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ABSTRACT. Background: There is a growing problem of the increasing anmtaf unsorted municipal wastes with the
resulting consequences for the environment.

The aim of this study was to present a new solstiminthe system for the decentral fractioning ohinipal wastes, which
enable simplification and improvement of the predegether with the reduction of total costs.

Methods: The description of the problem of the increasamgount of unsorted municipal wastes with the tesyl
consequences for the environment as well as amnatiee solution for the decentral fractioning afck wastes was
presented. The influence onto the environment dt agethe efficiency of the costly mechanical sugtiof wastes was
queried. The nowadays used principles of sorted largbrted waste disposal were elucidated and #duiantages and
disadvantages evaluated.

Results and conclusionsBased on this evaluation an innovative and futriented development of an automated system
for the decentral fractioning of municipal wasteaswpresented. The new developed systems aim actievement of an
easier, less costly and environment-friendlier psscfor the disposal of municipal wastes from apant buildings.
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INTRODUCTION

Before the problems of waste disposal are presetttedmain term of municipal waste shall be
defined and the different fractions of waste that differentiated today shall be declared. Municipa
waste means all the wastes that accrue in a nonmadehold. These are differentiated into the
following fractions: biological- and remaining wastpapers, glasses, plastics and wastes that are
summarized in Germany as the "Griner Punkt" whimhtain plastics, metal and all other kinds of
packaging without papers. Regarding to this, whenthe article unsorted municipal waste is
mentioned it means the mixing of these fractiontheDwastes like bulk rubbish, commercial wastes,
construction waste, waste wood or greencut areefimed as municipal wastes. Picture 1 shows the
classification of waste fractions while focusingt@mmunicipal wastes in a graphical manner
[Bilitewski, Hardtle, Marek, 2000, Mansoor, Cottdiestlake 1999, United Nations ... 2010].

Regarding the economics of waste disposal theaefimdamental and crucial difference between
unsorted and presorted wastes. Presorted wastémcanycled a lot more economically since they do
not need to be mechanical fractioned and sortedchMeads to a lesser environmental pollution.
Unfortunately, most of the inhabitants of apartmbuoildings are not aware of the economic and
environmental burden that unsorted waste produbesteach a future oriented waste disposal all
people must understand that avoidance insteadspbsial is the only way to reduce the devastation of
the environment through landfills and waste conibustOnly with a reduction of the created wastes,
the environment can be spared effectively.
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Fig. 1. Classification of usual fractions of waste
Rys. 1. Klasyfikacja frakcji odpadéw

The second important approach is the still not memimmon idea of "conscious disposal”. This
term means the proper sorting, but also the dispadstne right amount of municipal wastes. With
a compulsory waste fractioning directly at the emusach person can support an environment-
friendly disposal of the produced wastes. By tlhg, attitude of the waste producing people can be
changed to a complete presorted disposal of mualivipstes.

The raising amounts of municipal waste are now wailtbe in the future one of the mayor
problems for mankind. The demanded space for |Bmdfses because the waste sorting plants are
utilized to the capacity cap and through this danet is more and more polluted by wastes that are
difficult to sort and process. To reach the goa afiore environment-friendly waste disposal thexg h
to be made an adjustment to the waste processingepy so that only presorted wastes will be
processed. As a prelude to this change of conitegtnecessary to presort the wastes direct by the
causers. For this, a system is needed to improdesiamplify the process of waste collecting anddo d
not even allow a false disposal of different kimfisvaste. With such a system, it would be posdible
establish a "conscious disposal" without the needadws and rules to enforce it [United Nations ...
2010, Mulvaney 2011, Cord-Lanwehr 2000].

EXISTING APPROACHES TO A SOLUTION

The main cause for the need to process unsortetbsviies in the missing obligation for the
causers to presort the waste. Regarding to thesmilnicipal waste is often not sorted due to tlseea
of disposing them together in just one container.rrost people the sorting of the waste, depoging i
in different bags and transport these into theed#fit containers are additional efforts they want t
avoid. Often people still think that unsorted wastell be sorted afterwards mechanically or burned
altogether and so the presorting is not necessary.

Furthermore recycling is still not as much commeritashould be and a lot of people still do not
live by the idea of "avoidance instead of dispas#hile recycling creates the possibility to reuse
wastes in the same or a different manner it isantagical solution to the disposal of all the waste
produced today. The main disadvantage of recydbnthat the main process is very complex and
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expensive and produces pollutions due to the relefshe exhaust gasses that arise in the process.
Anyhow recycling as a method of waste processingspecially due to the continuous research of

new processing technologies, a future orientedisoland does a lot less damage to the environment
then thermal processing since the reduction ofathste extent is reached by a much lesser pollution

of the air [Cord-Lanwehr 2000, Caldecott, CoggMs]lveen 2009].

To enable the recycling process the presortingi@fwaste fractions is of crucial importance. Two
different approaches to the presorting processised today:

—Subsequent sorting of mixed disposed wastes by leansprting plants,
—Manuel sorting of the fractions by the causer asgasing into different containers.

To compare the two approaches of presorting thhiatages and disadvantages are presented in
the chart below.

Chart 1. Advantages and Disadvantages of presont@dubsequent sorted waste fractions
Schemat 1. Zalety i wady frakcji odpadéw z sortoi@avstpnego i zasadniczego

Advantages Disadvantages
- No additional sorting by costly sorting plants - Labour-intensive presorting process for the users
necessary - More complex transportation system needed for the
- Recycling directly possible disposal companies

Presorted
waste fractions | ~ Resource saving and environment-friendly disposal
process
— Conscious Disposal

~ Future oriented process

- Easy disposal from the users point of view - Intensive subsequent sorting effort
- Easier transportation system for the disposal - Higher demand for thermal treatment of the unsdtetah
Subsequent companies remaining wastes
sorted waste | _ High accuracy of the subsequent sorting process | - Inefficient disposal process compared to the dispofs
fractions presorted wastes

- Higher demand for landfills

- Pollution due to the exhausts of the sorting plants

The unsorted waste disposal has advantages faist#re due to the lack of need for the presortirig bu

also for the waste disposal companies since thaytloeed as many trucks to collect the wastes. But
because of the overwhelming disadvantages of aori@sswaste disposal this approach will have to

be reduced or even completely eliminated in the heare. The part of unrecyclable wastes that can

only be treated thermal in unsorted wastes is dilglter than in presorted wastes. Because of the
dense conglomeration between the different kindsvaste, the danger occurs that they cannot be
sorted completely and recyclable material is logt @an only be treated thermal anymore.

The presorting of waste by the causer is enablidigest recycling without the need for expensivd an

polluting waste treatment plants. Due to this, theycling process can be less costly and more
resources can be regained. Because of this envaatrfmendly background, the presorting of wastes
by the causer has to be viewed as a future origdréatinent process. But this solution has one major
disadvantage. If the presorting is not done cdrdut the users the recycling process cannot be& don
or a second inefficient sorting of the waste hashéodone. Due to this, the main task at the
development of new waste collection systems igtbipit the false fractioning of wastes by the user

One more disadvantage is shared by both approgehesrting and subsequent sorting as it is done
today. Mostly the wastes are collected in contairaitside the buildings so that the trucks of the
waste collection companies can reach them moréyeddiile this is an advantage for the companies,
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it inhabits disadvantages for the users, which dead to a less good presorting behavior. Firstlg,
users have to leave the building to dump their &ashich causes inconveniences while it is raining
or snowing. Also in the area of the containerspines to annoyances due to the smell of the wastes
even vermin. To encounter these problems it wogldbba major advantage for a waste collection
system to store the wastes inside the houses Wkeridanliness can be guaranteed.

ALTERNATIVE APPROACH TO THE PROBLEM - DECENTRALIZED
FRACTIONING OF THE MUNICIPAL WASTES

Regarding the above mentioned major problems afytsdvaste disposal systems a new approach
was developed to collect and fraction the wasteemtealized at their production place. With said
system, it should be possible to create an easistewdisposal system for the users and by thisdpre
the idea of conscious disposal to the people.

A lot of resources can be saved when the numbpraafesses of mechanical sorting plants can be
reduced. The innovative disposal system is basethisnidea. The system was developed for the
adoption of presorted municipal wastes. The redpiity for the sorting process lies by the causer
while the system secures that only correctly soneabte is disposed. The system works by
identifying, weighting and transporting the wadbtattis placed into special interjection units. The
transportation process works without any propulsjost by gravity the waste is transported from the
interjection units, in the several floors of thdldimg, to the cellar where the containers are gdac
From here the containers with a pure filling oftjune fraction are disposed by the recycling
companies. In the following picture, the waste dsg) process of the system is described from the
user, the technology and the recycling companyitst jpd view.

Disposal company's
perspective

User perspective ‘T'echnical perspective

*Injection room entrance +Identiticarion of vzer and scamputer bazed overview of
authorization checl: fraction the filling of each container
sInzertion ofthe waste bags +Weighting of the waste bags +demand driven
into the injection umnit transportation cyeles
fraction clea * Aulomalic creation of
statistics and bills semptving or changing of the
«It demanded: statustics contamers: m the building:
tegarding the disposal sTrangport of the wazte hags cellar
mazzes and numbers on the into the specific container
seleel swireless avatem overview

+ Antomated gorting of glass
colors

Fig. 2. Presentation of the disposal process ff@user, technical and disposal company's peispect
Rys. 2. Proces wywozu z punktu widzentgtiownika, technicznego i firmy wywagcej odpady

The interjection units are placed on every floorseparated disposal rooms. Entrance to the
disposal rooms is given once a person is identifigdhe chip card that each user is handed for the
system. By this, the security of the system andusers is guaranteed and wittingly done damage to
the system is prevented. The system is designedlyoallow correctly presorted wastes locked within
plastic bags to prevent smell, soiling of the ard contamination by vermin. Before the waste @n b
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introduced into the injection unit, the user adgaas to identify himself by his chip card. By thigt
system can refer the dropped waste to the usdatfar billing. After the identification of the usére
waste can be placed into the injection unit. Omeewaste is placed into the unit, it is weighted an
scanned for accurate presorting. Beside the injeatnit is a screen installed on which the user can
view the statistics of the waste he just disposéadl the system. It is possible to view the weidind

of fraction, date and time of disposal and mostiportant the cost, as well as the cost for the last
week or month. By this, the system shall not onlyvmle information but also raise the awareness of
the users for the amounts of waste they producenagdhey will come to a more conscious disposal.

After the waste was associated to the user, idedtdnd weighted, it will be transported to the
collection containers. The transportation is dogeatpipe that leads from the injection units to the
containers. Since the containers are placed intbiglecellar, there is no need for propulsion but the
transport works by gravity. Due to this the waségdreach a high speed when they are transported
downwards. Since the bags can be damaged by tledpiged, especially when they reach their
destination, the system has a complex device taceedhe kinetic energy of the waste bags. This
device is one major part of the system since anyadg to the plastic bags would lead to
contamination and smell which has to be avoidedesihe containers are placed inside the houses
cellars.

Another waste fraction that is mainly influencedthig problem is glass waste. Without the kinetic
reducer unit, the glass would be destroyed at iideoé the transportation process and a fractioning
the different glass colors would be impossible. iBehthe kinetic reducing unit, a sorting system is
placed that transports the waste into the contaihis fraction. Here also the glass waste isesblty
the glass color into different containers. Everptamer contains a sensor that measures how much it
is filled already. These sensors are directly cotete to the computer system of the disposal
companies. By this, it is possible for the dispasahpanies to plan their truck transports exacily b
the filling of the containers and so reduce thagpmrtation costs and the pollution by the trucks.

All the above mentioned necessary identificatiord aensory processes are calculated in
milliseconds so that there are no waiting timestli@r user in the process of waste disposal. Also th
system is directly communicating with the operatormaintenance and repair processes can be done
fast and only when needed. By sensors placed itiselsystem it is capable of identifying the reason
of any malfunction and guide the maintenance temetilly to the damaged section. So it is not only
possible to reduce the reaction time but also wetahe maintenance costs in comparison to a today
used system.

BOTTOM LINE

With the use of the newly developed system for mpetely automatic decentral fractioning of
municipal wastes, it is possible to reduce allitt®nveniences involved in today's waste disposdl a
to ease the process of disposal for the usersi®tiee use of an computer controlled system and the
implemented sensor technic it is not only possiblguarantee a correct, fraction clean disposal but
also a billing system that is fair for the userd amables a complete listing of all disposed wastes
each user. By the use of the presented systespdssible to automate the waste disposal prooeks a
to minimize the costs for the disposition.

But also with such an innovative intelligent systerthealthy environment can only be guaranteed
if the users adopt the idea of avoidance insteatisposal on any kind of waste.

SUMMARY

The article is describing the problem of unfracidnand unsorted waste disposal in urban
settlements. It describes a research subject héthiarget to develop a possibility for future saytof
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municipal waste. At first, several examples of todesed systems for the fractioning and their
advantages and disadvantages are presented. ltensthown, that the most prominent disadvantage of
these systems can be found in the lack of an diigéor the users to sort the waste before disupsi

it and that often the waste will not be sorted lbeeaof the laziness of the users. Because ofdtesyt
used systems have several downsides like: highteffor the additional waste sorting at high cost
sorting facilities, contamination of the environmhéecause of the necessary thermic treatment of no
longer separable wastes and the constant overlodateolandfills. Accordingly, the article presents
alternative solutions, in which, by the usage dbmated processes the peripheral waste disposal in
urban settlements can be done in the future.

The main principle of this new disposal concepghet the user will have the obligation to presort
the waste in the today used fractions like: papeastes of the "Griner Punkt" system, glass and
household waste. These wastes will be transpontedits using the already established plastic bag
system. These bags will be disposed by the usemigh special insertion modules, which are
connected with a pipe system that transports thgs b@ a central collection station. During the
disposal process each bag will be weighted, thatifra of waste will be recorded by a sensor system
and the bag will be associated with the appropua#s. By this, the system will be capable to diyec
collect each waste fraction in a different contaimed to create an exactly done billing-paper f@re
user. By this, the system can determine the exaasorement of the filling of the container and will
be able to send this information to the servicevigier for the dispose of the waste containers. Also
the system will be connected directly with the gar\provider for the maintenance of the system to
allow a fast reaction if the system is damagedhibottom line of the article it will be pointedito
that even with the use of such new, intelligenteys for the waste disposal it will be necessary to
change our view onto waste management from disgosaloidance to reach a green and healthy
nature for our future.
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OPRACOWANIE ZAUTOMATYZOWANEGO SYSTEMU DO
ZDECENTRALIZOWANEGO SORTOWANIA ODPADOW W OSIE-
DLACH MIESZKANIOWYCH

STRESZCZENIE. Wstep: Istnieje cigle zwickszajcy sk problem ilgci niesegregowanych odpadéw w osiedlach
mieszkaniowych wraz z jego konsekwencjamidgitalowiska.

Celem tej pracy bylo przedstawienie propozycji nowegzwizania systemu zdecentralizowanego sortowania odpadd
komunalnych, ktére unidiwiajg uproszczenie i usprawnienie procesu wraz zzdgriiosztow catkowitych.

Metody: W artykule przedstawiono problemagykzwickszania si ilosci niesegregowanych odpadéw w osiedlach
mieszkaniowych wraz z konsekwencjami dkodowiska jak réwnie przedstawiono alternatywne rozagénia
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zdecentralizowanego usuwania odpadow. Zostatetapoddane dyskusji wpltyw nérodowisko oraz efektywrsd
kosztownego mechanicznego sortowania odpaddéw. Zept@vano obecnie stosowane zasady wywozu sort@any
i niesortowanych odpadéw wraz z ogéch zalet i wad.

Wyniki i wnioski: W oparciu o 4 ocer zaprezentowano innowacyjne zorientowane na pra§sziozwigzanie
automatycznego systemu zdecentralizowanego segaesg@wodpaddéw w osiedlach mieszkaniowych. Nowotwoezo
systemy § zorientowane na prostszy,ntxy i przyjaniejszy dlasrodowiska proces wywozu odpadéw komunalnych
w osiedlach mieszkaniowych.

Stowa kluczowe: odpady komunalne, zdecentralizowane sortowanieywasie odpadoéw, metodyka utylizacji,
automatyzacja, sortowanie odpadéw.

ENTWICKLUNG EINES VOLLAUTOMATISIERTEN SYSTEMS FUR
DEZENTRALE SORTIERUNG VON KOMMUNALEN ABFALLEN IN
STADTISCHEN WOHNSIEDLUNGEN

ZUSAMMENFASSUNG. Einleitung: Es besteht ein immer gréRer werdendes Problemwdehsenden Mengen von
Abféllen in stadtischen Wohnsiedlungen sowie dedsensequenzen fir die Umwelt. Das Ziel der Arbedrves, den
Vorschlag eines Systemkonzeptes fur dezentraleieBamy von kommunalen Abféllen, welches Vereinfaghwnd
Vervollkommnung des Sortierungsprozesses sowie Benllessen Gesamtkosten ermdglicht, zu unterbreiten

Methoden: Im vorliegenden Artikel wurden die Problematikrdenmer wachsenden Mengen nicht segregierten Miills
stadtischen Wohngebieten, dessen Konsequenzeieflimewelt sowie alternative Losungen fiir dezentMldlentsorgung
dargestellt. Dabei wurden der negative Einfluss dief Umwelt und die Effektivitdt der mechanischeort®rung der
kommunalen Abfélle angesprochen, wobei man diezu¢age geltenden Regeln und Prinzipien fur die Abflés sortierten
und nicht sortierten Miills samt der Abschatzunglagreffenden Vor -und Nachteile projiziert hat.

Ergebnisse und Fazit In Anlehnung an diese Beurteilung wurden die aid dukunft orientierte Ldsung des
vollautomatisierten Systems fiir die dezentrale iSmmg der kommunalen Abfélle in stédtischen Wobdisingen
prasentiert. Die neuentwickelten Systeme sind eanfachere, billigere, umweltfreundlichere Abfuhorv kommunalen
Abféllen in stéadtischen Wohngebieten ausgerichtet.

Codewdrter: kommunale Abfélle, dezentrale Sortierung, Millengsing, Entsorgungsmethodik, Automatisierung,
Sortierung von kommunalen Abfallen.
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