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Glossary

Ash: Non-molten particles from the combustion process.

Bestavailable techniques (BAT): Themost effective and advanced stage in the development of
activitiesandtheir methods of operation which indicate the practical suitability of particular techniques
forprovidingthe basis foremission limit values and other permit conditions designed to prevent and,
where that is not practicable, to reduceemissions and theimpact onthe environment as a whole.

Bestenvironmental practice (BEP): The application of the most appropriate combination of
environmental control measures and strategies.

Boiler ash: Asolid residue generated during the incineration process, originating from suspended
particles in the exhaust gas that is blocked by the boiler tube.

Bottom ash: Solid residues collected under the furnace oncewastes havebeenincinerated.
Calorificvalue: The amountof energy produced by the complete combustion of a material or fuel.
Emission: Direct or indirect release of substances, vibrations, heator noise from individual or diffuse
sources in the installation intoair, water or land; oremissions of pollutants into the environmentthrough
any kind of duct, pipe, stack, chimney, funnel, flue, etc.

Excessair: Airabove thestoichiometric ratio for complete combustion.

False air: Airthat intrudes intotheincinerator system without control.

Flue gas: The gaseous product of incineration.

Fly ash: Particles from the combustion chamber or formed within the flue gas streamthatare transported
in the flue gas.

Selective catalytic reduction: Post combustion fluegas treatmentthataims to convert NOx to N using
ammonia as reagent and catalysts at ca. 180-240°C.

Selective non-catalytic reduction: Post combustionflue gas treatment that aims to convert NOx to N
without a catalyst. Ammonia, urea or isocyanic acid arecommonly usedas reagentsat ca. 850-1000°C.

Slag: Solidified residue formed from inorganic constituents that become molten during high temperature
combustion process.


https://en.wiktionary.org/wiki/energy
https://en.wiktionary.org/wiki/combustion
https://en.wiktionary.org/wiki/material
https://en.wiktionary.org/wiki/fuel
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Abbreviations and acronyms

BAT Best available technique

BEP Best environmental practices

CEMS! Continuous emission monitoring systems

ESM Environmentally sound management

MSW Municipalsolid waste

OECD Organisation for Economic Co-operationand Development
OTNOC Otherthannormal operating conditions

PCB Polychlorinated biphenyls

PCDD/PCDF  Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzo—furans
POPs Persistent organic pollutants

PPE Personal protectiveequipment

RDF Refuse derived fuel

SCR Selective catalytic reduction (of nitrogen oxides)

SNCR Selective non-catalytic reduction (of nitrogen oxides)

TOC Total organic carbon

L Referred to as “AMS” (automated measuring systems)in some standards.
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Introduction

Scope

1. The present technical guidelines provide guidance on the environmentally sound incineration
of hazardous wastes and other wastes, pursuant to decisions BC-13/6, BC-14/6 and BC-15/[ ]of the
Conference of the Parties to the Basel Convention on the Control of Transboundary Movement of
Hazardous Wastes and Their Disposal (hereinafter referredto as “the Convention”). This document
supersedes the Technical guidelines on incineration on land of September 1995.

2. These technical guidelines refer to “hazardous wastes” and to “other wastes” as defined in
Article 1, paragraph1 and?2 of the Convention, respectively. Theyapply to thedisposal operation D10
(“Incinerationon land”), in Annex I'V.A of the Convention, and to incineration as covered by disposal
operationR1 (“Use as a fuel (otherthan in direct incineration) or other means to generate energy”), in
Annex IV.B of the Convention.?

3. Incineration and co-incineration may be covered by disposal operation D10and by disposal
operationR1.
4. Itshould be notedthat the present technical guidelines do not provide guidance onthermal

treatmentprocesses of wastes other than incineration, such as pyrolysis and gasification,andon co-
incineration of wastes e.g. in power plants. Theyalsodo not provide guidance onsteps and procedures
forupgrading incinerators that are not environmentally soundto bring them in line with the guidance
provided in the present guidelines.

5. The term "incinerators for hazardous wastes" isused in the present documentto referto
incinerators designed for hazardous wastes. Theterm “incinerators for household wastes" is used in
the present document to refer to incinerators designed for wastes collected from households (i.e.
wastes belonging to category Y46 in Annex I1to the Convention®). Whenneeded, the term
"incinerators" is used to encompass bothterms. It should be noted that wastes from other sources that
are similarto household wastes may also be incinerated in incinerators for household wastes.

6. These guidelines provide:
(@)  Overarchingand common guidance on incinerators;

(b)  Specific guidanceon incinerators for hazardous waste and incinerators for household
wastes.

7. Incineration is a thermal treatmentprocess in which wastes are converted into gases and
incombustible solid residues by a combustion process.
8. Thermal treatment processes are generally classifiedaccording to the treatmenttemperatures

and to theamount of oxygen/air that is present as reactant for conversion: *
(@) Pyrolysis—no oxygen (A =0), typical temperatures ca. 250-700°C;
(b)  Gasification— limited oxygen (A <0.5), typicaltemperatures ca. 500-1600°C;
()  Incineration —excess oxygen (L>1), typical temperatures ca. 800-1300°C.°

9. Inaddition tothe processes referred toin the previous paragraph, there are thermal treatment
processes of waste using electrical power to create high temperatures by a plasmaarc (plasma

processes) (typical temperatures ca. 3000°C) orin an oil bath (liquefaction processes).

10. Itshould be notedthat the present technical guidelines do not provide guidance onco-
processing of hazardous wastes and other wastes. For guidance on co-processing of hazardous wastes
in cement Kilns, see the Basel Conventiontechnical guidelines on theenvironmentally soundco -

processing of hazardous wastes in cementkilns (UNEP,2011).
11.  Forspecific guidance onincineration of persistent organic pollutant (POP) wastes, see the

Generaltechnical guidelines on POPs (UNEP, 2022 aX>XXcurrentlyunderrevision), in particular

2 Annex IV is currently being reviewed, see decision BC-14/16.

3 Annex Il also covers “Residues arising from the incineration of household wastes” (Y47) which is an output of
incinerators for household wastes, and certain plastic wastes (Y48).

4 The combustion air ratio (1) is a dimensionless measure; itis usually regarded as the ratio between the air fuel
ratio and the ideal (stoichiometric) air fuel ratio.

5 Federal Environment Agency, 2017. Status of Alternative Techniques for Thermal Waste Treatment.
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sections1V.G.2 (b), (e) and (g) that address incineration.

12.  Forspecific guidance onthe reductionof mercury releases from thermal treatment of waste,
such asincineration, see the Basel Convention Technical guidelines on theenvironmentally sound
management (ESM) of wastes consisting of, containing or contaminated with mercury or mercury

compounds (UNEP, X2%-202 2 beurrenthy underrevision).

13.  Forguidance onthe landfilling of hazardous wastes and other wastes, refer to the Technical
guidelines on the environmentally sound disposal of hazardous wastes and other wastes in specially

engineered landfill (D5) (UNEP, XXX 2022 ceurrenthyunderrevision).
B.  Overview of incineration

14. Thepurposeof wasteincineration is the complete oxidation of all organic compounds
contained in the waste. Waste incineration occurs at temperatures of about 800-1300°C, by applying
airwith sufficient mixingto create conditions with excess oxygen asa reactant. Possible waste input
materials should be combustible, i.e. they needto offer a sufficient amountof organic materialand the
contents of waterandinorganic materials should notbe toohigh. If inert waste fractions, e.g.
contaminated wastewater or brine, are treated, auxiliary fuel (gas, oil) might be applied in orderto
reach sufficient temperatures. Outputs from incinerationare fluegasandsolid residues (e.g. ash, slag,
and other flue gas cleaning residues). Depending on the flue gas treatment, liquids or sludgy wastes
may also be an output.

15. Incineration isa rapid oxidation process thatgenerates heat, and converts the organic part of
the waste, aswellas somemetals (e.g. mercury), into the gaseous phase mainly consisting of carbon
dioxide (CO) and water vapour (H20). Carbon monoxide (CO) and some organic compounds (total
organic carbon (TOC))are also presentin the gasin at leasttrace amounts. I f air is used as a reactant,
the flue gas containsanexcess (>50% vol) of nitrogen (N2) and the oxygen (O2) remaining after
combustion. Depending on the composition of thewaste, other pollutants are also transferred into the
gas phase. Typical pollutantgroups and specific examples of pollutants that result from waste
incineration are presentedin Table 1.

Table 1: Typical pollutants groups and specific examples of pollutants from waste incineration

Pollutants Groupings Example of pollutants

Nitric oxide (NO), nitrogen dioxide (NO), and
nitrous oxide (N20)

Nitrogen oxides

Acidic hydrogen gases Hydrogen fluoride (HF), hydrogen chloride (HCI)
Sulphuroxides Sulfur dioxide (SO), sulfurtrioxide (SOs)

Mercury (Hg), cadmium (Cd), thallium (T1), copper
(Cu), lead (Pb), nickel (Ni), chromium (Cr),
antimony (Sh), arsenic (As), cobalt (Co), vanadium
Heavy metals (V), manganese (Mn), selenium (Se), and zinc (Zn)

Commonlyfound as metal oxides and chlorides in
particulate matter, butcan also be emittedas vapour

Polycyclic aromatic hydrocarbons

Toxic oraanic pollutants Polybrominated dibenzo-p-dioxins and
Xicorganic pofiu polybrominated dibenzo—furans (PBDD/PBDF

Polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzo—furans (PCDD/PCDF),
polychlorinated biphenyls (PCB), polychlorinated
napthalenes (PCN), and hexachlorobenzene (HCB)

Persistent Organic Pollutants

Particulates Dust, fly ash

16.  Dependingon the temperature of the incineration process, the solid residue may have the
characteristics ofash, slagora mixture of both. Due to the high temperature in incinerators for
hazardous wastes, the inorganic residue is often (partly) moltenandemergesasaslag. The bottomash

from incinerators for household wastes is exposed to lower temperature and thereforeonly sintered.
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17.  Ingeneral, the requirements fortheincineration of hazardous wastes are different thanforthe
incineration of household wastes. For instance, they require higher temperatures and greater effort for
logistics and (separate) storage, and apply more sophisticated flue gas treatment methods, suchas
guenchsystems. Obtaining energy from incinerators for hazardous wastes may be suitable; attention
should however be paid if they haveflue gas with high halogen concentrations (see paragraph 83).
Incinerators for household wastes commonly obtain energy through the boiler. Nevertheless, some
types of hazardous wastes may also be incinerated in incinerators for household wastes.

18. Themain goal of wasteincineration, when operated in accordance with best available
techniques (BAT) and bestenvironmental practices (BEP) are thefollowing:

(@)  Permanent destructionof all organic (hazardous) constituents;
(b)  Sanitisationof waste;

()  Minimisingemissionsto allmedia;

(d)  Complete oxidation of the organic compounds of thewaste;

(e)  Captureand concentrationof inorganic pollutants (heavy metals) in the flue gas
cleaningresidues;

() Reduction of volume of the wasteand preservation of space for other disposal methods
(e.g. landfilling or permanent storage);

(@  Possibility to obtain the energy content of the waste;

(h)  Possibility to recover metalsand in many cases also minerals from the bottom ash/slag.

Relevant provisions of the Basel Convention, Stockholm and
Minamata Conventions

19. Thefollowingsections present a brief description of relevant Articles of the Basel Convention
and the Stockholm and Minamata Conventions to illustrate their complementarity.

Basel Convention

20. TheBasel Convention, which entered intoforce on 5 May 1992, aims to protect human health
and the environment againstthe adverse effects resulting from the generation, management,
transboundary movements and disposal of hazardous and other wastes. It does this via a set of
provisions on thetransboundary movement of wastes andtheir ESM. In particular, the Basel
Conventionstipulates that any transboundary movement (export, import or transit) of wastes is
permissible only whenthe movement itself and the planned disposal of the hazardous or other wastes
are environmentally sound.

21.  Asetof provisions ofthe Basel Convention lays out Parties obligations to ensure the ESM of
hazardous wastes and other wastes. These are listed in paragraphs 22 to 24 below.

22. InAtticle 2 (“Definitions”), paragraph 1,the Basel Convention defines waste as “substances or
objectswhichare disposed of orare intended to be disposed of orare required to be disposed of by the
provisions of national law”. Paragraph 2 defines managementas “the collection, transport and
disposal of hazardous wastes or other wastes, including after-care of disposal sites”. Paragraph 4
defines disposalas “any operation specified in Annex1V” to the Convention. Paragraph 5 defines
approved site or facility as “a site or facility for the disposal of hazardous wastes or other wastes
which is authorized or permitted to operate for this purpose by a relevant authority of the state where
the site or facility is located”. Paragraph 8 defines the ESM ofhazardous wastes or other wastes as
“takingall practicable steps to ensure that hazardous wastes or other wastes aremanaged in a manner
which will protect humanhealthandthe environment againstthe adverse effects which may result
from such wastes.”

23.  Article 4 (“Generalobligations™), paragraph 1, establishes the procedure by which Parties
exercising theirright to prohibit the import of hazardous wastes or other wastes for disposal shall
inform the other Parties of their decision. Paragraph 1 (a) states: “Parties exercising their right to
prohibit the import of hazardous or other wastes for disposal shallinform the other Parties of their
decision pursuant to Article 13.” Paragraph 1 (b) states: “Parties shall prohibit or shallnot permit the
export of hazardous or other wastes to the Parties which have prohibited the import of such wastes,
when notified pursuantto subparagraph (a).”

24.  Article 4,paragraphs 2 (a)— (e) and 2 (g), contains key provisions of the Basel Convention



UNEP/CHW/OEWG.12/INF/11/Rev.2

10

directly pertainingto ESM, waste preventionand minimizationand waste disposal practices aimedat
mitigatingadverse effects on human health and the environment:

Paragraph 2 (a)— (e) and (g): “Each Party shall take appropriate measures to:

(@) Ensurethatthe generation of hazardous wastes and other wastes within it is reducedto a
minimum, taking into account social, technological and economic aspects;

(b)  Ensurethe availability of adequate disposal facilities, for the ESM of hazardous wastes
and otherwastes, thatshall be located, to the extentpossible, within it, whatever the

place of theirdisposal;

(c) Ensurethat personsinvolved in the managementof hazardous wastes or other wastes
within it take such steps as are necessary to preventpollution due to hazardous wastes
and otherwastes arising from such management and, if such pollutionoccurs, to

minimize the consequences thereof for human health and the environment;

(d)  Ensurethat the transboundary movement of hazardous wastes and other wastes is
reduced to the minimum consistent with the environmentally sound and efficient
management of such wastes, and is conducted in a manner which will protecthuman
health and theenvironment against theadverse effects which may result fromsuch
movement;

(¢) Notallowthe export of hazardous wastes or other wastes to a State or group of States
belongingto an economic and/or political integration organization thatare Parties,
particularly developing countries, which have prohibited by their legislation allimports,
or if it hasreasonto believe that thewastes in questionwill not be managed in an
environmentally sound manner, accordingto criteria tobe decided on by the Parties at
their first meeting;”

"(@) Preventthe import of hazardouswastesand other wastes if it has reason to believe that
the wastes in question will not be managed in an environmentally sound manner.”

Stockholm Convention on Persistent Organic Pollutants

25.  The Stockholm Conventionis a globaltreatyaimedatprotectinghuman health andthe
environmentfrom persistent organic pollutants.

26. Theobjectiveof the Stockholm Convention, which enteredintoforceon 17 May 2004, is set
forth in Article 1 (“Objective”): “Mindful of the precautionary approachas set forthin Principle 15 of
the Rio Declarationon Environment and Development, the objective of this Conventionis to protect
human health and the environment from persistent organic pollutants.”

27.  Accordingto Article 5and Annex C of the Stockholm Convention, Partiesarerequiredto take
measures to reduce total releases derived from anthropogenic sources of unintentionally produced
POPs with the goalof their continuing minimizationand, where feasible, ultimate elimination.
Annex C,Part 11, outlines industrial source categories thathave the potential for comparatively high
formationand releaseto the environment of POPs listed in Annex C, including “Waste incinerators,
including co-incinerators of municipal, hazardous or medical waste or of sewage sludge.” Annex C,
Part V outlines general guidance on bestavailable techniques and bestenvironmental practices on
preventing or reducing releases of unintentionally produced POPs from the anthropogenic sources,
such asincineration.

28.  Accordingto Article 10, paragraph 1 (b) of the Stockholm Convention, “each Party shall,
within its capabilities, promote and facilitate provisionto the public of allavailable informationon
persistent organic pollutants, taking into account paragraph 5 of Article 9” of the Stockholm
Convention.

Minamata Convention on Mercury

29. Theobjectiveof the Minamata Convention, which entered into force on 16 August2017, is,
according to Article 1, “to protect human health and the enviro nment from anthropogenic emissions
and releases of mercury and mercury compounds.”

30.  Article 8, paragraph 3, of the Minamata Convention provides that*[a] Party with relevant
sources shall take measures to control emissions.” “Relevant source” means a source falling within
one of the categories listed in Annex Dto the Minamata Convention. Relevant sources listed in Annex
D include “Waste incineration facilities” and therefore cover incinerators.

31.  Article 8,paragraph4, provides that “forits new sources, each Party shall require the use of
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best available techniques and best environmental practices to controland, where feasible, reduce
emissions, assoon as practicable butno laterthan five years after the date of entry into force of the
Conventionforthat Party.”

32.  Article 8, paragraph 5, provides that “for its existing sources, each Party shall include in any
national plan,andshallimplement, one or more of thefollowing measures, taking into account its
national circumstances, and the economic and technical feasibility and affordability of the measures,
assoon as practicable but nomore thantenyears after thedate of entry intoforce of the Convention
forit:

(@) Aquantifiedgoal forcontrollingand, where feasible, reducingemissions from relevant
sources;

(b)  Emission limit values forcontrollingand, where feasible, reducing emissions from
relevantsources;

()  Theuse of bestavailable techniques and bestenvironmental practices to control
emissions from relevantsources;

(d) A multi-pollutantcontrol strategy thatwould deliver co-benefits for control of mercury
emissions; and

(e)  Alternativemeasures to reduce emissions fromrelevant sources.”

General considerations on environmentally sound management

33. ESMisabroad policy concept that is understood and implemented in various ways by
differentcountries, stakeholders and organizations. The provisions and guidance documents pertaining
to the ESM of hazardous wastes and other wastes provide fora common understandingand
international guidance tosupport and implement the ESM of hazardous wastes and other wastes.

34. The2013 Framework forthe ESM of hazardous wastes and other wastes (“ESM framework”)
(UNEP, 2013) was adopted at the eleventh meeting of the Conference of the Parties to the Basel
Convention.® The framework establishes a common understanding of what ESM encompasses and
identifies tools and strategies to support and promote the implementation of ESM. Itisintended asa
practical guide for governments and other stakeholders participating in the management of hazardous
wastes and other wastes and constitutes the most comprehensive guidance on ESM to complement the
Baseltechnical guidelines.

35.  Aspresentedin paragraph 24 of this document, Article 4 of the Basel Convention contains
provisions related to the ESM of hazardous wastes and other wastes. ESM is also the subjectof the

following declarations:

(@) The 1999 Basel Declaration on Environmentally Sound Management, which was
adopted at thefifthmeeting of the Conference of the Parties to the Basel Convention calls on the
Partiesto enhance andstrengthen their efforts and cooperation toachieve ESM, including through
prevention, minimization, recycling, recovery and disposal of hazardous and other wastes subject to
the Basel Convention, taking into account social, technological and economic concerns, and through
further reduction of transboundary movements of hazardous and other wastes subject to the Basel
Convention;

(b) The2011 CartagenaDeclarationon the Prevention, Minimization and Recovery of
Hazardous Wastes and Other Wastes, which was adopted at thetenth meeting of the Conference of the
Partiesto the Basel Convention and reaffirms that the Basel Conventionis the primary global legal

instrument for guiding the ESM of hazardous wastes and other wastes and their disposal.

36.  The Organisationfor Economic Co-operation and Development (OECD) has adopteda
recommendation on ESM of wastes which includes various items, inter alia core performance
elementsof ESM guidelines applyingto waste recovery facilities, including elements of performance
that precede collection, transport, treatmentand storage and also elements subsequentto storage,
transport, treatment and disposal of pertinentresidues (OECD, 2004).

37. Partiesshould developa range of measures (strategies, policies, legislation, regulations and
programmes) and monitor theirimplementation to support the meeting of ESM objectives. The
implementation of national strategies, policies and programmes are effective tools to complementthe
implementation of legislationand regulations; monitoring and enforcement; incentives and penalties;

6 UNEP/CHW.11/3/Add.1/Rev.1.
11
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V.

technologies; and othertools in which all key stakeholders participate and cooperate (UNEP, 2013).
The following sections should be takeninto account whenestablishing, implementing or evaluating
ESM.

38.  The preventionand minimization of hazardous wastes and other wastes are the first and most
important steps in theiroverall ESM. In Article 4, paragraph 2, the Basel Convention calls on Parties
to “ensure that the generation of hazardous wastes and other wastes is reduced toa minimum.” Waste
prevention should be the preferred option in any waste management policy. Accordingto the
framework for the ESM of hazardous wastes and other wastes, the needto manage wastes and/or the
risks and costs associated with doing so are reduced by not generating wastes and by ensuring that
generated wastes are less hazardous.

39. Thewaste managementhierarchy covers prevention, minimization, reuse, recycling, other
recovery includingenergy recovery, and final disposal; in doing so, encouraging treatmentoptions
that deliver the bestoverallenvironmental outcome, taking into account life-cycle thinking.”

40. Theincinerationof hazardous wastes and household wastes as per operation D10 is considered
finaldisposalandshould therefore be one of the least favoured options. The incineration of hazardous
wastes and household wastes as per operation R1is considered recovery and should therefore be
preferred to incineration as per operation D10, when applicable.

General guidance on environmentally sound disposal in incinerators

41. ESMinvolvesthe useof facilities operated under quality assured managementregimes,
accordingto appropriate BAT and BEP. Planning, designing, building, maintaining, and operatingan
incinerator requires significant financial investmentand skilled professional staff.

42. Guidance on BAT and BEP astheyapply to the prevention or minimization of the formation
and release of unintentional POPs from theanthropogenic sources listed in Annex C to the Stockholm
Conventionis provided under the Stockholm Convention. Guidelineson BAT and provisional
guidanceon BEP relevantto Article 5 and Annex C to the Stockholm Convention were adopted by the
Conference of the Parties to the Convention at its third meeting in 2007 (UNEP, 2007).

43. Guidance relatedto BAT/BEP regardingemissions of mercury and mercury compounds to the
atmosphere from point sources listed in Annex D to the Minamata Convention, suchas_“Waste
incineration facilities” and therefore incinerators, is provided under the Minamata Convention.
Guidance in relationto mercury emissions (Article 8, referred to in paragraphs 8 (a) and 8 (b)) has
been adopted by the Conference of the Parties to the Conventionat its first meeting, in 2017 (UNEP,
2017).

44. Toestablish andoperate incinerators requires efforts by the responsible authorities and the
incinerator operators, including regulatory law, administrative execution, financial instruments (e.g.

gate fees) oreconomic disincentives (e.g. landfill taxes) or subsidies (e.g. to build an incinerator).

45.  Itshould be notedthat the establishmentand operation of incinerators eften requires high
constructionand operation cost, and professional engineers fora sound operation.

Legislative and regulatory framework

46. Most countriesalready havein place someform of legislationthat outlines broad
environmental protection principles, powers andrights. Such legislation should make ESM
operationaland includerequirements for protection of both human healthand the environment. Such
enabling legislation can give governments the power to enactand enforce specific rulesand
regulations onhazardous wastes and other wastes, conduct inspections and establish penalties for
violations.

47.  Alegislative and regulatory framework should be in place to ensure thatincinerators are fully
protective of the environmentand human health. Such legislation should contain detailed
requirements for thelocation, design, and operation and monitoring of incinerators as wellas
regardingenforcement. Examples of national legislation can be foundin Annexl.

48.  Specificcomponents or features of a regulatory framework applicable to therequirements of
an incinerator should be, at least:

(@)  Site selection;

7 Decision BC-10/2: Strategic framework for the implementation of the Basel Convention for 2012-2021.
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(b)  Public participation;
(c)  Appropriate permits, licenses, or regulatory approvals to operate;
(d)  Design standards for facilities;

(e)  Provisionsforpre-treatment, e.g. for waste mixingorsortingand interim storage, and
wastewater management;

(f)  Environmental impact assessment;
(@  Operation/discharge standards;

(h)  Emergencyandcontingency plans;
(i) Training of operators of the facility;

(j)  Treatmentof solid residues (e.g.ash, slag and other flue gas cleaning residues) and if
applicable, liquids, or sludgy wastes from the incinerator;

(k)  Regulatory oversight;

() Monitoringand control, including other than normal operating conditions (OTNOC)
(e.g. shutdown, and commissioning);

(m)  Measurements and managementsystems;
(n)  Records, record-keeping, andreporting;
(0) Decommission.

Location

49.  Site selection should be considered a phased decision process that examines each potential
locationon thebasis of protectinghuman health and property from contaminants as well as protecting

the environment and offering appropriate logistic conditions for waste supply and energy delivery.

50.  Forpotentialsites, an environmental impactassessment should be done to determine the
environmental impacts and the environmental technical, legal, socialand economic feasibility of
establishinga facility. At least thefollowingissues should be considered:

(@)  Site topography, geology (e.g. seismically active areas), hydrology (e.g. wetlands,
presence of shorelines, flood zones), and hydrogeology;

(b)  Presence of sensitive habitat (e.g. national parks);

(c) Distance fromareasof food production;

(d)  Urbanizationof surrounding areas;

(&)  Socio-economic aspects (public acceptance), including impacts of transport;

(f)  Distances fortransport (proximity principle), accessibility (e.g. existenceof roads or
railroad connection);

(@  Accesstothegrid, to district heating networks or potential energy users;
(h)  Symbiosis with industrial clusters.

51.  Public consultations should be held with community members and other relevant stakeholders
on the potential location of the incinerator and minimum separation distances. Community
engagement strategies should be developed to reach the various stakeholders, including workers
pursuingtheir livelihoods in the informal economy.

52.  Considerationshould be given tothe general site boundary; distance between the facility and
residentialand public areas; and distance betweenthe facility and heritage, culturalandarchaeological

sitesto mitigate healthand environmental risks to the community, as follows:

(@) Thesite boundaryshould be designed so thata minimal buffer zone betweenthe
operationalarea of thefacility and public roadways and highways be maintained;

(b)  Anadequate distance froma heritage, cultural orarchaeological site should be
maintained to preventfrictions between the community and the waste facility.

General considerations on incineration methods
53.  Thechoice of an appropriate incineration method depends on thetype and character of the
13
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waste thatshould be treated. Therefore, understanding the characteristics of different waste streams
and hazardous constituents of wastes is necessary to ensure proper selection anddesign of the
incineration process to be used.

54.  Typically,a rotary kiln furnace is used for the incineration of hazardous wastes, regardless of
the aggregate state. This deviceis suitable to treat solid, pasty, liquid and in especially equipped
facilities also gaseous wastes. Even the feeding of entire barrels is possible for certain types of waste.
Forthe sole combustion of liquid hazardous waste fractions, simple burning chambers can be applied,

in which the liquid waste isatomized.

55.  Household wastes are typically incinerated in grate firing systems or, after pre-processing, as
refuse derived fuels (RDF)2in fluidized bed furnaces. For pasty substances like sludges multiple
hearth furnaces may be used. Adetailed description of theseincineration methods is available in

Section 1V.C of this document.

56. Everyincineratorshould be equipped with a flue gas cleaning system. Modern systems
accordingto BAT are designedto reduce pollutants (as specified in Section I.B above) by orders of
magnitude to a marginal level. Typically applied systems are described in SectionVI.C.

57.  Obtainingenergy from wastecan be an importantadded value of incinerators, irrespective of
whetherthe incineration falls under thedisposal operation D10or R1. Many itncinerators for
household wastes typically produce steamin a boiler connected to the furnace, which is converted into
electricity (by means of steam turbines), and/or used for district heating (or cooling) oris directly
delivered to adjacentindustrial facilities. Incinerators for hazardous wastes may also be equipped with
a boiler forobtainingenergy from waste; attentionshould however be paid if the fluegas has high
halogen concentrations (see paragraph 83). Incinerators for hazardous wastes should preferably be
locatedwithin industrial areas (e.g. chemical parks), so that the produced steam can be utilized in
adjacent facilities.

58.  Thefiringequipmentof thecombustion chamber shouldbe designed, manufactured and placed
into service in conformity with relevantguidance or legislation (e.g. the European Machinery
Directive (2006/42/EC)) and should comply with commonstandards, e.g. EN 746-2, EN 12952-8, EN
12953-7. An automatic burner control system should be installed, which serves to monitor burner
operation. Automatic burner control units and flame-failure monitors should be type-examinedand
approved for continuous operation. Auxiliary burners should be designedto start whenthe
temperature in the combustion chambers becomes too low (see Section VI. A). Emergency tripping
should also be an integral function of the burner control system. It should be physically located in a
safe place that is easily accessible.

59. Incinerators consist of components for waste acceptance, potential pre-treatment, temporary
storage andfeeding, the incineration portion, including obtaining energy from waste where possible,
the flue gastreatment system as wellas optional installations for bottom ash and wastewater treatment
(see Figure 1). Incinerators for hazardous wastes should also be equipped with a laboratory as part of
the waste acceptance procedures.

60. Thecombustionsystemsandtheinstallations upstream ofthe furnace vary widely between the
differenttypes of incinerators (see Section ). While incinerators for household wastes are typically
only equipped with one bunker forthe storage of all delivered waste fractions, incinerators for
hazardous wastes have a sophisticated infrastructureand the possibility for separate, adequate storage
of different types of waste (see Section V).

8 Accordingto ISO/TR 21916:2021, RDF are solid wastes used as a fuel that do not meet the criteria of 1SO
21640 to be classified as “solid recovered fuel”. RDF contains high calorific fractions buthas notbeen processed
as extensively as required under ISO 21640 (1SO, 2021 and 1SO, 2016).

14
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Figure 1: Generaloverview of components ofanincinerator.
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1) Alternatively: SNCR in afterburning chamber or 5CR as subsequent gas cleaning step
2) Simultaneous gas cooling and drying of neutralized residues (suspension) from scrubbers in spray dryer
3) Gas cooling and adjustment of humidity (for dry systems with lime)
4) Removal of gaseous heavy metals and organics
5) Dosing of lime/ lime milk or sodium bicarbonate for acid gas removal;

(@)

Dosing of activated carbon for removal of gaseous heavy metals and organics
Recovery of metals, ageing and possibly utilization of mineral fraction
Boiler, super heater, steam turbine, electric generator, steam condenser, condensate tank.

The dark grey marked areas indicate different options for flue gas cleaning approaches and may
be considered as possible alternatives.

Typesof incinerators

61. In the following paragraphs, the currently relevant furnace systems for waste incineration,
designed accordingto BAT, aredescribed.

Grateincinerators

62.  Typically, grateincinerators (see Figure 2) are used for the combustion of municipal solid
waste (MSW). The waste isusually fed via hopperand stoker ontothe castiron grate, which consists
of movingelements (e.g. oscillating steps or rotating drums) for the waste transport. The grate may be
horizontal orhave a significant decline, dependingon thetype of the grate.

63.  Thereare forwardand reverse (backward) pushing (acting) gratesaswellas rotatingdrum
gratesapplied for incinerators for household wastes. Simple traveling grates are only suitable for
incineration of homogeneous fuelsand therefore not for the treatmentof MSW, because satisfactory
stoking of the incineration bed is difficult to maintain.

64. Solid waste incinerationis a processtaking place in subsequent steps. Since the waste is
movedovera grateduringthis process, these steps are located in defined sectors ofthe grate: first the
waste isdried (section (A) in Figure 2), followed by the devotilisation (B) and finally the burnoutof
solids (D) takesplace. Above the incineration bed gas phasereactionsare occurring (C) andthegases
are reacting with the oxygen of surplus primary airandthe secondary air (E). Since the different
reactionsteps require differentamounts of air/oxygen, the grate should be equipped with
independently controllable under-grateair sections, which allowthe selective local adjustment and
control of theprimaryair stream. Also, the adjustmentof different temperatures (upto 200 °C) should
be possible (e.g. application of high pre-heated air in the dryingzone and of coolair in the burnout
sector). Larger grates may be equipped with up to 20 air sections.

65.  Afterburnoutattheendof thegrate, the bottomashfallsinto a slagdischarger (No. 6 in
Figure 2). These devices areoperated with a water filling forrapid cooling of theslag (wet slag
discharge). The water bathin the dischargeralso seals the furnaceagainst theambience, to prevent the
intrusion of false airinto the furnace, which will increase the flue gas flow. Within recent years some
incinerators for household wastes were equipped with slag discharges without water filling (dry slag
discharge), to improve the quality of the recovered metals.

15
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Figure 2: Scheme of agrateincinerator for MSW (reverse acting grate with counter flow principle;
Figure: VDI, 2014).
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(b) Rotary kilns

66. Arotarykilnisable to handle a variety of different wastetypes in different aggregate states:
solid wastes of widely varyingsizes, liquid (andin somefacilities also gaseous) wastes, using
atomizingburners centrally located at theinlet end of the kiln, high moisture content wastes and
sludge-like materials, and materials which form molten slags, whilst ensuringgood mixingand break-
up of the material.

67. Rotarykiln furnaces (cf. Figures 3and4) consist of a refractory lined steel cylinder, which
rotatesatavery lowspeed, typically 0.05-2 revolutions per minute, andis mounted on a slight incline
of 1-3°so thatsolid materials introducedat one end willmove through the kiln (with a maximum
feeding degree of 20%) andbe discharged atthe otherend. Theslagdischarge takes place with wet
operatedslagdischarging devices similarto those described for grate incinerators (see Section 1V.C.1
(@)). The typical diameters of rotary kilns for hazardous waste incineration are 3-4mand the lengthis
upto 12m. At least one burner is mounted at thesameend of thekiln asthe solid feed mechanism.
The auxiliary burner canbe fired with fossil fuels like naturalgasand oil or liquid and pasty wastes.

68.  Figure 3 showsthe thermochemical processes (drying (A) — devotilisation (B) — gas phase
reactions (C) andburnout (D) of carbonaceous solids) occurring during the treatment.
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Figure 3: Scheme ofa rotary kiln furnace for hazardous wastes.
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Figure 4: Scheme ofa rotary kiln furnace with secondary combustion chamber and heat recovery
boiler (VDI, 2014).
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(©) Combustion chambers

69. Theleast complex ofallincinerators for hazardous wastes are combustion chambers which are
typically used forthe incineration of liquid wastes. Usually it is also possible to incinerate gaseous
wastes and/or dusts in these devices. Liquid wastes are nomally introduced through atomizing
burnerswhere they are intimately mixed with combustionair, elevated in temperature to about
1100°C, maintainedin contactwith excess air forbetween 1.5 and 2 seconds. Firing can be axial or
tangential into one ormore combustion chambers, which can be arranged in series or in parallel
configuration. Frequently, only a single refractory lined chamber is used for the entire combustion
process with no afterburner being required. Supplementary fuel can be mixed with the wasteorcanbe
introduced through a separate orifice in the burner to maintain the required temperature for complete
destruction ofthe waste components.
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©)

(d)

Fluidized bed furnaces

70.  Fluidized bed furnaces arenormally built as cylindrical (also rectangular geometriesare
possible), vertically oriented burning chambers, equipped with a (closed or open) nozzle floor thatis
supplied by a wind box. Air (which can be pre-heated upto 200°Cand mixed with recirculated flue
gasforadjustmentof thedesired oxygen concentration) is injected via the nozzles into the burning
chamber, to fluidizea filling of quartz sand, which has the functionto achieve an optimal mixture and
heat transferinto thefuel.

71.  Accordingto the gasvelocities applied for the fluidization of the sand bed, two different types
of fluidized bed furnaces can be distinguished. Lower velocities (typically around 0.5-1m/s), which
are sufficient for fluidizing the sand bed, but not high enoughto transport it out of the reactor, forma
stationary fluidized sand bed with a defined heightof approximately 1 to 1.5 meters. Such facilities
are called stationary fluidized bed furnaces. The sand bed in these furnaces has a density similar to
water. Therefore, lighter fuel particles tendto swim on the surface of thesand bed, heavier elements
may sink down tothe floor. Fluidised circulating beds operateon a similar principle, butthe bed/heat
transfer media (sand) is circulated around the system, usually utilising higherair velocities to ensure
waste is fully burnt (see paragraph 131).

72.  Fluidized bed furnaces canbe operated at relatively low temperatures, with the actual bed
typically at temperatures as lowas 750°C, and the airabove the bed generally between 850°Cto
950°C. Asfluidized bedfurnaces are well-mixed systems, they havea uniform distribution of
temperature.

73.  Advantages offered by fluidized bed furnaces are the following:

(@)  They haveahighthermalinertia, which provides a close control of the operating
temperature;

(b)  Theoperationat relatively lowtemperatures which limits the formation of nitrogen
oxidesand prevents ash melting in the case problematic (alkaline containing) waste fractions are
treated; and

(c)  Theintense mixture allows theintroduction of solid absorbentmaterials (e.g.
limestone) simultaneously with the waste feed to absorb acid gases during the combustion process,

rather thanafter the combustion process.

74.  Primary limitations of fluidized bed furnaces are that the waste material mustbe shredded toa
relatively smalland uniform particle size and feed materials mustnot be capable of producinga
molten phasein the unit (i.e. they must have low concentrationsof alkaline minerals, otherwise the
bed hasa tendencyto clogwith slagandsubsequently reduce efficiency, andthereis a problem of bed
entrainment through to the productgas phase). Conventional fluidized bed furnaces are notnormally
capable of sustaining the temperature required for the efficient destruction of the more thermally

stable species of hazardous constituents (i.e. PCBs®).
Multiple hearth furnaces

75.  Multiple hearth furnaces can be used for solids containinga very high moisture contentor for
sewage materials which should be dried before. Combustion gases are dischargedto air pollution
control systemswhile the solids are discharged through ash hoppers atthe bottom of the furnace.

76. Duetothe complexconstructionandthe moving parts in multiple hearth furnaces, the
maintenanceeffort and the corresponding costsfor such devices are relatively high.

Systems for obtaining energy from waste

77. Theprincipalusesofthe energy transferredto a boilerare production and supply of heat (as
steam orhot water), cooling (via adsorption cooling units), electricity, and/or combination of these.

78.  Thesystemforobtainingenergy from waste in incinerators may consist of an exhaust heat
boiler, a steam turbine, power generator, evaporative condenser and adsorption coolingunit.
Additionally, a treatmentapparatus for the boiler feed water and deaerators arerequired as auxiliary
equipment. It should be noted that installation of a steam generator for obtaining energy froma small
facility whose treatment capacity is approximately below 100tons per day may be less profitable. In
such a case, obtainingenergy as hot water may be considered, as production systems for hot water are
less complicated and less expensivethan for steam. There are several examples of incinerators with
capacity lowerthan 100 tons per day which profitably sellsteamto thelocal heat net orto industrial

9 For further information, refer to the technical guidelines on PCBs (UNEP, 2017a).
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neighbours™.

79.  Anexhaust heat boilerisimportantto obtain combustion heat from waste incineration. It is
typically installed atthe outletof theincinerator. In incinerators for household wastes, the boilerand
the furnace areusually combined in orderto favourthe cooling of the furnace and to reduce heat
losses. The boilertubes are continuously exposed tothe flue gas with high-temperature and strong
acidity, which poses a risk of high-temperature corrosion of thetube. In incinerators for household
wastes, it is commonto operate at steam parameters of 4 MPa and 400°C whenelectricity is produced.
In the case of heat production, steam with lower parameters or superheated water may be produced
(European Commission, 2019a).

80. Fluegastemperaturesattheend of theboilerare 180 (to prevent the condensation of sulfuric
acid)to 350°C. To reduce, with the aim to prevent the formation of PCDD/PCDF and other
unintentional POPs in the flue gas cleaning system, the temperature before the inlet to thedust
removalstage may bereducedto below 200°C for example with an appropriate boiler design, a
gas/gas heat exchanger, a spray tower to reduce the temperatureat the boiler exit ora quenching
system.!* These design options depend onthe risk owingto the nature of the waste incinerated.

81. Thefeedingwaterforthe exhaustheatboilershould be purewaterwith very low oxygen and
carbondioxide concentrations andalso the harness, including calcium carbonate concentration, should
be sufficiently low. Thus, water purification systems and deaerators are needed as auxiliary
equipment.

82.  Itshould be notedthat theadhesion ofashto theboilermay reduce theheatexchange
efficiencyand/or cause the by-production of PCDD/PCDF. Thus, equipmentto remove adhesive
materials regularly is necessary. In this context, heattransfer surface cleaning playsan importantrole.
Thiscleaning canbe accomplished manually or automatically with lances (compressedair orwater
jet), agitators, sootblowers using steam, a hail of pellets (sometimes shot cleaning), sound and shock
waves, or with tank cleaning devices. The resulting solid residue is extracted at thebottom ofthe
boilerasboilerash.

83.  Forincinerators for hazardous waste, attention should be paid to the halogen content of waste.
When the halogen content in wasteis high, the high-temperature boiler corrosion canbe severe. In
orderto avoid corrosion ofthe boiler by halogenated gases, the temperature of thegases in contact
with the boiler tubes should not be lower thanthe dew temperature of these gases. Forthis purpose,
the temperature of the steamin boilers of incinerators for hazardous wastes is generally limited to

233°C —240°C, which is higherthan the dew temperature of gaseous HCland H2SOs.

84.  Asteamturbine canbe usedto convert the obtained energy intoelectricity. The types of steam
turbine are categorized as backpressure turbine or condensing turbine, and both usually have one or
more bleeder(s) to extract steam atdifferent pressures for internal or external use. It should be noted
that theexhaust pressurefrom the condensingturbine is reducedto vacuum pressure (bound to the
cold source), and therefore compared to a backpressureturbine, the generatingend-output is higher.
Back pressure turbines areused either when middle or low pressure steamis neededfora district
heating network or other uses, or electricity isonly used locally by the plant and in its su rroundings.

85. Inintroducinga system for obtaining energy from waste, professional engineers should be
involved in consideration of the site condition, thelocal needs for heat (steam and/or superheated
water), the purchase price offered by the electricity company for produced electricity, and the
profitability, including operational, maintenance, and design costs.

Guidance on environmentally sound pre-treatment and acceptance
of waste

Waste acceptance

86.  Theoperatorof a waste incinerator should take all precautionary measures necessary toavoid
or reduce, as faraspossible, the pollution of air, soil, surface water and groundwater, other
environmental harm, odour and noise pollutionas wellas direct hazards to humanhealth by the

10 Examples of such facilities include Montgris, Carhaix, Sogad, and Tronville in France, where steam is sold to
industry, and TREA | (https://www.swag-konzern.de/ueber-uns/trea-1) and TREA Il (https://www.swg-
konzern.de/ueber-uns/trea-2) in Germany (both links in German).

1 In addition, fire-tube smoke boilers may be applied in case hazardous wastes with low ash content (e.g. liquids)
are incinerated in smaller incinerators for hazardous wastes of up to 30 MW thermal power. These devices consist
of a big water tank with crossingpipes for the hot flue gas.
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(@)

delivery andacceptance of the wastes.

87.  Operatorsshould only acceptwaste from knownand trustworthy sources, especially for
hazardous wastes, and refusethe delivery of unsuitable waste. Consideration should be given to
whetherthe waste s received directly from generators or from intermediaries.

88.  Pre-acceptance tests on samples of hazardous wastes prior to the transport of a load of wastes
to anincinerator may be conducted by the operator of the incinerator to which the load is planned to be
transported. The tests should aim at characterisation of the hazardous wastes samples (e.g. calorific
value, viscosity, content of pollutants such as POP content, identification of hazardous characteristics)
aswell astheirtreatability. A pre-acceptancetest report should be prepared.

Household wastes

89. Incinerators for household wastes should usually be equipped with an underground bunker for
waste storage. Thewaste should betipped through dumping openings/chutes directly fromthe
deliveringtrucks, were it usually is compacted by a hydraulic press. Orange-peel grabsare used for
mixingand conveyingthewaste intothe feed hopperand aram s applied to dose it from the hopper
onto the grate. The combustionair for the furnace is sucked from above the bunker to preventodour
emissions by adjustment of a slight under pressure.

90. Therearealso facilities designed for the incineration of pre-processed household and similar
waste of defined particle size and relatively homogeneous properties, suchas RDF. In facilities with
fluidized bed furnaces, oftensilos with pneumatic or mechanical conveying systemsare used for
storage and supply to the furnace.

91. ForRDF, therisks of self-heatingandself-ignition during storage should be minimized.
Ignition temperature is predicted tobe aslowas 40°Cto 80°Cforstacks of RDF in the 1m to 5m
height range (Gaoand Hirano, 2006).

Hazardous wastes

92. Hazardouswaste incinerationrequires significantly higher efforts for logistics, pre-treatment
and storage thanfor household waste incineration. One reason is that hazardous waste fractions should
be stored separately, according to their chemical character, to prevent the danger of undesirable
reactions (e.g., polymerization, explosions, self-ignition, formation of toxic fumes, pressureincrease
etc.) by mixingthem with other substances. Another reasonis the adjustment of anappropriate
calorific value forthe furnace, to preventexcessive combustion temperatures on theone handand
excessive need forauxiliary fuel on the other hand. Blending of compatible waste fractions of
differentcalorific value, if the undesirable reactions mentioned aboveare prevented, is an appropriate
option to fulfilthis demand.

93. Thedifferent properties of hazardous wastes, for instance their aggregate state, corrosivity,
toxicity, inflammability etc., require specifically designed solutions for storage and safety installations
(e.g., inertization with nitrogen, special coatings for vessels, temperature control etc.).

94.  Liquid wastesshouldbe stored in closed, pressure-safe containers. The gases emitted during
filling of these containers and also contaminated exhaust air from other wa ste handling areas should
be capturedandtreated (as combustion air) in the furnace.

Specifications for clinical waste

95. Fortheincineration of clinicalwaste (which is hazardous waste, cf. entries A4020and Y1),
dedicated burning chambers or incinerators especially equipped for this purposecan be used.

96. Thewastesshouldbe incinerated together with the bag/box they were collected in. If any
mechanical processing steps needto be taken (e.g. compacting, shredding, etc.), a reliable disinfection
treatment (e.g. by the high-pressure saturated steamdisinfection method) should be carried out before,
and other safety precautions taken.

97.  Clinicalwastes from hospitals may be infectious and therefore contact with the waste during
collection and transport should be avoided. Therefore, thewastes should notbe removed fromthe
bags/boxes before entering the furnace, and should be mechanically loaded directly into the furnace.
The size of the storage containers should be compatible with the feeder system. During sto rage,
measures should be taken to avoid gas formation.

98. Infectious materials should becollected in secure, odour tight and moisture -impervious bags or
boxes, directly at the place of generation, which in turn arestoredin (favourably returnable) tight and
clearly labelled containers fortransport tothe incinerator.
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99. Facilitiestreatinginfectious clinical wastes should be taking the following aspects into
account:

(@) Nomixingof separately collected waste types;

(b)  Provision of cooledandrefrigerated storage facilities;

(c)  Establishment ofa systemto monitorand register storage times;
(d) Installations of container disinfection facilities;

(e) Ifpossible, build-upof systems forautomated transfer;

(f)  If peopleareinvolvedin the handling of clinical waste, special accuracy should be
spenton allpossible engineering, administrative and protective measures toavoid direct contactwith
the waste.

Reception control

100. Waste acceptanceshould include a quality control of incomingwastes, to prevent the insertion
of waste fractions that are inappropriate for combustion, disturb the process or may even damage the
facility (explosives, pressurized gas bottles etc.). This should include radioactivity detection
dependingon therisk posed by theincoming waste.

101. Priorto unloading, particularly for hazardous wastes, systematic sampling, analyses of
characteristics at the entry laboratory, and checking the compliance with the permit acceptance criteria
and anyrelated pre-acceptance test report should be completed. If a specific waste load does not
comply with the permit acceptance criteria, the operator should refuse thewaste.

102. Forincinerators forhousehold wastes, it should be taken into account thatthe risk of receiving
undisclosed waste from commercial sources is usually greater than from households. Suppliers should
be controlled by random sampling. Adequate facilities to unloadthetrucks and visually control the
content shouldbe foreseen.

103. Inincineratorsfor hazardous wastes, the controls should be more stringent than for incinerators
forhousehold wastes. Incinerators for hazardous wastes should also be equipped with a laboratory as
part of thewaste acceptance procedures. Operators should take the following measures before
accepting hazardous wastes:

(@) Inspectionof the accompanying documents;
(b)  Inquiry of relevant information about the waste:
(i)  Origin and generation of the waste;
(i)  Physical properties and chemical composition of the waste;
(iii)  Specialinformation about specific hazards and precaution measures;
(c)  Controlof regulatory compliance of the delivered waste;

(d) Samplingaccordingto a risk management plan (e.g. with specialfocus on
new/unknown sources or on peculiarities);

(e) Determinationandregistration of waste typeand mass.

Waste selection and pre-treatment

104. Thetype of furnace (amongst other influencing parameters) defines the treatable types of
wastes and the necessary pre-treatment. Significantdifferences between different facility types canbe

found.

105. All furnaces require thewaste to have a sufficient calorific value thatallows for combustion.
Thismeansthatthe content ofinorganic material (ashes) andwater should belimited (otherwise the
application ofanauxiliary fuelis necessary to adjustthe sufficient incineration temperature). Since
these two fuel characteristics have both impacts on the combustibility, no generally valid maximum
values can begiven. Figure 5 shows the so-called fuel or combustion triangle, which allows to plotthe
correlation betweenthethree fuel characterizing parameters ash, water and organic material content.
The grey shaded area indicates the composition thatwastes require for self -sustained burning; the
example depicts a waste with a composition of 30% water and ash and 40% combustible material.
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Figure 5: Fueltriangle for waste combustion.
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106. Fora stable combustionwithoutauxiliary fuel, a lower calorific value*? of atleast6 MJ/kg
should be steadily sustained, depending on the incineration method.

Household wastes

107. Incinerators for household wastes and similar waste from other sources are able to treata large
variety of wastes with different properties and characteristics. Typically wastes that are treated in

incinerators for household wastes are household and similar commercial wastes, sorting and treatment
residues from otherwaste treatmentfacmtles and evensludges in moderateamounts. Householdwaste

108. Household wastes can contain hazardous constituents due to the potential presence of, for
example, POPs and heavy metals, despite bestseparation efforts. In such instances where household
wastes containing hazardous constituents are disposed of in- Fhe-incinerationof-hazardouswastesis
possibledn- incinerators for household wastes, i a sufficient destruction of all organic materials is
should be achieved.

109. Ifa grate-systemisused, pre-sortingor classical pre-treatmentof the waste maynotbe
necessary. For bulky waste, a shredder for size reduction may be available at onetipping point of the

bunker.

110. Usually,the only —butimportant — pre-treatment stepis the mixing of thewaste by the crane
operator. Duringthis procedure, a homogenization of the delivered wastes is carried outand a
preferably constantcalorific value of the mixture isadjusted. The quality of this treatment step is

highly dependent to the crane operator’s experience 2.

111. Household wastes canundergo pre-treatment at mechanical-biological treatment facilities
through processes suchas shredding and separating metals, and producing RDF. These processes
remove some metals andinert materials.

112. While untreated MSW s not used as a supplemental or substitute fuel for industrial
applications due to its heterogeneity, the treatmentthat RDF undergoes may make it suitable for co-
processingor co-incineration facilities, though quality canvary. RDF should be processed in such a
way to optimise thermaland emission performance forits intended use, which caninclude asafuelin

LLINT3

12 Other terms meaning the same as “lower calorific value” are “lower heating value”, “net heating value” and
“net calorific value”. It is noted that there are different methods for calculating it.
13 See information on automated crane operations to supplement experienced crane operators:

https://www.ebara.co.jp/en/jihou/no/list/detail/258-6 .html
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VI.

cementkilns orwood fired/pulp mill boilers.**

Hazardous wastes

113. Incinerators for hazardous wastes, accordingto BAT, are able to treat all kKinds of combustible
hazardous waste fractions and evenacceptsome incombustible wastes, suchas contaminated water
and soil. Other incombustible wastes, may enter the kiln as partof an accepted wastetype, suchas
shredded or unshredded metallic drums. Contaminated water will evaporate, and any organic
contamination will be oxidised, while metallic drums will become decontaminated duringthe
incineration process. Typically, the energy needed to treat these incombustible waste fractions is
provided by the calorific value of the hazardous waste, though in some cases auxiliary fuel may need
to beapplied.

114. Hazardous waste should be collected separately at the location of generationand notbe mixed
with wastes of other characteristics.

115. The (pre-)treatmentof theaccepted waste strongly depends on its characteristics and is always
anindividual decision. Someexamples may show the significant differences:

(@) Liquid wasteswith similar properties may be pre-mixedfora homogenizationof the
feeds calorific value;

(b)  Wastescontaining higheramounts of fluorine oralkalis can only be fedin small
concentrations, because they are fluxingagentsandaid the formation of slag thatinhibits heat and gas
transferand may damage the refractory material in the furnace;

(c)  Reactive orcorrosive wastes with particular hazard potential are fed by single dosing
(directinjection) orassingle drum;

(d)  Drumscontainingordinary pasty or viscous wastes may be shredded.

Guidance on environmentally sound incineration operation

116. Main operational costs foran incinerator include staff wages, reagents forair-pollution control,
environmentally sounddisposal of fly-ash/filter cakes (in case of a wet process), bottom ashes/slags
and cleaning residues, maintenance/repair, electricity, auxiliary fuels, storage facilities, and for
satisfying stringent health and safety provisions required for daily operation, especially in a hazardous
waste incinerator. Other costs include continuous emissions monitoring, operator training, stack
testing, and air-pollution control upgrades. The costs may vary dependingon the incineration

technology being utilized.

General aspects

117. Theaddition ofthe combustionairshould be adapted to the fact that the incineration processof
solid fuels takes place in subsequent steps — the drying of the fuel, the degassing of volatile vapours
and the final combustion of both theemitted burnable gases and the remaining solid. Therefore, the
supply of combustionair should take place at two different positions in the furnace: the primary air
should be fed into the main combustion chamber, where thesolids are treated/transported and
secondary airshould besupplied in an adjacent chamber, in which the emitted burnable gases are

post-combusted.

118. Thefollowingconditionsshould be applied in a furnace in orderto assurea proper, smooth
and undisturbed operation:

(@)  Thereshould be asystemto move and/or stokethe solids in the combustionbedto
ensure sufficient mixing;

(b)  Thefurnace design should assure sufficient contactbetweenthesolidsandthe (if
necessary, pre-heated) primary combustionair;

()  Thetemperatureshould be high enough to reachtheignition temperature and maintain
sufficientreaction temperature for the specified residencetime;

(d)  Thereshould be enough oxidant (air) for thorough oxidationto occur;
()  Thegasand secondaryairshould be efficiently mixed;

14 See information on the related 1SO work in the 1SO/TC300 Setid-Recevered-Fuels Solid recovered materials,
includingsolid recovered fuels at https://www.iso.org/committee/5960430.html.
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(f)  Thevelocity ofthe flue gas should be homogeneous;

(@  Theflue gasshouldbe held at a high enough temperature for long enough for sufficient
oxidationto occur (residence time).*

119. Waste should only be introduced intothe combustion chamber whenthe appropriate
temperature isreached. The waste feed rate should be able to be adjusted to preventwaste from
entering the combustion chamber whenthe combustion conditions are not appropriate (e.g.
temperature becomes too low).

120. Auxiliary burners should ensure that the combustion chamber reaches the appropriate
temperature during start-up and remains is-at the appropriate temperature during start-up-and
shutdown and whenthe waste is being treated i i i

-aswellastemporarilywhenwaste istreatedincase
the-temperature drops. In case anauxiliary burner (e.g. forrotary kilns) is fired with liquid or sludgy
waste, the required operating temperature for that waste in the combustion chamber should be met.

For OTNOC, e.q. start up or shut down, the frequency of the occurrence of OTNOC andtheemissions
during OTNOC should be reduced (see details in paragraph 195).

121. Typicallegally required minimum temperature of the gas resulting from the incinerationin the
post-combustion chamber of the waste furnace is 850°C or, if hazardous waste contains more than 1
percent of halogenated organic substances in the kiln expressedas chlorine, 1100°C, with a minimum
residence time of 2 seconds.*®

122. Inmostcases COandO:are required inputparameters into the combustion control system.
The application of opticalandinfrared cameras is also helpful for the control of the incineration

conditions.

Operational considerations of different types of incinerators

Grate incinerators

123. Grateincineratorsarewidely applied forthe incineration of mixed municipal wastes. In
Europe, approximately 90% of installations treating MSW use grates. Additional wastes commonly
treatedin grate incinerators, oftenasadditions with MSW, include commercial and industrial non-
hazardous wastes, sewage sludges, and certain clinical wastes.

124. Anaim of the incinerationgrate isto have a good distribution of the incinerationair into the
furnace, accordingto combustion requirements. A primary air fan forces incineration air through
smallgrate layer openings into the fuel layer. Secondary air is generally added above the waste bed to
complete thecombustion of volatile gases.

125. Air enteringthe grateincinerator canbe preheated as required, if it is necessaryto pre-dry the
waste. The residence time for wastes on the grates generally should may not exceed 60 minutes, butit
should be longenough for sufficient oxidation of the waste tooccur.

126. Itis commonforfinematerials to fallthrough themoving parts of the grate before being
completely burnt(knownas riddlings or siftings). This may be reduced by enhancing the combustion
in the grate incinerator. Once collected, this material canbe collected in the bottom ash removerand
can undergo additional incinerationcycles in the grate, though care should betaken to ensure that
existingwaste in the hopperis not ignited. Alternatively, the material canbe removed and disposed of

separately.

Rotary kilns

127. While the solid wastes have a residence time of up to one (or even two) hours in the rotary
Kiln, the gaseous components produced by the incineration process and the non-burned portion of the
evaporated liquid wastes will leave the rotary kiln after someseconds. Therefore, anafterburning
chamberis necessary to guarantee a complete burnoutof the organic components and of the generated
gases, like carbon monoxide, methane and hydrogen. It iscommon practiceto implement further
burnersfor liquid or gaseous waste streams in the post-combustion chamber. In addition, when a

15 The requirements regarding the gas phase are often referred to as 3T -rule: the Temperature should be high
enough, there should be enough Turbulence in the combustion gas mixture and it should be held at these
conditions for alongenough Time.

16 Many operators have, based on national legislation, exceptional permissions to run an incinerator at lower
temperatures or shorter residence times without any negative effect on the emissions. This fact of course should
be proven, before the permission is given.

7 suitable combustion control systemsare also commonly used for enabling stable combustion (European
Commission, 2019a; Dingetal., 2021; Kojimaet al., 2021).
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minimum temperature of 1100°C isrequired, a burner fora fuel with a high calorific value, e.g.
natural gasorwaste alcohol, should be placed in the post-combustion chamber to ensurea sufficient
temperature. Furthermore, a residence time of at least two seconds after the lastair supply ofthe flue

gasin the post combustion chamber should be guaranteed.

128. While the solid wastes have a residence time of upto one (oreven two) hours in the rotary
kiln, the gas produced by the incineration process, suchas combustion gases and evaporated liquids
leave the rotary Kiln aftera few seconds. These gases may contain incompletely combusted
substances. Therefore, a post-combustion chamber is necessary to guaranteea complete burnout of the
residual organic components in a gaseous formand of the generated gases. Further burners for liquid
or gaseous waste streams may be placed in the lower part of the post-combustion chamber. In
addition, whena minimum temperature of 1100°C is required, a burner for waste or fuel with a high
calorific value, e.g. naturalgas, may be placedin the post-combustion chamber to ensure a sufficient
temperature whenneeded. Alternatively, thetemperature in the post-combustion chamber may be
controlled by regulating the calorific value of the waste flow delivered by the frontburners.
Furthermore, a residence time of at least two seconds a fter the lastair supply of the flue gas in the post
combustion chamber at the requested temperature should be guaranteed, aswellas a sufficient
turbulence ofthe gases.

Combustionchambers

129. One of the key components for efficient operation of combustion chambers, which are
dedicatedto theincineration of gaseous or liquid hazardous wastes, is the design and the monitoring
of the atomization of the burner. Most of the burners introduce air in a vortex section, surrounding the
liquid atomizingnozzle. This creates intimate mixing of the vaporized fueland wastes with the
combustionair, yielding uniform flame temperatures and high destruction efficiencies.

Fluidized bed furnaces

130. Fluidized bed furnaces areapplied forhomogeneous fuels with a relatively narrow grain size
spectrum, typically up to50mmin diameter. Thus, in terms of solid waste treatment, the incinerated
waste should be pre-processed. The additional treatment of pasty wastes is unproblematic. Therefore,
fluidized bed furnaces can predominantly be applied for RDF, pre-processed waste wood or sludges.

131. Ifhigherairvelocities (2-5m/s) areapplied, the fluidization of the sand isnot limited to a
certain height (fixed fluidised beds), but the sand bed is expanding over the whole combustion
chamberandis carried out together with the flue gas (circulating fluidised beds), which allows for
recirculation of thewaste until it is fully combusted. In these cases, a cyclone is mounted at the
chamberoutlet to separate the sand from the fluegasandto returnit backto the furnace.

Treatment of emissions and residues

132. Themain mass stream resulting from the incineration of waste isthe flue gas. Dependingon
the type of waste, solid residues may also be generated, such as bottom ash, slag, boilerash, fly ash,
and other flue gas cleaning residues. The quantities of bottom ash generated depends on the
percentage of non-volatile mineral elements, with the quantities of fly-ash and/or filter cakesdepend
onthe level of pollutants in the raw flue gas. Forinformation ontypical quantities of residues
produced in incinerators for household wastes, see forexample European Commission, 2019a or
Sabbasetal.,2003.

133. Inthecasethata wet flue gascleaningsystem (scrubber) isused foracid and other pollutant
removal, liquid effluents mayalsoarise. These outputstreams contain pollutants and should be treated
before theirrelease to the environment (i.e. surfacewater) or prior to disposal.

Flue gas

134. Theprimarymethod of minimizingair pollution should be to use a well-designed, constructed,
managed, operated, monitored and maintained incinerator appropriateto the waste beingburned.

135. Thecontrolof COandvolatile organic compounds is solely dependenton the proper operation
of the furnace. Grate furnaces for household wastes can be controlled by underfired air, the furnace
geometry, secondaryair injectionand gas mixing. Continuously operated incinerators for hazardous
wastes normally have low carbon monoxide emissions by ensuring sufficientmixing inside the
system, residencetime, andexcess air levels. If high-calorific wastes are fed in batches, CO peaks
may arise.

136. Forthetreatmentof the flue gasseveral established concepts exist (see Section VI.C). Usually
they are categorized according to thetreatment step for removing the acid gases: dry —semiwet — wet.
Figure 1 showsa principle process schemes for these three options (grey shaded sector; schematic for
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dry and semiwet is the same). For higher requirements or lower emission values, respectively, these
concepts canbe combined in multistage approaches (e.g. a dry system canbe supplemented with a
scrubberforlower sulphur oxide emissions). Furthermore, the order of the flue gas treatment steps
may deviate fromthe schematic. Insome facilities for example, the selective catalytic reduction
(SCR) catalystis located downstream of thedustfilter. Beyond that, also multifunctional treatment
components are applied, which combine more thanonestep of emission reduction in one reactor.
Examples are thesimultaneous separation of dustand acid components in wet scrubbers, the
PCDD/PCDF adsorptionon activated carbon doped carrier material in packed column scrubbers or the
application of flocculationagents for mercury in the sump of washing towers.

137. Forall otherpollutants listed in Section |.B additional diminution measures should be applied
downstream of the furnace. Theso-called secondary measures aredescribed in the following
paragraphs. The combination of allapplied treatment steps results in flue gas cleaning system that
should be able to reduce all pollutant concentrations below theirindividual legal limits. Typical
configurations of widespread flue gas cleaning systems are depicted in Figure 1.

Techniques to reduce acid gas emission

138. Thename ofthe entire flue gas cleaning system stems from the technology applied for
reductionof acid gas (HCI, HF, sulfur oxides (SOx)) emissions. Wet, semiwet and dry methods (cf.

Figure 1)are namedafter the captureprocess:
(@)  Wet: Transferin a scrubber into water with further chemical treatment;

(b)  Semiwet: By firstly a transfer into a liquid, which is typically a lime solution, that is
atomizedin a reactor and where anacid-base reaction occurs. After, it evaporates in the hotflue gas
stream by a directreaction with theremaining reagentpreviously in suspension;

() Dry:Byadirect reactionbetweenthe acidgas andthe reagent injectedasa dry powder
(usually sodium bicarbonate or lime).

139. Wetflue gascleaningsystemsusually consist ofa pre de-duster (electrostatic precipitator or
fabric filter) asa first step, to protectthe following scrubber. The scrubber may be subdivided into two
separate sections with different pH-values. In the first step,ata pHvalue of <1, predominantly HCI
and HF (and HBr, HI) but also mercury salts are absorbed into the liquid. It is possible to reduce
hydrochloric acid by refining the flushing liquid. The second scrubber step is operated at a more or
less neutral pH-value (about 7), which ismaintained by addition of analkaline neutralization agent
(usually Ca(OH).or NaOH). If hydrated lime is used, gypsum (CaSOa-2 H-0) may be recovered.

140. Semiwet flue gas cleaningsystems are nameddueto the factthatwater should be present in
the gas phase to realize a transfer of the acidic gases, especially of sulfur dioxide, into milk droplets.
Typically, milk of lime (Ca(OH).) is used asan additiveas a suspension. The water of the suspension
improves the capture of acid gasesand thereaction with the base beingevaporated in the hot flue gas.
The reactioncontinues with the dried reagentbut is limited by the deposit of salts (reaction products)
onto the reagent grains. The reaction product isa dry powder, containing the halogens and sulfur
oxides as calcium salts (CaCl,, Ca(OH)CI, CaF;, CaSOs;, CaSQOs). Itis collected below the reactorand
in the following de-duster. Most often, the de-duster is a baghouse filter. Precondition for an effective
acid gas removal in this operational mode is sufficiently high moisture'® in the gas, which may be
adjusted by water injectionand evaporation.

141. Dry flue gascleaningsystemsareoperated without any water addition. Reagentsare injected
in a powdery formin the flue gas (e.g. slaked lime). The point of injectionis one ortwo cyclones
located betweentheboilerand thefilter. Generally, since the neutralization reaction requires a slaked
lime excess, it is recommended to consider recirculating part of the collected filter dust, as it contains
a certain percentage of unconsumed reagent so astoreduce thetotalamountof reagent needed a nd the
amount of filter residues. A good distribution of the additive in the gas is prerequisite fora good
functionality of the system. Fluidized bed furnaces are well-suited for the application of this concept.
Most often dry flue gas cleaning systems use sodium bicarbonate (NaHCOs, “baking soda™). This
offersthe advantagethatit can be recycledafterwards. The reaction products are collected below the
reactorandin the following de-duster. The operational temperature should be above 180°C, butno
specialhumidity should beadjusted. Therefore, theadditive can be directly injected into the hotflue

gasaftertheboiler, without any conditioning. Mostrecent incinerators in Europeuse dry systems.

18|t is assumed that especially SOz needs a “coating” of water molecules on the additive particles, to realize a
good adsorption affinity.
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(b) Techniques to reduce organiccompounds including PCDD/PCDF

142. Typically a process for treatmentinvolves heating to a sufficient temperature (850°C or
1,100°C, if the hazardous waste contains more than 1 per cent of halogenated organic substances
expressedas chlorine), with a minimum residencetime of 2 seconds under conditions that ensure
appropriate mixing.**?° The remaining fragments of PCDD/PCDF may be recombined in the
temperature range between200and 400°C, whentheflue gasis cooled down (de-novo synthesis).
Typically, this recombination reaction is expected to be supported by longer residencetimes in this
temperature window (<50 ms prevents recombination), the presence of fly ash and low sulfur dioxide
concentrations.? Since this de-novo synthesis cannot be entirely prevented, the application of
secondary diminishing measures is necessary.

143. TheairemissionsforPCDDand PCDF should bebelow0.1 ng TEQ/Nm?3 22

144. De-novo synthesis andassisted catalytic coupling of precursors are heterogeneous reactions
accounting for PCDD/PCDF formation post-combustion. The presence of catalysts knownto increase
the formation of PCDD/PCDF, such as copper, should be avoided. Inputof PCDD/PCDF precursors
in wastes, suchas chlorinated phenols, PCBs or HCBs, should also be minimised to reduce

heterogeneous reactions.

145. WidespreadistThe applicationof activated cokeoractivated carbonasan absorbent for
gaseous PCDD/PCDF is typically usedto reduce such emissions. These carbonaceous adsorbents
showa significant affinity foradsorption of organic pollutants and may be applied in fixed bed

reactors, in entrained flow processes and evenin wet scrubbers. Thesemay include:

(@)  Fixed-bed adsorbers, equippedwith activated cokeor carbon (particle size 1.25t0 5

mm) are commonby-used as a emergency-and polishing filter step at the end of fluegas cleaning
systems to remove PCDD/PCDF thatwas not fully destroyed. Due to the tendency to self-ignition,

such devices need major safety precautions (CO and/or temperature measurement in the off-gas,
possibility forinert gas purging). Fixed-bed absorbers show high pressures losses of 25 to40 kPa. The
activated carbon can be burntin the furnace after utilization, which will destroy PCDD/PCDF in the
activated carbonthatwas not fully destroyed in the first instance. However, this practice should only
be done where another sink for mercury exists (e.g. a wet scrubbing system), to prevent mercury from
accumulating in the incineration process; the usedactivated carbonmay alsobe regenerated in
dedicated installations.

(b) Inentrainedflow processes, the activated carbonor cokeis injected intotheflue gas, in
a reactoror justin the flue gasduct. The PCDD/PCDF molecules are adsorbed onthe activated carbon
particles’ surface and can be removed together with those particles by means of a dust filter. Removal
efficiencies of more than 99% by application of 0.35 to 3kgadditive perton of wastes may bereached
(European Commission, 2019¢);

(c)  Carbonaceousadsorbents canalsobe usedin wet scrubbersas carbon-impregnated
polypropylene packing. Removal efficiencies (example of electrostatic precipitator in combination
with a wet scrubber) can be higher than 98% (European Commission, 2019c):. The high loading
capacity allows operation times of several years. The loaded packingcanbe incinerated to destroy the
adsorbed PCDD/PCDF thatwas not fully destroyedin the first instance. PCDD/PCDF can also be
removed in scrubbers by usinga suspension of activated carbonin water (up to 50g/l)asa scrubbing

medium. However, this may be associated with coke deposits in the system;

(d)  SCRcatalysts forthe destruction of nitrogen oxides are also can be suitable and
effective forthe destruction of gaseous PCDD/PCDF by catalytic oxidation. Dependingon the
number of catalystlayersandactivity, removal efficiencies upto 99%can be reached (European
Commission, 2019c¢);;

19 See the general technical guidelines on persistent organic pollutants (UNEP, X3XX2022a-currenth under
FRLSIER).

20 Many operators in the EU have, based on national legislation, exceptional permissions to run afacility at lower
temperatures or shorter residence times without any negative effect on the emissions. This fact should be proven
before the permission is given.

21 SO, supports sulfating reactions which reduce the chloride content in the fly ash and therefore the PCDD/PCDF
de-novo synthesis.

22 TEQ as referred to in Annex C, part 1V, paragraph 2, to the Stockholm Convention, but only for PCDD and
PCDF. Nm@refers to dry gas, 101.3 kPaand 273.15 K. Standardization at 11 per cent O2. Standardization at 10
per cent Oz for cement Kkilns co-incineration.
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(e)  Sincedioxinsandfuranstendto adsorbon thefly ashparticles, dust precipitationis
also an effective measure for reduction of PCDD/PCDF.

Techniques to reduce heavy metals

146. Dueto theirdifferent chemicaland physical properties, heavy metals may be present in the
flue gasin gaseous, liquid or solid form, elemental orasa compound.

147. Semi-volatile elements (chromium, copper, cobalt, nickel etc.) are significantly reduced by the
dust removal with a fabric filter or electrostatic precipitator.

148. Othermetals, like arsenic, lead or cadmiumaremore volatile and are partly vaporised during
incineration. After condensation (onthe particles in the flue gas), they canalso be removed by particle
precipitation. An efficient reduction of those elements therefore requires sufficientresidence time at
lower temperatures to allow for condensation.

149. Only mercury vaporises completely during combustion. A part is subsequently condensingon
particles, another part is reactingto form compounds like HgCl,. Gaseous metallic mercury canbe
captured by adsorption onto carbonaceous adsorbents, like activated carbon, together with
PCDD/PCDF (entrained flowand fixed bed reactor, wet scrubber). Mercury in the form of
compounds, predominantly as HgCl,, canbe absorbed within the acid stage of wet scrubbers. This
may be supported by the utilization of sulphur-impregnated clay minerals or sulphur-impregnated
activated carbon, which can removeelemental and oxidised mercury. By adding oxidants, like sodium
hypochlorite or hydrogen peroxide, to the scrubbing fluid, it is possible to convert elemental mercury
to its oxidised form, whichdissolves in both scrubbing stages. If reducing compounds are present,
oxidised mercury absorbed in the scrubbing liquid may be converted to elemental mercury and re-
emitted tothe gas. By complexingagents (halide ions) in the scrubbing liquid, this canbe prevented.

Techniques to reduce particulateemissions

150. Forthe separationof particulates fromtheflue gases of incinerators, fabric filters, electrostatic
precipitators, wet scrubbers and cyclones areapplied. These devices areusedto retain the fly ash from
the furnace andalsothe spentadditives, which were injected upstreamfor abatement of gaseous
pollutants:

(@)  Fabricfilters (usually in the form of long cylindrical filter bags mounted on metal
cages) achievethe highest dust collection efficiencies of all regarded systems, independently ofthe
particle size. The flue gas passes througha semi-pemeable surface, on which the particlesare
retained. In incinerators, fabric filtersare commonly applied as combined dust and sorption filters.
Thismeans thatinjected sorbent materials (e.g. lime, activated carbon) are forminga thin layeron the
filters surface, in which gaseous pollutants are adsorbed. The filter cake of retained dust and spent
adsorbents should be removed from the filter surface periodically. Therefore, time or pressuredrop
controlled filter cleaning cycles arecarried out: Thedustcake on theoutside of the filter element is
removed either by vibrationorby a compressedairimpulse. Applied filter media (e.g. Teflon coated
needle felt) should be robustand should be thermally resistant at least up t0220°C;

(b)  Incyclones, particle separation is realized by centrifugal forces. Through a tangential
feed of the flue gas intothe cylindrical separation chamber, a cycloidal fluid flow is adjusted, which
leads to separation of the particles. Regarding the retainable particle sizes, cyclones are significantly
restricted. The separation limit of cyclones canbe assigned between 2 and 10 um. Therefore, cyclones
areused in incinerators only for pre-separation of coarse particles;

(c)  Electrostatic precipitators separate particulates from the fluegas by charging the dust
particles with a negative load. Discharge electrodes (e.g. wires or ribbons, with about20 to 100 kV)
are emitting electrons, which load and ionize surrounding gas molecules. These ionized molecules
adsorbon dust particles and move together with themto thecollecting electrode. At the positively
charged anode, themoleculesand dust particles are discharged and the dust particles are retained at
the electrode, from where they have to be removed fromtimeto time, e.g. by knocking with
automated hammers. In wet operated electrostatic precipitators, the deposited particles are rinsed off
by water flushing. The efficiency of electrostatic precipitator systems is almost as high as that of
fabric filters;

(d)  Wetscrubbersareapplied in incinerators primarily to reduce the concentration of
acidic gases in the flue gas. At the same time, the intensive mixing of the flue gas with thescrubber
liquid leadsto a precipitation of particles. The separation efficiency of scrubbers, especially for
smaller particles, is lower comparedto fabric filter and electrostatic precipitator. A separation limit
can be determined between 0.5and 1 um. Smaller particles cannot be transferred from the gasto
liquid phase and therefore notretained by scrubber systems.
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() Techniques to reduce emissions of oxides of nitrogen

151. Principally, the generation of nitrogen oxides canbe influenced by measures of fuelling. The
so-called staged or starvedair combustion (primary combustionzone is run with a shortage of oxygen
followed by excess air in the secondary combustion) is an appropriate method to reduce the formation
of nitrogen oxides and state-of-the-art for gas burners, coal power plants and some biomass furnaces.
Forwaste incineration, such approaches could only be successfully applied for fluidized bed
incinerators (sewage sludge combustion). Trials in other waste furnace types showed a significant
reduction of nitrogen oxides, but the measure alone was not sufficient to reach the legalemission
limits.

152. BAT forthe abatement of nitrogenoxides (NOand NO) is the application of selective
catalytic reaction (SCR) or selective non-catalytic (SNCR) reduction processesZ. For both of them
ammonia (NHz) orurea ((NH2).CO) are applied as additives. These substances react with the nitrogen
oxides in the flue gasto elemental nitrogen, water (in the case ofammonia) andalso carbon dioxide, if
urea isapplied. If sulfuroxides are presentin the gas, the undesired by-products ammonium sulfate
((NH4)2SO4) and ammonium hydrogensulfate (NH4HSO.) may be generated, which tend to form
depositsin the flue gasducts.

153. The SNCR process requires temperatures between 850 and 1000°Cand is therefore applied
directly in the boiler, downstream of the afterburning zone. Theadditives are injected via nozzles.
BAT is the controlled injection in several levels, into areas of optimal temperature, which are
determined by acoustical gas temperature measurement.

154. Forthe SCR process, a catalyst (standard materials include TiO2, V20s and WOs) is applied to
reduce the activationenergy and therefore the reaction temperature necessary for the destruction of the
nitrogen oxides. Continuous operation temperatures of 180°C - 240°C are common. The low
temperature operation makes it necessary to heat the catalysts periodically up to temperatures of
severalhundred degrees in orderto eliminate deposited salts. The catalyst can bearrangedatdifferent
positions in the gas path. Figure 1 shows the so-called tail end configuration, which is very common
because all other pollutants are eliminated before, therefore the catalyst cannotbe contaminated.
However, using SCR in this configuration reduces energy efficiency of the plant.

2. Wastewater

155. Manyairpollution control devices use water for gas cleaning (quenchingand scrubbing), thus
creatingwastewaters containing the pollutants thathave been removed from the gases. In the first
instance, the facility should be designed so asto minimize thedischarge of process wastewater, where

thisis compatible with atmospheric emissions.

156. There should be requirements for wastewater discharges placing limits on temperature, pH-
value, gquantity of suspended solids, and pollutantlevels needto be legally fixed.

157. Any wastewater fromthe incinerator should betreated before being disposed of orreleased to
a water or sewer system. Possible treatments include neutralization and settling (precipitation) of
metals, e.g. with lime, dolomite, soda, NaOH and especially mercury with NazS or poly-
organosulfides. Sulfates can be precipitated by lime. The emerging solids can beremoved from the
liquids by sedimentation, flotation, filtration or possibly membrane technologies for removal of finest
particles.

158. The pollutants removed from the exhaust gas by wet treatment methods should not directly be
discharged with the wastewater, as, forexample, they have a high potential for POPs contamination,
but should beprocessedat thefacility site. Any discharge of wastewater from the facility should be

subjectedto permissionby theresponsible authority and in compliance with existing standards.

3. Solid residues (bottom ash, fly ash, and flue gas cleaning residues)
159. Thesolid residue contains non-volatile minerals, metals, and smaller amounts of unburnt
material.

160. Waste streams from gas cleaningand ash/slag from the combustion chamber should be
properly controlled and disposed of, to preventharm for theenvironment.

161. Thecharacterand composition of flue gas cleaning residues is dependent on the type of gas
cleaningsystem applied. In dry and semi-dry systems, all pollutants are concentrated in a solid
residue, which contains the used reagents andthe dust fromthe furnace. Wet systems (scrubbers) are

23 Exhaust gas recirculation and low air ratio combustion may be applied to reduce NOx and fly ash generation,
and improve heat recovery efficiency (Miyagoshi etal., 2007; European Commission, 2019a; UNEP, 2020).

29



UNEP/CHW/OEWG.12/INF/11/Rev.2

30

@)

(b)

characterized by separateresidues, becausethe dust is removed from the flue gas before some gaseous
pollutantsare absorbed in the scrubber liquid.

162. Dueto the fact that dry residues from dry and semidry systems contain all pollutants in
concentrated form, they usually have hazardous characteristics and should be disposed ofaccordingly.

163. Since hydrogenchloride (HCI) and the sulfur oxides (SO2, SOs) are absorbed in the scrubber
unit(s), a selective recovery with production of hydrochloric acid and gypsum is possible.

164. Itis possible to regeneratethe sodium bicarbonate that is used in dry systems after use. This
practice exists in Europe.

165. Thetreatment ofash/slagandothersolid residues discharged fromanincinerator should
dependinteralia on the concentration of pollutants and whether the residues are hazardous waste (cf.
guidanceon environmental monitoring in section V.E.2). In case ash/slagand other solid residues are
contaminated with POPs (e.g. because of the incinerated wastes), refer to the relevantguidance in the
Generaltechnical guidelines on POPs to determine how the waste should be managed (UNEP,

XXX X2022a).

Incinerators for household wastes

166. Bottomash/slagand othersolid residues discharged from anincinerator for household wastes
may ormay not be hazardous wastes according to national legislation depending on |ts concentration
of heavy metalsand POPs i ation. Fly ash
and flue gascleaning residues d |scharged from an mcmeratorfor household Wastes are typlcally
considered hazardous.

167. Typically, ferrousand non-ferrous metals can berecovered fromthe bottom ash/slagby
mechanical post-treatmentand recycled into the metallurgical industry. After separation of the metals,
further mechanical processingandan aging phase (regularly three months), themineral bottomash
fractionfrom household waste incinerationmay be used asa building material in several applications,
such asroadconstruction, depending on the quality (especially the elution of heavy metals. and POPs)
and if the leaching potential of the material is sufficiently low. However, bottom ashes which donot
meet the environmental quality requirements according to national legislation, evenafteroneormore
aging phases, are not uncommon, especially in installations unable to guarantee a sufficient level of
combustion orwhich accept waste containing pollutants. These pollutants are transferred to the
bottom ashes or their combustion residues affectthe environmental quality of the bottom ashes.

168. Themineralfraction from bottomash isused for different applications, such as for: base layers
in road construction (bound and unbound), subbase layers in road construction, secondary raw
materials in cement production, bound and unbound construction materials, subgrade filling in
industrialand storage buildings, and noise reduction and visual protection barriers (Blasenbaueretal.,
2020). If bottom ashis used for building material, ananalysis and characterisation should be
undertaken to ensure it is appropriate to be used (see section E.2 for further details) (Wangetal.,
2010).

169. Where mineral fraction fromincinerator bottomash is utilised, the utilisation rate varies
between 20and 100wt%. Approximately 54wt% of the totalamount generated in the EU, Norway and

Switzerland has beenutilised between2015and 2019 (Blasenbaueret al., 2020).
Incinerators for hazardous wastes

170. Ash/slagandothersolid residues discharged fromanincinerator for hazardous wastes
incineratormay be considered hazardous wastes according to national/demestic legislation. andHt.
They should be disposed as such hazardous wastes unless it can be provend that theyare not. Slag
from incinerators for hazardous wastesgenerally contain steel parts, mainly from containers (drums,
smallerboxes, etc., shredded or not), which are normally extracted magnetically. Asthey are
decontaminated by theincineration process, they may be recycled.

Obtaining energy from waste

171. Thissection coversbothobtainingenergy from waste in case of operation D10 (where it is
consideredasa secondary consequence) and operationR1 (whereit is considered the principal result).
Itshould be notedthat the operations D10and R1 refer to waste treatment operations, not to waste
treatmentfacilities. The distinction between disposal operations D10 and R1 could bebased on the
energy efficiency of a facility designed fora specific wastetype. Forthe calculation of the energy
efficiency, the energy output of a facility (e.g. electricity, heat), the energy input intoa facility (e.g.
the energy containedin the waste and in fuels) and theinternal energy losses should be takeninto
account. The actual energy efficiency depends interalia on the calorific value of incoming waste.
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Examples of pertinent national and regional legislation on thecriteria for distinction between disposal
operations D10 andR1 canbe foundin Annex I1.

172. Electricity production, supply of districtheating (or cooling) networks or the directdelivery of
steamare options for obtaining energy from waste in incinerators.

173. Energy obtained from theboiler canbe used on site (thus replacing energy delivered) and/or
off site. The energy supplied may be used for a wide variety of other processes. Commonly, heat and
steamare used for industrial or district heating systems, industrial process heat and steamand
occasionally asthe driving force for coolingandair conditioning systems. Electricity is often supplied
to distribution grids and/or used within the installation.

174. Thequality of thefeedwater is decisive for the long-term operations of the steam boiler.
Typical damage images with poorwater quality are deposits and corrosion caused by an unsupervised
pH-value forunalloyed or lowalloyedboiler steels, especially in saline waters. The required pH-value
can be adjusted in the boiler feed water by solid alkalizing (e.g. sodium hydroxide and trisodium
phosphate) and in the condensate by volatile alkalizing (e.g.ammonia and hydrazine). Asfaras
possible, the combined use should be pursued under continuous dosing. Other parameters such as
chloride oroxygen contentin the boiler feed water should be agreed with the supplier.

175. Themaintenance ofa system for obtainingenergy from waste in incinerators should be
conducted in compliance with the relevantnational and regional legislation. Generally, an exhaust
heatboiler requires confirmation of the level of corrosion and exchange of the boilertube. A steam
turbine needs periodic inspection and repair. Certificated specialists should run these operations
accordingto the nationalandregional legislation.

176. Forincineratorsforhousehold wastes, Hf electricity is produced, electrical efficiencies can
reach up to approximately 30% (European Commission, 2019a), thoughthis excludes the energy used
forpre and post processing?. Higher values are not practicable, dueto therisk of corrosionof the
boilerthatis induced by thehigher steam parameters (pressure and especially temperature), which

would be necessary for this purpose.

177. Energy obtained from waste canbe enhanced, if heat (as hot water or low pressure steam) or
(high pressure) steam to industrial customers are delivered.

178. Theoverallefficiency of a facility isdependenton the possibilities to deliver steam, heat or
cooling. Besides these location-related facts, the efficiency isalso limited by the relatively high
internal consumption for flue gas cleaningand the — especially in countries closer to the equator —
limited possibility to utilize the low temperature heat from steam condensation andin the flue gas.
Therefore, methods to enhance theefficiencies should reduce the internal consumptionand find

consumers forthe lowtemperature heat.

179. Forthe effective use of energy from waste, long-term contracts for the supply of electricity,
heat and/or coolingshould be in placeand coordination with the contractor of theenergy is essential.
With electricity contractors, it is desirable to agree onthe fluctuation of power transmission capacity,
includingthe interruption period of power transmission during the system maintenance. With heat or
cooling contractors, in additionto agreeing on the fluctuation of heator cooling supply, further
consultationshould be done regarding the potential of periodical and seasonal variation of heat or
coolingdemands, andthe alternative means to usethe heat or coolinguponsuch cases. Therefore, it is
essentialto understandthecalorific value of incoming wastes, including its seasonal change.

180. Forexamplein Scandinavia, where incinerators for household wastes are usually integrated in
district heating systems, eventhe condensation heat of the water contained in the flue gasisapplied

forheating purposes. Suchconcepts leadto the highest overall efficiencies.

181. Incountries, where especially in the summermonths no heat is needed, the application of
adsorption cooling units could be an appropriate option to optimize the overall efficiencies.

Monitoring

182. In Article 10 (“International Cooperation™), paragraph 2 (b), the Basel Convention requires
Parties to “cooperate in monitoring the effects of the management of hazardous wastes on human
health and theenvironment.” In Article 11, paragraph 1, the Stockholm Conventionrequires Parties,
within their capabilities, at the national and international levels, to encourage and/or undertake

24 Further information on the power generation efficiency corresponding to various conditions includingthe
treatment capacity is available at Takaoka, 2019.
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appropriate monitoring pertaining to POPs.

183. Theprimary method of controllingair pollution is the use of a well-designed, constructed,
managed, operated, monitored and maintained incinerator appropriateto the waste beingburned.

184. All parametersrelevantforthe operation of incinerators should be continuously monitoredand
controlled. Themonitoring of environment and human health canhelp to determine the impact ofthe

incinerator on theambience.
Technology monitoring

185. Themonitoring of crucial performanceindicators and emission parameters should be state -of-
the-artand BAT. The parameters that should be monitored are listed and explained in Section |.B.

186. Anotherimportant partof technology monitoring is regular inspection, to determine signs of
corrosion, wear, blockages or other damages in the facility.

187. Priortoinitial operation ofanincinerator, temperature investigations should be done under
normaland licensed worst-case conditions to ensure they can meet temperature and residence time

requirements for environmentally sound incineration (see paragraph 14 24 above).
Environmental monitoring

188. Themostimportant way of environmental monitoring is the stringent and steady control of the
output of the facility: the flue gas, theash/slagand possibly arising liquids.

189. Fora properoperationof thewhole facility a high degree of measurementinstrumentation and
automatic control of important parameters is necessary. The measurement of the following parameters
is necessary fortheproper operation of an incinerator and should be monitored by the responsible

authority:

(@)  Pollutantsin the flue gas emitted in the environment (as specified in Section|.B)
should be measured at the stack (if possible continuously) on a transparent and reproducible way in
orderto guarantee anefficient enforcementof emission limits, including legally binding limits as
defined in national legislation (e.g. Best Available Techniques Reference Documentforwaste
incineration (European Commission, 2019a).® This includes the measurement of all auxiliary
parameters (Ozand H»O concentration and temperature and pressure), necessary forthe
standardizationof themeasured values.

(b)  Areliable measurement (with sufficientredundancy) of the temperature in the post-
combustion chamber of waste furnaces is necessary, since a sufficiently high temperature is crucial for

the safe destruction of toxic organic pollutants (see paragraph 14 24 above).26

()  COandoxygen O, in orderto optimize theoperation of the furnace. In mostcases CO
and O are required input parameters into the combustion control system.

190. Inaddition tothe parameters mentioned above, whichcanbe regarded as necessary fora
reasonable performance of the facility, the measurement of the following parameters may if
appropriate facilitate the operation of the facility or preventdisturbances oraccidents:

(@)  Thecontinuous measurementof mercury concentration in the raw gasin orderto detect
unwanted mercury emissions at an early stage and/or the m easurementof mercury concentration in the
flue gasafterthe cleaning systemin orderto check adherenceto limit values. The injection rate of the
mercury sorbent and, if necessary, oxidizing reagents in order to transform Hg° in Hg*, should be
controlled instantly by the continuously measured concentration in the cleaned flue gas. Thesystem
may be refined by addinga second continuous monitoring device in the rawgas. This allows to detect
earliermercury peaks and better adaptthe extra mercury sorbent toinject. Due to the complex
measurement and harsh environment, certain devices will in fact not showthe true concentration.
Nevertheless, theyare very helpful to immediately realize and reacton incidents by illegal mercury
discharge, disposed of in the household wastes, which may occur from time to time. If nosuch device
is installed, these incidents cannot be detected and no countermeasures taken;

25 As published by the European Integrated Pollution Prevention and Control Bureau on waste incineration
(https:/leippch.jrc.ec.europa.eu/reference/waste-incineration).

% Thermocouples, mounted inside the combustion chamber, are influenced by radiation from hotsolid surfaces
and the combustion bed, which may result in an adulteration of the measured values. This is notthe case for
suction pyrometers, which are measuring the temperature within a protection pipe in the hot gas stream, sucked
outof the combustion chamber.
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(b)  Acid gasconcentrations (SO;and HCI) in the raw gas, if dry flue gas cleaning systems
(especially with lime as adsorbent) are applied;

()  Temperature alongthe entire fluegas path foranoptimized controland operation of
the system, particularly in relationto the recombination of PCDD/PCDF between 200°C - 400°C.
Temperature measurement also helps to detectdisruptions in the operation (e.g. intrusion of false air,
failure in additive dosing);

(d) Carbonmonoxide in the downstream gas dueto the high tendency of activated carbon
to self-ignite, if an activated carbon adsorption bed isused in the facility;

(e)  Furthermeasurementsand controls are necessary forthe proper operation of the
machinery and (auxiliary) equipment, for example of the following parameters:

(i)  Pressure inthe furnaceandthe gas ducts, in orderto preventthe outlet of flue
gas;

(i) Fluid levelsand flow rates for transport and storage of liquids;
(iii)  pH-value,density and/or conductibility in scrubbers;
(iv)  Pressure foratomization.

191. Continuous monitoring of pollutants in the flue gas (CO, TOC, HCI, SOx, NOx, NH 3, dust, Hg
and HF) should be donein accordance with national legislation or national or international standards
such as 1SOwhere appropriate.?’ To allow further data processingand analysis (e.g. standardization),
it is also necessary to measure the auxiliary variables exhaust gas flow rate, oxygen, moisture
(humidity), and temperature. The operator should assure proper calibration, maintenance, and
operation of the continuous emission monitoring systems (CEMS). A quality assurance programme
should be establishedto evaluate and monitor CEMS performance on a continual basis (e.g. BSEN
14181, JISB7996).

192. Metals(Cd, Tl, As, Sb,Pb, Cr,Co, Cu, Mn, Ni, V, and Hg if not continuous) and their
compounds should be monitored periodically in accordance with national legislation or national or
international standards such as 1SO.

193. Thechannelled emissionsto the air of PCDD/PCDF and dioxin-like PCBs from incineration of
waste should be monitored with at least the frequency of once every six months for short-term
samplingandof onceevery month for long-term sampling if the emission levels are not proven to be
sufficiently stable (European Commission, 2019b; European Commission, 2019c).

Solid residues should be monitoredand periodically analyzed in a representative and reproducible
way, includingin relation to heavy metals and, where appropriate, the POP content where-appropriate
in orderto determinewhether relevant guidance in the General technical guide lines on POPs (UNEP,
XXX X2022a) applies. In order to judge the environmental impact, notonly theconcentrationin the
solid itself is relevantbutthe leaching behaviour of toxic components. To judge this behaviour,
standardized leachingtests can beapplied. The results of these measurements should be controlled by
the responsible public administrationand be the basis fora subsequent utilization (e.g., bottomashas
a building material in construction) or disposal of the materials.

195. Performance tests should be conducted to demonstrate compliance with the emission limits and
performance specifications for continuous monitoring systems whenthe facility is operatingunder
normal conditions. For OTNOC, e.g. start up or shut down, the frequency of the occurrence of
OTNOC and the emissions during OTNOC should be reduced, including through implementinga
risk-based OTNOC management plan because theemissions of pollutants such as POPs during
OTNOC may be considerably higher thanunder normal operating conditions dueto unstable
combustion conditions (Tejimaetal., 2007, UNEP, 2007). Such aplanshouldinteralia include
monitoringand recording of emissions during OTNOC, when such monitoringand recording is
possible, notably whenwaste is being treated (European Commission, 2019b).

196. Theenvironmentalimpact from the facility may require the implementation of anambientair-

27 Further information on monitoring is available in the Reference Report on Monitoring of Emissions to Air and
Water from IED Installations, Joint Research Centre, 2018.
(https://eippch.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf) and Waste to Energy: A
Technical Review of Municipal Solid Waste Thermal Treatment Practices, B.C Ministry of the Environment,
2011 (https://lwwwz2.gov.bc.ca/assets/gov/environment/waste -
management/garbage/bcmoewteemmissionsrevmar2011.pdf).
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monitoring programme (e.g. depending on robust air quality modelling scenarios). This should assess
levels of key pollutants identifiedas a priority for environmental control. The arrangements should
include controland downwind locations, includingthe area of maximum ground level deposition from
stack emissions. A meteorological station should be provided for the duration of the ambientsampling
exercise in a location free from significant interference from buildings or other structures.

197. Soil monitoring of specific pollutants (e.g. PCDD/PCDF and heavy metals) may alsobe
required upstream and downstream of the prevailingwind direction and at the point of maximum
impactand/or key receptors. Before starting the operation of anincinerator, the background
concentrationof such specific pollutants should be determined.

Medical monitoring

198. A medicalmonitoring programmeshould be implementedto assess and monitoremployee
health both priorand duringemployment. An effective programme should consider the following

componentsasa minimum:

(@) Pre-employmentscreening, to determine fitness-for-duty, including theability to work
while wearing personal protective equipment (PPE), and provide baselinedata for future exposures;

(b)  Periodic medical monitoring examinations (the contentand frequency ofwhich depend
on the natureof thework and exposure), to detemine biological trends that may mark early signs of
chronic adverse health effects;

(c)  Provisionsforemergency and acute non-emergency treatments;

(d) Theauxiliaryutilizationof portable monitors may facilitate the detection of diffuse
emissions of pollutants (see section1.B).

Record keeping and reporting

199. Reportingof monitoring results involves summarisingand presenting results, related
informationand compliance findings in an effective way.

200. Records of the activities on thesite should be kept, including butnot limitedto:
(@) Typeandquantity of wastebeingincinerated;
(b)  Movements of wastefrom acceptance toincineration;
(c)  Parametersanalysis of wastesamples at the timeof acceptance;
(d)  Pre-treatments and/or treatments of wastes;
(e)  Maintenance, construction orimprovement activities;
(f)  Staffresponsible foreachtask on thesite on a specific date;
(@ Equipment used;
(h)  Equipment failure;
0) Monitoring parameters and the results of themonitoring tests;
()  Visitors and inspections;
(k)  Weatherconditions;and
) Miscellaneous.

201. Inorderformonitoringreports to be usedin decision making processes, they should bereadily
available, accurate (to within stated uncertainties). Copies of the records should be keptin a way to

prevent their loss in the event ofanaccident.

202. Reportsshouldbe made ona frequent basis to the competentauthorities on the activities at the
incinerator. Moreover, public participation should be encouraged, therefore reports should be made

available to thegeneral public and contain information sufficientboth quantitatively and qualitatively
to ensure a good understanding of theactivities at the facility. Comments by the different stakeholders
on the reports should be taken into account in the improvement process of the reporting obligations 2.

28 The public disclosure of the real-time monitoring data is also effective to enhance transparency and public
acceptance. See reference for an example (Clean Authority of TOKYO, 2018).
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VII.

Health and Safety
General rules
203. Modern incineratorsare large-scale processes, which require high safety measures.

204. Healthand safety should be a conscious priority and integrated into all aspects of the operation
of anincinerator. Overalland specific personnel requirements, the chain of command, and individual
rolesand responsibilities, should be clearly established.

205. A health andsafety programshould be designedto identify, evaluate, and control safety and
health hazards. A globally recognised formal method for health and safety risk assessment should be

used as a basis for effective risk management.?

206. Adequate documentationand information on safe waste handling, operating proceduresand
contingency measures should be available.

207. Easily understandable safety instructions should be provided toemployees and visitors in
advance.

Technicaland organizational measures

208. The best management practices in terms of design, constructionand maintenance are necessary
to minimize both the potential for airemission particulates and trace metal migrationinto the
environment, contamination of wastewaters and the exposure of workers to materials that may
endanger their health.

209. Measuresshouldbe taken toensure that the facility used for temporary storageand pre-
processing of wastes prior to incineration be designedand managed in sucha wayastoavoidor
minimize contamination of the environmentthrough emission of dust, volatile substances and odours,
and dueto possible self-ignition during storage.

210. Inincinerators forhousehold wastes, the waste bunker should be operated under minimal sub-
atmospheric pressure to ensure this requirement, depending on location. Hazardous waste fractions
that could cause any harm or nuisance may be leftin the vessels they are delivered in or transferred to
airtight storageinstallations under hermetic conditions in incinerators for hazardous wastes.

211. Inorderto eliminate or control employees’ exposure to hazards, all possible engineering,
administrative and protective measures should be taken:

(@)  Engineeringcontrolsto preclude worker exposure by removing or isolating the hazard.
Forexample, ventilation or use of remotely operated material handling equipment;

(b)  Administrative controls to manage worker access to hazards and establish safeworking
procedures; forexample, security measures to prevent unauthorized or unprotected access to
hazardous wastes on-site;

(c)  PPE where appropriate, in particular when engineering oradministrative controls are
not feasible or do nottotally eliminate therisk.

212. Employeesshould be effectively trainedto a level determined by their job functionand
responsibility. This should be carried out prior to them being permitted to engaging in hazardous
waste operations that could expose them to hazardous substances, safety, or health hazards.

213. Thetrainingshould cover safety, health and other hazards presenton thefacility; use of PPE;
work practices to minimize risks from hazards; safe use of engineering controls and equipment onthe
site; medical surveillance, including recognition of symptoms andsigns that could indicate exposure
to hazards. Those engaged in hazardous emergency response should also be appropriately trained.

214. Whensilos or waste bunkersare utilised (most often in fluidised bed furnaces), fire prevention
or monitoring systems should be installed.

Guidance on emergency response and spill handling

215.  Anenvironmental insurance should be in placein order to finance the consequences of
environmentally relevantaccidents linkedto incinerators. In preparing suchinsurances, it should be
takeninto account that such accidents may have huge impacts and cause significant costs, with the

29 For examples of globally recognised formal methods for health and safety, refer to relevant International
Labour Organisation occupational health and safety instruments at https://www.ilo.org/global/standards/subjects-
covered-by-international-labour-standards/occupational-safety-and-health/lang--en/index.htm.
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A.

B.

risk of existential impact even on medium sized companies.

Emergency preparedness and response

216. Emergency preparedness and response plansand procedures should beestablished for the
protection of the workforceand public before operations begin based on a formally recognised
environmental risk assessment method or combination of methods, and be made available to all staff.
An emergency preparedness and response plan, ensuring appropriate measures to handle possible on-
site emergencies and coordinate off-site response, should be in place. This emergencyand
preparedness response planshould, ata minimum, address the following:

(@) Pre-emergency planningand coordinationwith outside emergency responders;

(b)  Personnelroles, lines of authority, trainingand communication procedures;

()  Emergencyrecognitionand prevention procedures;

(d) Safedistancesandplacesofrefuge;

(e)  Site security and control procedures;

() Evacuationroutes and procedures;

(@  Site mappinghighlighting hazardous areas, site terrain, site accessibility and off-site;
(h)  Populations orenvironments at potential risk;

(i) Decontamination procedures;

()] Emergency medical treatment and first aid procedures;

(k)  Emergencyequipment (e.g., fire extinguishers, water curtain system for gas releases,
self-contained breathing apparatus, sorbents and spill kits, shower/eye wash stations) at the facility;

() Emergencyalertingand response procedures;

(m) Documentingandreportingto localauthorities;

(n)  Critique of responseand follow-up procedures;

(0) Emergencysite drainage control system, including flooding events.
Spill handling

217.  Aspill handlingplanforincinerators for hazardous wastes should be developed to adequately
dealwith spills or other discharges that may occur on site. The spillhandling planshould include at
least the following information:

(@)  Monitoringandreporting procedures for all possible spills of materials;

(b) Identificationof allfacility equipment and contents;

()  Adescription ofthe hazards of materials thatcould be involved in potential spills;
(d)  Emergencyshutdown procedures;

(e)  Thechain ofcommand designationduringa spill incident;

(f)  Emergency contact list with telephone numbers;

(@  Specificationof equipment available for containmentand clean-up procedures;
(h)  Optionsavailable forthe ultimate disposal of materials involved in a spill.

218. Inthecaseanaccidentalspilloccurs, transferandstorageareas should be designedto handle
thisaccident by the following measures:

(@)  Storage areasshould haveadequate boundaries and be adequately sealed, impermeable
and resistant to the stored waste materials;

(b)  Incompatible wastes should be prevented from mixing;
(c)  All connections between tanks should be capable of being closed by valves;

(d)  Overflowpipesshould be directedto a contained drainage system such as a bounded
area oranother vessel;

(e)  Measuresto detect leaks and appropriate corrective action should be provided;
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(f)  Contaminated runoff should be prevented from entering storm drains and watercourses;

(@  Anyrunoffshouldbe collected and stored fordisposalin the kiln, appropriate for the
site;

(h)  Adequate alarms forabnormal conditions should be provided.

Guidance on public participation

219. Public participationshould be organised in all the phases of the incinerator lifespan. Public
outreach, meaningful consultation and engagementand open dialogue areimportantbecause they
build the differentstakeholders’ appreciation of the needs and concerns of the community as a whole.
Moreover, over theyears this can leadto strong partnerships that help in problem-solving by reducing
miscommunicationissues and leadto better decision-making for all the stakeholders involved.

220. Public participationshould be organisedas soon as the preparatory design phase andbefore an
oftheincineratorisapproved by theauthorities. Communities should be involved in the choice of the
location of a site asthis could greatly reduce frictions and the chances of makinga poor decision.

221. Thedifferent stakeholders should meeton a regular basis to express their needs and concerns
duringthe active operations phase ofthe incinerator. This can leadto theidentification of issues
before they become a major problem and thus lead to better management of the incinerator, according
to environmental, socialand economic criteria.

222. A communications plan should be made and updated on a regular basis. This plan should aim
to keep all stakeholders informed of new informationas soon as possible and should value a

transparent and directcommunications approach.
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Examples of national legislation and regulatory frameworks related

to incineration

Examples of national legislation containing provisions related to the incineration of hazardous wastes

and household wastes are outlined below.

Country Legislationand link

Brief description

National Law 24051

Argentina | Decree 831/93

https://www:.boletinoficial.gob.ar/detalle Avis
o/primera/7126669/19920117?busqueda=1

https://www.boletinoficial.gob.ar/detalle Avis
o/primera/7134717/19930503?busqueda=1

Addresses hazardous waste management and
contains definitions and minimal requirements for
incineration.

Nova Scotia Solid Waste-Resource
Management Regulation

gs/envsolid.htm

https://www.novascotia.ca/Just/Regulations/re

Requiresallincinerators in the province of Nova
Scotia to adhere tothe Canadian Council of
Ministers for the Environment’s “Operating and
Emission Guidelines for Municipal Solid Waste
Incinerators”

regulation 347

Ontario Environmental Protection Act,

https://www.ontario.ca/laws/regulation/90034

Definestermsrelatedto incineration (suchasfly
ash)andsets emission limits forincinerators
operatedin the provinceof Ontario.

Canada 7
Ontario Guideline A-7: Air Pollution Control, | Provides guidelinesand minimum expected
Design and Operation Guidelines for requirements for incinerators for household wastes
Municipal Waste Thermal underthe Environmental Protection Act, including
requirements for monitoring, performance testing,
https://www.ontario.ca/page/guideline-7-air- | emission limits, andair pollutioncontrol systems.
pollution-control-design-and-operation-
guidelines-municipal-waste-themmal
Norma de emissionpara la incineracion, co- | Establishes the emission standards and operation
incineraciony coprocesamiento, DTO 29- requirements of incinerators.
2013 (Emission standard for incineration, co-
Chile incineration and co-processing)

https://www.bcn.cl/leychile/navegar?idNoma

=1054148 (in Spanish only)

National Standard 18484: Pollution control
standard for hazardous waste incineration

https://english.mee.qov.cn/Resources/'standard

The standard covers the pollution control in the
whole process of hazardous wastes incineration
and requires to considering the comprehensive use
of heatenerqgy for incineration disposal facilities

s/Solid Waste/SW _control/200710/t2007102

that have conditions to recover the heat energy.Fo

4 111901.shtml

beadded

China National Standard 18485: Standard for
pollution control on the municipal solid waste

incineration

https://english.mee.qov.cn/Resources/standard

The current standard specifies the contents such as
site selection andtechnical requirement for
garbage incinerating plants, waste feed
requirement, operation requirement, emission

s/Solid Waste/SW_control/201603/t2016030

controlrequirement, monitoring requirement,

3_331143.shtml

implementation and supervision.Fe-beadded

European
Union

control)

Directive 2010/75/EU of the European
Parliamentand of the Council on industrial
emissions (integrated pollution prevention and

This Directive lays down rules on integrated
prevention and control of pollution arising from
industrial activities. It also lays down rules
designed to preventor, wherethatis notpracticable,
to reduce emissions into air, waterand land andto
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https://www.boletinoficial.gob.ar/detalleAviso/primera/7126669/19920117?busqueda=1
https://www.boletinoficial.gob.ar/detalleAviso/primera/7126669/19920117?busqueda=1
https://www.boletinoficial.gob.ar/detalleAviso/primera/7134717/19930503?busqueda=1
https://www.boletinoficial.gob.ar/detalleAviso/primera/7134717/19930503?busqueda=1
https://novascotia.ca/just/regulations/regs/envsolid.htm#TOC3_42
https://novascotia.ca/just/regulations/regs/envsolid.htm#TOC3_42
https://www.ccme.ca/files/Resources/air/emissions/pn_1085_e.pdf
https://www.ccme.ca/files/Resources/air/emissions/pn_1085_e.pdf
https://www.ccme.ca/files/Resources/air/emissions/pn_1085_e.pdf
https://www.ontario.ca/laws/regulation/900347
https://www.ontario.ca/laws/regulation/900347
https://www.bcn.cl/leychile/navegar?idNorma=1054148
https://www.bcn.cl/leychile/navegar?idNorma=1054148
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https://eur-lex.europa.eu/eli/dir/2010/75/2011-
01-06

Commission Implementing Decision (EU)
2019/2010 of 12 November 2019 establishing
the best available techniques (BAT)
conclusions, under Directive 2010/75/EU of
the European Parliament and of the Council,
forwaste incineration

http://data.europa.eu/eli/dec_impl/2019/2010/
0j

prevent the generation of waste, in orderto achieve
a high level of protection of the environment taken
as a whole. Annex VI of this Directive contains
specific  technical provisions relating to
incinerators.

Best available techniques (BAT) conclusions are
the reference for setting permit conditions for
installations covered by Chapter |l of Directive
2010/75/EU. According to Article 15 of this
Directive, competent authorities should set
emission limit values which ensure that, under
normal operating conditions, emissions do not
exceed the emission levels associated with the best
available techniques as laid down in the BAT
conclusions.

Japan

The Waste Managementand Public Cleansing
Act (Translatedasof2001)
http://www.env.go.jp/enflaws/recycle/01.pdf

Regulations of the Waste Management and
Public Cleansing Law
http://www.env.go.jp/en/laws/recycle/03.pdf

Act on Special Measures against Dioxins
(Translatedasof2011)
http://www.japaneselawtranslation.go.jp/law/
detail/?id=2566 &vm=04&re=02

Air Pollution Control Act (Translatedas of
2010)
http://www.japaneselawtranslation.go.jp/law/
detail/?id=2146 &re=02

The Waste Management and Public Cleansing Act
stipulates the environmentally sound management
of waste and the definition of relevant terms in
Japan. Under this Act, waste is categorized into
municipal solid waste discharged mainly from
households and industrial waste. They are managed
asspecially-controlled wastes(similar to hazardous
wastes) depending on their types, the
hazardousness, and/or the concentration of certain
chemical substances contained in the waste.

The Act and Regulations also lay downthe
structural, operational, and maintenance standards
forwaste incineration facilities, e.g. requirements
formixingwaste in a pit for complete combustion,
waste feeder (to isolate waste from outside air),
combustion chamber (temperature, detention
period, ignition loss and its measurement
standards), measurement/monitoring/recording
system, cooling facilities, exhaustgas treatment

system.

In addition, emission standards are stipulated by the
Act on Special Measures against Dioxins, the Air
Pollution Control Act, and others.

United States

Clean Air Act

https://www.ecfr.gov/cgi-bin/text-
idx?gp=&SID=caf26f4022eea7ae1550271911
e5elle&mc=true&tpl=/ecfrbrowse/Title40/40
ClsubchapC.tpl

Thisact authorizes EPAtoset mobile source limits,
ambient air quality standards, hazardous air
pollutant emission standards, standards for new
pollution sources, and significant deterioration
requirements; to identify areas that do not attain
federal ambient air quality standards set under the
act; to administer a cap-and-trade program to
reduce acid rain; and to phase out substances that
deplete the Earth’s stratospheric ozone layer.

Solid Waste Disposal Act and Resource
Conservation and Recovery Act

https://www.ecfr.gov/cgi-bin/text-
idx?S1D=38c3c0155a36e4965d20f1f66668d0
2c&mc=true&tpl=/ecfrbrowse/Title40/40Clsu
bchapl.tpl

This act governs the regulation of sold and
hazardous wastes, and correctiveactions to address
improper waste management practices.
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https://eur-lex.europa.eu/eli/dir/2010/75/2011-01-06
https://eur-lex.europa.eu/eli/dir/2010/75/2011-01-06
https://urldefense.com/v3/__https:/smex-ctp.trendmicro.com:443/wis/clicktime/v1/query?url=http*3a*2f*2fdata.europa.eu*2feli*2fdec*5fimpl*2f2019*2f2010*2foj&umid=70e28e1b-ed67-4b92-b784-7c00e9edfe9a&auth=af930d9d75d0cf4b98837d729862ac50a7415b97-b2d0cc3421fc6873582c3fd317c07643cd2e8d50__;JSUlJSUlJSUl!!DOxrgLBm!VT8gVlFuALwnjFqObmxOBbpE0HHZCRvAeV_Wreu5dYgbwzy7jR3Lr0PyJ_RWue_vKvzGjAzT_e6IFqBPjnDytA$
https://urldefense.com/v3/__https:/smex-ctp.trendmicro.com:443/wis/clicktime/v1/query?url=http*3a*2f*2fdata.europa.eu*2feli*2fdec*5fimpl*2f2019*2f2010*2foj&umid=70e28e1b-ed67-4b92-b784-7c00e9edfe9a&auth=af930d9d75d0cf4b98837d729862ac50a7415b97-b2d0cc3421fc6873582c3fd317c07643cd2e8d50__;JSUlJSUlJSUl!!DOxrgLBm!VT8gVlFuALwnjFqObmxOBbpE0HHZCRvAeV_Wreu5dYgbwzy7jR3Lr0PyJ_RWue_vKvzGjAzT_e6IFqBPjnDytA$
http://www.env.go.jp/en/laws/recycle/01.pdf
http://www.japaneselawtranslation.go.jp/law/detail/?id=2146&re=02
http://www.japaneselawtranslation.go.jp/law/detail/?id=2146&re=02
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcgi-bin%2Ftext-idx%3Fgp%3D%26SID%3Dcaf26f4022eea7ae1550271911e5e11e%26mc%3Dtrue%26tpl%3D%2Fecfrbrowse%2FTitle40%2F40CIsubchapC.tpl&data=04%7C01%7CYohannes.Lia%40epa.gov%7C30f8f4f959c74cb7f73e08d8d29d14af%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637490919387127597%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=lrw%2BqALfMYHiFus4x5Ho1kb9V5aFnktVin%2BXB%2BmE4kQ%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcgi-bin%2Ftext-idx%3Fgp%3D%26SID%3Dcaf26f4022eea7ae1550271911e5e11e%26mc%3Dtrue%26tpl%3D%2Fecfrbrowse%2FTitle40%2F40CIsubchapC.tpl&data=04%7C01%7CYohannes.Lia%40epa.gov%7C30f8f4f959c74cb7f73e08d8d29d14af%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637490919387127597%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=lrw%2BqALfMYHiFus4x5Ho1kb9V5aFnktVin%2BXB%2BmE4kQ%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcgi-bin%2Ftext-idx%3Fgp%3D%26SID%3Dcaf26f4022eea7ae1550271911e5e11e%26mc%3Dtrue%26tpl%3D%2Fecfrbrowse%2FTitle40%2F40CIsubchapC.tpl&data=04%7C01%7CYohannes.Lia%40epa.gov%7C30f8f4f959c74cb7f73e08d8d29d14af%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637490919387127597%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=lrw%2BqALfMYHiFus4x5Ho1kb9V5aFnktVin%2BXB%2BmE4kQ%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcgi-bin%2Ftext-idx%3Fgp%3D%26SID%3Dcaf26f4022eea7ae1550271911e5e11e%26mc%3Dtrue%26tpl%3D%2Fecfrbrowse%2FTitle40%2F40CIsubchapC.tpl&data=04%7C01%7CYohannes.Lia%40epa.gov%7C30f8f4f959c74cb7f73e08d8d29d14af%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637490919387127597%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=lrw%2BqALfMYHiFus4x5Ho1kb9V5aFnktVin%2BXB%2BmE4kQ%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcgi-bin%2Ftext-idx%3FSID%3D38c3c0155a36e4965d20f1f66668d02c%26mc%3Dtrue%26tpl%3D%2Fecfrbrowse%2FTitle40%2F40CIsubchapI.tpl&data=04%7C01%7CYohannes.Lia%40epa.gov%7C30f8f4f959c74cb7f73e08d8d29d14af%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637490919387127597%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=V936FZEWaRA4VXCyB%2BNZT%2FbotGmLU%2FYgHXQZrx06p4M%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcgi-bin%2Ftext-idx%3FSID%3D38c3c0155a36e4965d20f1f66668d02c%26mc%3Dtrue%26tpl%3D%2Fecfrbrowse%2FTitle40%2F40CIsubchapI.tpl&data=04%7C01%7CYohannes.Lia%40epa.gov%7C30f8f4f959c74cb7f73e08d8d29d14af%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637490919387127597%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=V936FZEWaRA4VXCyB%2BNZT%2FbotGmLU%2FYgHXQZrx06p4M%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcgi-bin%2Ftext-idx%3FSID%3D38c3c0155a36e4965d20f1f66668d02c%26mc%3Dtrue%26tpl%3D%2Fecfrbrowse%2FTitle40%2F40CIsubchapI.tpl&data=04%7C01%7CYohannes.Lia%40epa.gov%7C30f8f4f959c74cb7f73e08d8d29d14af%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637490919387127597%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=V936FZEWaRA4VXCyB%2BNZT%2FbotGmLU%2FYgHXQZrx06p4M%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcgi-bin%2Ftext-idx%3FSID%3D38c3c0155a36e4965d20f1f66668d02c%26mc%3Dtrue%26tpl%3D%2Fecfrbrowse%2FTitle40%2F40CIsubchapI.tpl&data=04%7C01%7CYohannes.Lia%40epa.gov%7C30f8f4f959c74cb7f73e08d8d29d14af%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C637490919387127597%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=V936FZEWaRA4VXCyB%2BNZT%2FbotGmLU%2FYgHXQZrx06p4M%3D&reserved=0
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Examples of national legislation on the criteria for distinction
between disposal operations D10 and R1

Examples of national and+egionallegislation onthe criteria for distinction between disposal operations
D10and R1 are outlined below.

Country Legislationand link Brief description
Exportand Importof Hazardous Waste Schedule 2 of the Regulations contains
and Hazardous Recyclable Material operationR1, which in addition to requiring
Regulations recovery ofenergy from a material, establishes
Canada https:/laws- a minimum heating value for materials to be
lois.justice.gc.ca/eng/regulations/SOR- consideredas fuelforoperationR1.
2005-149/page-1.ntml
Directive 2008/98/EC of the European This Directive contains a definitionfor recovery
Parliamentandof the Council on waste in Art. 3(15), which is further specified for
and repealing certain Directives incinerators dedicated to the processing of
municipal solid waste in a footnoteto operation
E http://data.europa.eu/eli/dir/2008/98/2018 | R1 in Annex Ilto this Directive.
uropean | - o
Union

Inaddition, guidelines on theinterpretation of
this footnote has beendeveloped by the
European Commission (see
https://ec.europa.eu/environment/waste/framew

ork/pdffguidance.pdf).



http://data.europa.eu/eli/dir/2008/98/2018-07-05
http://data.europa.eu/eli/dir/2008/98/2018-07-05
https://ec.europa.eu/environment/waste/framework/pdf/guidance.pdf
https://ec.europa.eu/environment/waste/framework/pdf/guidance.pdf
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