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PREFACE

PREFACE

IN FULFILLMENT OF THE OBJECTIVES AND PRINCIPLES UND ER THE AUSTRIAN
WASTE MANAGEMENT ACT, only pre-treated waste with very low organic mattentent may be
legally landfilled in Austria as of 1 January 200%is requirement has already been defined in thetg/
Management Guidelines 1988.

In order to comply with these specifications intjgallar residual waste requires thermal treatmergpme
cases following appropriate pre-treatment.

As early as 1999, a White Book entitled “Thermis8estmillbehandlung in Osterreich” (“Thermal
Residual Waste Treatment in Austria”) was publisteegive interested members of the public and dsper
insight into the subject in an understandable Ways White Book is now in its third, extended eatiti

The aim of this brochure is to provide the readigh an easily comprehensible yet technically wellided
presentation of the main conditions and procedofésermal waste treatment, and to provide anstweers
frequently asked questions.

Due to the technological progress of waste inchi@nglants, both in incineration technology angeflyas
cleaning, thermal processes now rank among theriess methods with the lowest emission levels dizera
Thermal waste treatment plants with cogeneratias péar-round heat utilization in industrial areasure
thermal waste treatment capacity for residual wastesave sustainably the consumption of fossisfue
leading to a substantial reduction in greenhousesgassions.

Sustainable waste management must build on theijpiénof higher quality in order to protect the
environment and, in doing so, ensure self-sufficyein waste disposal, which is best done at thal lewel.
Due to its potentially significant role in achiegigreenhouse gas reductions, optimizing waste nesneigt
has also become a matter of global importance.

CHRISTIAN HOLZER, Head of Department

Department V — Waste Management, Chemicals Polidy a
Environmental Technology

Federal Ministry of Agriculture, Forestry, Enviroent and Water
Management

Stubenbastei 5, A-1010 Vienna, Austria



INTRODUCTORY REMARKS ON THE INTERNATIONAL EDITION

INTRODUCTORY REMARKS ON THE
INTERNATIONAL EDITION

IN THE PUBLIC DISCOURSE, the understanding of waste treatment has greafiyoved since
the publication of the first edition of the Whit@&k in German. In the 1990s, public disputes asosk
frequently thousands of protest letters were rexkavery time the construction of a waste incinengblant
was planned in Central Europe. Today, however,-plaihned projects at suitable sites, where thd loca
population and other interested parties have bespepy informed in advance, can be given the geadtin
the first phase of the official approval procesg;aintering very little, if any resistance (e.g.aet
examples in Linz and Frohnleiten). These new faedliallow Austria to process its waste for optimum
recovery while reducing its greenhouse gas emisgman absolute minimum.

According to the EU Directive 2008/98/EC, econoimitruments can play a crucial role in attainingtea
prevention and waste management objectives. Therdfee use of these instruments should be encedrag
at the appropriate level. However, the Directivelenscores that it is at the discretion of Membeatestto
decide whether or not they choose to make useocbf sconomic instruments. Austria has been usirgg thi
economic instrument since 1984 by offering finahsidsidies for specific investments in environraént
protection and in the form of a landfill fee undlee Act on the Remediation of Contaminated Sites
(ALSAG) since 1990. Critical conclusions and valieatecommendations are now available on a senior
expert level regarding the optimum design for éficy and control against misuse of economic insémnis
based on more than 30 years of experience in Austd neighboring countries in Central Europe.

The shipment of waste across borders currentlygpagearticular challenge, as environmental starsdard
differ significantly across various EU Member Ssateespecially since many countries still dispaggiic
residues and other combustible wastes in landfiist efforts will have to go into raising waste
management to a more uniform standard througheuEthiopean Union and into ensuring that Austria's
efficient thermal waste treatment plants can opeaiitheir full capacity. This is necessary in oide
comply with the legal obligations to conserve reses and to increase energy efficiency, and toaedu
emissions across all countries according to a ¢lobapective.

“Circular Economy” includes energy from waste aseans for efficiency in recovery operations (altjiou
the discussions on “linear” vs. “circular’ mightléto the concept of “spiral development” with a
progressive linear development observable frommgetadistance over a longer period of time andeutar
development in a very shortsighted view). As statedcent EU communication “even in a highly clezu
economy there will remain some elements of linga# virgin resources are requested and residusibvig
disposed off”. Nevertheless, efficiency in the nggraent of limited resources must comply with thisdva
1% and 2¢ Law of Thermodynamics, which are the basis for petent engineering and systems design. In
addition, principles of ethics and complete ecomoamalyses including external costs (such as aglvers
health impacts, environmental degradation with fdsiodiversity and quality of living conditiongye vital
for sustainable development on our planet earth.

FRANZ NEUBACHER,

Dipl.-Ing. (Chemical Engineering),

M.Sc. Technology & Policy (M.I.T.)

UVP Environmental Management and Engineering
franz.neubacher@uvp.at
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WHY DO WE HAVE A WASTE PROBLEM THAT
NEEDS TO BE ADDRESSED?

GLOBAL POPULATION GROWTH AND TECHNOLOGICAL PROGRESS have facilitated
substantial growth in the production of goods dhdrefore, an increase in material wealth for theybation
of industrialized countries. However, it shouldrizeed that all raw materials and fuels extractechfthe
environment turn into emissions (atmospheric emmissiwaste water, heat loss, noise) or waste at paint.
The aim is to keep the volume and impact of thesisgons at a minimum.

One example of how modern civilization hoards @msbunts of materials which need to be disposed af a
later point in time, is the growth in the numbercafs and estate cars in Austria since 1950;gh88dwn in
the figure below:

Assuming an average life of 12 to 15 years, thpadial of old cars — and the corresponding poteatraunt
of waste — can be determined ahead of time. Car®tonly produce waste during disposal. The operaif
cars, too, generates waste such as used oil asd tir
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When changing oil, the waste oil must be propedpased of. Waste oil can be used as a waste-deftied
and, thus, as an alternative to fossil fuels itefly equipped facilities. The options for usedgiare material
recycling (e.g. retreading or recycling of its canpnt materials — rubber, steel and textile fibarg) energy
recovery (e.g. use as waste fuel for the secorfdary of cement kilns).

Ever since the “economic miracle” of the 1950s @6d in Western Europe and North America, but alsbe
current globalization of the economy, a growth psscdriven by economic interests has led to a drama
multiplication in the flows of materials and goods.

Relationship between the growth rate and the corrgeonding time for the material and
goods flow to double in volume

Growth per year in % ‘0.1‘0.5‘ 1‘ 2‘ 3‘ 4‘ 5‘ 7‘ 10‘ 20

Years required for the flow
volume to double

700 | 140 23 | 18 | 14 3.5

70‘ 35

10‘7

Note: Growth of only 0. % results in a doubling approximately every 70@rge If growth is 10 %, the
volume doubles in as little as 7 years.

Source: UV&P, 1999

Products create waste during raw material extracpooduction, trade, shipment, distribution and uefore
ultimately becoming waste themselves. The generafizaste therefore, immirror image of economic
growth.Entertainmenandcommunication technology (e.g. mobile phones) areent examples with growth
rates exceeding0% per year. At the same time, the useful lifenahy of these products is in decline (e.g.
fashion trends, design for obsolescence).



WHITEBOOK WASTE-TO-ENERGY IN AUSTRIA

In 2014, consumers alone generated roughly 42amitibns of e-wastes worldwide (http://www.step-
initiative.org/overview-world.html). Such waste ¢aims both valuable and hazardous materials tloaiine
special handling and treatment methods to avoiit@mwental contamination and detrimental effects on
human health.

PROPER DISPOSAL OF WASTE means ensuring that environmentally hazardoudautess are
systematically “taken out of circulation” and aubgcted to the necessary treatment.
The products of modern consumer society contaimsaarray of materials and substances which casecau
serious damage to the environment if handled csslyleExamples of such substances are lubricatiagod
fuels which, if finely enough dispersed, can p@latvolume of water that is one million times thmim
volume.

For these reasons, the potential pollutants (elggenated organic compounds or toxic inorganicpmmds
and metals) contained in everyday commodities (fvadeo tapes, CDs, DVDs, batteries, screens, fhomnet
light tubes to motor vehicles) must be collected eonverted, destroyed, or concentrated and further
processed through targeted waste treatment to &loanvironmentally sound landfill of residuesain
chemically innocuous form (i.e. less reactive, ingoluble in water, incombustible and non-putréfes.

WASTE HAS ALSO BECOME A SIGNIFICANT PROBLEM DUE TO ITS SHEER VOLUME.
Experience shows that the landfill of waste resultserious environmental damage (leachate, oddri@ms,
air pollution by fumes and particulates, greenh@eseemissions, etc.), even if technical measuges a
implemented. It also limits the potential uses sfta and the surroundings for generations. Irptst decades,
different types of waste have been deposited inlétade of landfills situated across Austria.

Many of these old landfills should technically lmnsidered as “reactor landfills” and, thus, asrate
contaminated sites for future generations, sineg tatain their reactivity for hundreds of yearsising
landfills had to be adapted one step at a tim@topty with the stringent requirements for operatdmew
landfills (see Landfill Ordinances of 1996 and 2008 view of this and in application of the pretianary
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principle, it has been necessary to ensure thdytiavailability of the required technical wastea@ent
capacities.

Example for municipal landfills in Austria with lelgaxemption from the State Governor until the eh2098

WASTE DISPOSAL as well as consumption of energy and raw mategiadsemissions of
greenhouse gas may differ significantly betweefedséht cultures and different regions accordinth&r
status of development. This is indicated by thivfahg graph for specific greenhouse gas emissjionkg
per person and year) and for recorded quantitpliécted municipal waste (in kg per person and )ykeer
different regions at the current status. It mayrbe that in some regions waste collection sendcesot
available (causing littering in nature, dischang® irivers, or dumping in the oceans) or some seéidtes are
composted or incinerated at an individual levelisiag significant environmental pollution.

It should be noted that the Peoples Republic oh&hias now become the world’s largest polluterndigg
greenhouse gas emissions, although per capitartissiens are significantly higher in the United Bra
Emirates and in the United States of America adogrtb their overall lifestyle and consumption.

Due to the expected increase of population andjithing per capita income, additional amounts of
municipal, industrial and hazardous wastes arergét It has been estimated that urban food weilite
increase by 44% from 2005 to 2025 globally. If presvaste management trends are maintained, duonped
landfilled food waste is predicted to increasel#@melfill share of global anthropogenic Greenhouss G
emissions from 8 to 10 % (ISWA, 2015).

--10 --
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on a global level is

ultimately the disposal in rivers, lakes, and osgarhich will inevitably lead to a long-term ecoicey
disaster, particularly by the increasing amountglastic materials and its decaying products asitives,
which can become fatal for natural ecosystems #imdaiely for human health and life. Thus, the tneent of
the — obviously unavoidable - increasing amounfslastic wastes will be necessary by both recyatifig
separately collected specific materials and byveoof energy from contaminated and mixed plastistes
in technical systems with emission control desctilethis White Book on Waste-to-Energy in Austria.

11 -
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According to estimates provided by the Waste A2@%4 report ((http://www.atlas.d-waste.com) the 50
biggest dumpsites worldwide affect the lives ofn@iflion people (a population the size of Fran@8) .of
these dumpsites are close to water sources sutrees lakes, oceans, posing a threat to maridecaastal

life. Obviously, although unquantified, the contiiion of dumpsites to marine litter is substan@igWA
2015).

Floating Waste in the Danube River as observed Hgubacher Traveling by Stand Up Paddelboard from
Germany to the Black Sea in 2014

12 -
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WHAT ARE THE OBJECTIVES AND PRINCIPLES IN
WASTE MANAGEMENT?

WASTE MANAGEMENT AFFECTS ALL AREAS OF BUSINESS AND LIFE, because waste is
created in the production, trade, and shipmenbotlg and services, as well as in their consumption.
The Directive 2008/98/EC of the European Parlianaek of the Council of 19 November 2008 (see also
excerpts in Appendix 1) on waste stipulates thattevarevention ought to be given top priority instea
management and — if and to the extent that thestharbest options available based on environmental
considerations — that re-use and recycling of rateshould take preference over energy recoverm fivaste.
Prevention measures should take into account ttire dife-cycle of products and services rathemnthsst
their waste phase.

In its Resolution of 24 February 1997 on a Europ@ammunity strategy for waste management, the
Council confirmed that waste prevention shouldhwefirst priority of waste management, and that re-
use and material recycling should be preferredhrgy recovery from waste, where and insofar ag the
are the best ecological options.

In 2014, the European Union adopted the Communoaidiiowards a circular economy: a zero waste
programme for Europe” to establish a common fram&wi® boost recycling, create jobs and economic
growth, and reduce the emission of greenhouse gaskesnvironmental impacts. For its

implementation the following fundamental requirestemust be considered (Neubacher, 2014: Circular
Economy and Waste):

- The f'Law of Thermodynamics (e.g. complete mass andygriglances)

- The 2 Law of Thermodynamics (e.g. increase of Entropystdowncycling only)
- Fundamental Economic Decisions (e.g. comparisdtedPresent Values)

- Macroeconomic Effects (e.g. Macroeconomic lossesxigrnal costs)

- Ethics (rules to live by — e.g. The 10 Comandmgiisn through Moses)

Put simply, the objectives given in the 1988 Guited for Waste Management in Austria are:
- environmental compatibility
- resource efficiency by careful management of rawenls and energy resources
- minimization of use of landfill space (disposalmitreated wastes will be allowed only for an
additional 10 to 15 years in already existing ldtg]fi.e. until 1988 to 2003)
- waste treatment prior to landfill in order to prevbazards for future generations (precautionary
principle)

THESE AIMS AND PRINCIPLES are stipulated in the Austrian Waste Managemenhsihce
1990 in Section 1. An important prerequisite fag best possible use and treatment of waste isht@at
different types of waste are collected separatetp@ling to their component materials and substrarehat
sorting takes place subsequent to collection. ethd, a number of ordinances were issued in tgeams
based on the Austrian Waste Management Act.
In order to achieve the objectives, the Landfiltidance in 1996 issued stringent quality requireshéor
waste intended for landfill and for residues fromste treatment. This also includes the strict &tion of

13-
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total organic carbon (TOC) — which is an indicdtorbiochemical and oxidative convertibility ancetbfore,
of formation of landfill gases and organically caminated leachate from landfills.

Since 1 January 2009, the law only permits appatgisi treated and low-reactivity residues from wast
treatment to be landfilled in Austria. Appropri@iéermediate storage, up to a maximum of 3 yeaspetific
wastes intended for further use or recovery, atetnmediate storage up to a maximum of 1 year ofegas
intended for disposal are not considered landgjllin

The following illustration represents the integthgystem for sustainable waste management by giemen
and source separation and collection of separasesties for technical treatment in order to achibee t
recovery of materials and energy and — to the éxtecessary — the controlled disposal of treated; n
hazardous, solid residues in landfills.

© UV&P

S UV&P, 1999

14 -
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WHY CAN ORGANIC WASTE NO LONGER BE
LANDFILLED AS OF 1 JANUARY 20097

THE OBJECTIVES AND PRINCIPLES are stipulated in the Waste Management Act andifiga
in more detail in the Landfill Ordinance. As armmipal result, waste containing more than 5% TO@ na
longer be landfilled in Austria. This means thaideal municipal waste and residues from sewagenvent
may no longer be landfilled without prior treatnidritmited exemptions apply for waste that has been
subjected to extensive mechanical-biological treatmSuch pre-treated residues need to be depdasited
separate cells called mass waste landfills, whish i@quire measures for treatment of remaining gas
emissions.

As early as 1998, the Federal Minister for Enviremtal Protection, Youth and Family stated the feitg in
the Federal Waste Management Plan:

Not only out of ecological but also out of econominsiderations (investment security, distorted
competition), we must thwart any speculation bysthwith a duty to dispose of waste — both in the
municipal and private sector — that the provisiohthe Landfill Ordinance or related amendment to
the Austrian Water Act will be softened by succungpio the normative force of the factual.

Technically speaking, waste owners and waste disp@se given the possibility to store their waste
for a limited period of time if they are unablenieet the deadline. However, such intermediate gtora
results in additional cost. Options to export wdstalisposal in thermal waste treatment plants
equipped with state of the art technology will midstly not be curtailed, or a time limit will onliye
imposed. They will entail a charge and increaséghsént costs.

THE MAIN PARAMETERS FOR THE ASSESSMENT of waste characteristics for landfill
disposal are the total content of potential potitage.g. of organic carbon, metals, and waterdelu
components expressed as evaporation residue) ardjtieous eluate (water-soluble components oftpalisi
contained in waste).

If necessary, residues with higher salt or watéulde heavy metal content can be used for the fhcgfof
cavities in underground salt caverns (backfillingderground disposal). Since water does not nituater
watertight salt caverns, residues with water-s@uyddllutants can be safely stored there. Moredssardous
waste can be packed in chemically stable sackg @Bigs”) made of tear-resistant plastics.

15 -
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Types of landfills according to the Austrian Landfil Ordinance

Classes / subclasses of landfills Waste classification

Excavated-soil landfills Deposition of uncontamediexcavated material and
uncontaminated soil components

Inert-waste landfills Deposition of inert waste contaminated excavated material and
uncontaminated soil components

Landfills for non-hazardous wastes

a) Demolition debris e.g. asbestos waste in separate cells
b) Residual material Residues from thermal processes must be depaositedidualmateria
landfills
c) Mass waste Deposition of wastes that have undergone mechdbuiciagical
treatment
Landfills for hazardous waste Deposition of hazasdwastes is only permitted in underground
landfills

Source: Landfill Ordinance 2008 (Federal Law Gaziib.2008/39)

Selected limit values for different landfill sub-chsses for non-hazardous waste

Landfill Class
Parameter Unit| Demolition debris Residues Mass waste
Total Eluate| Total Eluate Total Eluate

Electrical conductivity ms/m 300 1,000
pH value 6-13 6-12 6-13
Evaporation residue mg/kg dis. 25,000 60,000 100,000
Arsenic (As) mg/kg d.s. 200 0.75| 5,000 2 500 25
Lead (Pb) mg/kg d.s. 500 2 10 5,000 50
Cadmium (Cd) mg/kg d.s. 10 0.5| 5,000 1 30 5
Total chromium (Cr) mg/kg d.s. 500 2 10 8,000 70
Chromium VI (Cr) mg/kg d.g. 0.5 20
Mercury (Hg) mg/kg d.s. 3 0.05 20Y 0.1 20 0.5
Zinc (Zn) mg/kg d.s. 1,500 20 50 5,000 200
Ammonium-N mg/kg d.s. 40 300 10,000
Cyanide (CN) mg/kg d.s. 1 1 20
Hydrocarbon index mg/kg d.s. 1,000 50| 5,000 100 20,000 200
Organic component (TOC)mg/kg d.s| 30,000 500{50,000 500/ 50,000’ 2,500"

Yif Hg is present in the form of low-solubility gilide compounds, a mercury content of up to 10&kgngss. is
permissible. Where Hg is present in the form of-Enlubility sulphide compounds and the waste has Istabilized
or rendered immobile, a mercury content of up @8,mg/kg d.s. is permissible.

2 TOC does not apply to wastes that have undergemdanical-biological treatment. Exceptions for wash
accordance with Sec. 7 (7) Landfill Ordinance 2(ID&ponie\VVO 2008).

Source: Landfill Ordinance 2008 (Federal Law Gaziib. 2008/39)

16 -
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WHAT IS THE IMPACT OF THE “ALSAG - FEE” ON
WASTE MANAGEMENT?

THE ALSAG (ALTLASTENSANIERUNGSGESETZ) - FEE IS A LA NDFILL TAX earmarked
for the clean-up of old landfills and contaminaséteés specified in the Act on the Remediation of
Contaminated Sites.

The Landfill Ordinance of 1996 and the Water Actémdment of 1997 have de facto put an end to landfil
disposal and the associated environmental probilerastria. As expected, implementing such a prafbu
change encountered considerable resistance. Uamgifitators offered remaining landfill space atrfghing”
prices before the legal regulations (such as theobathe landfill of untreated waste) came int@etf This
was done out of economic considerations and ranteotp the intended waste management effect.
Economic instruments strongly influenced, and karge extent, provided necessary financial sectwity
development and investment in waste managementloggrast 20 years in Austria (since the issuaht®eo
Waste Management Guidelines 1988). The objectitéise AISAG fee are two-fold: on the one handakes
on a regulative function (providing an economiceiniive to prevent, recover and treat waste); orother
hand, it channels funds from waste producers taskd for the exploration, the safeguarding and the
remediation against severe emissions and envirorangollution with health hazards from landfillscan
contaminated sites. A minimum lead-time of 4 tce@rg is needed to plan and build waste treatmantspl
(using various different technologies) which of s®irequires necessary funding for the overallgotoj
Therefore, it is important that the legal and eenicdramework for investments can be determineadwance
and that it remains predictable and stable.

17 -
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An efficient landfill tax should take the followirgspects into account:

- tax progression according to the quality of wastbe landfilled

- tax progression according to the technical qualitgt mode of operation of the landfill

- foreseeable increase over a planning period @feast [10 years (incl. legal certainty for at least a
further 10 years of operation and its effectivecexien).

The following figure depicts the annual revenuerfrALSAG fees paid since 1990. Despite rising rats
ton of waste, the total revenue shows a declingaltiee reduction in the landfill of untreated vesssince
2004. This development was intentional and refldetsregulative effects as the “invisible hand'gorally

described by A. Smith in 1776.

Other countries have also introduced landfill tadeeBank and galvanize the development of theistea
management programs.

In the UK, for instance, a landfill tax is payalibe waste which has not been pre-treated. Thisitexbeen
introduced by the Finance Act in 1996 to reduceatineunt of waste sent to landfills by better rditegthe
environmental cost of this form of waste managemiEm landfill tax was raised by approx. 10 Eurestpn
every year, and amounted to approx. 110 Eurosopent2014.
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HOW DOES WASTE INCINERATION FUNCTION?

DURING INCINERATION, hydro-carbon compounds (organic substances) ad&zed under high
temperature, converting them into carbon dioxide \&ater vapor. They are subsequently releasedhipto
atmosphere through the chimney as part of the etbflne-gas.

Sewage sludge from municipal waste water treatmsesgnitized using thermal treatment before thegiaic
residues are subjected to further treatment ovegoWaste incineration allows the destructiomi@fanic
pollutants and substances. It is used to treateyastthe one hand, and to generate energy froewas
(electricity generation and usable heat and cod@imgygy) on the other hand.

Waste incineration considerably reduces the amofulandfill space used. The remaining solid resglae
either recycled or deposited in safe landfillshiait controllable, low-reactivity form.

1. THE INCINERATION PROCESS

THE INCINERATION PROCESS consists of four consecutive — or sometimes sianelbus — stages
which take place adjacent to each other:

- Drying: First water (HO) is evaporated to turn the humid fuel into a "sinpstance”.

- Degasification: As further heat is added, volatile organic substar(low-temperature
carbonization gas) escape. The solid residue rsriferred to as “pyrolytic coke” or “coke”.

- Gasification: Solid carbon is then converted into combustib®aa monoxide (CO) utilizing
a gasification agent (e.g.8, CO, or O,). The solid residue left over once gasification is
complete is referred to as “ash” (or slag, bed raidly ash).

- Oxidation: The combustion of the (combustible) gases CO gddolgen (H) to convert them
into CO, and HO. This is accompanied by high release of heatd&@idn requires oxygen (e.g.
from air). For complete incineration, excess aieiguired, which presents itself as residual
oxygen in the off gas from incineration.

THE COMPLETENESS OF INCINERATION essentially depends on the temperature, the
available reaction time and good turbulence ing@igeous phase, with sufficient availability of oeggThese
criteria — temperature, time and turbulence — &#isnaeferred to as the “3 T's” of complete incixtern.
Waste incineration using current state of theeathihology usually requires a minimum temperatur@serfC
at a residence time of 2 seconds and good turbelevith a system-specific minimum oxygen conterd.(at
least 3% excess oxygen in the off gas after inaiiean in a fluidized-bed system).

Waste incineration plants are not just the inciteeravith generation of energy; they must also idelu
reception, intermediate storage and pre-treatnfemtiste and treatment of flue gases as well aglignd
solid residues.
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2. ENERGY RECOVERY IN THERMAL WASTE TREATMENT

NEW THERMAL WASTE TREATMENT PLANTS should only be constructed either at sites
connected to industrial production facilities whrelyuire year-round heat supply, or at sites whieh
connected to a sufficiently powerful regional digtheating network (or district cooling networkniéeded;
see “Cooling Generation with Waste IncinerationRIB-UW, 2014). Waste incineration plants with
cogeneration of thermal power (heating, coolingyl aelectricity can achieve an optimum energy edficy of
some 80% in total, depending on the plant desigrcd@nparison, plants that solely generate eletir{oio
heat usage) only achieve an efficiency of approtege20%. However, using suitable heat pumps, thétor
cooling) output can exceed the input electriciteé#iold, making thermal waste treatment plantsahét
generate electricity useful for power generatidme €lectricity consumed by the thermal waste treatrplant
itself amounts to approx. 3% to 6% of the thernmedrgy input.

THE FOLLOWING DIAGRAM s a simplified comparison of the energy flowddesand across the

boundaries of a waste incineration plant equippitid ascondensing turbine with those of a cogenengtiant
for electricity and thermal energy (e.g. heatireast for industrial production).
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WHAT BASIC REQUIREMENTS SHOULD ALL
WASTE INCINERATION PLANTS MEET?

THE ENVIRONMENTAL COMPATIBILITY OF WASTE INCINERATI  ON PLANTS can be
ascertained by using plant equipment and operatiagesses that comply with the state of the art for
environmental protection. Therefore, waste incitienaplants can generally be constructed at anystrél
site. The site and operating conditions, howevesukl be chosen in such a way as to ensure enecgyery
throughout the year (see also “Leitlinien zur Abfattschaft” [“Guidelines for Waste Management”Ra3).
The potential sites chosen for a thermal wastérnresat plant are then tested for suitability usiagiant
analyses and testing by the official approval pdoce (the Environmental Impact Assessment Act
[Umweltvertraglichkeitsprifungsgesetz UVP-G] islyudpplicable whenever 100 tons or more of waste ar
incinerated per day).

The site requirements are not only determined lbjogacal considerations, but also considerably ddpen
economic aspects, to ensure that treatment coseneat an acceptable level. The following siteursgments
should be considered:

- Year-round heat requirement at a high efficienogéneration to provide electricity, process
heat, district heating, district cooling

- Reduction potential for environmental stress (epglacement of old boilers, utilization of
polluted air from existing production facilitiesrfthe operation of the incineration plant,
improvement of transport infrastructure, etc.)

- Spatial planning requirements, including planniestrictions for protected and recreational
areas

- Suitable meteorological (and topographical) condgion the site

- Discharge possibilities of treated waste water{\it& content of chlorides) from off-gas
cleaning into a large river or sea — or an effltfes¢ process

- Good transport links and favourable site in themuasposal area (including railway
connection)

- Existing infrastructure (e.g. transport facilitiéeyoratory, fire fighting team) and technical
installations (e.g. turbine and generator, watppbu off-gas chimney)

- An experienced technical team for plant operatiwh maintenance.

FOR THE SAKE OF AIR QUALITY, choosing sites for thermal waste treatment plianisban
centers with year-round district-heating requiretr{@nd uncoupling district cooling on days with tiigir
temperatures) is highly advantageous.

As shown by the following diagram for Vienna's didtheating system, at the same level of therreatahd,
providing heat through a district heating systeadfieg on waste incineration plants adds up todaef
pollutant emissions than using decentralized fibaged on biomass or fossil fuels.
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A FURTHER ESSENTIAL SITE REQUIREMENT is the existence of a suitable system of
transport logistics and intermediate storage faedlifor waste and residues which must meet eczdbgnd
economic criteria.

Waste should preferably be shipped by train. Thishy all thermal waste treatment plants with creggonal
catchment areas planned in recent years were ciaahiecthe railway network (incl. Lenzing, Niklagtio
Durnrohr, Linz, Frohnleiten, Pitten).
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Unloading possibilities for waste shipped by traarBVN Abfallverwertung (automatic unloading of

containers by crane or unloading by truck)
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HOW MUCH WASTE IS GENERATED IN AUSTRIA?

PROPER WASTE MANAGEMENT requires the collection of various wastes and timaiterial-
specific treatment. The following chart shows thenposition of the approximately 50.8 million torfsaaste
generated in 2013. This equals 6 tons of wasténpabitant and includes approximately 480 kg wésie
households and similar establishments.

The waste statistic does not account for certaidoes from agriculture and forestry, such as mgnuine
and organic material suitable for composting, Bjeated directly to legitimate use in the agricrdtwor
forestry sector. Dead rock from mining and radiv&csubstances are also excluded as a rule.

Despite a multitude of prevention measures, theuawtnof waste produced in Austria has been growang f
decades due to increase in material wealth andigiigru Excavated material, e.g. from building aodd
construction, accounts for the largest share. Bat/blume of other types of waste is also increpdiandfill
disposal is the only area that shows a strongrediue to material-specific treatment and recomgggsures.
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ACCORDING TO THE AUSTRIAN FEDERAL ENVIRONMENT AGENC Y DATABASE,
Austria has approximately 2,400 plants for thettresnt of the various types of waste. A significant
proportion of the waste is recovered or treateerivetlly at the source. A total of approximatelypfénts
are used for the thermal treatment of the varipesific types of waste. Depending on the material,
approximately 8 % of the total waste volume is ity treated or incinerated every year.

2013

100 % = .50.8

Other treatment
32%

Collected waste for
processing and treatment
60%

Thermal treatmer
8%

Source: s 2014
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WHAT IS "RESIDUAL WASTE"?

RESIDUAL WASTE REFERS EXCLUSIVELY TO THAT PART OF W ASTE FROM
PRIVATE HOUSEHOLDS AND OTHER ESTABLISHMENTS which is collected as "residual waste" in
standardized waste containers by public wasteaale services. This is a heterogeneous mix obvertypes
of materials which may vary strongly in compositenmd volume depending on regional and seasonalrfact
(rural or urban settlement structure, averageditmuseholds and consumption behavior, proporfon
commercial enterprises, seasonal tourism, etc.).
In some areas, district heating plants have a mgtigible effect on waste volume and compositiolme Tink-
up to a district heating network, as well as the afsnatural-gas and heating-oil boilers, preveat t
environmentally unsafe burning of waste wood at@iohigh-calorific wastes (e.g. cardboard, paper) i
household burners.

Households also produce other waste that is cetlestparately from residual waste:

- separated waste (e.g. paper. glass, metals, glasiicclothing) and organic waste
bulky waste, which is collected separately duddaize/bulkiness
legally defined hazardous household wastes (ettgrizs, fluorescent light tubes)
electric and electronic appliances, used cars.
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Some 60% to 70% of residual waste is biologicaflgrddable (including humidity). Approximately 1086 t
20% consists of plastics and approximately 10% istssf inert materials, including glass. About 8%4%
consists of metals and 2% is hazardous househdtéwdn chemical terms. One ton of residual waste
typically contains 1 g to 3 g of mercury, approxietg 10 g of cadmium and some 3 kg to 5 kg of sulhg
well as 6 kg to 12 kg of chlorine. These substamacegound in practically all fractions of residwedste in a
variety of chemical compounds. For this reasonyéigeirements for technical systems ensuring ssfielual

waste treatment are highly complex.

Residual waste composition in 2004

Net share of packaging materials in

residual waste in 2013

Fraction Mass (%) Fraction Mass (%)
Organic / biogenic waste 37 Beverage packaging
Paper, cardboard and cartons 11 - Glass 1.7
Hygiene products 11 - PET / other plastic packaging 1.8
Plastics 10 - Composite materials 0.9
Composite materials 8 - Metal 0.7
Textiles 6 Other packaging
Glass 5 - Paper 4.7
Inert materials 4 - Glass 1.5
Metals 3 - Plastics 6.8
Hazardous household wastes 2 - Composite materials 1.3
Fine / coarse fractions 2 - Metals 1.3
Wood - leather — rubber 1 Total 20.7

Source: Federal Waste Management Plan 2006

Example of separate waste collection

.28 -
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WHY CAN WASTE SEPARATION ALONE NOT
SOLVE THE PROBLEM?

SEPARATING WASTE AT THE SOURCE does nothing to reduce the total volume of waste
generated.
For years, total municipal waste generation haghéek a tendency toward growth. In the early 1920s
temporary decline in residual waste was achieveahéking Austrians more aware of the necessity ¢évqmt
and separate at the source specific waste mat@uegher, glass, metals, and plastics) and biogeaste for
recycling.
The measures available to boost efficiency gairseparate waste collection in Austria are all binagisted,
to the point that the amount of residual wastfshiting a tendency to increase again (see gragig. 90) .

Once the separately collected waste fractions hadergone further sorting (recovery of potential
recyclables), the non-recyclable waste componestganeed of thermal treatment (e.qg. fluidized-bed
incineration with cogeneration of electricity arghy-round utilization of heat), prior to the displosf the

final solid residues in compliance with the stligtitations on landfilling in Austria.

Sustainable waste management compares somehovikingvan two legs (i.e. material and energy recgyer
Equally strong legs will allow for best overall pmmance in walking.
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Required thermal waste treatment for residues following separate collection and sorting

Description*) Residues (%) Definition

Waste paper, waste cardboar@pprox. 5-15%| Sorting and waste paper procgssin

Plastics used for packaging, approx. 30 - 70 % Contents of ,Gelber Sack” (,yellbag“) and
composite board ,Okobox*“ (,eco box“)

Waste glass, composite glass approx. 2 -10 % |sapkastics, composite foils

Construction waste approx. 10 - 40 %o  Wood, sawdstkaging, plastic tubes or pipes,
foils, carpets

Organic waste approx. 5-10% Plastics, low-degbte materials

Bulky waste approx. 70 - 90 % Not including metatal recyclable materials

Scrap tires approx. 2 - 100 %  Approx. 2% filter dafier material recycling,
100% when incinerated in cement clinker
production

Residual waste approx. 50 - 98 o Not including medanponent, potential rot loss

during treatment (MBT)

Source: UV&P, 2007

MATERIAL RECOVERY OF WASTE PAPER AND CARDBOARD requires separate collection,
sorting, mechanical treatment, and removal of ffbetions for re-use in paper or cardboard machine
(recycling). This process leaves approximately X6%tdues (rejects, sludge from waste water treajmen
which should be thermally recovered.

Due to its composition, residual waste may no lomgelandfilled in Austria. Residual waste may, lever,
be subjected to mechanical treatment and dividedfiactions so that only a residual componenh&range
of approximately 98% (if only the metal parts azeavered for material recovery) to approximatelyosiust
be thermally treated (if the metal parts are recadethe organic materials that make up the mgjofithe
fine fraction are subject to biological treatmend @he rotted residues are landfilled).

For the sake of continuity in the security of disploand for the purpose of the precautionary guiecihe
availability of the required waste treatment pldotsmaterial recycling and energy recovery musebgsured
when and as needed as well as their compliancetigtstate of the art (after all, hospitals andtalesurgeries
are not planned and built after patients haveestdeeling pain).
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CAN RESIDUAL WASTE BE INCINERATED
WITHOUT AUXILIARY FUEL?

YES. Despite the separate collection of different wéstetions, the typical calorific value of residual
waste continues to rise and is at approximatelp1l MJ (Mega Joules) per kilogram. This meantlian
of residual waste is roughly equal to 1 ton of ma®al or 250 liters of heating oil in terms ofar#ic value.
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THE CALORIFIC VALUE of residual waste fluctuates over time and diffarsegion. This is
especially true of rural regions with solid fuebliag where residual waste has a lower calorifloaince
wastes with high calorific value are incineratedj(eardboard, waste wood taken from bulky wagtd)due
to the ash fraction from regular fuels (e.g. fireapcoal). Nevertheless, experience has showrc#hisific
value is still sufficient to allow the expedieneusf the energy content of residual waste in slyitauipped
incineration plants.

The exact range of calorific value for auto-therc@inbustion (combustion without auxiliary fuel) éapls on
the plant technology used and control of the in@tien process. While a typical grate firing fagiliequires a
minimum calorific value of approximately 7 MJ peg for auto-thermal combustion, a suitably configure
fluidized-bed incineration plant can achieve thi&@ting from approximately 3 MJ per kg.

The evolution of the calorific value of waste ogeemumber of years with its strong seasonal fluainatcan
be observed in the example of the Flotzersteigenviasineration plant located in Vienna’'s westeritloment
area given in the illustration below.

Another typical example is the changes from 197D9@0 in Milano, Italy, when the generation of rripal
waste quantity and its specific calorific valuergmsed each by 100 % (from about 250,000 to 50G¢G)
per year and from 5 to 10 MJ/kg in two decades).
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WHAT TYPES OF WASTE SHOULD BE
INCINERATED?

IT SHOULD BE NOTED THAT THROUGHOUT THE EU "waste prevention should be the first
priority of waste management, and that re-use aaénmal recycling should be preferred to energypvecy
from waste, where and insofar as they are thedwedbgical options” (Directive 2008/98/EC of thergpean
Parliament and of the Council of 19 November 2008\taste).

Residual and other mixed wastes with high caloxifiie (e.g. residual municipal waste) can and Ishio®
thermally treated in suitably equipped plants girapriate sites for recovery of energy.

The question of whether a certain type of wastailshioe materially recycled or incinerated for eyerg
recovery can only be answered on a case-by-cage hashe specific waste composition and available
treatment technologies must be considered withiagpa&itention on mass and energy balances, resource
conservation, and environmental impacts. Specifister materials such as paper, cardboard, glass, PET
containers, and scrap metal, as well as green \fiakteh can be used to make high-quality compas$ipuld
be separately collected and recycled.

At any rate, thermal treatment becomes necessagpevier organic pollutants contained in the wastd@be
destroyed as this may be necessary due to thestsgaequirements for disposal of solid residudaimifills.
Residues from municipal waste water treatment pldat instance, inevitably fall under this requient,
since they cannot be used for agricultural purpdsesto their composition and since they pose arpiat
environmental and health hazard.

Large amounts of the following types of waste wilevant organic constituents are generally trebyed
incineration for energy recovery:

- Residual waste and similar commercial waste (mpalbi collected household refuse)
- Pre-treated bulky waste, commercial, productiod, @nstruction specific waste

- Residues from municipal and commercial waste wagatment

- Waste wood and other waste products from wood ggitg

- Residues from waste material recycling (e.g. reject

- Shredder residues from the scrap industry

- Waste oils, wastes containing oil and contaminatgdnic solvents

- POP wastes (e.g. DDT, HCB, PCB)
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SCREENING RESIDUE from municipal waste water treatment is a typeemple of waste
subjected to thermal waste treatment. As matemalltiv and the awareness for hygiene increase ntbers
of solid wastes disposed of over toilets and thHaipsewage system (e.g. wet wipes, water-resisiggiene
products, etc.) is steadily increasing — resulimgn increase in screening residue. These “delicgastes
(similar to other potentially infectous wastes framadical facilities) require special handling byanated,
closed systems as indicated by the separate riecegid feeding sytem at the waste-to-energy tahinz
with a separate receiption hall, special shredddraaclosed system with a piston type pump to feed
pretreated waste into the fluidized bed for cotétbtombustion.
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Screening residue from the cleaning of municipateavater

RHKW Linz Screening residues line: Separate recetal with air control and shredding machinery with
closed conveying
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CAN CERTAIN WASTES BE CO-INCINERATED IN
INDUSTRIAL FURNACES?

THE QUALITY OF THE WASTE USED AS FUEL must be suitable for the industrial furnace
(calorific value, chemical composition, storagegity, dosability, etc.), the incineration requinents must be
met (control technology, minimum temperature andimium residence time, minimum oxygen content, gtc.)
and the required atmospheric emission and residaénent must be ensured, including monitoring by
measurement. Certain wastes can be convertedualdygassured waste fuels through appropriatéreprt
separating and processing steps.

DUE TO THE CONSTANTLY CHANGING COMPOSITION  with unknown and sometimes
strongly fluctuating contents of harmful substaneesste incineration plants need to fulfill stricte
requirements than power plants and industrial fteean which specific fuels are fired.

Co-incineration of certain waste fuels in suitablgustrial production plants can be an economicatig
ecologically expedient way to complement dedicatadte incineration plants.

Example for co-incineration or use of waste fuelsiiindustry

Waste Production process Notes
Processed plastics Cement kiln Main firing, preicedc
Used oil, halogen-free solvents Cement kiln Onlynain firing
Shredded tires Cement kiln Only in secondary firing
Light fract|on_from packaging Blast furnace Pellgtlzat!on and
waste collection feeding via tuyere
Sawdus_t and WO.Od shavn_\gs . Cement kiln Only in main firing
contaminated with organic chemicals

Source: ONORM S2108-1, 2006

THE PULP, PAPER AND TIMBER INDUSTRY uses large-scale furnace systems for cogeneration
of electricity and heat, in which internal by-pratiiand specific waste products from the produgti@mcess
are also used as fuel. Sawdust, paper pulp slutfjsladge from waste water treatment in paper and
cardboard industry as well as milled Styrofoam lbamused as pore-forming agents in brick productfon,
appropriate combustion for the off-gas is impleradrit order to limit organic emissions to the atpiese.
Industrial production processes require a highlaliity in steam production throughout the yeayd it is
necessary to operate the waste-to-energy facility eoal in case of disruption in waste fuel supigr this
purpose it is best practice to use fluidized besdesyis with mechanical pretreatment in order tocedhe
particle size to the technical requirements ofgbecific fluidized bed system (e.g. maximum alloleadize
by screening at 100 mm). For this purpose it wanddnost economical to apply an appropriate singie s
machinery. A significantly higher requirement ofehanical pretreatment and sorting is required toeae
the necessary quality of SRF (solid recovered fiselrement clinker production (calciner) as ilhased in the
scheme below. The utilization of high calorificdig wastes such as waste oils and non-halogenagedio
solvents requires special handling and can beef@sttively performed in the mainburner of a cemaimt.

36 -



WHITEBOOK WASTE-TO-ENERGY IN AUSTRIA

Example of pre-treated waste fuel instead of heatihgs support fuel in the sewage sludge incinarato
(input material for fluidized boiler WSO3 in the staincineration plant Simmering in Vienna)
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THE REQUIREMENTS FOR USE OF WASTE FUELS in waste co-incineration plants in Austria
are described in the Requirements for Use of Adtiva Fuels in Waste Co-incineration Plants
("Anforderungen fur den Einsatz von Ersatzbrenffistoin Abfallmitverbrennungsanlagen” by the Federal
Ministry of Agriculture, Forestry, Environment akdater Management 2008).

The aim of these guidelines is:
- to protect human life and health against harmfida$ that can arise from the use of waste fueld, a
prevent environmental pollution,
- to ensure the industry-specific use of waste fakks quality that prevents, to the extent possible,
pollutants from entering the end products,
- to determine what constitutes the state of théoathe use of waste fuels,
- to ensure a uniform quality assurance system.

THE REQUIRED MINIMUM QUALITY IN WASTE FUELS for use in co-incineration plants
depends on the type of the subsequent thermal ggoTaese guidelines draw a distinction betweeilitfes
for cement production, power plants and other itréalso-incineration plants. Generally, the extehtvaste
probing and analyses is determined by the potemitgderties of the waste (based on the generatidrodagin
of the waste) on one hand, and the technical eqnpend plant's mode of operation on the otheh special
consideration for requirements in shipment, prattreent and intermediate storage. Co-incineratiaresitiual
municipal waste and sewage sludge in industrialdoes designed for conventional fuels is not péessi®
these plants are not technically equipped forghipose (e.g. capture of mercury, control and destm of
POPs)!

n" #
"% %&'()™
* ! I "#3)&
Glla B Other alternative fuels
9,000,000 O Animal fat
8,000,000 B Animal meal
O Tall oil pitch
7,000,000
O Reed
6,000,000 B Sawdust (contaminated)
5,000,000 W Sawdust
O Fungus mycelium
4,000,000
O Paper fibre waste material
3,000,000 O Solvents
2 000.0004 @ Agricultural residues
O Plastic waste
1,000,000

B Sewage sludge

B End-of-life tires

N > 5 O A RO ON G D> H oA S o .
F LD PSP, PP P PSS ST FPESF LTSS @ waste oil
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Station for reception of waste oil and non-halogedaorganic solvents for thermal treatment at tament
plant in Gmunden

The following scheme illustrates the complexitycefnent and cement clinker production, which may var
according to chosen technology and available ravernads and specific wastes for recovery. Themmis
absolute need for strict emission control and mdkcontrol of “cycles” (formed by volatile compailssuch
as chlorides and heavy metals), possibly requiisg-called bypass.

lllustration for the complexity of resource and enegy efficiency in cement and cement
clinker production
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WHAT KIND OF PROVEN WASTE INCINERATION

TECHNOLOGIES ARE AVAILABLE?

VARIOUS TRIED-AND-TESTED PROCEDURES are available for thermal waste treatment.
The following waste incineration technologies difiie the way the air and fuel are fed into the

incinerator:

- Grate firing systems(air flows from underneath through the solid mauttte fuel placed on

top of the grate),

- Fluidized-bed incineration (intense gas turbulence keep the suspended, pieaéi-fuel in hot sand

and incineration gas in a “fluidized”, dynamic staf movement),

- Dust firing systems(the finely ground fuel is transported pneumaljcal the gas flow

with simultaneous incineration),

- Rotary kiln with afterburner (various types of solid, pasty and liquid wastas be treated
in the slowly rotating kiln. The flue gas is subsently burned with auxiliary fuel in the

connected afterburning zone).

DECADES OF SUCCESSFUL EXPERIENCEhave shown that the simplest way to incinerate
mixed residual waste is in a grate firing systerterhatively, residual waste can be used in fledibed
incineration following mechanical processing. Sepely collected plastics, rejects from waste papeycling,
mechanically de-watered sewage sludge, and medtigcocessed waste fractions (e.g. shredder light
fractions, etc.) with a low or exceptionally highlarific value can be used efficiently in the fliied bed
system. To do so the waste fuels must be provided ieasily dosable form and particles must bedinin

size (e.g. 80 mm mesh).

Comparison of incineration technologies for thermalwaste treatment

Incineration technology

Parameter
Grate Fluidized-bed | Rotary kiln
Maximum thermal fuel capacity per line ggpl\;ﬁ/)\(/. prop:\(/l)i/(\./ ngl\;?/)\(/.
Excess air ratio (specific quantity of flue-gas) diwen low high
Acceptable range of calorific value for fuel low igh medium
Fuel processing requirements low high medium
Controllability of incineration and shut-down opgoa medium high low

Source: UV&P, 2009
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Allocation of selected waste to incineration techriogies as per state of the art

Incineration technology
Type of waste — :
Grate Fluidized-bed Rotary kiln
Residual waste well suited Pre-tre_atment suitable
required
Sewage sludge limited in terms of well suited suitable
quantity
Waste water rakings suitable Pre—trqtment I|_m|te_q
required suitability
Crushed plastics limited in terms of well suited I|_m|te_q
guantity suitability
Whole tires limited suitability unsuitable I|_m|te_q
suitability
Shredder waste limited in terms of well suited I|_m|te_q
guantity suitability
Crushed waste wood well suited well suited suitable
Lacquer and paint sludge unsuitable suitable sldtab
Hazardous wastes in small containers limited suitability unsuitable suitable
(e.g. laboratory waste)

Source: UV&P, 1999

MORE THAN A DOZEN FLUIDIZED-BED INCINERATION PLANT Sare used for waste

incineration or co-incineration in Austria:

4 fluidized-bed incinerators in Vienna

(Simmering)

1 industrial fluidized-bed incinerator in Lower Artia

(Pitten)

4 industrial fluidized-bed incinerators in Uppersiua

(EEVG Steyrermihl, WRHV and RVL Lenzing, RHKW Linz)
3 industrial fluidized-bed incinerators in Styria

(Gratkorn, Bruck/Mur, Niklasdorf)

4 industrial fluidized-bed incinerators in Carirahi
(Frantschach, Arnoldstein, St. Veit/Glan, Flrnitz)

REQUIREMENTS AND FRAMEWORK CONDITIONS for the thermal treatment of the various

wastes in accordance with the waste catalogue €éound in ONORM S2108-1 “Thermal Treatment of
Waste".
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WHAT DISTINGUISHES “NEW OR “INNOVATIVE”"
TECHNOLOGIES FROM INCINERATION?

“INNOVATIVE” is a qualifier often used to describe newer —rmtitnecessarily better — processes
and developments. Conventional incineration teabgiek using grates, fluidized-beds or rotary kins,
therefore, sometimes referred to as “conventiooalbld” technologies.

THE COMPLETE INCINERATION PROCESS can be divided into a number of sub-processes,
which, depending on the task at hand and configuraallow for various different “innovative" proge
combinations.

IN THE FIRST PHASE of a thermal treatment process, the fuel, i.eteyas dried. In the second
phase, the waste undergoes degasification by furtigact of heat and chemical cracking. Subseqyethig
solid carbon undergoes gasification. Both the dgggsand gasification stages produce combustitde ga
During degassing, carbon or pyrolytic coke is ptias a solid residue. This can be in case ofajaels
with high defined quality standards used for sonagemial recycling purposes, but will ultimatelyalse
incinerated (i.e. gasification and oxidation of durstible gases).

CONTINUOUS MEASURING AND RECORDING OF THE CARBON M ONOXIDE (CO)

LEVELS is expedient and indeed legally prescribed to mnsupervision of the completeness and quality of
the incineration process.

4

2 De- ( )
H,0, CO,,

% / etc. 3 :
C+CO, — 2CO

C+H,O — H,+CO
2C+0, — 2CO

% 4
Air, O, /

2CO0+0, — 2CO0O,
2H2+02 — 2H20

s UV&P 1992
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1. PYROLYSIS

IN THE 1970S AND 80S -when technical alternatives to the conventionaltevasineration
technology were desired for various reasons — entasaber of different pyrolytic processes (smoldgri
instead of burning) were proposed for a varietwastes, including residual waste.

However, compared to the “classical” technologflee,economic viability of “innovative” processes the
thermal treatment of residual waste and similahsuixed wastes in any permanently functioning ilfeian
has not been proven to date. Experience gathemat¢ownith the known pyrolytic processes, as wethe
energy scorecards completed for these, revealffisigmi shortcomings in the treatment of residuatteand
similar mixed wastes as compared to incineratichrielogies such as grate and fluidized-bed inctiwera

2. PLASMA TECHNOLOGY

PLASMA (simply speaking, a state of matter with electreggarated from the atoms) is created by
use of electricity and allows for gasification &lhtemperatures of about 1,500°C. Throughoutadke25
years there have been various research and demtwrsiplants for specific wastes. The overall peniance
and energy balance for plasma systems has sotfgetproven to be economically viable in comparitm
state of the art incineration.

3. USING OXYGEN INSTEAD OF AIR FOR COMBUSTION

THE LABEL “INNOVATIVE” s also sometimes applied to the use of oxygagheenrichment of
the incineration air with oxygen. However, this gen first needs to be provided by an air separatoich
requires additional energy and adversely affe@stiergy scorecard.

The potential advantages of this process may beowements in the slag quality (higher incineration
temperature on grates through enrichment of thegrsi air leads to a more complete sintering antdgbar
vitrification of the incineration residues), as e a reduction in flue gas volume, allowing fariacrease in
the throughput of existing plants with such rettofg (see for example the SYNCOM procedure of iatto.
and the operation of KRV Karntner RestmuillverweguArnoldstein).

4. INNOVATIONS IN THERMAL WASTE TREATMENT

EACH PROJECT FOR THERMAL WASTE TREATMENT should be developed with creativity
and innovative engineering skills. This appliedipatarly to optimized site selection and maximuneryy
efficiency with minimum consumption of optimally @ben additives, but also to the minimization and
recovery of any residues produced. To increasavh#ability of plants and their energy efficiency,
innovations are also needed for the continuousriguition of plant operation.
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HOW IS FLUE GAS CLEANED?

EFFECTIVE ATMOSPHERIC EMISSION CLEANING is necessary because of the unavoidable
formation of dust and gaseous air pollutants inefmssion from waste incineration; even if inciriiena is
complete (i.e. when the residual concentratiorrgénic carbon compounds and carbon monoxide ifitbe
gas are at an absolute minimum).

Gaseous pollutants can be divided into organictanbss (i.e. unburned or organic carbon) and imocga
substances (e.g. carbon monoxide, sulfur oxidesdnydoric acid, nitrogen oxide, and gaseous mejcury
According to the legal requirements, the compasitibcleaned off-gases is constantly monitored and
recorded by continuously measuring their key patarseThese parameters are: particulates, totaharg
carbon (TOC), carbon monoxide (CO), sulfur diox{8€,), hydrogen chloride (HCI), hydrogen fluoride (HF),
nitrogen oxide (N@or NO + NQ) and mercury (Hg). Additionally, the other heavgtais and “dioxin”
emissions as well as ammonia are monitored in a$fag regular intervals. The following example MR
Lenzing provides a comparison between the emistamdards requested by EU Directive 2000/76, the
Austrian law, the project planning by UV&P in 19%hd the continuously measured values in 2014.

A NUMBER OF DIFFERENT PROCESSES AND PLANT DESIGNSARE AVAILABLE FOR
FLUE GAS CLEANING. Depending on the task at hand (the spectrum efghs composition, the
possibility for discharging water containing mirlesalts, etc.), the plant design can be tailoretthéospecific
needs of every scenario concerning chemical effayieconsumption of energy and chemicals, as vgetha
volume and composition of resulting residues faycting or disposal.
Multistage flue gas cleaning is useful for the sadberence to low emission limit values, evenéfflne gas
figures are temporarily elevated or technical mattions occasionally occur.

PARTICULATE POLLUTANTS (dust) are usually removed using a fabric filteekectrostatic
precipitator. Organic pollutants are reduced ta@mum by incineration, which should be as compbete
possible, and they can be further reduced throogindtream off-gas cleaning. Adsorption processes (e
entrained flow process, fixed bed filtration) aradadytic oxidations are available for this purpose.
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THE FORMATION OF INORGANIC AIR POLLUTANTS depends largely on the chemical
composition of waste for combustion and other futtmospheric emissions may contain inorganic palits
such as sulfur oxides (from combustible sulfurhalides (hydrogen chloride or hydrochloric acichfrthe
incineration of PVC, hydrogen fluoride or hydroftimacid from the incineration of Teflon, and pdgi
hydrogen bromide and hydrogen iodine), all of whulist be treated. These highly acidic gases can be
efficiently separated in gas scrubbers. Recyclablestances are usually recovered in two sepasgesstising
different process technologies. In special casegaste-water-free flue gas cleaning processesay siier
can be used to evaporate the removed scrubber Alignatively, a waste-water-free sorption pracean be
employed.

When incinerating nitrogen oxide compounds or dytive thermal oxidation of atmospheric nitrogen,
nitrogen oxides (NQ i.e. the NO and N@gcompounds) are formed. These compounds can beagédol less
than 10% by using selective catalytic reductionRy@ith a reduction agent (e.g. ammonia). Seleciwe-
catalytic nitrogen oxide reduction (SNCR) is amialative in cases where the requirements for reduci
pollutants are less stringent. SNCR reduces theggh oxides to approximately 50%, but this proeesks
with a larger amount of the reduction agent and reaylt in the formation of laughing gas,(.
Separation of vaporous mercury (the only metal ¢hatexist in gaseous form in the atmospheric eomss
flow at low temperatures due to its chemical prapsy) is achieved through adsorption. In this ctse,
above-mentioned adsorption of organic compoundstofher molecular weight (e.g. the entrained flow
process) also separates any vaporous mercuryrtisrde.

AUXILIARY CHEMICALS SHOULD BE SELECTED ACCORDING T O ECOLOGICAL
CRITERIA , particularly taking into consideration energyi@éncy and by-products within the production
process, as well as the environmental impact éduesdisposal. As a result, the newer Austrian gast
incineration plants tend to use limestone or limkk instead of a sodium hydroxide solution or sadiu
hydrogen carbonate, as the latter two entail a ngueater environmental impact in their production.

A TYPICAL EXAMPLE OF A MULTISTAGE OFF-GAS CLEANING SYSTEM is the grate

firing plant of Abfall Verwertung Niederdsterrei¢AVN) at Dirnrohr (Lower Austria), which has been i
operation since the end of 2003.
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View of the EVN waste incineration plant linked te tieighboring coal-fired power plant Dirnrohr in Low&ustria

46 -



WHITEBOOK WASTE-TO-ENERGY IN AUSTRIA

THE AMPLE DIMENSIONS OF THE COMBUSTION CHAMBER  with the downstream
afterburning zone ensure good turbulence, contrddenperature and residence time for optimum cotidws
allowing CO and TOC, both of which are formed bgadmplete incineration, to be reduced to a minimum.

TWO CONSECUTIVE SEPARATION STAGES are provided in addition to the optimized furnace
to treat the pollutants mercury and “dioxins” (PC®&nhd PCDFs: polychloric dibenzodioxins and
dibenzofurans). Mercury is adsorbed both in theagmed flow reactor and at the first scrubber st&§eDDs
and PCDFs can also be adsorbed in the entraimeddlactor and oxidized in the selective catalytic
atmospheric emission cleaning plant. Inside thea@red flow reactor, fine ash is injected into deatinuous
flow of flue gas, if need be with added calcium topdde and activated coke powder, bringing aboet th
desired adsorption. HCI (hydrogen chloride) and(kielrogen fluoride) are separated in the first thas
scrubber at a very low pH value. $@ulfur dioxide) is separated by adding lime ia #econd scrubber and
discharged as usable gypsum. Any,Nfitrogen oxide) that has formed during incinematis reduced to
nitrogen oxide (M) by the catalyst, which at 79% volume is the n@imponent of our atmosphere.

ONE EXAMPLE OF A WASTE WATER-FREE PLANT DESIGN , which was necessary due to
the specific condition of the site, is the planfla@lized-bed plant of RVH Reststoffverwertung Higénkreuz
in the Federal Province of Burgenland. The planpleys a multistage off-gas cleaning concept thatists
of a cyclonic dust collector, an entrained flowarier, a fabric filter, and a catalyst.
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WHAT EMISSION LIMIT VALUES APPLY TO WASTE
INCINERATION PLANTS?

STRINGENT LIMITS ARE NECESSARY against noise pollution caused by plant operadiuh
shipment, against odor formation during handlind emermediate storage of wastes, and particu&ghinst
atmospheric emissions from thermal treatment artidu downstream for waste water from atmospheric
emissions cleaning and emissions from the treatofeslid residues.

Over the last three decades, considerable progesskeen achieved in the cleaning of atmospherigs@ns
from waste incineration plants. As a result of puptotests by environmental activists, stringemid and
technological development, plants were significaimtiproved and the required environmental compliiibi
of thermal waste treatment was achieved.

Development of atmospheric emissions from waste imeration plants in Germany, Austria
and Switzerland

Dust Cd HCI SO, NOx Hg PCDD/F
1970 100 0.2 1,000 50( 30 05 50
1980 50 0.1 100 100 30 0.p 20
1990 1 0.005 5 20 10( 0.0 0.05
2000 1 0.001 1 5 4Q 0.00% 0.05

NB: The figures (in mg / 3, PCDD/F in (TEQ) ng / §#) are in fact average emission figures measured
over extended periods and should not be confustdtivé official regulations for half-hour emission
limits.

Source: Vogg, 1994 (1970 to 1990 figures); RVL, 200

HOWEVER, in Austria, too, fears remain that waste is wags incinerated in appropriate plants
but in industrial furnaces which were not built this purpose and thus do not provide sufficienmtaspheric
emissions cleaning, or in domestic fuel, with emiss many times those of proper waste incinerdaailities.
In the worst case, incineration could happen thincsggjf-ignition of waste deposited in no longeraidg
authorized landfills.

Under current environmental laws, atmospheric éonisstandards applicable to thermal waste treatment
plants must generally be much stricter than thosether incineration plants with the same therowaput
(e.g. compared to cement kilns, to coal and odefiboilers).

ONE PLANNING REQUIREMENT UNDER THE WASTE MANAGEMEN T ACT is that
emissions of pollutants are always within the Isathievable under the state of the art or thedhaslable
techniques.

In line with the precautionary principle, waste mgement should also always be geared toward ragltieén
emission of air pollutants and climate-relevantega® a minimum. It should be noted in this redgbad
laughing gas (BD), which may be emitted if waste treatment isazotied out properly, is a greenhouse gas
whose impact is 300 times more serious than th&@®fand is capable of destroying stratospheric ozone.
One important fact for new projects, and one thetpoperators need to keep in mind, is that thstan Air
Emissions Ceilings Act (Emissionshéchstmengengdagty required total nitrogen oxide emissionslie t
Republic of Austria — as in a number of other EUrddes — to be lowered considerably from 2010 axiiva
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This is complemented by Austria’'s extremely striridegal obligation to reduce its G@missions. Thermal
waste treatment — if the sites are chosen carednlliyenergy efficiency is achieved — has the pizileiot make
a very valuable contribution towards this objective

COMPARISON WITH MOTOR VEHICLE EMISSIONS

The comparison of emissions from thermal residwsdtey treatment with other emission sources paints a
tangible picture of the dimensions involved.

In the course of the public discussions which fairmpart of the official approval procedure for thege RVL
Reststoffverwertung Lenzing plant in 1994, it beeastear that the plant's emission of organic compsya
large number of different individual compounds) epenparable to those of approximately a dozen ngni
passenger cars.
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Nitrogen oxides can be a significant problem fobamnt air quality and, thus, a risk to human heatitl the
environment as indicated in the graph below orgthbal concentration in various regions. Major peots
are obviously in industrial and densely populatezhs in China and the USA, but also in the larggion
along the Po in Italy, in North-West Germany, Bemednd London, and partly also in Mexico, Southicsy

Egypt, Arabia, Israel, Iran, Russia, India, andadap
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WHAT ARE “DIOXINS"?

“DIOXINS” have become synonymous with environmental andthéaks caused by extremely
toxic POP Persistant Organic Pollutants ever sineehemical reactor accident in Seveso in 1976lad
subsequently published book “Seveso gibt es UBgf8kkveso is everywhere”).

POLYCHLORINATED DIBENZODIOXINS (PCDDS) AND POLYCHL ORINATED
DIBENZOFURANS (PCDFS) — often simply referred to as “dioxins” and “furdrscan be found in the
natural environment in varying concentrations, asthe atmospheric emission of incineration anelsnyg
processes, in filter dust, cigarette smoke, insaedgiected by bush and forest fires, in ambientinddor air,
in agriculturally used soil, in food, and even imian fat tissue.

DIOXINS AND FURANS are present in wastes such as residual municipsterand sewage sludge
and are usually destroyed during incineration. Hmyethey can reappear in small concentrationsdutie
cool-down phase following incineration (“de novaesis”) and thus in the atmospheric emission fitoen
stack.

"DIOXIN VALUES" are indicated using an internationally accepteaetity model which compares
and evaluates the toxicity of the individual isomagainst the 2,3,7,8-tetrachlorodibenzo-p-dioxin.
The legal limit value for emissions of dioxin anddn compounds of 0.1 nanograms of TE per staraldrd
meter relates to the weighted figure for toxicieralents (TE). One nanogram (ng) is one billiooftta gram,
or 0.000000001 grams. The emission limit for “dieXiis also the reference parameter for halogerated
non-halogenated organic substances of a highercoialeweight such as PCBs (polychlorinated biph&nyl
PAHSs (polycyclic aromatic hydrocarbons) and possiither POPs.
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THE HEALTH RISKS OF TOXIC COMPOUNDS are evaluated with the utmost care. Due to the
known effects, the formation and release of theseppunds should largely be minimized as a precautio
this end, legislators have issued stringent emmidgiaits for these substances. As far back as 1888tria
was the first country in the world to set a limétlwe for total “dioxin emissions” from waste inciagon
plants. Due to technological progress, dioxin emigsfrom waste incineration plants have been rediny a
factor of 1,000 (!) since 1980.

Thermal waste treatment plants operating accoritiriige state of the art could be called “dioxintdegion
machines” or “dioxin sinks”, since they destroy mdioxins than they produce.

It is now understood that many other processes asidton and steel making, nonferrous heavy metal
recycling (e.g. copper and aluminum) and uncorgcblombustion processes (e.g. forest fires and stirne
fuels) can be significant dioxin sources. In thetpa substantial share of “dioxins” was also idtrced via
various products and chemicals (e.g. wood protg@gents, plant protection products, defolianth s
“Agent Orange”, chlorine-bleached pulp and papeudehold detergents containing hypochlorite, etc.).
From an environmental protection perspective, westicineration in household burners and unsugtabl
industrial facilities must be prohibited, sinceytlieeate much higher emissions! The burning ofdess from
agriculture and forestry also creates a large atofuemissions and should be avoided to minimize th
emission of air pollutants.

Example: Dioxin emissions in Germany per year measead [g TE]

1990 1994 2000
Metal recovery and processing 740 220 40
Waste incineration 400 32 0.5
Power plants 5 3 3
Industrial furnaces 20 15 <10
Domestic fuel burners 20 15 <10
Vehicles 10 4 <1
Crematories 4 2 <2
Total emissions into the air 1,200 330 <70

Source: BMU 2005

MEASUREMENTS OF ENVIRONMENTAL “DIOXINS” in recent years showed a remarkable
reduction in Austria — an indirect confirmationtb&é success of the efforts undertaken to minimizexin
emissions”. However, during winter months, highepallution figures suggest that domestic fuelrbog is
the main source of the remaining current dioxirdearin Austria.
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WHAT ARE THE RESIDUES OF WASTE
INCINERATION?

THE COMPOSITION OF THE WASTE AND FUELS USED, as well as that of the incineration

gas and the required additives, engenders flowsoofanic substances, which are recoverable teategr or
lesser degree depending on the processes andftigihonology used.

A SIGNIFICANT SHARE OF SOLID RESIDUES FROM INCINER ATION can be recovered
for recycling (e.g. metals or gypsum), and someoasaifficient quality to be used as constructicaienial
(e.g. stones and sand from the fluidized-bed, igdtslag, sintered ashes as a glasslike granulate).

By concentrating inorganic substances in certaidue streams (e.g. particulate matter or filtdeeoaith an

increased heavy metal content), they can be préfparenechanical treatment for the sake of recqueryat
least for proper landfill disposal.
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It is generally expedient to store certain resichgggarately for future use if the amounts involaad the
prevailing economic conditions make such use ecaradiy viable. In the future, suitable processing
technologies will make it possible to recycle alidues or deposit them in Austrian surface lalsci non-
hazardous, immobilized waste.

1. EXAMPLE OF RESIDUES FROM WASTE INCINERATION

RESIDUAL WASTE CONSISTS OF HUMIDITY (water content of approximately 20% - 25% in
Central as well as Western and Northern Europepbestible components (approximately 45% - 50%) and
ash (approximately 25% - 30%). The solid residvesifresidual waste incineration only make up 2530%
of the weight of the untreated residual waste. @winthe relatively high density of these residules,landfill
volume required is only 10% of the original volume.
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The type and amount of solid residues from fluidibed incineration depend on the waste used atideon
process design of the plant.

2. TREATMENT OF RESIDUES CLASSIFIED AS HAZARDOUS WASTE

BY LAW , hazardous waste in Austria has to be landfilledenground as of 16 July 2001, unless
special declassification is granted for landfibglbsal in accordance with the Waste Managementii\ct.
particular, this concerns residues from flue gaaming using waste-water-free processes, which &dngher
concentration of water-soluble salts, and theimaarent disposal in massive underground salt cateatsre
naturally watertight (e.g. available in Baden-Wemiberg, Germany).

Example for the backfill of underground cavernsnassive salt formation with inorganic hazardous waste
material packed in big bags. The space to thengpi backfilled with “waste rock” from mining byteelt
slinger machine.

THEIR USE AS “BACKFILL” is both technically and legally separate from peremt
underground disposal. In order to reduce the riskak burst and surface subsidence, the miningaaity
requires former mining sites to be backfilled.

The following technologies can be used for badkfill

Hydraulic backfilling: Dusty, fluid and pasty components are procesdedpecking for paste backfilling.
This packing is pumped through pipelines into pregaunderground mining caverns. Once the packiisg h
hardened, it will support the overburden.

Backfilling using bulk material: Waste whose characteristics allow it to be usestty for backfilling

without prior treatment is transported to the balak§ sites by way of a container system. The bulkterial is
filled directly into the caverns using loaders.
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Mechanical backfilling using big bags:Certain types of waste are filled in big bags eodditioned by
adding a binding agent or liquids, depending ontraaical strength requirements. The finished bdeigil
products are then used to backfill cavities withoffitial backfilling requirement.

There is potential for innovation in more efficiéntegrated processes for further treatment aridatton of
residues from waste treatment (even within Austria)

- Further development and application of processea fore efficient treatment of hazardous
residues from thermal and metalworking plants (Ipgsporadic heightened eluate values)
through specific treatment with mineral additiviesthis regard, long-term effective financial
incentives should be considered, e.g. in landfitetion, grants for innovative investments and
demonstration plants. Any all-inclusive solutiom fioe problem of thermal treatment and
recycling of wastes must include integrated recpead treatment of residues.

- The development of new processes for thermal tresitisnd recovery of low-calorific wastes
(especially municipal solid waste), sewage sludgkrasidues from scrap processing. In scrap
processing, solutions and technologies should teeloleed that include material stream-specific
management with as complete a recovery of all metsipossible. This will facilitate the
recovery of metals from slag and ashes generatedhbie incineration, or separation from the
other waste upstream of the incineration process.
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IS MECHANICAL-BIOLOGICAL WASTE
TREATMENT (MBT) AN ALTERNATIVE?

UNDER CERTAIN CONDITIONS AND WITH VARIOUS LIMITATI  ONS, the Austrian
Landfill Ordinance 2008 also permits the incorpmrabf mechanical-biological waste treatment openat
prior to landfilling of treated residues, therelmymplementing the necessary thermal treatment. [Syita
treated low-calorific and biologically stabilizeglsidues can be deposited in separate cells ofllsal¢mass-
waste” landfills even if the 5% TOC limit valuedégceeded, provided the calorific value is less Bi&00 kJ
per kg dry substance and other requirements (spaltyfbio-stability parameters) are observed.

A multitude of differing concepts for mechanicabloigical waste treatment have been proposed thouigh
the years. In many cases, due to abundantly alaithieap landfill capacity, the operators of MB1ma &
maximize the portion of waste being landfilled ananinimize the portion to be subjected to thermal
treatment (“classical” MBT concept).
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BY MODIFYING THE “CLASSICAL” MBT CONCEPT , operations have been introduced with
an integrated drying stage as a prerequisite faieit separation of waste fractions for recyclingste fuel
and inert fractions. Plants utilized for these jmsgs were built especially in Germany (Herhof sygté-or
mechanical and mechanical-biological procedurexjdmental distinctions can be drawn between:

- procedures that are intended to produce a stathilizosable fractions once the high-calorific wast
fractions have been recovered (mechanical-biolbgieate treatment, MBT)

- procedures that are intended to produce high-¢alevastes for energy recovery through biological
drying with subsequent dry mechanical processiegylting in almost negligible residual mass for
landfill (mechanical-biological stabilization, MBS)

- procedures in which high-calorific waste fracti@me recovered from municipal waste and processed
for energy recovery only through mechanical andspfa) operations (mechanical physical
stabilization, MPS; mechanical waste treatment) [(\AD06).

THE MINIMUM REQUIREMENTS for mechanical-biological waste treatment havenkaefined
in the Guideline for the Mechanical-Biological Treent of Waste (Federal Ministry of Agriculture,réstry,
Environment and Water Management 2002). For IPR@tpl(i.e. plants with a treatment capacity excegdi
17,500 tons p.a.) the BAT Reference Document WEsatment Industries of the European Commission
must also be consulted.

The mechanical and biological treatment of residgusdte requires suitable multistage exhaust a@mahe,
and, therefore, a completely closed system witho#iife airflow management must be implemented with
cascade-like use: In the delivery area, freshsairawn into the system, passes through the mexziani
processing area and will be used finally for temsive rotting process. Exhaust air treatment cing de-
dusting in a filter, a wet scrubber to remove amim@md a post-combustion of the organic pollutants
(typically in a so-called thermal regenerative syt Alternatively to combustion, large bio-filtersuld be
considered (if the necessary Environmental Impase&sment will allow for the acceptance of residdalr
emission). By recirculation and other measures sisalsing tightly closed rotting tunnels insteadodting
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halls, the total exhaust air volume is reduced ashnhas possible. In practice, a "classical” MBTot n
including the exhaust air volume from the postingtiprocess — can achieve a specific atmospheiigs@an
volume of less than 8,000%mer ton of waste (which is already significantlgnain total than a state-of-the-
art waste-to-energy plant based on grate or flaitlized technology).

It must also be taken into account that persisiggdnic pollutants are generally not destroyed MBI
process, thus the remaining (reduced) landfillfgamation potential, and some potentially hazardous
emissions by leachate must be expected.

The generally poor overall energy balance from MBih be somewhat improved (in addition to the regove
of RDF) by the treatment of the predominately ofgavet fraction in an anaerobic process to prociiogas
and to ultimately incinerate all solid residuesrecovery of energy as indicated in the followingqess
scheme.
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According to advanced experience in Central Europehanical soild waste separation and processing —
without biological treatment — can be advantagéowsrms of energy efficiency and minimization of
emissions as illustrated in the next scheme by eoisgn of MBT and MP (mechanical processing onty fo
subsequent thermal processes).
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PURELY AEROBIC PROCEDURES FOR RESIDUAL MUNICIPAL W ASTE EXHIBIT
BASIC SHORTCOMINGS in terms of the energy efficiency of the variouBMconcepts, since the energy
content of the organic substance is convertedsotoething that cannot be used. The integration of a
fermenting stage to make the energy content of &gsnpartly recoverable can help to improve the @oin
and ecological situation of these plants (SRU, 2008

Against the implementation of the legal landfilbpibition in Austria from 2004 onwards, MBT initigl
became an important factor for residual waste diabio those regions with excess landfill capaaitd lack
of demand for thermal energy utilization from waistgineration, or lack of political acceptance. Hwer, the
importance of classical MBT for residual municipalste treatment in Austria will likely decreasetlfier in
the future compared to waste-to-energy with ithaigesource and energy efficiency and minimizatibn
greenhouse gas emissions.
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COULD LANDFILLS WITH UTILIZATION OF BIOGAS
BE A VIABLE ALTERNATIVE FOR WASTE
DISPOSAL?

DUMPING AND LANDFILLING OF WASTE has become known as the most polluting and most
“waste-full” option in the management of naturaoerces and end-of-life products. However, theatigpof
solid waste to well-engineered landfills with battdiners for collection and further treatment aideate from
disposed waste, the mechanical compaction of gpoded solid waste by a heavy compactor, the liaistel
of a technical system for extraction of landfillsgand a closing cap of the landfill are seen agbeptions
compared with open dumping and obvious, visibldremmental pollution by the spreading of light wast
materials by wind, visual smoke from random fit@sg serious contamination of surrounding surfack an
underground aquifers.

1. RECOVERY OF BIOGAS FROM LANDFILLS WITH ORGANIC WAST ES

ACCORDING TO PAST EXPERIENCE IN AUSTRIA about 200 m? of biogas per ton of
municipal waste can be expected from landfill operawithin a maximum period of about 30 years. doer,
due to the necessary open area for waste dispcsatyaand incomplete sealing of the landfill ordpout
40% of the landfill gas can be recovered (compmsitif landfill gas see Appendix A4).

Recovery of landfill gas from the old municipaldéifi in Vienna allows for production of 7.908 kWh
electricity per hour, i.e. approx. 60 million kWhrpyear.

THE AVERAGE CALORIFIC VALUE OF LANDFILL GAS s approximately 6 kWh per m3,
thus yielding approximately 480 kwh or 1,700 MJ fmer of waste. Therefore, the maximum energy regove
through such landfill operation is about a factbb ¢o 6 below the calorific value available foettvaste-to-
energy option by incineration according to statéhefart.
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2. RECOVERY AND TREATMENT OF LEACHATE FROM LANDFILLS

TREATMENT OF LEACHATE FROM LANDFILLS WITH MIXED WA  STES (e.g. municipal
solid wastes) is one of the most challenging té&skpurification of any waste water.
According to experience the most effective techgglimr treatment of leachate is based on revemsmsis,
which is a filtration process through a technicahnbrane. It allows for the removal of more thar09%. of
organic and inorganic pollutants, as well as ammoHhie cleaned permeate can be discharged at tedues
guality standards directly into a river or usedifdgation purposes in agriculture. The conceseti(&tith the
retained hazardous organic and inorganic pollutargeds further treatment, which is special inctien
according to state of the art (e.g. in kilns fordmr@ous waste incineration or cement clinker pradog

Treatment of 60 m3/d leachate in reverse osmoai#t i Kusadasi, Turkey

The reverse osmosis process is a purely physioakps which requires about 10 to 15 kWh electrjpdym3
of leachate for the necessary high pressure oftdibhar (in special reverse osmosis plants withstage
systems up to 150 bar) in order to facilitate ilimfion process through the technical membraAesther
significant adavantage of this process is thatharicals are needed in the treatment process, wiuakd
cause emissions in their production as well agial tlisposal.

The capacity of individual plants for fully autoredttreatment of leachate can vary between 0.4 @m%er
hour, based on pre-manufactured standard systeansidtrin standard 1ISO-containers.
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Example for cleaning efficiency for permeates compad to leachate

Parameter Leachate inflow values Discharge outflowalues
COD (Chemical Oxygen Demand) 50,000 mg/l <50 mg/l
BODs (Biological Oxygen Demand) 40,000 mg/l < 15 mg/l
Total N (Total Nitrogen, incl. Nkt) 3,000 mg/l < 10 mg/l
SS (Suspended Solids) 1,500 mg/I <1 mgl/l

Source: www.rotreat.at, 2010

3. ENVIRONMENTAL RISKS FROM LANDFILLS AND AFTER-CARE F OR BIOCHEMICALLY
REACTIVE WASTES

EMISSIONS FROM “WASTE DUMPS” AND LANDFILLS primarily occur in the form of
contaminated leachate, bio-aerosols, odours, dndtgaseous pollutants, which are difficult to ocolnt
Therefore, this type of landfill is a nuisance aequires placement far from nearby residentialgrie&luding
restrictions on land use in the proximity of suithss Furthermore, over longer periods, therede allatent
risk of failure of the technical sealing systemghbat the bottom and on the surface, as well &sréaof
collection and treatment of leachate and landéB ¢ncluding emissions of gases with potentiadiamage to
the ozone layer, for contribution to the developtwrground-level ozone and to the greenhouse gffec

The Key-Messages according to ISWA InternationdidS&/aste Association on “WASTED HEALTH — THE
TRAGIC CASE OF DUMPSITES” include (ISWA 2015):

- Dumpsites are a global problem. They receive bug0 % of the world’s waste and they serve about
3.5 — 4 billion people.

- Although there is a lack of systematic long-tepidemiological studies that fully document the
health impacts from dumpsites, the existing sdiergividence demonstrates very important health
risks.

- The health problems associated with dumpsitesedaéed to their emissions, which usually involve
POPs (persistent organic pollutants), heavy meatadsVOC (volatile organic compounds). The actual
health risk depend on the practices followed anthertype of the waste disposed in each dumpsite,
as well as environmental and social condition$efdrea.

- Open burning and animal feeding increase thetneiaks substantially, the first by direct emisso
of dangerous pollutants and the second by trammsgetine pollutants to the food chain.

- Uncontrolled disposal of hazardous and healthaastes as well as manual on-site treatment and
disposal of e-waste by informal workers resultnmportant increases of all the health risks and the
negative environmental impacts.

- ISWA calls upon international organizations, gowveents and local authorities to develop emergency
programs that will identify the riskiest dumpsitesd proceed with their closure. ISWA considers the
closure of the dumpsites as a global health emeygamd it will work closely with all the involved
stakeholders to accelerate programs, initiativesiavestments that will result in a world free of
dumpsites.

THE FOLLOWING GRAPHS ILLUSTRATE THE DEVELOPMENT  over time for emission of
pollutants from state of the art waste treatmeantsl and from reactor dumps (landfill), includihg &after-
care and post closure phase, until acceptable axptmit values for pollution of water, ground aaid have
been achieved without further technical precautmmseasures.
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4. SITE SELECTION OF NEW SITES FOR CONTROLLED LANDFILL S

SOME BASIC REQUIREMENTS OF LANDFILL SITES have been defined in appendix | of the
EU Directive 1999/31/EC on the landfill of waste.Austria, the requirements for landfill sitesvasl as for
design and operation of landfills are specifiethia 2008 Landfill Ordinance (Federal Law Gazette |l
2008/93). According to this ordinance, the followifactors have to be taken into consideration vdebecting
the location of a landfill site:

the distances from the outer limits of the landfite to residential and recreational areas, serfac
waters and other agricultural or urban areas

the presence of ground water or nature reservieeiarea

the geological, hydrological and geo-technical dtiowks in the area

the risk of flooding, subsidence, landslides, maf or avalanches at the site

the protection of the natural or cultural heritag¢he area.

IN ADDITION to the above-mentioned factors, restrictive speo#quirements for landfill sites
according to the type of landfill defined in theO80Landfill Ordinance must be observed.
Based on many years of experience in Austria, tise@ance of a new landfill site in a region carbet
expected if already existing landfills are beinggeéved as environmental hazards and nuisancehisor
reason, the securing and remediation of an exisimdgfill problem should be considered a priorithis could
then also include the exploitation of additionaldéll volume.
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5. LEGAL RESTRICTIONS ON DISPOSAL OF ORGANIC WASTES IN LANDFILLS

FOR ECOLOGICAL AND WASTE MANAGEMENT REASONS , new landfills for waste
exceeding 5% (TOC) have been banned by law sideatary 1997 in Austria, similar to Switzerland &mel
Federal Republic of Germany. Waste of this kind waly allowed to be deposited in already existiggfills
until 1 January 2004, or in exceptional cases] 8ttDecember 2008 at the latest by Decree ofégmnal
State Governor. Some restricted exceptions frontetindfill-ban for exceeding 5% TOC (by mass) a@nged
for mechanically-biologically pre-treated wastedvel certain calorific value and specified biolagic
stability criteria for disposal in a separate sgtivith appropriate design and operational modea§snwaste
landfill™).

THE FOLLOWING ILLUSTRATION INDICATES the reduction of waste disposal in landfills

per year and change in quality of materials thrauglthe development of waste management in the last
decades in Austria.
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WHAT DOES WASTE INCINERATION IN A GRATE
FIRING PLANT COST?

THE COSTS OF THERMAL WASTE TREATMENT depend essentially on the following specific
site-related features: waste composition, alreadjlable technical infrastructure, competence wcpss and
plant engineering, thermal output capacity of ti@neration plant and, lastly, costs of residupatsi.

1. INVESTMENT AND OPERATING COSTS

ANALYSIS AND COMPARISON OF VARIOUS , already implemented residual waste incineration
projects have shown that the financing costs amucdy the investment costs combined with the chosen
interest rates and depreciation period are theestgigctor in determining treatment costs per faesidual
waste.

The choice and design of the process technologyapily affect treatment costs through the planestinents
required and secondarily through the expected tipgreosts. The choice of a site - in addition knpsize -
can also significantly influence investment co§tsnsiderable reductions can be achieved by using
infrastructure already in place and ensuring ecacaliy efficient, year-round heat utilization.

2. TREATMENT COSTS

MODEL CALCULATIONS AND EXPERIENCE HAVE SHOWN that - compared to larger
plants without such site-related advantages -rreat costs of under 100 Euros per ton of residastevcan
be achieved even with small plants (approximat@l80 to 100,000 tons per year) if the site carl a¥an
already existing infrastructure and year-round liifiration is guaranteed.

As the plant is designed to produce heat from thel throughput of a thermal waste treatment plapends
essentially on the mean calorific value of the waigrived fuel used. In a plant running at full aeipy, this
means that an increase in the calorific value léadsreduction in waste throughput. As a consecgiethe
higher calorific value causes the specific costs@e of waste to rise as well.

A SIMPLE COMPARISON: compared to brown coal with a low calorific valoa)y half as much

anthracite (double calorific value) is needed tatlzflat. In this way, the throughput is halvedle/the
amount of heat stays the same.
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3. RUNNING THERMAL PLANTS CONTINUOUSLY AT FULL CAPACIT Y

THERMAL PLANTS have a different economic rationale than landfilisthe past, economic
efficiency was achieved by completely filling trendfill over several years of operation. This wasel
irrespective of whether small or large amounts a$t® were obtained on a specific day, month, or an
individual year. The installed and, thus, availdiriag capacity of a thermal plant (MW) can onlg bsed by
continuously feeding it with waste-derived fuelgttonsistent amount of fuel fed into the systeikyits
multiplied by the calorific value in MJ/kg yields¥6 = MW).

The fact is, however, that fixed costs in thermakte treatment (investment costs, including intestafT,
administration) make up some 80% of the total costs

WHEN CAPACITY UTILIZATION IS REDUCED , the specific costs per ton of waste rise
considerably. The situation becomes more seriowsvahants with energy supply commitments are
compelled to procure fossil fuels - due to bottteksein waste supply. It is, therefore, highly expatl
economically to maintain a certain minimum contingye stock of waste-derived fuel in appropriate fanm
order to bridge seasonal fluctuations in the supplyaste and have a (limited) fuel reservoir .
Contingency stocks have the positive ancillaryctfté ensuring availability of storage capacities f
deliveries made during operational downtime (eugindy plant overhauls).

4. COSTS OF WASTE INCINERATION COMPARED TO COSTS FOR REMEDIATION OF
CONTAMINATED SITES

EXPERIENCE IN AUSTRIA has shown thermal waste treatment costs lesstranst measures
taken to safeguard and remediate contaminated sites

THE REMEDIATION OF THE SO-CALLED “FISCHER” LANDFIL L in Lower Austria is an
example thereof:
The inspection, removal and transport to otherfilmas well as the incineration of small amouats
hazardous wastes subsequently cost EUR 130 millimome 140 Euros per ton of deposited and removed
waste; overall 932,564 tons. These costs for trartrent of a contaminated site also include thavatmon
and disposal of some 700,000 tons of contaminateeénlying material.
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CAN WASTE FROM OTHER EU MEMBER STATES BE
TREATED IN AUSTRIAN PLANTS?

ON ONE HAND, the technical possibilities in order to ship weastust be available, and on the other,
an economic incentive to ship waste must be gi¥emm an economic viewpoint, the comparably high
environmental technology standards of thermal wistgment in Austria tend to cause high pricess han
indication that waste shipments from Austria (explor and not waste shipments to Austria (importeke to
be expected. In order to ensure a high standgpdodéction for the environment and environmentatiynd
waste management, civilized societies need legaidwork conditions, including detailed information all
stakeholders, monitoring and effective implementatneasures. From the viewpoint of environmental
protection, the shipment of waste for incineraiimountries that landfill most of their own combbke
wastes (particularly residual municipal waste) $tidne called into question and stopped.

Municipal waste quantities and type of treatment inselected European countries

Waste quantity Type of treatment (share in %)
per person (kg/a)

Landfilling | Incineration Recycling Composting
EU 481 31 26 28 15
Belgium 439 1 44 34 21
Bulgaria 432 70 2 25 3
Czech Republic 307 56 20 21 3
Denmark 747 . 54 28 17
Germany* 617 Q 35 47 17
Estonia 293 16 64 14 6
Ireland 586 42 18 34 6
Greece 506 81 0 16 4
Spain 449 6d 10 20 10
France 530 28 34 21 17
Croatia 404 85 0 14 2
Italy 491 38 21 26 15
Cyprus 624 79 0 12 9
Latvia 312 83 0 11 6
Lithuania 433 64 7 21 8
Luxembourg 653 17 35 28 20
Hungary 378 65 9 21 5
Malta 570 88 0 6 5
Netherland: 526 1 49 24 26
Austria 578 4 37 24 35
Poland 297 63 8 16 13
Portugal 440 5( 24 13 13
Romania 272 97 0 3 0
Slovenia 414 38 1 55 7
Slovakia 304 71 12 4 8
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Finland 493 25 42 19 13
Sweden 458 1 50 33 16
United Kingdom 482 35 21 28 16
Iceland 345 44 6 37 8
Norway 496 2 58 2 16
Switzerland 702 @ 49 34 17
Montenegro 507 99 0 1 0
FYR of Macedoni 384 100 0 0 0
Serbia 336 100 0 0 0
Turkey 406 99 0 0 1
Bosnia and 311 100 0 0 0
Herzegovina

Source: EUROSTAT Press release of March 2615

REGULATION (EC) NO. 1013/20060f the European Parliament and of the Councildoddne
2006 on shipments of waste presents detailed $pawihs for transboundary waste shipments between
Member States within the EU and exhaustively lisesreasons for objections to shipments. This sl
has been in effect since 12 July 2007. The predamiobjective and purpose of this regulation is the
protection of the environment; its effect on tréglenerely coincidental!

1. NOTIFICATION OF TRANSBOUNDARY WASTE SHIPMENT

IN AUSTRIA, the Federal Ministry of Agriculture, Forestry,\lnonment and Water Management
(BMLFUW) is responsible for the approval of tranghdary waste shipments ("notification”). Chapte &t
the Federal Waste Management Plan 2011 includes wotapplying the EC Waste Shipment Regulation.
This Waste Management Plan will be amended in 2017.

An essential prerequisite for the approval of tbemmdary waste shipments is an adequate financiabgtee
for the entire amount of waste to be notified. garantee is calculated as follows:

- shipment costs (e.g. for return shipment) of OuroEper ton of waste and km

- waste storage costs for a period of at least 96 @&ayg. 40 Euros per ton of non-hazardous waste,
150 Euros per ton of hazardous waste)

- waste treatment costs (dependant on type and cdiopas waste)

IN THE FIELD OF WASTE MANAGEMENT , EU legislation distinguishes between 15 different
disposal operations (D1 - D 15) and 13 recoveryatmns (R1 — R 13) for waste. In case of transbdaun
shipments, the treatment of residual waste (mualieyaste collected from private households, incigdi
where such collection also covers such waste friti@rsources) generally must be subject to theewast
disposal regime (see Article 3 (5) and Article 11 () of the Regulation). Stringent legal residas must be
observed in case of transboundary shipments fgpuhgose of waste disposal and this includes obtgithe
approval of the competent authorities both in thentry of dispatch and the country of destination.
Pursuant to Regulation (EG) No. 1013/2006, MemlbaieS may take measures necessary to prevent the
shipment of waste that is not in accordance widir tivaste management plans.

By way of derogation from the above-referenced legn and pursuant to Directive 2008/98/EC on wast
Member States should be able to limit incoming si@pts of waste destined for incinerators that Essdied
as recovery, where it has been demonstrably esftegolithat such shipments would result in natioraasitey
having to be disposed of as a result or havingettrdated in a way that is inconsistent with theiste
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management plans. This acknowledges that certambéde States may possibly not be in a position ¢wige
a network in their territory offering the entireegprum of plants for final recovery.

In the case of waste imports to Austria, the wasfrter (notifier) shall submit a prior writtentifization to
the competent authority in the country in which weeste was produced. Subsequently, the BMLFUW
becomes the competent authority of destinationveste treatment (see graph).
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Notification on transboundary waste shipments

Minimum 3 working days before the start of Information regarding actual start of shipment

shipment: Notifier using a movement document to the competent
authorities, recipients

Transport Annexation of movement document, copies,
notification form and written approvals

Within 3 days of receipt of the waste: plant Wiittsonfirmation to competent authorities,
notifier

Within one calendar year from receipt of the wantg Certificate of (non) intermediate recovery or
later than 30 days after completion of the (non) disposal operation to competent authorities,
intermediate recovery or disposal operation: plant| notifier

Source: UV&P, 2009

IT MUST BE NOTED THAT UNDER CERTAIN CIRCUMSTANCES the original waste
producer may also be held liable for the cost®tfrn of the illegal shipment, including its recower
disposal, and for the payment of the contributipadcordance with the Act on Clean-Up of Contaneidat
Sites.

2. PRINCIPLE OF PROXIMITY — SELF-SUFFICIENCY IN WASTE DISPOSAL

THE FUNDAMENTALS OF THE EU WASTE POLICY are set forth in Directive 2008/98/EC of
the European Parliament and of the Council of 1812008 on waste. This Directive includes the Hgiple
of proximity" (near-by plants should also be aualdato neighboring countries) and the principléssif-
sufficiency in waste disposal” (every Member Siiteuld establish the disposal installations it negufor
itself).

If need be, Member States may take measures temréhe shipment of waste that is not in accordavitte
their waste management plans.

Referring to the thermal treatment of waste, drdisbn must be made between disposal operatiogs 4.0
- Incineration on land) and recovery operationg.(B1 - Use principally as a fuel or other meangdnerate
energy), as different legal requirements and sjpetiéns apply to transboundary shipments.

R1 also includes incineration facilities dedicatedhe processing of municipal solid waste only rehbeir

energy efficiency is equal to or above:

— 0.60 for installations in operation and permitieéccordance with applicable Community legislatio
before 1 January 2009,

— 0.65 for installations permitted after 31 Decen®@08.

In case of transboundary shipments of waste defiveld the quality standards with regard to thesésflaid
down in the Austrian Ordinance on Waste Incineratice to be met. Furthermore additional criterid an
pollution limitations required by the facility okdtination have to be met (e.g. limitation of sulpbr halogen
contents or maximum content of POPs). The compdiarith these (or other recognized adequate quality
standards) must be documented (proof of assessmehé basis of sampling and analysis accordirigego
state of the art).

Cross-border cooperation under the disposal regheld be sought - based on applicable EU regukatiin
accordance with the principle of proximity. An examfor this would be residual waste from the Reutt
district in Tyrol, which is disposed of in a wasgteineration plant in the neighboring Free StatBavaria
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(with free capacities). To do this, the requirerserid specifications of the EC Waste Shipment Raigul
must be met.

The approvals required for transboundary wastensdiipts (notification), however, may only be grarftada
maximum period of 1 year each time. They depentherconsent of the Federal Ministry of Agriculture,
Forestry, Environment and Water Management in Vaesamd the corresponding competent authority in the
country of destination.

It must be noted in this regard, the planning,aperoval procedure and the installation of a neswrttal
waste treatment plant requires at least 5 to &yedrich is why regional cooperation for transbamydvaste
shipment should be suitably ensured not only bghieg long-term agreements, but also by makingethes
agreements part of the respective waste managqraerst of the countries concerned.

3. PRE-AUTHORIZATION OF SPECIFIC RECOVERY FACILITIES

PURSUANT TO ARTICLE 14 OF THE REGULATION ON THE SH IPMENT OF WASTE,
the competent authority of destination may autlerecovery facilities for a specified period ofloager than
3 years by issuing a pre-consent. This consentighake into account any possible objections againes
shipment of waste destined for recovery pursuaatrticle 12.

THE COMPETENT AUTHORITY shall then issue its consent to the transboungasge shipment
subject to a time limit of seven working days, batlonger than 30 days, following the date of traission of
the acknowledgement of receipt of the notificatigrthe competent authority of destination.

FOR SPECIAL WASTE RECOVERY FACILITIES to obtain pre-consent or pre-authorization,
proof must be provided that these facilities megyhigh environmental standards both in termsgofment
and operation. A thermal waste recovery plant ralsst meet technical requirements. Among theséeis t
requirement that it has been successfully oper&tingt least one whole year (this correspondiéaci/cle
leading to the next facility overhaul or the typipariod between maintenance outages of a steder boi
installation). It must provide proof that it hagpk&elow all emission limit values and submit evide that it
has met the minimum operational requirements wifficient certainty - particularly the parameteos f
whole-year energy efficiency.
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WILL CENTRAL WASTE INCINERATION PLANTS
PROMOTE “WASTE TOURISM® IN THE EU?

THE TERM "WASTE TOURISM" became a watchword against "undesirable” shipnmems
globalization of the economy increased and browugiht it transboundary goods shipments.
For the individual EU Member States, however, safficiency in waste disposal is prescribed by law.
According to applicable EU regulations, regionaldpendence in terms of municipal solid waste mamagé
and residual waste disposal has been maintainedsHipment of municipal solid waste across boriders
permissible only in special justified cases and/aglon consent by the competent Federal Minister of
Agriculture, Forestry, Environment and Water Mamagat in Austria and the respective body in the
corresponding country.
The European Union facilitates the developmentadramon single market. Numerous directives aiming t
implement a high level of waste recovery have lzopted in the field of waste management. The Likndf
Directive prescribes a gradual reduction of theimarn volume of biodegradable waste that may be
landfilled (this EU Landfill Directive stipulatesompliance by 2016, but Austria has been in compéanith
the requirements since the end of 2003).
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4. ECONOMIC SIZE OF THE CATCHMENT AREA

IN THE PAST, some landfills in Austria have accepted wasteseeés coming from distances of
several hundred kilometers with annual suppliesppiroximately 300,000 tons of waste. This volume
corresponds to that of a medium-sized waste inafioer plant with supplies coming from neighboriregions.
Environmentally sound shipment by railway playsgm#icant role in this respect. The option of deliy by
railway should be taken into account when planmiegy waste incineration plants with a trans-regional
catchment area.

OVERLAPPING CATCHMENT AREAS for individual thermal waste treatment plants (yet
without eco-dumping as a result of different enwireental standards) make for low tariffs and contipeti
prices.

The cost differences between small (e.g. thermaacity of 30 MW) and large plants (e.g. thermalazaty
greater than 80 MW) and between installationsheprairie” or "greenfield" installations and pmtith
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whole-year heat utilization that have been integtanto an industrial infrastructure already ingalanay
actually amount to more than 50 Euros per ton afteva

This difference in cost, however, allows for a gliig distance that is approximately 1,000 km farthe
(assumption: € 0.05/t * km for railway transporeowa large distance; main costs are for loading and
unloading, irrespective of the distance). As a eqagence, economic considerations make it expeftient
plants to be situated at appropriate sites witbhreespondingly high heat requirement and an inghlstr
infrastructure that is already in operation orhia planning stage (e.g. in Lenzing, Niklasdorf,Hrleiten,
Heiligenkreuz, Pitten, etc.).

Note: Unlike these ecologically and economicallgs@nable concepts for efficient waste recoverystava
tourism” in the sense of "eco-dumping” must be $eencritical light, particularly with regard to
transboundary shipment to countries having insifficcapacities for thermal waste treatment anc wegir
dominant practice is landfilling of waste.

5. COMPARING THE SIZE OF SHIPMENTS IN GOODS PRODUCTION WITH SHIPMENTS
FOR THE SAKE OF WASTE RECOVERY

AS THE FOLLOWING SAMPLE CALCULATIONS SHOW , a comparison between necessary
waste disposal and the supply of goods is indegdui¢o put the scope of shipments into propeispective.
These days, it is taken for granted that everyaritican freely choose and buy a car that has hade'in
Japan" or "Made in Mexico". As a result, the newwih an assumed total weight of 1,000 kg thathipped
across half the globe requires a shipment effigiei0,000 km * 1 t or 20,000 t*km.

By way of comparison, the shipment of shredder evesstovered from old cars (approximately 0.25 foers
old car) for necessary thermal treatment - eveh aidistance of 800 km (0.25 t * 800 km = 200 t*km)
represents a performance that is lower by a fagt@00. The same applies for the shipment of tceatetals
for recycling plants.

It is taken for granted that a modern refinery &alsroughput of at least 10 million tons of crudeper year
and regional supplies cover a radius of approx.t6A)000 km. (Austria’'s requirement is coveredhgtal of
four refineries, one in southern Germany, one itheon Italy, one in Slovakia, and one in Schwectie
latter being Austria's only refinery). Comparedhteefinery, the throughput of a larger waste inctien plant
with some 500,000 tons is smaller by a factor arity. Even with the highest concentration of waste
incineration furnaces in Europe, Rotterdam hasautihput (approximately 1 million tons per yeagttts
still smaller than that of one refinery by a faabérlO0.

Another comparison to illustrate the above is trguisite use of anthracite in Austrian power plawtsch is
preferably imported from Poland and South Africam@ 1,000,000 tons of anthracite are necessanmnsiore
the permanent operation of a medium-sized powett.pla

Recycling material, too, (e.g. waste metals, wpafger) must be shipped to appropriate producticititfas of
economic size for recycling or material recoverp. @éxample for this would be the Mayer-Melnhof caraital
factory in Frohnleiten: Approximately 500,000 t/aste cardboard and waste paper are employed, and th
future will see the use of some 300,000 t/a higbrifac residues to generate energy for cardboaodipction
based on a thermal capacity of 160 MW. By way afparison, building a small decentralized facility f
thermal waste treatment would come with dispropogtely high costs. To optimize costs, low-cospstant
logistics must be developed in the field of wagilection, including necessary intermediate storeagacities
for full utilization of plant capacities.
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of
(M) tons (t)*km
M.t*km
18,000+
16,000- 15,524 5 > e
14,000+
12,000+
10,000+
8,000
6,000 : :
SM.t* 4,634 05 M.t*
4,000 - 100 km = .200 km =
2,000 : .
O _
Total goods Waste to Total goods Waste to
incineration incineration
Source: , 2013, &P, 2014
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WHAT ARE THE REQUIREMENTS FOR
INTERMEDIATE STORAGE OF WASTE WITH HIGH
CALORIFIC VALUE?

THE INTERMEDIATE STORAGE OF WASTE WITH HIGH CALORIFIC VALUE s liable to
entail considerable risks in terms of environmeptlution (carrying by the wind, smell, pollutiari bodies
of water and soil) and the danger of self-igniteord arson. For this reason, a team of experts ctedithe
study "Requirements of Intermediate Storage of Westh High Calorific Value" (Anforderungen an die
Zwischenlagerung von heizwertreichen Abfallen, BNUMWF b, 2007) on behalf of the Federal Ministry of
Agriculture, Forestry, Environment and Water Mamagat. The following picture depicts one of manyicgb
fires in "open landfills" and waste storages natampliance with the technical requirements defingdhis
study.

Fire at the waste disposal site in Stockerau in 2896

THE TRANSITION FROM LANDFILL TO WASTE RECOVERY also requires fundamental
changes in waste logistics. While it may be irralevto the landfill operator whether double the amaf
waste or no waste is supplied in a given weekeenhl plant definitely requires a consistent sugfstgrmal
performance in MW for every second is calculatedratiplying the calorific value of the waste in Mg by
the amount of waste fed to the system in kg/s)ribéwaste recovery, therefore, requires the devedmnt
and application of systems to store treated wasaém ienvironmentally sound manner. In particutss is an
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effort to bridge seasonal fluctuations and plantrtome and also to bridge the time period duringoivh
additional facilities are under construction (BMLWAUa, 2007).

Example of state of the art temporary storage dftevén plastic wrapped bales in Wels (1 bale eqt@B or
3 barrels of crude oil)

LOGISTICAL INTERMEDIATE STORAGE FACILITIES  are also necessary for material
recovery procedures, e.g. for glass and metal srggitants as well as for paper and cardboard mashiTo
ensure the continuous supply for a cardboard factor example, it is standard procedure to keegaieng
material for 3 to 4 production months in intermeelistorage and distribute these stocks acrossadever
locations.

For ongoing operation, thermal waste treatmentifiesi have a storage capacity (low-level or flahkers) of
only some 3 (to maximum 10) days in order to bridgert-term supply fluctuations (e.g. weekends and
holidays). The largest waste bunker in Austriadgsoss volume of 40,000°rand is located in an AVN
waste incineration plant in Dirnrohr.

In order to achieve a high storage density (tonsaste per hectare), high-calorific waste mustuiisly
compacted. This can be done by using either heatyahannel balers or through the machine prodnaiio
densely compacted, cylindrical bales. The individuenpacted bales are tied together by nets, wiregpes.
For the sake of thermal treatment, however, ordidtee-free combustible plastics (e.g. polyethylestejuld
be used, and not metal wires.

To avoid organic and/or chemical transformatiorcpsses, the compacted bales must be covered balseve
layers of stretch foil in order to prevent gas exuale and preserve the content and also to forastall
negative impact on the environment.

The production of square bales has proven of vahee decades in various applications, such as vpagter,
waste cardboard and plastics.
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Comparison of alternative intermediate storage at$hme point in time at the disposal site Rautenweg,
Vienna: The plastic wrapping suppresses heat dewsop— thus layers of snow are only on the plastic
wrapped waste (Dez. 2002)

THE REQUIREMENTS UNDER WASTE LAW can be met by ensuring orderly stocking and
destocking operations and keeping ongoing recdiuks targeted selection of standardized colors atuat ¢
combinations for the stretch foil used helps vilguadésignate the various categories of the packastey
derived fuel without running the risk of confusifum downstream storage and transport logisticoupé time
when the waste is fed to the incinerator. The rmpbrtant categories in waste-derived fuel are itysal
assured waste fuels for cement production, tresdéid municipal waste, or shredder light fracti¢rieh in
pollutants) for fluidized-bed incineration with niietage off-gas cleaning as well as untreated oipal solid
waste.

The highest possible storage density is achievedaatice by simply using round bales and stordmant in a
compact form. With compacted, cylindrical baleshia standard size of 1.2 meters in diameter arghhaip

to 60,000 tons of waste per hectare of storageespat be placed in clean intermediate storagadisate in
terms of fire risk.

By means of a suitable compaction and packing ma¢i30 bales can be produced hourly and approxinate
60,000 to 120,000 tons of waste can be packedgazar y

Example:

To operate trans-regional thermal waste recovestesys with a total of 800 MW and 2 to 3 million soof
waste per year - with an assumed 3-month storgagecity - an intermediate storage capacity of 500100
750,000 tons is required. These should be kepbiksand distributed across 4 to 7 regional intefiate
storage facilities with railway sidings.

IN TERMS OF FIRE PREVENTION ENGINEERING , requirements should be defined
specifically for each project and location in &fprotection plan.
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Example for intermediate storage of mechanicallygeissed MSW in Vienna in order to manage seasanations in
waste generation and temporary shutdown of an inatoer
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Depending on the kind of material to be shreddeetetis a considerable risk that hazardous oneasil
inflammable parts implied in the waste may ignifde@ during the shredding process. In case ofeq the
burning material may be transferred via the disgh@onveying system through the plant within a stime
and can cause substantial damage to the plantregoignd the building if not extinguished shortly.

In order to protect both the machines as well asthilding of the process plant, automatic, quieketing
extinguishing system — installed within the shraddaow represent a state-of-the-art add-on tosteva
processing facility. Automatic UV detectors monigr both the feeding hopper as well as the cuttimgmber
of the shredder will detect any fire ignition with& short time. In case of a fire, a magnetic valileopen
and water for immediate extinguishing of the firdl tae transferred to spray nozzles installed ahibnee
discharge conveying belt within a few seconds deoto ensure that the fire will be extinguishefbbzit can
spread through the plant. Such a system can retiagesk of a fire in a processing plant considiraind
therefore, fire insurance fees for the buildind dibp significantly.

Besides self ignition during storage of waste tlwstaritical cause for fire hazards are the medani
processes such as shredding of waste. Therefamatdd fire detection and fighting systems haveivec
state-of-the-art as illustrated in the photo below.

Example of state of the art automatic, quick-reagxtinguishing system
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WHAT IMPACTS DO WASTE MANAGEMENT
MEASURES HAVE ON THE GREENHOUSE EFFECT?

THE REDUCTION OF GREENHOUSE GAS (GHG) EMISSIONS has been intensively debated
internationally for many years, since, based ofouarmodel calculations, there are fears that @gén
warming of the earth may cause disastrous clima@ge. This is why international memorandums of
understanding and agreements have been drawn nfeiences of Toronto 1988, Rio 1992, Kyoto 1997,
Buenos Aires 1998, etc.). According to the Conwmtgreenhouse gases include carbon dioxide)CO
methane (Ch), laughing gas (bD) and (HCFCs, PFCs, §Fwhich are added up based on their individual
greenhouse potential to give g€quivalents.

In the EU, a binding agreement was concluded betilee Member States to reduce greenhouse gas
emissions by 2010 in average by a total of 8%, Witlstria committing itself to a 13% cutback. To iesle
these reductions, the Federal Government adopgetAtlstrian Climate Strategy”, which defined target
values and measures for a total of eight diffesectors. Waste management was one of them.

The national energy and climate goals for 2020 atza@ 34% share of renewable energy sourcespaatut
of the final energy consumption to 1,100 Petajeued a 16% reduction of greenhouse gases in the-effo
sharing sector (compared to 2005), which also aeduvaste management.

At the end of 2014 the EU leaders agreed to a go&énhouse gas reduction of at least 40% (compared
1990), increasing the share of renewable energyleast 27% and increasing energy efficiency bgamst
27%. For 2050 the European Commission suggestadmap with the even more ambitious goal to cut back
the emissions by 80% as compared to 1990.

- 17 June 1998 ( 1990)
2008 - 2012
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X . \g * B GHG Goals 2010
B GHG Emissions 2013

<>
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Source: UV&P, 2015
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1. GREENHOUSE GAS EMISSIONS OF VARIOUS RESIDUAL WASTE TREATMENT
PROCESSES

THE WASTE SECTOR'S CONTRIBUTION to climate protection was extensively examined as
early as 1998 ("Klimarelevanz der Abfallwirtschagtlidy by A. Hackl and G. Mauschitz: Schriftenredtes
Bundesministeriums fir Umwelt, Jugend und Famil@yume 11/1998). The study determined that waste
landfills cause a significant share of greenhowseamissions due to the landfill gases they relgmsthane
and carbon dioxide, but also traces of chloroflearbon compounds (CFCs) and laughing gas). In tefms
mass, methane in particular- which is formed dutiregrotting processes of biologically degradalldoon
compounds - has a greenhouse effect that is stranyge factor of 21 compared to @O he potential release
of greenhouse gases needs to be taken into adocalhtvaste treatment operations, with indirecissions
from the use of fossil fuels for waste treatmenuigng consideration as well.

to
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Source: s s - und
, 2009

A RECENT STUDY (Mauschitz, 2009) provided detailed calculatiohthe GHG emissions from
residual waste treatment for the years 1996 to 20@62013 (commissioning of the envisaged thernastev
treatment plants), taking 1990 as reference yeardtly the most recent available data assessment)
Some sixty parameters were taken into accountrtdmprehensive calculations, including various
parameters for residual waste, reaction produota freatment and C@and CH, emission values, efficiency
of technical facilities and their energy consumptio
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The key results of the model calculation for GHGs=ions in Austria are:

- According to the emission scorecard, GHG emissimra residual waste treatment (approximately
1.25 million tons) made up a share of some 1.5%taf GHG emissions in 2006 (G@nd CH).

- In comparison, the emission scorecards for thesy&390, 1996 and 2006 show a steady decline in
GHG emissions from residual waste treatment (apprately 1.03 million tons in 1990 to
approximately 1.25 million tons in 2006). This elgua reduction of more than 38% over a period of
16 years.

- The calculations for 2013 show that, given thedast amounts and 100% thermal treatment of the
residual waste accumulated (waste incinerationtplarGHG emission reduction on 1990 levels of
more than 84% will be achieved.

- As shown in the graph below, mechanical-biologieaidual waste treatment would achieve only a
considerably smaller decline compared to 100% éreition (compared to 1990 only by
approximately 15%).

[10° o2 1

86% ,
1.0 ——— 14%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

+ )
2013: 1,310,580 t 1,456,200 t 1,601,820 t

Source: s s - und
, 2009

2. EXAMPLE: DISTRICT HEATING IN VIENNA
POSITIVE SIGNIFICANCE OF THERMAL TREATMENT FOR CO2 EMISSIONS

IT IS ONLY NATURAL for the incineration of carbon in residual wastesimultaneously emit CO
As the share of renewable raw materials is climatgral by definition, it is not to be taken intocaunt
because the same amount of Gabsorbed and converted by plants in nature.
The CQ emission from waste incineration that needs ttaken into account therefore corresponds to the
share of fossil and non-renewable carbon (e.gtiptasade of crude oil and natural gas).
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Thermal residual waste treatment is an effectivelaw-cost contribution to the reduction of greemé® gas
emissions in Austria as proven by the detailedutations for thermal waste treatment in combinatidgth
district heating for the city region of Vienna.

THE AMOUNT OF GHG EMISSION SAVINGS achieved through waste incineration results from

the following:
- Emission savings achieved by preventing waste fsemng landfilled (avoiding the formation and

release of landfill gases, particularly @wWhose greenhouse gas potential is 21 times grinater

the same mass of GD
- Avoidance of GHG emissions from household heatarséat generation (e.g. using natural gas,

heating oil) by using district heating from wagteineration
- Avoidance of GHG emissions from power generatiomiggrating cogeneration in the waste

incineration plant
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THE VARYING GHG EMISSIONS for alternative heating systems are depictederfaliowing
graph. It must be noted that a major share ofidigieating in Vienna uses fossil fuel-fired cogetien,
entailing the corresponding GHG emissions in wititee (e.g. natural-gas-fired gas turbine and steaiter
systems in Donaustadt and Simmering).

In the meantime there is also a significant inceeaglistrict cooling supply in Austria based oerthal power
from waste incineration (BMLFUW, 2014).

On the occasion of the 2006 United Nations Clin@t@nge Conference in Nairobi, it was determined
that 110 million tons of C@®equivalents could be saved every year by prohtpitiandfills for
municipal solid waste across Europe; this wouldegpond to 10% of Europe's targets!
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CAN WASTE INCINERATION BE PART OF
SUSTAINABLE WASTE MANAGEMENT?

IN AN ECOLOGICALLY AND ECONOMICALLY THOUGHT  out and sustainable closed loop
economy, recycling pure production waste as wedlegmrately collected and sorted paper, cardboatditzer
products is just as important as the thermal regovkwaste (waste-to-energy). Sustainability reegii
thermal waste recovery.

1. EFFICIENT USE OF RESOURCES

THE EFFICIENT USE OF LIMITED FOSSIL RESOURCES (e.g. crude oil, natural gas, coal) is
indispensable in any sustainable economy and waat@agement system.

TO DATE, more than 90% of the world's extracted crude @i gone directly into incineration in the
form of fuels, aviation fuel, heating oils, andnoé&tum coke. Considerably more efficient use cddd
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achieved by ensuring cascade-like multi-purpodiation of crude oil products (e.g. use in weight4ng
plastics in automotive engineering) with final emerecovery from the residual waste with high déitor
value (e.g. shredder light fraction).

Due to the (absolute) validity of th&%2.aw of Thermodynamics also for waste managementycling” is
from an engineering view, naturally “down-cyclingfaterials can be “re-used” only in a cascade aggrp
e.g. high quality bleached paper with its brighite/lappearance, recycled paper with good qualityless
white appearance, further fibre reuse for newsprimtaperboard products, and in a next level ottszade
in production of tissue toilet paper, followed byeegy recovery from waste in an appropriate in@tien
process for the mechanically dewatered residues $ewage treatment. The same is true for plasgic “r
cycling” — either the “down-cycling” or — thermodgmically speaking — the “up-cycling” by using miakoil
first for production of polymer materials, possilitya cascade use of further “down-cycling” andhfiy for
recovery of energy from (plastic) waste in an appade incineration facility

2. RENEWABLE RAW MATERIALS AND ENERGY

PHOTOSYNTHESIS CLOSES THE NATURAL CYCLE from thermal waste recovery to
renewable biomass. Biomass is a renewable typeebfih addition to biomass made of wood and whista
the wood-processing industry, this type of fuebateludes energy crops (e.g. rapeseed), agrielivaste,
dung, waste water from the food industry, orgawimponents from solid or liquid municipal waste tedr
household refuse, and sewage sludge.
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3. USE OF FUELS IN INDUSTRY - EXAMPLE OF INDUSTRIAL SI TE LENZING
LENZING AG operates the world's largest integrated produgtiant for viscose fibre and by-

products in Upper Austria. The overall thermal a@dfyeof the boiler systems on site is some 400 MWl a
approximately 420,000 tons of coal equivalentsyeeair.

Waste-to-energy plant integrated into the Indus$site Lenzing in the tourist region around Lakéefdee,
Upper Austria.
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DO WASTE INCINERATION PLANTS REPRESENT A
STEP BACKWARD IN TERMS OF WASTE
PREVENTION?

NO! Prevention and treatment are not contradictoryrdther complement each other. (Simple
comparison: dental treatment is complementary évgmtive dental care).

Cheap waste landfills are the biggest obstacldy favtwaste prevention and for environmentally sbumste
treatment. Conventional waste landfills (e.g. lkese formerly in Austria and those currently emteted in
numerous EU countries in Eastern, Western and Soutbhurope) have purchase prices or directly dtileca
costs lower than those of state of the art themaake treatment plants by a factor of 4 (up toctofeof
approximately 10!).Prevention of waste is, thusngeindermined, not by targeted and cost-intensive
treatment, but by cheap waste disposal which wasram in the past - unfortunately not taking intoamt
the long-term effects in the form of soll, air amdter pollution, as well as contaminated sites.rétoee, the
targeted use of incineration technologies is neggdsr thermal recovery of combustible waste andhe
hand, and treatment of specific waste and resigaate on the other. In so doing, the requirememtkafgely
aftercare-free landfill should be met using comditid residual waste that is as non-reactive ashpestk the
meantime, there has been the realization thatfiteecare-free landfill of reactive waste like thsl waste is
practically impossible so that pertinent requiretadar the quality of waste left for landfill habeen
stipulated by way of the Landfill Ordinance. Thgdgrestriction on the landfill of waste gives gnefnce to
all alternatives, i.e. prevention as well as mateand thermal recovery and any other necessatment of
waste.

Giving high priority to waste prevention is not amsistent with compulsory participation in a regibn
residual waste treatment system - just as an dbligaewage connection is no impediment to theqrgon
and reduction of the waste water load of a housktmhnected to the sewage system. On the coné&dayr,
pay-as-you-throw fee provides a continuous econameientive to further prevent and reduce waste. An
example would be payment of the actual waste volgemerated based on container volume and the actual
drained off waste water amount based on water copison.

By providing comprehensive information and undertgkadditional efforts to prevent waste, even catti
citizens will come to understand that preventiod amatment are not contradictory, but are actuatbasures
that complement one another, need to be implemexttde: same time and represent a directive todakée
responsibility for our environment.

The designer of the external facade of the Spittileineration plant, Friedensreich Hundertwasseote the
following statement in this regard (in excerpts):
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Translation of the original text from Friedensreldtndertwasser:

... We ourselves, all of us, every single Viennesa@eaesponsible for our waste. Were we to produce no
waste none could be incinerated. Let us boycott thegaste incinerators by not supplying any waste. Ithat
doable in Vienna today? You would have to criminaie waste. You would have to severely punish those
who produce waste, the packaging industry, those whcause waste, the waste makers, l.e. all of usarder
to accomplish a radical prevention of waste.| havstruggled with myself for a whole year using the sae
arguments you give torefuse the job before | decided to accept the comssion for the architectural-visual
redesign. After looking closely at what would happe if Spittelau were not put into operation, i.e._ifyou
think it through to the end, the negative impact walld be far worse because a waste free society istifior
tomorrow. Hopefully, for the day after tomorrow. | will fight fiercely for this and all of us must work on it
daily...
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WHAT SIGNIFICANCE DOES WASTE
INCINERATION HAVE IN ENERGY SUPPLY?

A CLOSE EXAMINATION OF SPECIFIC EXAMPLES clearly shows that thermal treatment of
residual waste and other comparable wastes eatailsomic benefits as it reduces the use of coromsilti
fuels on site (thanks to the energy recovery oftavhsat); this makes "reactor landfills" and waaielfills
unnecessary and also precludes any long-term foysiftercare measures and restrictions on ustifore
generations.

All'in all, the thermal treatment of residual waatel other comparable waste with high calorificeahas
benefits in store for the national economy whiahefeceed the business advantages of seeminglypchaste
landfills".

IN TERMS OF THE NATIONAL ECONOMY, a further economizing factor is given by the pre-

emptive credit thereby earned in terms of the rédnén greenhouse gas emissions Austria will lopired to
implement in the future.
Energy efficiency is indispensable for sustainabiource management and is decidedly determindiueby
site choice and the plant design. In planning tleémmaste treatment plants, the requirements oEthéPPC
Directive must be observed (IPPC = Integrated Rviawe Pollution Control). According to this Direed, the
best available techniques must be used (BATS).

A SCIENTIFICALLY PLAUSIBLE CALCULATION can determine energy efficiency using
various methods. Energy efficiency is derived siraplified manner from the proportion of energydige.g.
electricity, process and thermal heat and coolf@ssooling processes), put into relation to therthal
performance provided (calorific value of waste andiliary fuels), and expressed in percent.

THE FOLLOWING SAMPLE CALCULATIONS (options 1 through 6) for use of 100% waste-
derived fuel illustrate the typical differencesgifficiency, given the customary loss factors in #iasfor waste
heat (discharged flue gas, etc.), flue gas cleaambresidues, in relation to plant design andaghof the site.
The actual utilization rates in the operation Ww#l somewhat lower due to the start-ups and run-d@nd the
required auxiliary fuels.

Assumptions for sample efficiency calculations of aste incineration

Unit | Variant 1 | Variant 2 |Variant 3| Variant 4 | Variant 5| Variant 6
Energy utilization Electricity| CHP CHP | Electricity CHP CHP
Steam parameter bar 40 40 40 65 65 65
°C 400 400 400 460 460 460
Low-pressure steam bar - 55 55 - 55 55
parameter °C - 185 185 - 185 185
Net electricity % 21.6 13.8 8.7 23.5 15.8 10.8
Heat extraction % 0 40 72 0 40 68
Sum total electricity and heat % 21.6 53.8 80.7 23.% 55.8 79.6

Source: Zechner F., 2009
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Options 1 to 3 are based on the standard stearmeta@aof 40 bar and 400°C for waste incineratioptiéhs

4 through 6 have higher steam parameters with 6aidh460°C due to the generation of larger amaonints
electricity. (Note: Higher steam parameters meghdni wall temperatures on the flue gas side obtiler
pipes and therefore a higher risk of corrosion,civimay lead to higher costs and reduced plantadbibiy.)
An increase in heat extraction has been assumdzbtbroptions 1 to 3 and 4 to 6, i.e. 0% to 40% ttued
maximum steam extraction of approximately 70% @iation to the added thermal performance of thaevas
derived fuel).

THE HIGHEST ENERGY EFFICIENCY is achieved with maximum heat extraction and ldwes
steam parameters (lower consumption of electricat@y for cooling and condensation). Thermal waste
recovery plants can attain energy efficiency of s@0% if the plant design is optimized and the ehaste is
appropriate. Maximum efficiency can be achievedaiyng the following factors into account:

Site with complete, year - round heat utilization

High steam parameter (pressure, temperature)

Low flue gas temperature at boiler outlet

Low off-gas amount achieved by suitably devised @ntrolled firing and partial flue gas
recirculation (i.e. low level of residual oxygendff gas)

Complete incineration of solid materials and incatien gases

Heat recovery systems within the plant (possildp étom ash cooling) and therefore low off-gas
temperature at chimney outlet

Low energy consumption, both in waste pre-treatraedtplant operation

No energy-intensive treatment processes for residtiplant operation

Reducing consumption of chemical additives andlauyifuels to a minimum and avoiding
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frequent start-ups and shut-downs as well as doversti
Optimal plant size: smaller plants have higherdssand greater energy consumption per ton of
throughput.

In Annex Il of the Waste Framework Directive of tBE, a simplified formula is stipulated for the @ahtion
of energy efficiency.

Minimum requirement energy efficiency:
Installations in operation and permitted before 1 &nuary 2009 > 0.60,
Installations permitted after 31 December 2008 > 85

_ (Ep- (Ef +Ei))
097" (Ew+ Ef)

Energy efficiency

Legend:

Ep Annual energy produced as heat or electricity/y&ar)

Ef Annual energy input to the system from fuelstdbnting to the production of steam (GJ/year)

Ei Annual energy imported excluding Ew and Ef (@aify)

Ew Annual energy contained in the treated wastéy@ad)

0,97 It is a factor accounting for energy losses wubottom ash and radiation

The following equivalents shall be used for allfigs in the formula:
- Electricity: 1 MWh abs = 2.6 MWh equivalent (comghale to electricity production in a coal-fired pavpgant)
- Process heat: 1 MWh abs = 1.1 MWh equivalent (coaipea to a boiler for heat production)

It should be noted from an expert view that therappate choice of sites for new facilities and gatent
process design will allow for R1 values exceedirfydd even 1.0, as proven by Best Practice exanples
Austria. Even in countries with warmer climate citiods (and therefore no district heating demahd) t
competent choice of sites and process design Maldor R1 values well above 0.65, which shoulglcabe a
“must” in terms of resource and energy efficiensyneell as greenhouse gas emission reduction asstgl

by several EU Directives.
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In a broader perspective of energy managemengptien of reducing the use of additives to a minimu
(whose production requires high energy input) sth@ldo be taken into consideration.

Examples are:

- Use of limestone instead of sodium hydroxide sofutir sodium hydrogen carbonate
- Use of silt from gravel washing instead of cemeritimobilize ashes
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WHAT WASTE INCINERATION CAPACITY IS
REQUIRED FOR DIVERSION OF MUNICIPAL SOLID
WASTE FROM LANDFILL?

IN LIGHT OF THE STATUTORY REQUIREMENTS for the necessary treatment of various
wastes in Austria, appropriate plant capacitiesvi@ste disposal” are needed to ensure the soatjht s
sufficiency in waste disposal.

FOR THE SAKE OF SELF-SUFFICIENCY of a State in terms of the disposal of waste, tvigc
historically called "Mull" or “Kehrricht” in Germatanguage, which could be translated as “trashd {an
designated to be “beseitigt” which translates tmething like "done away with" or “disposed of") theed for
additional and new capacities for waste-to-energyg determined in the past by the legally requestadt
notifications of the specific wastes (by exact rdatg of the Waste Codes and kg per year) beindgfilbad in
the respective calendar years (disposal operatigraBd by taking into account the volumes expofée
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also imports if applicable) for incineration (digaboperation D10 or recovery operation R1), buy on
hindsight (with a delay of some 1 to 2 years fdryeand statistical analysis). Furthermore, alliaddal
capacity under construction or in the permittingplanning stage have been carefully consideredefisaw the
closure dates of already operational facilitieseSehcareful analyses suffered a significant setlifictteclared
“storage” of waste and large shipments of wastesacthe (technically open) borders, often even with
misleading or wrong declarations (e.g, “Greentlismaterials on top of another waste). In a makehomy
the waste always flows towards the destinationb lgitver cost. In reality the price level of (oldtem even
financially subsidized) landfills (particularly Bastern and Southeastern Europe) and thus optioee{
combustion in old coal-fired plants and cementsdmthat very same price level in those regionsea
major material flows through profit-oriented wastanagement firms towards those cheaper destinaflitves
result can be economically destructive for new gtweents in waste-to-energy plants (as illustraiethb
“plant for sale” in the picture “And don’t make tha@stake...” presented by German experience ittt by
Hamburg-2008).

WASTE MANAGEMENT IS A DYNAMIC SYSTEM that involves changes difficult to forecast,
particularly in terms of prevention and the devebept of waste volumes, new establishments, or rigsof
production, additional requirements for decommisisig and remediation of contaminated landfill sitmst
also in terms of changes in the temporary storesteweolumes and in the framework of transboundary
cooperation.

Another factor to be considered is the fact thatupetion growth accompanied by an increase in rigdter
wealth leads to the generation of a specific higheste volume (smaller households, changing fashietc.)
and, as a consequence of economic growth, the walsimes produced increase by approximately 2%
annually. The rise in the average calorific valisgpbportionately augments the need for additional
incineration capacities.
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1. THERMAL TREATMENT FOR REMEDIATION OF CONTAMINATED S ITES

THERMAL TREATMENT is also required when clearing and remedying dacoimated landfill
site. If proper splitting is ensured, the costsdontaminated site remediation can be reduced pamd to
complete clearing and incineration of the contameidanaterial — by reintegrating the separated weaded
fine fractions in a sealed section of the landfilthe given contaminated site.

2. RECYCLING AND ENERGY RECOVERY FROM WASTE IN THE IND USTRY

THE INTEGRATION OF THERMAL WASTE RECOVERY at industrial sites with continuous
whole-year heat requirement (cogeneration) is grontant factor of any sustainable economy.
The combination of Austria’s high expertise in eamimental technology with suitable industrial sites
requiring whole-year heat utilization allows fofumther expansion of thermal waste recovery initlerest of
the business location. This is a contribution tung the volumes of high-calorific waste stilifge disposed
of in neighboring countries of the EU. In additidmis will make imports of fossil fuels unnecessangl
reduce CQemissions. (Note: It is preferable to have wasédsfsupplied by rail from neighboring EU
countries than to have expensive crude oil comiamfdistant countries like Nigeria, Libya, Venezuet
from the Middle East).
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The following example which cites the new energlp blanned for the location of the Mayr-Melnhof
cardboard factory in Frohnleiten with a thermalawty of 160 MW (which corresponds to 19.2 t oftaatite
per hour or 19.2 t of coal equivalents/h) presdmsnergy and waste management concept in a pobjtds
magnitude.

Thanks to careful architectural planning, suchlitis can be integrated into the surrounding t@amd
landscape as shown by the following photo compmsitdr the new energy hub of the Frohnleiten caadtho
factory.
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Photomontage of the planned Energy Centre Mayr-M#lRinohnleiten

View of Gschwendtberg with the photomontage of thengld Energy Centre Mayr-Melnhof Frohnleiten
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WHAT ARE THE CITIZENS' RIGHTS IN THE
APPROVAL PROCEDURE FOR A WASTE
INCINERATION PLANT?

IN AUSTRIA , the approval of new waste incineration plantsuisject to strict statutory provisions.
Binding directives are also already effective witthhie EU. Citizens enjoy the right to information,
participation, and, in the event that a citizepasty to proceedings, legal recourse against thetigig of an
approval.

Starting with a plant size of 100 tons non-hazasdwaste per day, the specifications of the Coubicéctive

of 27 June 1985 on the assessment of the effectsriaiin public and private projects on the envinent (the

initial Directive 85/337/EEC and its three amendedts have been codified and amended in 2014 by
Directive 2014/52/EU) must be observed. In Austtig, Council Directive is implemented through the
Environmental Assessment Law (Umweltvertraglichd@itifungsgesetz 2000). This comprehensive procedure
has the significant advantage of concentratinghalldiffering legal requirements given in varioagulations

into only one (although rather complex) permittprgcess.

THIS ENVIRONMENTAL IMPACT DIRECTIVE requires the developer submitting a project to
draw up an environmental impact statement includtiegfollowing information:

- Description of the project including site, typepsbject and scope.

- Overview of the most important solutions lookeaiby the project applicants and indication of
the main reasons for the selection.

- Description of the environment (status quo) whickyrbe considerably impaired by the project;
these include the population, flora, fauna, sodtex, air, climate, material and cultural goods,
the landscape and correlations between these sactor

- Description of any major effects the project cduddve on the environment.

- Description of the measures to be taken to aveiljce and off-set to the greatest extent
possible any major harmful effects.

- Overview of the most important other solutions ledknto by the project developer and
indication of the main selection reasons in terfrth@r environmental impact.

- Non-technical summary of the data referenced above.

- Short description of any difficulties encountereliles compiling the required information.

ALL MEMBER STATES must ensure that the general public is given acethe approval
applications and the required information withireasonable deadline. In this way, the public iggian
opportunity to express its opinion on the grantih@n approval.
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1. THE APPROVAL PROCEDURE

THE FIRST AND MOST IMPORTANT INFORMATION for interested parties is the public
announcement of the project by the authority “irappropriate form” (e.g. regional newspaper, ddfici
publication of the Federal Province, etc.). At aene time, the public must also be informed of the
application by having the information posted atrinicipal office of the plant site and in the adiat
municipalities and, if applicable, through othepegpriate means. In addition, the project documenist be
made available for personal inspection by inteteptties at the district administrative authoahd the
municipality of the plant site.

OPINIONS MAY BE SUBMITTED WITHIN THE DEADLINE PRES CRIBED BY LAW.
These must then be taken into consideration wheididg on the approval application.

The parties enjoying locus standi are:

- Neighbors

- Municipalities of the site

- Adjacent municipalities

- Parties pursuant to the substantive law stipulayetthe applicable administrative provisions

- Environmental ombudsperson and water managememtiptabody

- Citizens groups (at least 200 people who are ddiddbvote in the municipality of the site or the
adjacent municipalities)

- Environmental organizations

THESE PARTIES ARE GIVEN AN OPPORTUNITY to participate in the procedure and, if
needed, take legal recourse against a decisioluding right of complaint before the Constitutior@urt
[VfGH] and the Administrative Court [VWGH]).

THE FOLLOWING ILLUSTRATION shows the numerous steps to be taken in the cofiese

Environmental Impact Assessment and highlightsysres's right to inspection and right to submit @mion,
providing reference to the pertinent provisiontie Environmental Impact Assessment Act.
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, 2000
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WHAT INFORMATION MUST THE PLANT
OPERATOR PROVIDE?

IN JUNE 1990,the Council of the European Union adopted Direc89/31/EC on the freedom of
access to information on the environment. This @ive warrants public access to all environmengdiad
available at state bodies. Upon Austria’s accessidhe European Economic Area (EEA), the rightee
access to information on the environment had twdresposed into Austrian law by 1 January 1994uUstria
this was ensured at federal level by enacting thérBnmental Information Act (UIG, Federal Law Gtee
No. 495/1993 last amended by Federal Law Gazett@R2013) on 1 July 1993.

Detailed documents with the following structurelirding a waste management plan, must be provided a
early as when submitting the application for appi@f a waste incineration plant:

- General information
- Description of processes
- Description of the operations relevant to the opanal waste management, processes
and plant parts with an indication of the capasiiad, to the extent possible, an
allocation of the amounts of waste and productesidues
- Description of the reliance of waste and productesidue amounts on the volume,
type and quality of the materials used
- Description of the qualitative and quantitative s\@as taken to ensure waste
prevention and recovery
- Description required under waste law
- Description of the waste to be generated (classdxording to hazardous waste, non-
hazardous waste, waste materials, and waste dilslw indication of the type, key
number, volume, special characteristics, whereabaud recipient (external/internal)
- Waste logistics (if possible, schematic presentatiwerview plan, short description of
technical precautions)

- Assessment of future developments

The documents accompanying the application foafijgroval of a plant must be made accessible teeistied
parties in a consent procedure.
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1. INDIVIDUAL REQUEST FOR INFORMATION ON THE ENVIRONME NT

A REQUEST FOR THE DISCLOSURE OF INFORMATION on the environment in accordance
with the Environmental Information Act (UIG) may babmitted to the authority in various forms. Geitigy
any request should be submitted in a writing,dyeletter or fax, for evidentiary purposes.

When requesting the disclosure of information anghvironment, formulating the request as cleasly a
possible is decisive. If the formulation is too gaal, the party requesting the information may sleed
to make the request more precise:

Information on the state of the environment andhidévidual elements such as air, water, soll,
noise nuisance, fauna and flora

Information, “aggregated in time or in statistié@m”, on the consumption of natural resources

Information, “aggregated in time or in statistié@m”, on emissions of substances or waste from
a plant into the environment

Information when emission limit values are exceeded

2. PUBLIC ACCESS OF EMISSIONS

FOR PEOPLE LIVING IN THE NEIGHBORHOOD of a thermal waste treatment plant, it is the
guality of the atmospheric emissions cleaning &admngoing monitoring in particular that are okirgst.
The Environmental Information Act (UIG) provides the active responsibility on the part of entesgsito
inform. They are obligated under law to measuressioins and keep records on emissions in their own
operation. Pursuant to Sec. 13 (1) Waste Incir@rdirdinance (AVV), owners of an incineration of co
incineration plant with a nominal capacity of tvem$ per hour or more are obligated to submit arsgion
declaration for the index via the EDM portal.

USING THE ELECTRONICALLY TRANSMITTED DATA by the individual plant owners, the
information is made available to the public via El2M portal (see _http://www.edm.gv.at).
This emission declaration also forms the basisHerduty to submit an annual report to the European
Commission. The data provided by all Member Stistéisen publicly available (http://eionet.europ@eu

THE SPITTELAU WASTE INCINERATION PLANT IN VIENNA is an example of a plant that
had publicly disclosed its essential, continuousgasured parameters for many years on a cleaibjevis
posting board. Furthermore, the competent monigoaimhority is able to query current data via théne
connection on a continuous basis. Interested partia also query key data via the internet
(http://wienenergie.at).
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Public display panel with the current emission datéhe waste incineration plant Spittelau in Vienna

Online emission data Waste-to-Energy plant Fl6teégs published on Wien Energie portal, Vienna, 201
(http://www.wienenergie.at/eportal2/ep/channelView.daPctelld=-49103
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WHAT ARE THE RECOMMENDATIONS FOR KNOW
HOW TRANSFER IN WASTE-TO-ENERGY?

WASTE IS A COMPLEX ISSUE. Integrated waste management became known abo@a38 ago
in Austria, Germany and Switzerland. Thus, mucheggpce is available from those senior experts, aith
respect to suboptimal projects and costly fail@gsvell as successful experience and economicallyaile
know-how.

The successful development and implementationvedste-to-energy project in a region must consider
ecological conditions for protection of the envinoent, social and legal acceptance as well as edonom
viability, which require an interdisciplinary appich in the competent engineering of such projétts.
following illustration indicates the need of “3 qgutive legs” for a stable foundation in a sucoglssf
integration of a large waste-to-energy plant iegion.
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THE ECONOMIC SIGNIFICANCE of a medium size or large waste-to-energy plantte
realized by significant investment costs in thegenf 100 to 200 million Euros. The initial cosfsabout 0.2
to 0.5 million Euros for a competent concept stwith systems analyses of regional waste and energy
management, technical alternatives, preliminaryuaten of potential sites and a pre-feasibilityadst will
largely determine the overall, long-term successtoptimal performance or even disastrous ecanomi
failure) of a project, which may accumulate cosis eevenues of about one billion Euros over a uidiééu
time of about 40 years, as indicated in the follayvllustration.

IT SHOULD BE NOTED that the optimum treatment of mixed municipal wasis a necessary part
of an integrated overall system for prevention akte and management of resources) may at the ptesen
in some regions only comprise mechanical separatidnding recovery of metal scrap, sieving, coltteh
disposal of the fine fraction in a landfill with texction and utilization of biogas and the techihjcsafe
intermediate storage of the high calorific lighadtion in compressed bales with multilayer protecti
wrapping and coverage for future use in a new wasenergy plant in the region.

THE INFLUENCE on the overall design and profitability of a pidjés largest at the beginning and
will be dramatically reduced during the subsequeeafessional execution.

KNOW-HOW TRANSFER to regions with lack of experience may includeiaas specific

engineering tasks, as indicated in the followihgstration. It will always be vital to cooperatetivcompetent
local people to ensure adaptation to local cormsitiand sustainability.

~111 -



WHITEBOOK WASTE-TO-ENERGY IN AUSTRIA

~112 -



WHITEBOOK WASTE-TO-ENERGY IN AUSTRIA

WHERE DOES ONE FIND FURTHER INFORMATION

ON WASTE INCINERATION?

EU authorities and general information

European Commission — DG ENVIRONMENT
200, Rue de la Loi, 1049 Brussels, Belgium
http://ec.europa.eu/dgs/environment

+32(0)2 / 29-91573

CEWEP — Confederation of European Waste-to-EnetggtB e.V.
Avenue de Tervuren 113, 1040 Brussels, Belgium
http://www.cewep.com

+32 (0)2 / 7706311

ITAD - Interessensgemeinschaft der thermischen
Abfallbehandlungsanlagen in Deutschland e.V.
Peter-Miiller-StraRe 16a, 40468 Disseldorf, Germany
http://www.itad.de

+49(0)211 / 9367609-0

ISWA International Solid Waste Association
AuerspergstraBe 15, 1080 Vienna, Austria
http://www.iswa.org

Plant operators in Austria

Wien Energie GmbH
Spittelauer Lander 45, 1090 Vienna, Austria
http://www.wienenergie.at

+43(0)1 / 2536001

+43(0)1 / 58200

A.S.A. Abfall Service AG
Hans-Hruschka-Gasse 9, 2325 Himberg, Austria
http://www.fcc-group.eu/de/Osterreich/Home.html

+43(0)2235 / 855-0

EVN Abfallverwertung Niederdsterreich GmbH
AVN Straf3e 1, 3435 Zwentendorf, Austria
http://www.evn-abfallverwertung.at

+43(0)2277 / 26121-0

Energie AG Oberdsterreich Umwelt Service GmbH
FlughafenstraBe 8, 4063 Horsching, Austria
http://www.umweltservice.energieag.at

+43(0)50 / 823-0

ABRG Asamer-Becker Recycling GmbH
Industriestrale 17, 9601 Arnoldstein, Austria
http://www.abrg.at

+43(0)4255 / 3990-0

KRV Karntner Restmdllverwertungs GmbH
IndustriestralRe 25, 9601 Arnoldstein, Austria
http://www.krv.co.at

+43(0)4255 / 22366

ENAGES Energie- und Abfallverwertungsges.m.b.H.
Proleber StralRe 10, 8712 Niklasdorf, Austria
http://www.enages.at
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Technical consulting and project planning

R + M — Ressourcen + Management GmbH
Marktgasse 34, 7434 Bernstein, Austria
http://www.re-ma.at

+43(0)3354 / 23937

UVP Environmental Managment and Engineering GmbH
LassallestraBe 42, 1020 Vienna, Austria
http://www.uvp.at

Detailed planning and plant construction

ANDRITZ Energy & Environment GmbH
Waagner-Biro-Platz 1; 8074 Raaba / Graz, AustriapBbrunnergasse 20, 1120 Vienna, Aus
http://www.andritz.com/de/pp-andritz-energy-envinent-gmbh

tria

+43(0)1 / 2149520

+43(0)316 / 501-0
+43(0)1 / 50805-0

BERTSCH Holding GmbH
Herrengasse 23, 6700 Bludenz, Austria
http://www.bertsch.at

+43(0)5552 / 6135-0

Christof Holding AG
PlabutscherstralBe 115, 8051 Graz, Austria
http://www.bertsch.at

+43(0)316 / 685500-0

Integral Engineering und Umwelttechnik GmbH
Lanzendorferstralle 52, 2481 Achau, Austria; Grdésegasse 8, 1040 Vienna, Austria
http://www.integral.at

+43(0)2236 / 770
+43(0)1 / 58868

Scheuch GmbH
Weierfing 68, 4971 Aurolzminster, Austria
http://www.scheuch.com

+43(0)7752 / 905-0

STRABAG Umwelttechnik
Donau-City-StraRe 9, 1220 Vienna, Austria
http://www.strabag-umwelttechnik.com

+43(0)1 / 22422-1733

Technisches Biiro fir Umwelttechnik Stubenvoll
Pyhrnstral’e 16, 4553 Schlierbach, Austria
http://www.tbu.at

+43(0)7582 / 90803

Zauner Anlagentechnik GmbH
Mauer 20 / Gewerbepark, 4702 Wallern, Austria

http://www.zaunergroup.com

Further information

Austrian Federal Ministry of Agriculture, Forestfgnvironment and Water Management
Stubenring 1, 1012 Vienna, Austria
http://www.bmlfuw.gv.at/

+43(0)7249 / 48200

+43(0)1 / 711 00-0

Austrian Water- and Waste Management Association
Marc-Aurel-StraRe 5, 1010 Vienna, Austria
http://www.oewav.at

+43(0)1 / 5355720

Federal Environmental Agency
Spittelauer Lande 5, 1090 Vienna, Austria

http://www.umweltbundesamt.at
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Al EU - DIRECTIVE 2008/98/EC ON WASTE (EXCERPTS)

Article 4
Waste hierarchy

1. The following waste hierarchy shall apply agianty order in waste prevention and management
legislation and policy:

(a) prevention;

(b) preparing for re-use;

(c) recycling;

(d) other recovery, e.g. energy recovery; and

(e) disposal.

2. When applying the waste hierarchy referred toaragraph 1, Member States shall take measures to
encourage the options that deliver the best overslironmental outcome. This may require specitste
streams departing from the hierarchy where thigssfied by life-cycle thinking on the overall irapts of the
generation and management of such waste.

Member States shall ensure that the developmemastie legislation and policy is a fully transparerdcess,
observing existing national rules about the coasiolh and involvement of citizens and stakeholders.

Member States shall take into account the genarédanmental protection principles of precautiom an
sustainability, technical feasibility and economi@bility, protection of resources as well as tierall
environmental, human health, economic and sociphats, in accordance with Articles 1 and 13.

Article 15
Responsibility for waste management

1. Member States shall take the necessary measueasure that any original waste producer or dtloéer
carries out the treatment of waste himself or hagreatment handled by a dealer or an establishonen
undertaking which carries out waste treatment dgjpgrsor arranged by a private or public wastesmbdr in
accordance with Articles 4 and 13.

2. When the waste is transferred from the origmmatlucer or holder to one of the natural or legakpns
referred to in paragraph 1 for preliminary treatiméme responsibility for carrying out a completeavery or
disposal operation shall not be discharged as argerule.

Without prejudice to Regulation (EC) No 1013/200&mber States may specify the conditions of
responsibility and decide in which cases the odabgroducer is to retain responsibility for the whtveatment
chain or in which cases theresponsibility of theducer and the holder can be shared or delegatedgathe
actors of the treatment chain.

3. Member States may decide, in accordance witicl&i8, that the responsibility for arranging waste

management is to be borne partly or wholly by tfapcer of the product from which the waste cantthat
distributors of such product may share this resbilitg.
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4. Member States shall take the necessary medsueasure that, within their territory, the estshihents or
undertakings which collect or transport waste @nadessional basis deliver the waste collected and
transported to appropriate treatment installatr@specting the provisions of Article 13.

Article 16
Principles of self-sufficiency and proximity

1. Member States shall take appropriate measuresoperation with other Member States where ¢his i
necessary or advisable, to establish an integeatddadequate network of waste disposal installator of
installations for the recovery of mixed municipaste collected from private households, includimgre
such collection also covers such waste from othadycers, taking into account best available teqphes.

By way of derogation from Regulation (EC) No 101®)8, Member States may, in order to protect their
network, limit incoming shipments of waste destib@éhcinerators that are classified as recovehgem it
has been established that such shipments woulll lresational waste having to be disposed of ostea
having to be treated in a way that is not consistgth their waste management plans. Member Stdtal
notify the Commission of any such decision. MenBtes may also limit outgoing shipments of waste o
environmental grounds as set out in Regulation (8€)1013/2006.

2. The network shall be designed to enable the Qamitgnas a whole to become self-sufficient in waste
disposal as well as in the recovery of waste reteto in paragraph 1, and to enable Member Statemve
towards that aim individually, taking into accogmiographical circumstances or the need for spsehli
installations for certain types of waste.

3. The network shall enable waste to be disposed whste referred to in paragraph 1 to be recovierene
of the nearest appropriate installations, by medise most appropriate methods and technologiesder to
ensure a high level of protection for the environivend public health.

4. The principles of proximity and self-sufficienslall not mean that each Member State has to gotse
full range of final recovery facilities within thddember State.

Article 17
Control of hazardous waste

Member States shall take the necessary actionsiorethat the production, collection and transpiorteof
hazardous waste, as well as its storage and tragtare carried out in conditions providing protectfor the
environment and human health in order to meet theigions of Article 13, including action to ensure
traceability from production to final destinationdacontrol of hazardous waste in order to meet the
requirements of Articles 35 and 36.

Article 18
Ban on the mixing of hazardous waste
1. Member States shall take the necessary measueasure that hazardous waste is not mixed, eitller

other categories of hazardous waste or with otlastey substances or materials. Mixing shall inckhee
dilution of hazardous substances.
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2. By way of derogation from paragraph 1, Memberte¥t may allow mixing provided that:

(a) the mixing operation is carried out by an dghment or undertaking which has obtained a peirmit
accordance with Article 23;

(b) the provisions of Article 13 are complied wéhd the adverse impact of the waste managemeniroarh
health and the environment is not increased; and

(c) the mixing operation conforms to best availdbtshniques.

3. Subject to technical and economic feasibilityecia, where hazardous waste has been mixed iarenen
contrary to paragraph 1, separation shall be chaig where possible and necessary in order to lyowith
Article 13.

Article 19
Labelling of hazardous waste

1. Member States shall take the necessary measueesure that, in the course of collection, transand
temporary storage, hazardous waste is packageldielted in accordance with the international and
Community standards in force.

2. Whenever hazardous waste is transferred witiMieiaber State, it shall be accompanied by an
identification document, which may be in electrofiomat, containing the appropriate data specifie@innex
IB to Regulation (EC) No 1013/2006.

Article 20
Hazardous waste produced by households

Articles 17, 18, 19 and 35 shall not apply to mixesste produced by households.

Articles 19 and 35 shall not apply to separatetivac of hazardous waste produced by householdshey
are accepted for collection, disposal or recovgrgm establishment or an undertaking which hasrodxdza
permit or has been registered in accordance witiclés 23 or 26.

Article 21
Waste oils

1. Without prejudice to the obligations relatedite management of hazardous waste laid down iclAstil8
and 19, Member States shall take the necessaryunesas ensure that:

(a) waste oils are collected separately, whereighischnically feasible;

(b) waste oils are treated in accordance with hagid and 13;

(c) where this is technically feasible and econathjcviable, waste oils of different characteristare not
mixed and waste oils are not mixed with other kioflg/aste or substances, if such mixing impedeis the
treatment.

2. For the purposes of separate collection of waitdeand their proper treatment, Member States, may

according to their national conditions, apply aiddi&l measures such as technical requirementsupeod
responsibility, economic instruments or voluntagyesements.
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3. If waste oils, according to national legislatiane subject to requirements of regeneration, MerSitates
may prescribe that such waste oils shall be reggerbif technically feasible and, where Articlesat112 of
Regulation (EC) No 1013/2006 apply, restrict tlemsboundary shipment of waste oils from their tienyito
incineration or co-incineration facilities in ordergive priority to the regeneration of waste .0ils

Article 22
Bio-waste

Member States shall take measures, as appromiateén accordance with Articles 4 and 13, to enager
(a) the separate collection of bio-waste with awie the composting and digestion of bio-waste;

(b) the treatment of bio-waste in a way that fldfd high level of environmental protection;

(c) the use of environmentally safe materials poedufrom bio-waste.

The Commission shall carry out an assessment om@imagement of bio-waste with a view to submitang
proposal, if appropriate. The assessment shall iexeatine opportunity of setting minimum requiremefiots
bio-waste management and quality criteria for cashpod digestate from bio-waste, in order to guasa
high level of protection for human health and theinment.
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A2 ATMOSPHERIC EMISSION LIMITS FOR WASTE INCINERATI ON PLANTS

Air emission limit values for waste incineration pants pursuant to Annex 1 AVV

Parameter Emission limit value
(in mg/m?, normal conditions and 11% oxygen)
Half-hourly average values Daily average values
Total dust 10 10
Total organic carbon 10 10
Hydrogen chloride 10 10
Hydrogen fluoride 0.7 0.5
Sulfur dioxide 50 50
Nitrogen oxides with a nominal capacity
up to 2 tyast/h 300 200
210 6 t yastdh 200 150
more than 6 t,.s:/h
- for new incineration plants 100 70
- for existing incineration plants 100
Carbon monoxide 100 50
Mercury 0.05 0.03
Average value over 0,5 to 8 hours
Cadmium and Thallium 0.05

Sum of the elements antimony, arsenic, lead, chwomi

4 . . 0.5
cobalt, copper, manganese, nickel, vanadium, zinc
Ammonia 5
Average value over 6 to 8 hours (in ng TE/m3)
Dioxins and furans 0.1

Comparison of selected emission limits for waste @meration:
Daily average maximum in mg/Nni based on 11% @, dry gas

EU Directive 2010/75 Swiss LRV Austrian AVV
on industrial emissions Luftreinhalte- Abfallverbrennungs-
Verordnung Verordnung
CO 100 50 50
Particulates 10 10 10
NO, 200 80 70*
SO, 50 50 50
Hg 0.05 0.10 0.03

*) for new plants > 6 t/h of waste

Source: Directive 2010/75/EU on industrial emissidruftreinhalte-Verordnung (LRV); Waste IncineatiOrdinance -
Abfallverbrennungsverordnung (AVV)
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A3 CHEMICAL COMPOSITION OF LANDFILL GAS

Composition of landfill gas

Component Concentration range Dimension
Methane 40.0 to 555 Vol.-%
Carbon dioxide 30.0 to 45.0 Vol.-%
Oxygen 0.1 to 5.0 Vol.-%
Nitroger 50 to 24.0 Vol.-%
Hydrogen 0.1 to 1.0 Vol.-%
Ethane 6 to 44 mg/m
Ethene 10 to 17 mg/m
Propane 3 to 18 mg/m
Propene 4 to 6 mg/m
Butane 12 to 26 mg/m
Pentane <5 to 10 mgim
Hexane <5 to 24 mgim
Heptane <5 to 18 mgim
Octane 10 to 32 mg/m
Nonan 15 to 37 mgim
Decane 35 to 112 mg/m
Benzene 4 to 34 mg/m
Toluene 62 to 130 mg/m
Xylene 92 to 116 mg/m
Ethylbenzene 42  to 135 mmy/
Ammonia 1 to 30 mg/m
Hygrogen sulfide to 020 mg/n?
Mercaptans to 78 my/
Total sulfur 30 to 54 g
Vinyl chloride 3 to 9 mg/n?
Dichlorofluoromethane 8 to47 mg/m
Trichlorofluoromethane <1 to 8 mg/m
1,1,2-Trichlorotrifluoroethane <1 mg/n?
Chloromethane <0.5 mg/m
Dichloromethane <05 to 12 mg/n?
Trichloromethane <0,5 mg/m
Tetrachloromethane <0.1 mg/m
1,1-Dichloroethane < 0.05 mg/m
1,1-Dichloroethene <05 to 0.7 mg/m
cis-1,2-Dichloroethene 0.8 to 18 mg/m
trans-1,2-Dichloroethene ota 0.7 mg/r?l
1,1,1-Trichloroethane <05 to 4 mg/rﬁ
Trichloroethene 3 to 19 mg/nt
Tetrachloroethene 4 to20 mg/m
Total chlorine 19 to 58 mg/n?
Total fluorine 27 to 52 mg/nt
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ABBREVIATIONS

AISAG ......... Altlastensanierungsgesetz - Actlo& Remediation of Contaminated Sites
AVV........ Abfallverbrennungsverordnung - $¥&Incineration Ordinance
BAT ........... Best Available Technique

BMLFUW.... Bundesministerium fur Land- und Foratischaft, Umwelt- und Wasserwirtschaft - Federal
Ministry of Agriculture, Forestry, Environment akdater Management

BOD............. Biological Oxygen Demand

CHP............. Combined heat and power

CHPC........... Combined Heat, Power and Cooling

(610 I Carbon monoxide

COD............. Chemical Oxygen Demand

D.S. s Dry substance

EDM............. Electronic Data Management

e-waste ......... Electronic waste

GHG............. Greenhouse gas

HCB............. Hexachlorobenzine

IPPC............ Integrated Pollution Preventmm Control

ISWA ........... International Solid Waste Assoiciat

MBT........... Mechanical-biological treatment

NOy.ooovvvnneen. Nitrogen oxides

OBIG............ Osterreichisches Bundesinstiimt@esundheitswesen (Austrian Department for He2dite
System)

PAH ............ Polycyclic aromatic hydrocarbons

PCB....cccouvees Polychlorinated biphenyls

PCDD........... Polychloric dibenzodioxins

PCDF ........... Polychloric dibenzofurans

PET oo Polyethylene — Terephthalate

POP............ Persistant organic pollutants

PVC.............. Polyvinyl chloride

RVL........... (Reststoffverwertung Lenzing) Wastilization plant Lenzing

SCR..coocne Selective catalytic reduction

SNCR........... Selective non-catalytic reduction

{0 R Sulfur oxides

SRF.............. Solid recovered fuels

SS Suspended Solids

TE oo, Toxicity equivalent

TOC ...vvvvees Total Organic Carbon

UAE............. United Arab Emirates

UiG.............. Umweltinformationsgesetz - Elmvimental Information Act

UVP .. Umweltvertraglichkeitsprifung rlironmental Impact Assessment

UVP-G......... UmweltvertraglichkeitsprifungsgeseEnvironmental Impact Assessment Act

WEEE .......... Waste Electrical and Electronic Bqment

WTP............. Waste treatment plant

~123 -



WHITEBOOK WASTE-TO-ENERGY IN AUSTRIA

SUBJECT INDEX

calorific value ... 31-33, 36, 40, 59-60, 63,68, 80-81, 90-91, 95, 100-101
For= 11 0o ] o101 410 ] o T0 )14 (o = PPN 19, 42-46012
cement, CEMENT INAUSIIY ....oovviviiiiiiiiie e 8, 36-39, 48-49, 64, 98, 100
(oo F=T =T oo o o] o 1Y /Z8 4, P®-91

(o] AT 1 A 110= 1 £ 44-45, 53, 69
COSIS, PriCES ..uuuvvieiiriiiiriiriirirereeeineeeenessnnnes 13, 15, 17-18, 22, 36, 68-74, 778®8 93-96, 100-101, 110-111
[0 [0 )74 USSP , 4, 51-53
emissions, emission limits .................... ,3k8-11, 13, 36-39, 44-53, 61-62, 64-65, 85-89995108-109, 120
energy efficiency ..........ccccvvuee. 4,11, 18-19, 21-22, 29-33, 39, 43-45, 49, 60-63, 74-F98, 95-103, 111
environmental IMPACT............oovviiiiiiii e 4,13, 33, 45, 51, 60, 81, 85, 94, 104-106
environmental iNfOrmMatioN..............ooiiiicem e e eeeeee e 71, 74,93, 104-109, 113-114
TR (g F= V4= 1o ST o] o1 1=Tox 1 o] o ) I &B-84
flUE gAS ClEANING ..eeeeeeeeeeeeee e 3, 39, 44-56
fluidized-bed INCINEration .............oovviiiiiii e 9,B2, 34, 36-37, 40-43, 46, 54-57, 61
oo L VS (=] 0 TSP P TP PPUUPPPPPINt 7, 48:468-69
greenhouse gases, Q... 3-4, 9-11,13, 883, 65, 85-89, 97
incineration, gasification, plasma, PYrolySiS....c....cuvvverieeeieeereieeeeiiieeieeeeeen, 3-4, 19-22, 36-46, 59-63, 87-91
iNtermediate StOraQEe .......uuveieieiiiiiiee e e e e e 14-19:-20, 36, 38, 48, 72, 78, 80-84, 111
landfill, 1andfill Gas .......coooviiiii i ——————- 9-10, 13-16, 63-66, 85-89, 121
landfill tax, ECONOMIC INSITUMENTS ...... ... e et eeet e e e e e e e ereeest e e et essaraeeeanseeens 4,17-18, 58, 93, 116-118
mechanical-biological treatment ...t 15-16, 30, 59-63, 67, 86-87
LT ol U] OO PT PR 16, 28, 38, 44-480
1o [T g T 0 ) do =S PP -8a, 120
POPs (Persistant Organic POIULANTS)...... couueeueeeerrrrmrimmiiiiiiiiiiiiiriirrrrrerrreeeeeseeeseeeseessses 33, 38, 51, 65, 74
SEWAGE SIUAGE ... s 19, 30, 34-38, 40-41, 51, 58, 91
renewable energy, reNeWabIe FESOUICES ... ...vceeei i 85-88, 91
1T [0 [T Nt 4,9, 11;16 19, 29-30, 33-38, 42-25, 53-61, 107
shipment of Waste ... 4,8,13, 71-79, 100, 116-119
[y g1 =T (o [T (=TT [0 [N =TT 33, 40-41, 78, 82, 90-91
S LN =To (01T 0 0= ) 21-38-70
sustainability, resource CONSErvation ..........ccccccccecueermerrmmrreeerneernernnennne 334, 29, 90-91, 95, 101, 111, 116
TEMPEIALUIE ...t e ettt e ettt e e ettt e e e e et e e e e eemmeaa e e e eeaa e e eeebanaeaeenan 19, 36, 43, 45-96

L= T ] 010 o SRS 22-24, 74, 78, 82, 1181
underground disposal, DacKFilliNg .........cccceeeeiiiiiiiiiii 15-16, 57-58
waste management..........ccccvvveinie e ecevnnnnnnnnn. -4, 7-18, 25-39, 67,91,-98-103, 110-112, 116-118
WASEE PreVENLION .....cooeii i 4, 13-14, 25, 33, 93-94, 100, 107, 116
waste recycling, recovery,........ 4, 8, 11-1422, 25-30, 33, 39-45, 53-54, 58-64, 71-82, 90196, 116-118
waste Sorting, SEPAratioN ..........cooiiiiiiiiii 13-14, 28-30, 36
waste water, Sewage treatMent...........uueerriie i eeees 15, 19, 34-38, 40, 51, 58, 91, 93

—124 -



MINISTERIUM
FUR EIN
LEBENSWERTES
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FUR EIN LEBENSWERTES
OSTERREICH.

UNSER ZIEL ist ein lebenswertes Osterreich in einem
starken Europa: mit reiner Luft, sauberem Wasseere
vielfaltigen Natur sowie sicheren, qualitativ hodriigen
und leistbaren Lebensmitteln.

Daflr schaffen wir die bestmoéglichen Voraussetzange

WIR ARBEITEN fur sichere Lebensgrundlagen, eine
nachhaltige Lebensart und verlasslichen Lebensachut
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