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Das Bundesministerium fiir Umwelt, Naturschutz, nukleare Sicherheit und Verbraucherschutz
(BMUV) und die 16 Bundeslinder haben eine Verwaltungsvereinbarung geschlossen, um
gemeinsam eine auszugsweise Ubersetzung der BVT-Merkblitter ins Deutsche zu organisieren
und zu finanzieren, die im Rahmen des Informationsaustausches nach Artikel 13 (3) der Richtlinie
2010/75/EU iiber Industrieemissionen erarbeitet werden. Die Vereinbarung ist bereits fiir die
Vorgiangerrichtlinie (IVU-Richtlinie) am 10.1.2003 in Kraft getreten und gilt fiir die Neufassung
der Richtlinie 2024/1785/EU fort. Von den BVT-Merkblittern sollen die fiir die
Genehmigungsbehdrden wesentlichen Kapitel tibersetzt werden.

Als Nationale Koordinierungsstelle fiir die BVT-Arbeiten wurde das Umweltbundesamt (UBA)
mit der Organisation und fachlichen Begleitung dieser Ubersetzungsarbeiten beauftragt. In dem
vorliegenden Dokument wurden aus dem von der Europédischen Kommission verdffentlichten
BVT-Merkblatt ,,Abfallbehandlung* diejenigen Kapitel libersetzt, die fiir die Bestimmung der
Besten Verfiigbaren Techniken in Deutschland relevant sind (namentlich die Kapitel 2.3, 3.1.3,
323,334,45,5.14,523,53.4,54.3,5.53,554,5.63,5.7.3,58.1.3,5.8.2.3, 7, VIl und
VIII). Des Weiteren wurden das Inhaltsverzeichnis und das Glossar (Abkiirzungen und
Definitionen) iibersetzt.

Die nicht iibersetzten Kapitel liegen in diesem Dokument in der englischsprachigen
Originalfassung vor. Diese englischsprachigen Teile des Dokumentes enthalten weitere
Informationen (u.a. Emissionssituation der Branche, Technikbeschreibungen etc.), die nicht
libersetzt worden sind. In Ausnahmefillen gibt es in der deutschen Ubersetzung Verweise auf
nicht {ibersetzte Textpassagen. Die deutsche Ubersetzung sollte daher immer in Verbindung mit
dem englischen Text verwendet werden.

Kapitel 6 (Schlussfolgerungen fiir die Abfallbehandlung) basiert auf der offiziellen Ubersetzung
der Europidischen Kommission in einer zwischen Deutschland, Luxemburg und Osterreich
abgestimmten korrigierten Fassung.

Diese deutschen Ubersetzungen stellen keine rechtsverbindliche Ubersetzung des englischen
Originaltextes dar. Bei Zweifelsfragen muss deshalb immer auf die von der Kommission
verdffentlichten englischsprachige Version zuriickgegriffen werden. Dieses Dokument ist auf der
Homepage des Umweltbundesamtes (https://www.umweltbundesamt.de/themen/wirtschaft-
konsum/beste-verfuegbare-techniken/sevilla-prozess/bvt-merkblaetter-
durchfuehrungsbeschluesse abrufbar.

Durchfiihrung der Ubersetzung in die deutsche Sprache:

Proverb oHG

Marktplatz 12

70173 Stuttgart
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Diese Verdffentlichung ist ein Bericht der Gemeinsamen Forschungsstelle (GFS), dem
Wissenschafts- und Wissensdienst der Europédischen Kommission, zum Thema ,,Wissenschaft fiir
die Politik®. Er soll den européischen politischen Entscheidungsprozess wissenschaftlich fundiert
unterstiitzen. Die dargelegten wissenschaftlichen Ergebnisse geben nicht den politischen
Standpunkt der Europaischen Kommission wieder. Weder die Europédische Kommission noch
eine im Namen der Kommission handelnde Person ist flir die Verwendung dieser
Verdffentlichung verantwortlich.
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PREFACE

1. Status of this document

Unless otherwise stated, references to ‘the Directive’ in this document refer to Directive
2010/75/EU of the European Parliament and the Council on industrial emissions (integrated
pollution prevention and control) (Recast).

The original best available techniques (BAT) reference document (BREF) on Waste Treatment
was adopted by the European Commission in 2006. This document is the result of a review of
that BREF. The review commenced in June 2013.

This BAT reference document for Waste Treatment forms part of a series presenting the results
of an exchange of information between EU Member States, the industries concerned, non-
governmental organisations promoting environmental protection and the Commission, to draw
up, review, and where necessary, update BAT reference documents as required by Article 13(1)
of the Directive. This document is published by the European Commission pursuant to

Article 13(6) of the Directive.

As set out in Article 13(5) of the Directive, the Commission Implementing Decision (EU)
2018/1147 on the BAT conclusions contained in Chapter 6 was adopted on 10.8.2018 and
published on 17.8.2018'.

2. Participants in the information exchange

As required in Article 13(3) of the Directive, the Commission has established a forum to promote
the exchange of information, which is composed of representatives from Member States, the
industries concerned and non-governmental organisations promoting environmental protection
(Commission Decision of 16 May 2011 establishing a forum for the exchange of information
pursuant to Article 13 of the Directive 2010/75/EU on industrial emissions (2011/C 146/03), OJ
C 146, 17.05.2011, p. 3).

Forum members have nominated technical experts constituting the technical working group
(TWG) that was the main source of information for drafting this document. The work of the
TWG was led by the European IPPC Bureau (of the Commission's Joint Research Centre).

3. Structure and contents of this document

General information
Chapter 1 provides general information on the waste treatment sector.

For the sake of clarity, the waste treatment sector has been divided into four chapters, each split
into several sections as shown below.

L' ABI. L 208 vom 17.8.2018, S. 38.
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Kapitel 1

1 GENERAL INFORMATION

[1. Concawe 1996] [2, Monier, V. and Labouze, E. 2001], [3, Eunomia Research & Consulting
2002], [4, Viscolube 2002], [5, Militon et al. 1998] [6, UK Department of the Environment 1991],
[7, UK, H. 1995]. [8, LaGrega et al. 1994]. [9, UK EA 2001],[10, Babtie Group Ltd 2002], [11,
WT TWG 2003], [12, UNEP 2000], [13., Schmidt et al. 2002] [14, Eucopro 2003], [15, Iswa
2003], [16, Ruiz, C. 2002] [17, Pretz et al. 2003], [18, WT TWG 2004], [19, WT TWG 2004],
[20, EUROSTAT 2018], [21, WT TWG 2016].

1.1 The purpose of waste treatment

In the European Union, waste management is an essential part of the transition to a circular
economy? and is based on the "waste hierarchy" which sets the following priority order when
shaping waste policy and managing waste at the operational level (see Figure 1.1): prevention,
(preparing for) reuse, recycling, recovery and, as the least preferred option, disposal (which
includes landfilling and incineration without energy recovery that are outside the scope of this

document).
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Quelle: Europdische Kommission

Figure 1.1: Waste hierarchy

However, secondary products are inherent to any industrial process and normally cannot be
avoided. In addition, the use of products by society leads to residues.

In many cases, these types of materials (both secondary products and residues) cannot be reused
by other means and may become unmarketable. These materials are typically given to third parties
as waste for further treatment.

The reason for treating waste often depends on the type of waste and the nature of its subsequent
fate. Some waste treatments and installations are multipurpose. In this document, the basic
reasons for treating waste are:

. to reduce the hazardous nature of the waste;

o to separate the waste into its individual components, some or all of which can then be put
to further use/treatment;

2 http://ec.europa.eu/environment/circular-economy/index_en.htm
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Kapitel 2

2 PROCESSES AND TECHNIQUES COMMONLY USED FOR
WASTE TREATMENT

This chapter describes (in Section 2.1) those processes commonly found in the waste sector that
are generally applied and that are not specific to any individual type of waste treatment (WT).
This chapter also gives information about the data collection used to review this document as well
as an overview of the emissions encountered across the sector (Section 2.2). Finally, Section 2.3
addresses the techniques to consider in the determination of BAT for the processes commonly
found in the waste treatment sector.

Many processes and techniques listed in this chapter are briefly described, with information

provided in the structure shown in Table 2.1. This same structure is used for each process and
technique, to help the reader to easily assess the information within this document.

Table 2.1: Information contained in the description of each technique/process included in

Chapter 2
Name of the type of information Type of information included
Purpose A brief explanation of what the process is used for
Principle of operation The type of process carried out and a brief explanation of it

The type of waste that can be treated by the treatment, as well as

Feed and output streams details of any products of the operation

A brief description of the process. Where appropriate, figures and

Process description diagrams will be used.

Reference to the number of plants using the technique in Europe
Users and worldwide. Also, details of which WT sector(s) use(s) this type
of technique.

Source: [18, WT TWG 2004]
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Kapitel 2

2.1  Applied processes and techniques

[5, Militon et al. 1998], [32, Inertec; dechets, F. and Sita 2002], [8, LaGrega et al. 1994],

[10, Babtie Group Ltd 2002], [11, WT TWG 2003], [12, UNEP 2000], [33. Irish EPA 2003], [34,
Watco 2002], [13, Schmidt et al. 2002], [14, Eucopro 2003], [17, Pretz et al. 2003],

[18, WT TWG 2004], [35. VROM 2004], [36, UBA Germany 2004]

This section discusses the process steps commonly used in the WT sector and included within the
scope of this document. Some process steps are also addressed in Section 2.3 'Techniques to
consider in the determination of general BAT for the WT sector' as these steps are not only of
importance for the good performance of the waste process itself but also for the environmental
impact of the process. In order to avoid repetition, such process steps are only described very
briefly in this section and extensive descriptions can be found in Section 2.3. Cross references are
made when relevant.

211 Pre-acceptance and acceptance of waste

For most WT plants, the following order is relevant: a) pre-acceptance, b) acceptance, ¢) storage,
d) treatment, and e) storage of residues and emissions. Each of these steps requires knowledge
and control of the waste as well as specific acceptance and processing management. Knowledge
of wastes, before they are accepted, stored or treated, is a key factor for the management of a WT
plant.

2111 Pre-acceptance

Purpose
To ensure the type of waste to be treated is within the capacities of the plant and within the
requirements of the site permit.

Principle of operation

Early communication between the waste producer and the WT plant ahead of agreement between
both parties about the waste treatment. Pre-acceptance also includes the characterisation of waste
to achieve sufficient knowledge of its composition.

Feed and output streams
Not applicable.

Process description
See Sections 2.3.2.1 to 2.3.2.4.

Users
All WT plants.
21.1.2 Acceptance

Purpose
To decide whether to accept or reject the waste upon its arrival at the WT plant.

Principle of operation
Acceptance procedures aim to confirm the characteristics of the waste, as identified in the pre-
acceptance stage.

Feed and output streams
Not applicable.
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Kapitel 2

2.2 Current emission and consumption levels

2.21 General information on the data collection

This section summarises the installation-specific data gathered during the data collection carried
out over the course of the BREF review process [42, WT TWG 2014].

Overall, 338 plants across Europe submitted filled-in questionnaires to the EIPPCB.
Subsequently, the EIPPCB sent numerous requests for clarification and additional information to
the TWG which resulted in many corrections. Some 9 questionnaires were discarded because the
waste treatment was outside the scope of this BREF or the questionnaire contained too little data.

Table 2.3 below gives an overview of the plants which took part in the data collection.

Table 2.3:  Overview of the plants which participated in the data collection

Location Nupr;lal::trs of Share
AT 26 7,9 %
BE 14 4,0 %
CZ 2 0,6 %
DE 75 22,8 %
DK 11 3,0%
EL 1 0,3 %
ES 26 7,9 %
FI 8 24 %
FR 45 14,9 %
IE 3 0,9 %
IT 26 7,6 %
NL 21 6,4 %
NO 4 1,2%
PL 5 1,5 %
PT 5 1,5%
Uuo 2 0,6 %
SO 8 2,4 %
UK 47 14,0 %
All 329 100,0 %

These 329 plants are referred to hereafter in this document as 'reference plants' or as belonging to
the 'reference list' (see Annex 9.1).

In order to facilitate the data collection and the subsequent data analysis, the activities of the waste
treatment plants were categorised in predefined combinations of waste process and waste stream:

° mechanical treatment in shredders of metal waste;

° mechanical treatment of waste with calorific value;

. mechanical treatment of WEEE containing refrigerants;
. aerobic treatment of source-separated bio-waste;
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Kapitel 2

2.3 Beider Festlegung der BVT fir den
Abfallbehandlungssektor zu beriicksichtigende
Techniken

In diesem Kapitel werden die Techniken (oder Kombinationen von Techniken) und die dazugehdrigen
UberwachungsmaBnahmen beschrieben, bei denen davon ausgegangen wird, dass sie iiber das
Potenzial verfiigen, bei den Tatigkeiten im Anwendungsbereich des vorliegenden Dokuments ein
hohes Mall an Umweltschutz zu erzielen. Die beschriebenen Techniken enthalten sowohl die
angewandte Technologie als auch die Art und Weise, wie die Anlagen geplant, gebaut, gewartet,
betrieben und stillgelegt werden.

Im Kapitel werden Umweltmanagementsysteme, prozessintegrierte Techniken und nachgeschaltete
MaBnahmen (sogenannte End-of-Pipe-MaBnahmen) behandelt. Abfallvermeidung und -
bewirtschaftung (einschlieflich Abfallminimierung und Recyclingverfahren) werden ebenso
beriicksichtigt, wie Techniken zur Reduzierung des Verbrauchs an Rohstoffen, Wasser und Energie
durch Optimierung der Verwendung und durch Wiederverwendung. Die beschriebenen Techniken
behandeln auch verwendete Maflnahmen zur Verhinderung oder Einschrinkung der Umweltfolgen
von Unfillen und Vorféllen sowie MaBnahmen zur Standortsanierung. Sie behandeln auflerdem
MaBnahmen, die unter Bedingungen ergriffen werden, die von den normalen Betriebsbedingungen
abweichen (wie An- und Abfahren, unbeabsichtigtes Austreten von Stoffen, Storungen, kurzzeitiges
Abfahren sowie die endgiiltige Stilllegung des Betriebs), um Emissionen zu verhindern oder zu
reduzieren.

In Anhang III der Richtlinie ist eine Reihe von Kriterien zur Festlegung von BVT angefiihrt, und die
Angaben in diesem Kapitel befassen sich mit diesen Erwagungen. Nach Moglichkeit wurde fiir die
Darstellung der einzelnen Techniken im gesamten vorliegenden Dokument die Standardstruktur aus
Tabelle 2.4 verwendet, um einen Vergleich der Techniken und die Bewertung der Techniken nach der
Bestimmung des Begriffs ,,BVT* in der Richtlinie zu ermoglichen.

Das vorliegende Kapitel enthélt nicht unbedingt eine erschopfende Liste aller Techniken, die in dem
Sektor eingesetzt werden konnten. Mdglicherweise gibt es auch andere Techniken oder es kdnnten
andere Techniken entwickelt werden, die bei der Festlegung einer BVT fiir eine einzelne Anlage
beriicksichtigt werden konnten.

Tabelle 2.4: Informationen fiir die einzelnen Techniken

Uberschriften innerhalb der Abschnitte

Beschreibung

Technische Beschreibung

Erzielte Nutzen fir die Umwelt

Umweltleistung und Betriebsdaten

Medieniibergreifende Auswirkungen

Fiir die Anwendbarkeit relevante technische
Erwédgungen

Wirtschaftlichkeit

Anlass fiir die Umsetzung

Beispielanlagen

Referenzliteratur

In diesem Kapitel sollen Techniken vorgestellt werden, die auf mehr als eine Art der Abfallbehandlung
anwendbar sind, um Wiederholungen in den Kapiteln dieses Dokuments zu vermeiden, die einer
bestimmten Art der Abfallbehandlung gewidmet sind (und zwar Kapitel 3 bis 5). Das bedeutet, dass
in diesen Kapiteln auf die hier vorgestellten Techniken verwiesen werden kann, wenn sie relevant
sind, und dass zusitzliche Techniken vorgestellt werden, die fiir die jeweilige Art der
Abfallbehandlung spezifisch sind.
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Kapitel 2

Wirtschaftlichkeit

Qualifiziertes Personal ist in der Regel teurer. Die Einfiilhrung von Schulungsprogrammen
(entweder intern oder durch externe Unterauftragnehmer) wird fiir den Betreiber mit zusétzlichen
Kosten verbunden sein.

Anlass fiir die Umsetzung
Verbesserung der Anlagenleistung.

Beispielanlagen
Es gibt viele Beispiele im Sektor.

Referenzliteratur
[17, Pretz et al. 2003], [48, UBA Deutschland 20037, [18, WT TWG 2004]

2.3.2 Betriebliche Techniken zur Verbesserung der Umweltleistung

In diesem Abschnitt werden die Techniken behandelt, die dem Betreiber helfen, den zu
behandelnden Abfall zu charakterisieren. Die Griindlichkeit, mit der diese Charakterisierung
vorgenommen wird, ist flir die anschlieBende Abfallbehandlung von wesentlicher Bedeutung. Das
Versdaumnis, Abfallproben vor der Abfallannahme angemessen zu untersuchen und ihre
Zusammensetzung bei der Anlieferung in der Anlage zu bestitigen, hat in der Vergangenheit
héufig zu Folgeproblemen gefiihrt, einschlieBlich unsachgeméifier Lagerung und Vermischung
unvertraglicher Stoffe, einer Anhdufung von Abfallen und einer unerwarteten Behandlung und
damit unerwarteten Emissionsprofilen.

2.3.21 Vorabkontrolle von Abfallen vor der Annahme

Beschreibung

Verfahren zur Vorabkontrolle von Abféllen vor der Annahme sind Techniken, die die technische
(und rechtliche) Eignung des Abfallbehandlungsverfahrens fiir einen bestimmten Abfall
sicherstellen.

Technische Beschreibung

(1) Das Verfahren zur Vorabkontrolle von Abféllen vor der Annahme schreibt vor, dass vor
dem Eintreffen der Abfille in der Anlage folgende Angaben schriftlich oder in
elektronischer Form mitgeteilt werden miissen:

. Name, Standort und Kontaktdaten des Abfallerzeugers;
. relevante Informationen iiber den Prozess, bei dem die Abfille entstehen;

. eine angemessene Beschreibung der Abfille, einschlieBlich ihrer physikalischen Form,
ihrer umfassenden chemischen Zusammensetzung (auf der Grundlage einer oder mehrerer
reprisentativer Proben der Abfille) und ihrer gefahrlichen Eigenschaften;

° die Bestitigung, dass die Abfille keine radioaktive Quelle enthalten, oder, wenn die Gefahr
einer radioaktiven Kontamination besteht, die Bestéitigung, dass die Abfille nicht
radioaktiv sind, es sei denn, die Anlage ist zur Annahme solcher Abfille berechtigt;

. die geschitzte Menge, die pro Ladung und Jahr voraussichtlich an den Betreiber geliefert
wird;
. Informationen iiber die Art und Variabilitdt des/der Abfallerzeugungsprozesse(s);

. der Code des européischen Abfallverzeichnisses fiir den Abfall.

Es kann eine Uberpriifung der schriftlichen Angaben erforderlich sein, die eine Kontaktaufnahme
mit dem Erzeuger oder einen Besuch bei ihm erfordern kann. Beim Umgang mit Mitarbeitern, die
direkt an der Abfallerzeugung beteiligt sind, konnen weitere Faktoren zum Tragen kommen.
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Kapitel 2

Alle Abfille werden bei ihrem Eingang durch Sichtkontrolle und Stichproben kontrolliert. Das
Stichprobensystem variiert in der Breite der Analyse und sein Umfang wird bei der
Vorabkontrolle der Abfille festgelegt. Es kann ein einfaches Screening auf Flammpunkt und pH-
Wert erfolgen oder eine Probenahme zur schnellen Laborbestimmung dieser Elemente und des
Metallgehalts sowie ein grobes organisches Screening. Alternativ kann die Art des Abfalls ein
griindliches Screening oder eine Vorpriifung des Behandlungsverfahrens erfordern.

Gebrauchte Katalysatoren
Die Materialien werden auf unvorhergesehene Verunreinigungen und Kontaminationen gepriift,
was sich als kosteneffektiv erweisen kann, um ein sauberes Produkt zu erhalten und die
Emissionen zu reduzieren.

Gebrauchte Aktivkohle

Die zur Regeneration angelieferte Aktivkohle wird als einzelne Charge identifiziert und
analysiert, so dass die bei der Behandlung zu desorbierenden Stoffe bekannt sind und bestétigt
werden kann, dass die Anlage in der Lage ist, sie im Rahmen der Zulassung zu verarbeiten. Der
Antragsteller legt klar dar, welche Arten von Verunreinigungen auf der Aktivkohle fiir die
Regeneration vorgesehen sind.

Medieniibergreifende Auswirkungen
Keine.

Fiir die Anwendbarkeit relevante technische Erwigungen
Allgemein anwendbar.

Wirtschaftlichkeit
Die Kosten fiir die Abfallcharakterisierung und -analyse zum Schutz der Anlage sind in der Regel
hoch.

Annahmeeinrichtungen fiir Abwasseraufbereitungsanlagen, z. B. fiir die Entladung und Lagerung
von Tankwagen, kénnen rund 1,5 Mio. EUR (1 Mio. GBP) kosten. Die Betriebskosten sind relativ
gering und umfassen hauptsédchlich Verwaltungskosten.

Anlass fiir die Umsetzung
Sicherheit der Prozessausriistung und der Mitarbeiter sowie gesetzliche Anforderungen fiir
bestimmte Abfallbehandlungstitigkeiten und Genehmigungsanforderungen.

Beispielanlagen
Diese Techniken sind in vielen Anlagen des Abfallsektors tiblich.

Referenzliteratur

[67, UK Environment Agency 1996], [9, UK EA 2001], [10, Babtie Group Ltd 2002], [11, WT
TWG 2003], [33, Irish EPA 2003], [16, Ruiz, C. 2002], [48, UBA Deutschland 2003],

[18, WT TWG 2004], [19, WT TWG 2004], [51, WT TWG 2005], [29, PCT Subgroup 2015],
[34, Watco 2002], [13, Schmidt et al. 2002], [17, Pretz et al. 2003], [26, Mech. subgroup 2014]

2.3.24 Probenahme von Abfallen

Beschreibung
Das Probenahmeverfahren wird als Teil der Vorabkontrolle und Annahme der Abfille verwendet,
um die Abfallproben auszuwéhlen, die einer Charakterisierung, Analyse oder Priifung unterzogen
werden sollen.

Technische Beschreibung
Ein Probenahmeverfahren wird auf der Grundlage der folgenden Grundsitze konzipiert:
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Kapitel 3

3 MECHANICAL TREATMENT OF WASTE

This chapter covers the treatment in shredders of metal waste, including waste electrical and
electronic equipment (WEEE) and end-of-life vehicles (EoLVs) and their components (Annex |
to [98., Directive 2010/75/EU 2010]). It also covers the mechanical treatment in shredders of
WEEE containing refrigerants, and the mechanical treatment of solid waste with calorific value.

3.1 Mechanical treatment in shredders of metal waste
[26. Mech. subgroup 2014]

311 Applied processes and techniques

Purpose and principle of operation

In shredders, the waste input is reduced into smaller material components by means of
fragmentation and attrition. Treatment in shredders includes treatment in plants such as hammer
mills, chain mills, plants using rotary shears and other similar equipment that is designed to
fragment metal into smaller pieces to allow the separation of the metallic and the non-metallic
fractions. It does not include shears and guillotines which utilise a range of hydraulic machinery
that comprise hard steel blades to cut metals into manageable sizes. The shredded components
are then separated from one another in a downstream sorting process. Large items of scrap can
also be shredded.

The main output is quality steel scrap with a high density, high degree of purity and predominantly
homogeneous size. This shredder steel scrap can be used directly in metal works to produce steel.
The other end fractions are shredded non-ferrous fractions, containing other metallic products,
and shredder residues. These other fractions and residues can be further treated in order to recover
as much material as possible and minimise the amount of waste sent for disposal.

Process description
The main process steps in a shredder are:

delivery, reception and acceptance;
pre-sorting and pretreatment;
shredder technology;
post-shredder processes;
end-of-pipe abatement techniques.

VhODD =

Figure 3.1 shows an example of a shredder with typical feedstock (mixed EoLVs and scraps) and
outputs (shredder light and heavy fractions).
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Source: [26, Mech. subgroup 2014]

Figure 3.1: Example of a mixed scrap shredder plant

Grabbers, excavators or front-end loaders can be used for the sorting and charging of the material.
Feedstock is generally fed by grab crane to a ground-level conveyor which elevates the material
to the shredder feed chute. The feed materials then fall by gravity into the shredder box. Within
the shredder box is a heavy, fast-spinning rotor equipped with hammers which cut the material
on anvils within the shredder box and then drive the cut (shredded) materials through sizing grates
to further process the scrap to the desired state of liberation, size and density.

In Figure 3.1, the first air treatment step is carried out by a cyclone (red to orange) and the second
step by a wet scrubber (orange to green). The shredder light fraction @ and shredder heavy
fraction ® are then further treated. Non-ferrous metals recovered during the shredding process or
in downstream plants (e.g. sink-float plants in heavy media plants) are used industrially for non-
ferrous metal production.

The mixed shredded materials are then transported to a range of separation systems which
separate the shredded materials into streams of ferrous scrap, mixed non-ferrous scrap and
residual non-metallic materials. These residual non-metallic materials are then sent to other plants
for subsequent use or treatment, e.g. for energy recovery in waste treatment plants or for material
recovery in post-shredder technology (PST) plants including recycling of plastics. Final non-
metallic fractions without a commercial market may also be disposed of to landfill.

The ferrous stream is a furnace-ready material. Individual operators may choose to improve the
quality of the mixed non-ferrous output by further separation stages, for example eddy current
separators and metal-sensing or colour-sorting machinery. This further processing can be carried
out online as part of the shredder downstream equipment, but is generally carried out offline in
purpose-built premises and so does not form part of the shredder plant. It is therefore not discussed
further in this document. Alternatively, the mixed non-ferrous materials may be separated by
dense media separation, which is always an entirely separate process.
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3.2 Treatment of WEEE containing VFCs and/or VHCs

3.21 Applied processes and techniques
[23, Mech. subgroup 20141, [107, EERA 2015]

Purpose and principle of operation

In the treatment of equipment containing refrigerants such as volatile (hydro)fluorocarbons
(VFCs) or volatile hydrocarbons (VHCs), once the loose inner parts of the temperature exchange
equipment are removed, and oil and VFCs and/or VHCs are properly extracted (Step 1) to be
further treated (i.e. in accordance with Regulation EC/1005/2009 for ozone-depleting substances
and Regulation EC/517/2014 for fluorinated greenhouse gases), the devices are shredded in an
encapsulated installation (Step 2) into smaller material components. These components (ferrous
scrap, mixed non-ferrous scrap, foam, and plastics) are separated from one another in a
downstream sorting process. As part of Step 1 and Step 2, VHCs and/or VFCs contained in the
insulating foam are removed and captured. The removal rate and depollution monitoring of
WEEE containing refrigerants are standardised (e.g. EN 50574 and EN 50625 and associated
Technical Specifications).

Feed and output streams

A treatment facility for temperature exchange equipment accepts (as feed) household appliances,
which contain VFC (CFC, HCFC, HFC) and VHC (HC) refrigerants and blowing agents.
Household refrigerators and freezers manufactured before 1995 typically contain
chlorofluorocarbon (CFC, e.g. R11 and R12) and hydrochlorofluorocarbon (HCFC, e.g. R22)
refrigerants in the circuit and in the insulation as blowing agents. CFCs and HCFCs are ozone-
depleting substances (ODS) and potent greenhouse gases. Refrigerators and freezers
manufactured since 1995 contain ozone-friendly hydrofluorocarbon (HFC) refrigerants; however,
these refrigerants still need to be carefully handled as they are greenhouse gases. Since the mid-
1990s, producers have also used hydrocarbons (HCs, e.g. R600a) as refrigerants, and
cyclopentane or isopentane as blowing agents. These substances are removed and captured in
accordance with Directive 2012/19/EU on WEEE.

The shredder feed includes:

. fridges and freezer appliances;
o air-conditioning units;

. dehumidifiers;

. water coolers;

o dispensers of cold products

o heat pump tumble dryers.

The following substances or materials result from the process:
. oil

. VFC/VHC refrigerants and blowing agents;

o switches containing mercury;

o iron and steel scrap;

o non-ferrous scrap, aluminium and copper fractions;

o plastic fraction, mainly polystyrene and polyurethane;

o polyurethane foam (PUR foam) in pellets or powder (a refrigerator contains approximately
4.5 kg of PUR foam);

o shedder light fraction (SLF);

Process description
[23. Mech. subgroup 2014]
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3.3 Mechanical treatment of waste with calorific value

3.3.1 Overview

This section covers treatment methods and processes mainly used to obtain a material from non-
hazardous waste so that it can be used as fuel. However, some treatment methods may produce
outputs that may be used for purposes other than fuel.

3.3.2 Applied processes and techniques

Purpose

The main purpose is to prepare a combustible material out of non-hazardous solid waste, in some
cases municipal solid waste (MSW). This section also covers the preparation of solid fuels by
blending/mixing.

The main function of the fuel preparation is to upgrade selected materials into a specified fuel. In
the case of feedstock with no biodegradable fraction, the facility upgrades the feed mainly by
removing non-combustible materials.

In the case of feedstock with a biodegradable fraction on which a biological treatment is
performed additionally to the mechanical one, this is dealt with in Section 4.4 related to
mechanical biological treatment (MBT).

Principle of operation

The waste input is sorted and shredded mainly to leave a more homogeneous combustible
material, which does not contain wet putrescible materials or heavy inert materials (stones, glass,
scrap metals, etc.). Other operations and equipment used are, for example, sieving, separators,
crushers, screening and picking.

Solid fuel preparation technologies vary considerably depending on the source and type of waste,
and on the user specifications of the customer/combustion installation.

It is very important to bear in mind that waste is a heterogeneous mixture of materials, especially
municipal solid wastes. Therefore, by processing the waste with a specific preparation technology
when producing the fuel, the producer makes the fuel more homogeneous.

Feed and output streams

Feedstock

MSW, ‘commercial’ waste, and construction and demolition waste are the most common sources.

Table 3.15 shows the typical calorific values of different types of waste.

Table 3.15: Typical calorific values of different types of waste

Type of waste Calorific value
(MJ/kg)

Monostreams 15-25
Mixed industrial/commercial waste 10-25
Municipal solid waste 6-11
Mixed waste 10-20
Batches of wood 14-18
Sewage sludge 3-10
Source: DE comment # 21 in [21, WT TWG 2016]

Abfallbehandlung 323











































































Kapitel 4

4.2 Aerobic treatment (including composting)

4.2.1 Applied processes and techniques

Purpose

To convert biodegradable waste into compost that is safe for humans, animals and plants, and that
is recyclable mainly as a fertiliser, soil improver or, in a lower proportion, recovered as a fuel.
Aerobic treatment can also be used for biological stabilisation of waste prior to landfilling.

Exothermic biochemical decomposition helps to sanitise compost, killing off seeds, spores and
pathogenic microorganisms.

Principle of operation

Aerobic biodegradation of waste is the natural biological degradation process in which bacteria
that thrive in oxygen-rich environments break down and digest the waste into carbon dioxide
(CO»), water (H20), nitrates and sulphates.

For decomposition to take place in the shortest possible time, input materials must be a mixture
of easily degradable, wet organic substances and structure-improving organic matter. Structure-
improving materials are needed to create structure with adequate air-filled porosity and a high
number of pores in the pile when air conductivity is low [120, Bidlingmaier et al. 1998]. Moisture
content is important to maintain microorganism activity; low moisture content can lead to
microorganisms becoming dormant. If the moisture content becomes too high the porosity of
materials is reduced and anaerobic conditions can flourish within the composting material. An
optimum moisture content in the range of 40-65 % has been reported [121, US Composting
Council 2017], [122, BST & AfOR & WRAP 2011], [123, Diaz et al. 2007],

The minimum moisture content is 30—45 % (wet basis).

C:N ratios between 20:1 and 35:1 and a C:S ratio of 100:1 are considered favourable to supply
microorganisms with nutrients.[21, WT TWG 2016]. Bulk density is an indicator of the quality
of the input material's structure.

Feed and output stream
Separately collected bio-waste is the main feedstock entering aerobic treatment plants.

Operating materials used in composting plants are: water, sulphuric acid, sulphurous acid,
lubricants and oils, and gas oil. Water is also used as an additive (process water).

As an example, Table 4.2 below shows the average composition of the feedstock entering German
composting plants in 2009, depending on the plant capacities.
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Table 4.2:

Average input to German composting plants by size

Proportion of input
Type of waste Plant size Plant size
10-30 kt/year | > 30 kt/year

Separately collected organic waste 52% 68 %
Green waste (garden and park waste) 37% 26 %
Commercial catering waste 0% 0%
Waste from the food industry 1 % 1 %
Animal by-products 0% 0%
Auxiliary agents and additives 2% 0%
Sewage sludge 6 % 2%
Repewable raw materials or their 0% 1%
residues

Production waste 1 % 0%
Other 0% 2%
Source: [124, UBA Germany 2013]

The output of the plants is mainly compost (fresh or mature), but also fuel.

Process description
A Dbasic design for composting plants involves four main steps: reception, preparation,
composting, and finalisation.

e Reception: weighing and monitoring the waste input
The characteristics and quantity of the waste input are recorded in the reception area or by
the supplier by means of above-ground or flush-mounted floor scales, or by flow-rate meters.
Acceptance checks consist of visual inspections or also, e.g. in the event of missing
information about the received waste or possible contamination posing a risk to the treatment
process, of reference samples analysis.
The design of the reception area (e.g. way of discharging the feedstock, encapsulation of the
reception area) depends on the type of substrate, on air pollution control, and on hygiene
requirements. Flat or recessed bunkers and tanks provide a buffer.

e Preparation

o Manual sorting.

If necessary, unwanted large non-biodegradable materials are removed by hand.
Shredding.

The purpose of shredding is to better prepare the organic waste input for
biological treatment: breaking open packaging, homogenising the feedstock, etc.
Shredders are fed by wheel loader, crane and other conveying systems, or by
means of belt and auger conveyors. Depending on the feedstock, the shredding
can take place either before or after the sorting step.

Automatic sorting and homogenising.

Drum screens are frequently used to classify and homogenise material. When
necessary, metals, plastic, and other non-biodegradable materials are removed,
by means of magnetic and eddy current separators and air classifiers respectively.

e Composting

o Intensive decomposition.

Intensive decomposition occurs during the first two to three weeks of the process,
when the degradation curve is very steep. Most of the emissions are linked to this
phase: aerobic degradation releases carbon dioxide, water, ammonia and heat.
The temperature of the rotting material climbs to up 70 °C in the pile, giving rise
to a greater release of odorous compounds like volatile fatty acids, ammonia and
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4.4 Mechanical biological treatment (MBT)

In this section, only specific techniques related to MBT are described. When necessary, cross
references are made to related mechanical and/or biological sections.

441 Applied processes and techniques

Purpose

Mechanical biological treatment (MBT) is usually designed to recover materials for one or more
purposes and to stabilise the organic fraction of the residual waste. The practical advantages of
MBT plants are:

. recovery of recyclable materials;
° reduction of the volumes of waste;
. reduction of the organic matter content of the waste which is sent to final disposal (landfill

or incineration).

Another purpose of MBT is to break down the material for further processing (e.g. preparation of
solid waste fuels). Biological digestion is intended to reduce the weight, and to render inert any
biologically active organic materials (typically called ‘stabilised residue’). Typical values for the
combined loss of water and biodegradable materials may be in the range of between
20 % and 35 %, mainly depending on the duration of treatment. Further reductions of the waste
volume sent to landfill may be achieved by mechanical separation of the output and can be even
higher than 60 %.

Principle of operation

MBT plants significantly reduce humidity by extracting, reducing, recovering and stabilising the
organic content in the waste. These treatments involve a mechanical separation of the waste,
biological treatment (anaerobic and/or aerobic treatment) of the organic fraction, and a further
mechanical separation if required.

The biological steps of the mechanical biological residual waste treatment process are for the
most part identical to those employed for the composting and anaerobic digestion of separately
collected organic waste. However, MBT has stringent requirements with regards to mechanical
treatment and some biological treatment machinery due to its broader input spectrum and more
heterogeneous feedstock. MBT also necessitates more mechanical effort to extract a significant
amount of material which does not endure biological treatment, for example the highly calorific
coarse fraction, and ferrous and non-ferrous metals. Where possible, the coarse fraction undergoes
additional processing and differentiation. Residual waste also normally tends to have a much
higher potential risk of spots of contamination and a significantly higher level of contaminants
than separately collected organic waste. [141, UBA Germany 2013]

Feed and output streams

In principle, many types of waste materials can be accepted at a MBT plant. The materials broken
down and digested in the biological stage include paper and board, green/kitchen organics, and
the organic content contained within nappies, packaging, textiles, some types of sewage sludge,
etc. Generally, only mixed, unsorted waste enters the plant. However, some European legislation
and alterations in the treatment processes exclude or restrict some types of waste. Some examples
are hazardous waste, waste for which a special treatment is obligatory because of EC legislation
(e.g. Regulation (EC) No 1069/2009 of the European Parliament and of the Council of 21 October
2009 laying down health rules as regards animal by-products and derived products not intended
for human consumption and repealing Regulation (EC) No 1774/2002 (Animal by-products
Regulation)), waste for which a biological treatment is not appropriate and waste causing
inhibition of biological activity.
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