VSB - Technické univerzité Ostrava a Ostravské univerzité

Institut environmentalnich technologii byl vybudovan v letech 2011 — 2013 v ramci projektu VaVpl
CZ.1.05/2.1.00/03.0100 ,Institut environmentalnich technologii“ (feSeného s partnerem Ostravskou
univerzitou). V ramci projektu byl vybudovan novy moderni vyzkumny pavilon vybaveny Spi¢kovou
experimentalni technikou umoznfujici vyzkum v tfech vyzkumnych programech. Na prvnich dvou
programech se podili VSB, na tfetim Ostravska univerzita.

Vyzkum energetického vyuziti odpadu

Vyzkumny program je zaméfen na jednotlivé technologické postupy (oxidacni, plazmové, redukéni,
anaerobni) energetického a materialového vyuziti dale nevyuzitelnych, zejména smésnych odpadu.
Vyzkumny program disponuje komplexnim souborem modernich laboratofi, které zahrnuji tfi
poloprovozni haly, kde jsou situovany spalovaci pece, v€etné suchého ¢&isténi spalin, modulové zafizeni
s plazmovym reaktorem a fermentory rdzného méfitka.

Cinnost v ramci vyzkumného programu zahrnuje vyzkum technologickych postupli energetického
zpracovani odpadd s dirazem na zvySovani bezpecnosti téchto postupu, snizovani jejich negativniho
vlivu na slozky Zivotniho prostfedi, zvySovani jejich energetické ucinnosti, snizovani ekonomické
naro¢nosti, dale vyzkum anaerobnich biotechnologickych procest pfemény bioodpadl, vyzkum
vlastnosti spalitelnych a anaerobné rozlozitelnych odpadd a posuzovani vlivd termickych metod
energetického vyuziti odpadd na zZivotni prostiedi.

Vyzkum technologii odstranovani produktu z energetického vyuziti odpadu

Vyzkumna ¢innost je orientovana pfedevsim na snizovani environmentalni zatéze cizorodymi latkami
ve v8ech slozkach zZivotniho prostfedi, na vyzkum a optimalizaci technologii ¢isténi odpadnich plynd, na
technologie zpracovani odpadnich produktd z energetického vyuziti odpadd, na vyzkum vyuZziti
prostfedk( modelovani jako podplrného nastroje pfi posuzovani kvality ovzdusi, moznostem snizovani
imisni zatéze a vyzkum modelovani hluku.

K dispozici je moderni laboratorni, analytické a softwarové zazemi pro vyzkum katalytickych a
adsorpcnich metod cisténi odpadnich plynd, chemické analyzy vod a vyzkum pfenosu znecisténi
z technologii do prostfedi.

Vyzkum dopadd environmentalnich technologii na zZivotni prostredi

Jsou studovany dopady primyslovych odpadovych technologii na pfirodni prostfedi. Jednotlivymi
aktivitami projektu je sledovan charakter znecistovani vody, ovzdus$i a jeho dopad na Zivou i neZivou
slozku prosttedi.

Hlavnim pfedmétem studia jsou takové technologie zpracovani nerecyklovatelnych odpadu, u kterych
je realné energetické vyuziti jejich tepelného obsahu. Vyzkum spociva ve fyzikalnich, chemickych,
ekotoxikologickych a genotoxikologickych analyzach slozek ZzZivotniho prostfedi, pfedevsim ovzdusi,
vody i pudy. Vystupem projektu je kvalitativni i kvantitativni popis dopadu xenobiotik na slozky zZivotniho
prostfedi a navrhy na mozna opatfeni ke zmirnéni negativnich dopadi s ohledem na trvalou
udrzitelnost.

Kontakt na web:

iet.vsb.cz
www.ietech.eu
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