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UNEP 2024: Global Waste Management Outlook 2024:

1

Every year across the globe more
than two billion tonnes of
solid waste is generated.

0

ONVW —

AbfallverwertungsTECHNIK © 2024 United Nations Environment Programme:
fApfallumme T Global Waste Management Outlook 2024

Table 1: Waste management and its links to the Sustainable Development Goals

@IS GOALS

Goal 1. No poverty: Waste workers in informal economies
E who have ne health or social protections are vulnerable to

exploitation and are paid only the material value of the materials
they collect. Inclusive municipal waste management policies are

maost effective for addressing both poverty and pollution.

6Goal 2. 7ero hunger: While global hunger is increasing, one-
third of all the food grown in the world is wasted. Hunger can
be reduced by preventing food waste and redistributing excess
food. Converting unavoidable food waste into compost can
replenish depleted agricultural soils.

=9 Goal 3. Good health and well-being: Communities

_wf‘. without adequate municipal waste management services
resort to dumping and open burning, both of which have
significant negative health consequences, particularly for
women and children.

tertiary and higher education are uncomman, resulting in a lack
of professional technical capacity and 2 shortage of workers
with appropriate skills and knowledge.

E Goal 4. Quality education: Waste management courses in

Goal 5. Gender equality: People’s experience with waste

and its management is gender-differentiated: e.q. household
purchasing and domestic waste-generating activities, and levels
of influence over community decision-making regarding waste
collection services.
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Goal 6. Clean water and sanitation: Pollutants leaching from
dumpsites can contaminate freshwater sources and associated
food chains. Meanwhile, combining municipal solid waste and
container-based sanitation services can achieve economies of
scale that make both services more atiractive to investors.

Goal 7. Unavoidable food waste
can be used to make biogas, a clean-burning renewable fuel
that could be used to tackle energy poverty, including in off-
grid communities.

1] Goal 8. Decent work and economic growth: The waste
M management and recycling sector is uniquely positioned to
improve global resource efficiency, decouple economic growth
from environmental degradation, and provide safe and dacent
work oppertunities for all.

[T 6oal 9. Industry, innovation and infrastructure: Decentralised
& waste management systems can atiract private sector
investment, encouraging innovation, entrepreneurship, domestic
technology development, greater resource efficiency and
increased employment opportunities, and reduce financial risks
for governments and municipalities.
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Goal 10. Reduced inequalities: Intragenerational and
intergenerational inequalities must be addressed through
developing waste and resource management systems; attention
is required from all stakeholders because the fransition to a
more circular economy will not occur by default

Goal 11. Solid waste
management is a basic utility service without which air quality
and living conditions become degraded, leading to poor
health and social discontent. To make cities and communities
inclusive, safe, resilient and sustainable, universal access to
municipal waste management services is essential

Goal 12. Responsible consumption and production: Production
and consumption patterns directly impact municipal waste
generation. To reduce waste and prevent pollution, efforts are
needed by companies, governments and citizens.

Goal 13. Climate action: Poorly managed waste generates a
wide range of emissions that contribute to climate change, most
significantly methane from lanofills and dumpsites, and black
carbon and a range of other emissions from the widespread
practice of the open burning of waste.

Goal 14. Life below water: Understanding why and how
land-based waste reaches the ses, and introducing mitigation
measures, is essential. Urgent action is particularly required
in the case of Small Island Developing States, which face a
complax set of waste management challenges.

Goal 15. Life on land: The terrastrial environment continues

to be the primary sink for waste, while rural communities face
complex waste management challenges that if left unmanaged
can significantly impact ecosystems and dependent livelihoods.

Goal 16. Peace, justice and strong institutions: The
increasingly global nature of waste management calls for
heightened international cooperation to build national capacity
for the safe management of hazardous waste and to prevent its
illegal trafficking.

Goal 17. Partnerships for the Sustainable Development Goals:
Current investments in waste management are insufficient.

Far higher investments will be needed in the future to cope with
increasing waste generation and the accumulation of legacy
waste. The return on investment for waste management needs
o be realized fo catalyse increaszed finance.

@ Sarc
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UNEP 2024: 3.8 billion tonnes of MSW by 2050

Figure 3: Projections of global municipal solid waste generation per year in 2030, 2040 and 2050 if urgent
action is not taken.
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UNEP 2024: higher GDP means increased MSW generation

Figure 1: Relationship between gross domestic product (GDP) and waste
generation in most recent year available between 2010 and 2020
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UNEP 2024: 2/3 of add. waste amount from GDP growth

Figure 4: Contribution of gross domestic product growth and population growth to the projected increase in global
municipal solid waste generation in 2050.

0.504 3.782
W 1.152 -
@
|
E "
| o
o
E
o7 2.126
iz 2
=
=
©
w
™
f=3
0 1
[=
-
=

. 0
V. Av Total 2020 GDP growth Population growth Total 2050
A
Abfa:verwerrungsrecuum © 2024 United Nations Environment Programme: @%arc 5

& AbfallWIRTSCHAFT Global Waste Management Outlook 2024



Global Plastics Outlook 2022:

© OECD 2022: Global Plastics Outlook
ECONOMIC DRIVERS, ENVIRONMENTAL

Global Plastic waste => 9% recycled

Figure 1.1. Only 33 million tonnes (Mt), or 9% of the 353 Mt of plastic waste, was recycled in 2019

IMPACTS AND POLICY OPTIONS.

PLASTICS PRODUCTION & WASTE PLASTIC WASTE PLASTICS IN THE ENVIRONMENT

» ®_ w * . & s % 9 9 Plastic scrap I#lzﬁ:ﬁﬁﬁgsutli‘cl:
: 33Mt
3 = - 0.2Mt
| Recycling ity
residues
Collected
sf)[l:gsnt'ijgsry for recyliling
Microplastics
leakage | i
Leakage § '
ekt 1o rive%s P s
58Mt -
ACCUMULATED
STOCK OF
B/Mt Aquatic
leakage 109Mt

- &
Primary §
plastics

Fossil-based
plastics

Terrestrial
leakage

13Mt

Plastic La{ldﬁvlled

waste
53M¢t

Leakge %
to ocean

Transport

from rivers
to ocean

1AMt

from coasts SR

Biobased ' / Open-pit 0.3Mt ACCUMULATED
- *® ., P burning STOCK OF
i - 4 . 26Mt PLASTICS IN
. - THE OCEAN
=) .t Mismanaged s 2 — B
e il o
34mMt
! -
: i Estimation for 2018 flows B ECONDMY \\ el LR Leakage
I 3120Mt o 3mt from

= marine (S
activities

0.3Mt

Estimation for accumulated
stocks (1970-2019)

ONW
[Nt A PLASTICS PRODUCTION & WASTE PLASTIC WASTE

AbfallverwertungsTECHNIK
Source: OECD Global Plastics Outlook Database, https://doi.org/10.1787/c0821f81-en.

& AbfallWiRTSCHAFT

Degradation to
microplastics

0.Mt

PLASTICS IN THE ENVIRONMENT

@ Sarc



Global Plastics Outlook 2022:
Global Secondary Plastics => 6% of total plastics

Figure 1.3. Secondary production is growing, but makes up only six percent of total plastic
production
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Sadrzqj

> Cirkularna Ekonomija i (pred)uvjeti

» Use case ,,Plastika & Sorfirnice”

> Use case ,,Smart Waste Factory & Digitalizacija*
> Use Case ,,Reciklaza kroz energetsku oporabu*

> Use Case ,,Energetska oporaba*

TTTTTTTTTTTTTTTTT
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FEAD 2022.: Razvoj EU ,,otpadne” legislative kao
temelja za gospodarenje sirovinom i energijom

» 1973.. Nakon Stockholmske konferencije (1972.), prva velika konferencija UN-a
usmjerena na medunarodnu pitanja zastite okolisa, prvi Okolisni Akcijski
program (Environmental Action Programme) navodi nacela i ciljeve politike
zaStite okoliSa Zajednice. Fokusirao se na povezivanje okolisa s gospodarstvom
razvoj | dobrobit europskih gradana.

» 1975.. Koncept ,,otpada® definiran je po prvi put u prvoj Europskoj okvirnoj
direktivi o otpadu (75/442/EEC), kao ,svaka tvar ili predmet koji posjednik odlaze
Il je duzan odloziti u skladu s odredbama nacionalnog zakona na snazi“. To je bio
temel] buduceg zakonodavstva o otpadu, usmjerenog na uspostavljanje

r ) - - -4 u L4 = . . .
QA\'W kontrole opasnosti | zastitu okolisa | zdravlja ljudi.

FEAD, 2022: From Circular Economy to the fight against climate change — 40th Anniversary of the European Waste Management Association, 2022.

@Sarc 9



» 2008.: Revidirana je Okvirna direktiva o otpadu (Direktiva 2008/98/EZ) kojom se uspostavlja obvezujuca

whijerarhija otpada“ u pet koraka. Takoder su uvedeni bitni koncepti, kao Sto su nusproizvod i ukidanje statusa

otpada (,,end-of-waste*), kako bi se razlikovao otpad od neotpada, kao i proSirena odgovornost proizvodaca.

Revizijom iz 2008. godine prvi je put odgovornost za gospodarenje otpadom stavljena na ,,izvornog proizvodaca

otpada®, osim nositelja, kao Sto je to bilo u prethodnim verzijama. Takva odgovornost proizvodaca vec je

ugradena u Direktive o ambalazi i ambalaznom otpadu (PPWD), o otpadnim vozilima (ELV), otpadnoj

elektricnoj i elektronickoj opremi (WEEE) | o baterijama, te stavlja financijsku i organizacijsku odgovornost

za upravljanje postkonzumnim proizvodima i ambalazom na proizvodaca, za jaCanje ponovne uporabe i

sprjecavanije. recikliranje i drugu oporabu otpada.

Ova revizija takoder je ukljuCivala kvantitativne ciljeve za pripremu za ponovnu upotrebu i recikliranje otpada
u drzavama ¢Clanicama EU. Kako bi se u potpunosti dosegnulo ciljano europsko drustvo recikliranja, takoder je bitno
da takvi reciklirani proizvodi imaju izlaz i potraznju na trziStu. Obavezni reciklirani sadrzaj u proizvodu prvi je

7Y i

LQA\'W put uveden u zakonodavstvo EU-a 20109.

AbfallverwertungsTECHNIK
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2015: Prvi Akcijski plan kruznog gospodarstva ...

2016: Pariski sporazum postavio je globalni okvir za zastitu klime

2018: EU je usvojila Strategiju za plastiku. Do 2030. sva plastiCha ambalaza stavljena na trziste
EU-a mora biti ponovno upotrebljiva ili lako reciklirajuéa..

Revizijom Direktive o odlagalistima ograni¢ava se udio komunalnog otpada koji se odlaze na
odlagalista na 10% do 2035. godine.

2019: Europski Zeleni Plan (EGD) — plan za odrzivost gospodarstva EU-a;

Direktiva o jednokratnoj koristenoj plastici (SUP Direktiva (EU) 2019/904) prvi put obvezni

reciklirani sadrzaj u proizvodima (!) =>PET boce 25% do 2025. etc.

2020: Uredba o taksonomiji (!) => paket poreza
2021: “Paket Fit for 55” => klimatske, energetske, prometne | porezne politike
2024. Europska Direktiva o korporativom izvjestavanju o odrzivosti => transparentnost |

transformacija poslovanja u odrzivosti + ekoloski standardi

@ Sarc 11
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RH- uvjet za sirovine & energiju do 2035./2040.

> ZGO; Clanak 54. (1) Ciljevi gospodarenja otpadom propisuju se radi poticanja prelaska
na gospodarstvo koje je u vecoj mjeri kruzno i u kojem se sto dulje zadrzava vrijednost

proizvoda, materijala i resursa, a stvaranje otpada se svodi ha najmanju mogucu mjeru

» Komunalni otpad: recikliranje 2 65% do 2035. godine.
odlaganje < 10% do 2035. godine
» Neopasni gradevni otpad: = 70% do 2035. godine
» PlastiCni proizvodi za jednokratnu uporabu: 90% odvojeno sakupiti radi recikliranja do 2029.
» PET boce trebaju sadrzavati 2 25% reciklirane plastike od 2025. godine; 30% od 2030.
» Otpadna ambalaza: 2 70% mase ukupne otpadne ambalaze do 2030. + specificni ciljevi za

pojedine vrste ambalaze

(L),

AbfallverwertungsTECHNIK P
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SLandfill tax“ v RH

— 30,00 eura za 2025.
— 35,00 eura za 2026.
— 40,00 eura za 2027.
— 45,00 eura za 2028.
— 50,00 eura za 2029.

(O]

AbfallverwertungsTECHNIK
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godinu
godinu
godinu
godinu

godinu i nadalje.

Uredba o jedini¢noj naknadi za odlaganje otpada

VLADA REPUBLIKE HRVATSKE

2259
Na temelju ¢lanka 100. stavka 6. Zakona o gospodarenju otpadom (»Narodne novines, br. 84/21.1 142/23. - Odluka

Ustavnog suda Republike Hrvatske), Vlada Republike Hrvatske je na sjednici odrzanoj 28. studenoga 2024. donijela

UREDBU

0 JEDINICNOJ NAKNADI ZA ODLAGANJE OTPADA
Clanak 1.
Ovom Uredbom propisuje se jedini¢na naknada za obra¢un naknade za odlaganje otpada.

Clanak 2.
(1) Jedini¢na naknada za obracun naknade za odlaganje jedne tone svake vrste otpada postupkom D 1, D 5ili D 12,

koji su propisani Dodatkom I. Zakona o gospodarenju otpadom iznosi:

za:

- 30,00 eura za 2025. godinu
- 35,00 eura za 2026. godinu
— 40,00 eura za 2027. godinu
- 45,00 eura za 2028. godinu
- 50,00 eura za 2029. godinu i nadalje.

(2) Iznimno od stavka 1. ovoga ¢lanka, jedini¢na naknada za obra¢un naknade za odlaganje otpada iznosi 0,00 eura

— otpad odloZen na odlagalistu koje je u okviru centra za gospodarenje otpadom i
— otpad koji sadrzi azbest i koji je odloZen na posebne plohe (kazete) na odlagalidtima otpada.
Clanak 3.
(1) Sredstva prikupljena naplatom naknade za odlaganje otpada koristi Fond za zastitu okolisa i energetsku

ucinkovitost (u daljnjem tekstu: Fond) za financiranje gradnje i unaprjedenje infrastrukture za gospodarenje otpadom i

recikliranje otpada te na odgovarajuce obrazovne i informativne aktivnosti.

(2) Sredstva prikupljena naplatom naknade za odlaganje otpada, Fond moZe koristiti, uz prethodnu suglasnost Vlade

Republike Hrvatske, za financiranje pripreme, provedbe i razvoja programa i projekata gospodarenja otpadom i sli¢nih

aktivnosti u podrucju otuvanja, odrzivog koristenja, zastite i unaprjedenja okolisa.

(3) Sredstva prikupljena naplatom naknade za odlaganje otpada ne mogu se koristiti za gradnju novih ploha

odlagalista i produljenje vijeka trajanja postojecih odlagalista.

Clanak 4.
Ova Uredba objavit ¢e se u »Narodnim novinamac, a stupa na snagu 1. sijecnja 2025.
Klasa: 022-03/24-03/126
Urbroj: 50301-05/14-24-3
Zagreb, 28. studenoga 2024.
Predsjednik
mr. sc. Andrej Plenkovié, v. r.

Dio NN: Sluzbeni

Vrsta dokumenta: Uredba

lzdanje: NN 137/2024

Broj dokumenta u izdanju: 2259
Stranica tiskanog izdanja: 7
Donositelj: Vlada Republike Hrvatske
Datum tiskanog izdanja: 29.11.2024.,
ELl: /eli/sluzbeni/2024/137/2259

& o

Prikaz na ¢itavom ekranu
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Avustria‘s Circular Economy Strategy 2022 & Vision 2050

= Federal Ministry “The long-term goal of the Austrian federal
Republic of Austria government is to reform the Austrian economy and
Climate Action, Environment, . . .
Fnergy, Mobility, society into a comprehensive
Innovation and Technology sustainable circular economy by 2050.”
digitised

Austria on the path to a
sustainable and circular

society

(1 \IW
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CIRCULAR MATERIAL
USE RATE

A\

GOAL 3. Increasing the circularity rate
to 18 % by 2030

DE: 13,4%
EU27:12,8
S1: 12,3%

AT: 12,0 %

YV V VYV V

> HR:5,1%

The CIRCULARITY RATE refers to the percentage of
materials and resources used in the economy that
originate from recycling.

4
CA\AL
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CMU - Circular Material Use Rate

European comparison 2020, data in percent
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Romania

Source: Eurostat, 4.12.2021
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Refuse/Rethink/Reduce => Awareness contribution

Circular Economy

» Intelligent USE & PRODUCTION
OF PRODUCTS and INFRASTRUCTURE

Intelligent use and production
of products and infrastructure
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Reuse => Awareness contribution

» EXTENDED LIFE of PRODUCTS,
COMPONENTS & INFRASTRUCTURE

4. Reuse Reuse. Reuse functional products
5. Repair Repair. Maintaining products and continued
use through repair
6. Refurbish Improve. Refurbish old products and bring up to

the newest status

7. Remanufacture Reprocessing. Using parts from defective
products for new products that fulfil the
same functions

8. Repurpose Use for something different. Using parts from defective
oducts for new products that fulfil different functions

REMANUFACTURED

(O]

AbfallverwertungsTECHNIK
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SAME WARRANTY ,
TOP QUALITY Ap
UPTO
50% CHEAPER

fnop ONLINE !




2 technical principles of Circular Economy

» RECYCLING MATERIALS :
Recycling materials

& Thermal recycling with energy S o eme e — —

Source: BMK based on Potting et al. (2017)

New WHtE plant for pre-
treated waste for high

e efficient energy production
L'AAVW Norske Skog, Bruck/Mur, AT

AbfallverwertungsTECHNIK P
& AbfallwWiRTSCHAFT @ S O I’C ] 8



Recyclability is one of main requirements for CE

/
» “Is the ability of a product to be recycled after STUPI PRODUTS '

separate collection and/or waste processing.”

» Recyclability is a key to more environmentally friendly products

and a more circular economy.

» Attention to THEORETICAL, TECHNICAL AND REAL RECYCLABILITY !!!

» There are so many stupid products on the market that are not recyclable !

Abfallv gSTECHNIK . P
& Abfallwscon hitps://link springer.com /article/10.1007/500506-020-00721 -5 @3Sarc 19


https://link.springer.com/article/10.1007/s00506-020-00721-5
https://link.springer.com/article/10.1007/s00506-020-00721-5

Processing and Sorting technology as a link
between waste collection and Recycling

WASTE
COLLECTION

WASTE MANAGEMENT |r INDUSTRY
I
|
I

J
Available quantities (Secondary) Raw Material Market
Qu_allty | Raw Material Prices
Pollution/Dirt Quality Requirements

Potential of recoverable fractions

Recikliranje otpada ne odvija se unutar sektora gospodarenja otpadom, veé u
o"\VW industriji koja zamjenjuje primarne sirovine odgovarajuéim (kvaliteta & koli¢ina)
(/%

sekundarnim sirovinama. 3
@ Sarc 20



Sadrzqj

» Cirkularna Ekonomija i (pred)uvjeti
> Use case ,,Plastika & Sortirnice*

» Use case ,,Smart Waste Factory &
» Use Case ,,Reciklaza kroz energetsku oporbu»{éﬂ

» Use Case ,,Energetska oporaba*

AbfallverwertungsTECHNIK P
& AbfallWIRTSCHAFT @ Sarc 21



CIRCULAR ECONOMY needs
Extended Producer Responibility (EPR)

» Studija izradena za Europsku Komisiju daje posebnu paznju temi:

,Waste Management Costs to be Covered by the EPR Schemes*

https://op.europa.eu/en/publication-detail/-/publication/08a892b7-9330-11ea-aac4-0laa75ed7l1lal/lanquage-en

...Producers should bear the operational costs of
collecting and managing the material they place on the
market so that this material can be recycled...

European
||||||

Study to Support Preparation
of the Commission’s
Guidance for Extended
Producer Responsibility
Schemes

Recommendations for Guidance

eunomia ssti

=> Full Cost Model* => naknada treba pokriti sve

troskove nastale za odredenu vrstu materijala uzimajuci

'OA\IW u obzir ispunjenje svih zadanih ciljeva za tu vrstu otpada

Abfallverwert
& AbfallWiRTSCHAFT
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https://op.europa.eu/en/publication-detail/-/publication/08a892b7-9330-11ea-aac4-01aa75ed71a1/language-en

PRAVILNIK O AMBALAZI | OTPADNOJ AMBAL‘AZI, PLASTICNIM PROIZVODIMA ZA JEDNOKRATNU
UPORABU | RIBOLOVNOM ALATU KOJI SADRZAVA PLASTIKU (11.2023.)

SUSTAV PROSIRENE ODGOVORNOSTI PROIZVOPACA KOJIM
UPRAVLJA FOND
Clanak 25.

(1) Fond upravlja gospodarenjem otpadnom ambalazom koja je
neopasni otpad i ako se ispuni uvjet iz ¢lanka 11. stavka 2. ovog
Pravilnika i otpadnom ambalazom koja je sukladno ovom Pravilniku
opasni otpad.

(2) Fond je duzan ispuniti ciljeve u svezi ambalaze i u tu svrhu
raspolaze otpadnom ambalazom, uklju€ujuéi i otpadnu ambalazu
koja je sakupljena u reciklabilnom komunalnom otpadu, provodi
poslove za koje sukladno ¢&lanku 105. Zakona osigurava
nadoknadu troskova, te upravlja i osigurava funkcioniranje i
ucinkovitost sustava gospodarenja otpadnom ambalazom.

(O]

AbfallverwertungsTECHNIK
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EUROPEAN COMMISSION

EUROSTAT

Directorate E: Sectoral and regicnal statistics
Unit E-2: Environmental statistics and accounts; sustainable development

Guidance for the compilation and reporting
of data on packaging and packaging waste
according to Decision 2005/270/EC

(Note: The Commission Delegated Decision on average loss
rates is currently being finalised, future versions of this
guidance will contain further details on the published legal act.)

Version of 30 March 2023
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GUIDANCE of the EC: CALCULATION POINT: PLASTICS

> 50 % (2025) & 55% (2030)

Figure A 1: Plastics calculation point
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grinding (flaking),
washing, further sorting
and drying to achieve a
clean and dry flaked
product

Non-target
material to
recycling or
residual
treatment

Extrusion, sheet
manufacturing or
agglomeration

Filter cake
from fine
filtration in
extrusion or
fine dust
removal

Guidance for the compilation and reporting
of data on packaging and packaging waste
according to Decision 2005/270/EC
(Note: The Commission Delegated Decision on average loss

ra i

tes is currently being finalised, future versions of this
guidance will contain further details on the published legal act.)

Pellets,
agglomerates
etc.
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GUIDANCE of the EC: CALCULATION POINT: PAPER & C.

> 75 % (2025) & 85% (2030)

Figure A 2: Paper / cardboard calculation point
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Cirkularna ekonomija je jedino ostvariva kada se osigura
frziste za reciklate za proizvodnju novih proizvoda

Prognoza 2025.
+10 Mil. t/a
Ci|<|CITCI

RECIKLATI = SIROVINA
za hove PROIZVODE

-> INDUSTRIJA je kljué!
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Nova sortirnica ,,TRIPLAST u AT, 2024: => kapacitet 100.000 t/a i
38 instaliranih NIR uredaja povezanih umjetnom inteligencijom

hitps://www.youtube.com/watchev=gargo?2g?iD8

https://triplast.at/
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https://www.youtube.com/watch?v=gargo9q9iD8
https://triplast.at/

Sadrzqj

» Cirkularna Ekonomija i (pred)uvjeti

» Use case ,,Plastika & Sorfirnice”

> Use case ,,Smart Waste Factory & Digitalizacija“
» Use Case ,,Reciklaza kroz energetsku oporabu®

» Use Case ,,Energetska oporaba*
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ReWaste - COMET COMPETENCE CENTRES 2017-2025

COMET K-Projekt ,ReWaste4.0 w4-0 COMET K-Projekt ,ReWaste F“ WF
Duration: 04/2017 - 03/2021 1 “ Duration: 04/2021 - 03/2025 ¥ =
Partners: 8 Industry + 2 Scientific Partner: 14 Industry + 4 Scientific
Budget: 4,880,000 € Budget: 4,850,000 €
PhD Theses. 5 completed Post-Docs: 2 persons
M+B Theses: 12+ 12 PhDs: 4 persons
PR Papers: 27 Students: ca. 10 persons/a
Conf. Contr.: > 60
Staff: 119 people (82 m and 37 w)

Students: 39

@ Sarc 29



Cooperations and Networking — Drivers of Innovation for
Particle-, Sensor-, and Data-Based Circular Economy
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ReWaste F Prototype — Levels of R&D

Research Levels

N

AbfallverwertungsTECHNIK
& AbfallWiRTSCHAFT

Orchestration & Control

Individual Data Acquisition
Data Integration
Data Processing
Data-Based Calculations
Modeling
Machine control instructions ...

Standardised Intelligent Networking and Modularity
=> MTP = Module Type Package

Determination and Implementation of Dynamic Control
=> Material Quality & Machine Control

=> SMART WASTE FACTORY DEVELOPMENT
@ Sarc 31



Development of a "Particle Database" - Linking "Traditional”
Material Data with Sensor-Acquired Data

Main Burner

<30 mm

ca. 15,540 Particles

Calciner
30-80 mm

ca. 1,080 Particles

Input
80 - 500 mm

ca. 1,270 Particles

(O]
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PE PP PSS PET PV

P Wood BCC

Journal of Environmental Managemest 301 (2022) 113878

Contents lists available at ScienceDirect

Journal of Envi I Manag

};5E\ IER journal homepage: www.elsevier.com/locate/jenvman

Particle-specific characterisation of non-h dous, co: hredded mixed LKJ
waste for real-time quality assurance
‘Thomas Weissenbach, Renato Sarc

nology Freves-Joscf

‘Serae 16, 49700, Leoben, Austric

ARTICLE INFO ABSTRACT

The development of a pre treatment plant for non-hazasdous, solid mixed waste into a smart waste factory for
future lnvolves the Introduction of seabtime eharacterisation of waste stveams by applylng sensor techiology.
Ficst, b b a

cecovered fuels (SRF) produced by the pre-treatment plant. The method Is based on statistical analyses, thereby
requiring a comprehensive database of detalled waste data. To ensure high-precision measurements, data must
be gathered at the level of individual particies and must cover a broad spectrum of diffecent pasticle types. In a
previous study. the fine-shredded SRF (<30 mum) was Lavestigated. The scope of this study includes coarse.
shiredded SRF (30-80 mm) and mixed commiescial waste (pre.shredded to 3 maximum of 500 mim), which s
used a5 inpot for the waste pre.treatment plant. For 3 total of 2346 pasticles, the projected pasticle asea, particle
mass, and particle height were measused with average values of 115 enr®, 1.2 ¢ and 10.4 i, respectively, foe
the courve.shiedded SRF. Data results regarding pre-shredded waste [aput wese 115 cm” area, 16.7 g mass a0d
33.9 cun height. Combined with previous results, the dataset covers 3 range of particie areas from 15.7 mmn? to
167 dm® and 3 range of particle mass from 1.6 mg 10 82,5 5. Additionally, selected fuel parametess (heating.
walue, chlorine content, and ash conteat] were measured using laboratory analysis of composite samples from

and mived waste. The physico-cliemical results of the present f

previous results; howeves, the vaiance of values increased, and more outliers were ideatified. Despite the
proviston of pasticle data, the major goal of this study was to determine the correlation between the projected
asea and pasticle mass, which was calculated using the Spearman's correlation coefficient (SCC). The calcula-
tions resulted in an SCC of 0.58 for coarse-shredded SRF a0d an SCC of 0.22 for pre-shredded waste laput.
Although the SCC of SRF was sufficient for establishing 2 quality assurance system, the SCC of input waste must
be substantially improved.

composition and particle size, as well as their contamination with dust,
moisture, or easily degradable substances (Kiippers et al, 2018).
1. latroduction ‘Prominent examples of these waste streams are mixed municipal waste
(MMW) and mixed commercial waste (MCW), the latter being the focus
of this study. Although a significant proportion of recyclable materials
are removed from MMW in Austria, a high percentage are still present in

1.1, Context of the research

Waste management in Austria has recently developed from simple
waste disposal to an advanced management system with tailored treat-
ment solutions for specific waste sweams (BMLFUW, 2017). A
wellestablished approach for improved waste treatment involves
separate collection through source separation (Bipio, 2015), However,
several mixed waste streams containing many different material frac-
tions have been generated. The treatment of mixed waste streams is
challenging because of their heterogeneity in terms of material

unilecben.ac.at (R. Sarc).

https://doi.arg jeavinan 2021113678

Received 28 May 20:
Available online § October 2021

MCW (Weisse et al., 2019). Austia is among the best-performing
EU countries regarding the management of waste according to the EU
waste hierarchy (Egiiez, 2

A hfor i
fractions s waste pre-treatment plants. This treatment type is the focus
of the preseat research, including the input waste steam MCW and
selected output feactions. Typical fractions produced are recyclable

Received in revised form 1 September 2021; Accepted 27 September 2021

0301-4797/% 2021 The Authors. Published by Elsevies Ltd. This is an open access article under the CC BY license (h1p:./creativecommons.org/ lconses by, 4.0/),
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Real & Virtual Research Facility => DIGITAL Waste TWIN
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recAlcle - Prototype & model training for Al-
powered assistance system for manual waste sorting

Comparison of objects
Feedback loop for classification

® o]
camera 3 HIC) projector
F

i~ . -
b camera 1 ®

camera 2|

A

B s3] U i (OoDE~wo

( conveyor belt )

o

I encoder
speed measurement I chute Sensor-Box

network equipment
control equipment
LTE-connection
power supply

ra"
. Avw Augmentation
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recAlcle - HMI & Augmentation

»Tracking of the waste objects
»HMI via a projector and augmentation masks
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» Cirkularna Ekonomija i (pred)uvjeti

» Use case ,,Plastika & Sortirnice”

> Use case ,,Smart Waste Factory & Digit S gesse
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> Use Case ,Reciklaza kroz energetsku oporabU“

» Use Case ,,Energetska oporaba*




Sarc, R. 2015: PhD at MUL =>
100% Thermal Substitution Rate In
Cement Industry was researched &
technlcally reallsed'
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,,CO-processing“ =
energy recovery & recycling of the minerals

Co-processing —=4]

. . . E’ Raw

comprises industrial processes that ; W wed 1300350

simultaneously: ;

Cyclone i \_1

- enable energy recovery and  peneaer 4 &7 ) cacier
-recycling of the mineral content of Primary Bumer

waste matel‘lal 85OEC ”4:""'"’"\\3_\ _____ Calciner Firing ; Clink:(gr5 ggging Waste Gas
thereby substituting both fossil fuels =~ Q€ St t o0 i 0 T

and mineral resources AN GRS, = % imar i

3 = ystem
Source: Basel convention Technical guidelines 2012, Lamas 2013. G%Z;;;g_--/ Rotary Kiln *..2000 ° Y
Kiln Inlet \ —

. Cooling Air
Secondary Firing Clinker Cooler ~—~
System Clinker

Source: Sarc 2018
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Positive Development of Energy Recovery from RDF In

Austrian Cement Industry: 1988 - 2023

12000 |

» Thermal Substitution Rate:
2015: 76.1%
2016: /8.2%

2017: 80.6%

2018: 81.2%

2019: /8.4%
2020: 70.6%
2021: 75.2%

2022: 81.46%
2023: 84.74%

(O]
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11000 -+

Substitution von konventionellen, fossilen Energietragern (2023): 84,74 %
Gesamtmenge an Ersatzbrennstoffen (2023): 532.992 t/a
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* Sagemehl, Altholz, Gummiabfalle, heizwertreiche Fraktion, landwirtschaftliche Rickstande...

Quelle: Mauschitz 2024
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MethodsX 7 (2020) 100837

Contents lists available at ScienceDiract

MethodsX

FI SEVIER journal homepage: www.elsaviar.com/locate/mex

Method Article

Methods for identifying the material-recyclable M |
share of SRF during co-processing in the cement
industry

Alexia Aldrian, Sandra A. Viczek, Roland Pomberger, Renato Sarc*

(hair of Waste Processing Techreology and Waste Management, Mont ammiversiteet Leoben, Froz-Josef-Smsse 18 S700
Leoben, Austric

ABSTRACT

Solid Recovered Fuels [SRF) include non-combustible mineral componems (eg. CaCly, Si0;, ALO,) thar are
required as raw marerials for producing clinker and are completely incorporated into the clinker during the
thermal recovery of SRF, This paper discusses simple and practicable ways of finding the relarive amount of SRF
that may be urilised as raw marerial (given as the recycling index). For this purpose, the entire mineral conrent
of SRF was derermined as the ash conrent and its main components were identified using different analyrical
methods,

« A fusion melt of the previously incinerated sample with subsequent measuring using ICP-OES and XRF as
well as a tnal digestion of the incinerared and non-incinerared sample with subsequent measuring using ICP-
OES/ICP-MS were applied.

The resuls showed a good agreement of all four analyrical methods for the elememtary oxides AlLOy, Ca0,
Fea04, 5i0;, TiDs, P20s and MgzO (relarive deviation from 6.6 to 38 0%) and slightly higher deviarions for K20,
Naz (0 and 50y (14.2-96.0%).

It was also shown thar different incineration remperatures (550 °C, 815 °C and 950 °C) have no effect on the
resulr of the recycling index unless it is assumed rhar the regycling index equals the ash conent.

@ 2020 The Aurhors, Published by Elsevier B.V.
This is an open access article under the CC BY license, ( hirp: | creativecommons.org/licenses/by/4.0/)

ARTICLE INFO

Method nome: R-Index

Keywords: Solid recovered fuel, Recycling, Ash content, Mineral matter, Main components, Methods, Cement industry
Article history: Received 12 January 2020; Accepted 17 February 2020; Available online 21 February 2020

DOl of original artide: 10.1016j.resconrec 2020.104696
* Correspanding author.
E-mai oddresses: alexia.aldrian@unilecbenacat (A, Aldrian), sandraviczek@unileoben.ac.at (SA Viczek),
roland pombergerPunilecben.acat (R Pomberger), renatosarc@unilecben.acat (R. Sarc).

hi ‘doi.org/ 10.1016/j.mex 2020100837
2215-0161 /€ 2020 The Authors. Published by Elsevier EV. This is an open access artide under the OC BY License.
(http:jjcreativecommaons.org licenses by 4.0/)

State of the Art in Technology and Science on Co-
Processing and Recycling Index (2020) => Key Milestones

Resources, Conservation & Recycling 156 (2020) 104696

El SFVIER journal homepage: www.elsevier com/locate/resconrec

Contents lisis avallable at SclenceDirect

Resources, Conservation & Recycling

Full length article

Determination of the material-recyclable share of SRF during co-processing | )
e

in the cement industry
S.A. Viczek, A. Aldrian, R. Pomberger, R. Sarc*

Chatr of Waste Procestng Tec hnolefy and Wase Managemans, Monorestverstaes Lavhen, Leoken, Assza

ARTICLEINFO ABSTRACT

Salid reconered fud (SF)

Salid recoversd fuel (SRF according to EN 15359) & frequently used to substitute primary fuels required for the
clinker buming proces in the cement indistry. Since the ash that is formed during the combustion of the SRF is
direcly incorparated into #he product portland cement clinker, fhis process s abo referred to = "co-rocesing™
While the e of SRFin cement is legally consi. recavery, the Bt that i

am inmmparated into the clinker imfliss that technically a eertain share of SRF is recycled o 2 material level.
The paper at hand aims at determining this share by analyzing 80 SRF samples representing SRF qualities gt
are cwrrendy available on the market in Austria, Croatia, Skvakia, and Slovenia. Results show that the SRF ashes
on average consist of 76.8 % Si0y, Ca0, AL, and FeyO,, the main mw materiak that are required for clinker
production. Another 141 % cansist of chemical compounds that are @mman clinker phases ar Fequently
present in fhe primary mw materiak used for clinker production. Different ways of cakulating the recycling
index, i.e. the share of SRF (referring to dry mas) that is wed an a material level, ame discused, and recycling
indices ar= found torange between 13.5 and 17.6 %. It & mnduded that SRF ash represents a suitable semndary
raw maerial for cement clinker manufacturing and that for the cement industry SRF-co-procemsing offers the

passibility © mntribute towands reaching the higher recycling rates specified by the European Unian.

1. Introduction

The hydraulic binder cement is a crucial component for the manu-
facturing of mortar and concrete (Galvez-Martos and Schoenberger,
2014, the latter belng one of the wordd's most important manufactured
materials (Hunteinger and Eatmon, 2009). For the production of ce-
ment clinker, raw materials providing the four main chemical compo-
nents of cement clinker or precursors thereof are required, namely
calelum oxide Ca0, dlicon dicsdde SI0,, aluminum oxide ALO, and
lron{ 1D oxide FeyOy (of. secton 21). Besldes mw materlals, the man-
ufacturing of cement also requires large amounts of energy (Galvez-
Martos and Schoenberger, 2014). In modern rotary kiln plants, the
production of 1 metre ton of cement clinker requires between 3.0 and
3.8G) of thermal energy (under optimal conditions and depending on
the technology used). Wet or shaft kilns, in contrast, may require up to
5.8G) of thermal energy per ton clinker (Evropean Cement Reseanch
Academy (ECRA)L 2016). Te provide this energy, cement plant

* Cormespornding authar.

E-mal addresses: sandma. vicoek @unilschen ac at (S.A. Viceek), alexiaaldrian -

renato. sarcunileoben ac at (R Sarc)

operators e increasing amounts of alternative fuels, e solid re
covered fuels (SAF) and other refuse-dedved fuels (RDF)," thereby
substituting fossll fuels {Evropean Commission (EC), 2013; Sarc et al,
2014, 2019b). In the European cement ndustry, the use of RDF Is al-
ready state of the ant (Evropean Commbsion (EC), 2013), and high
thermal substitution mtes (Le. the degree to which fossll fuels are re-
placed by ROF in cement plants) are achleved in some countries. Aus-
tria features the highest substinstion rate worddwide (Sarcetal., 20191
with more than 80 % of the thermal energy demand of the Austian
cement industry being covered by alternative fuek: 30 % are covered by
RDF, eg. old tires, used ol and solvents, etc. and 50 % are covered by
SRF from plastic rch waste fractions of industrial, commercial, and
municipal solid waste (MSW), corresponding to 358,580 tonnes of SRF
(year 2018) (Mawschitz, 2019). Sarc (2015) has demonstrated that even
100 % of thermal substitution is technically feasible when different
types of RDF are used for energy generation in the clinker prod setion
proces. Intermational studies report that the use of 5RF or RDF in the

t (A. Aldrian), roland at (R Pamberger),

! SRF representa subgroup of RDF. While RDF can be prepared of various nan-hazardows and hazardous, liquid and salid waste materiak (=.g. sewage shidge, waste
waed, used solvents), the rm SRF only refers 0 salid fuck made fom nonhazardous mixed ar sorted salid wastes, are furthermare quality ssured, e, mest e

criteria defined by EN 15359, and utilized for energy recavery.

https: 16/j. resconnec. X 596

oiarg/1

Received 9 October 2019; Received in revised form 17 December 2019; Accepted 6 Jamary 200

0921-3449/ & 2020 Elsevier B.V. All rights reserved.
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from SRF of ,mixed household waste® for energy recovery
to ASH for Recycling

= SRF dried and

prepared for

= SRF Original Sample

investigation

= SRF Ash
(950°C)

Ca. 17.7 %DM
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SRF ash composition — comparison with raw materials
and other fuel ashes

1 00 SRF “secondary”

10 dmdwm @ s primary’ « Ratio of parameters of SRF ash
Average SRF “sccondary’ mostly similar to lignite coal ash

X Average SRF “primary”
« Larger ratio of CaO, shifting SRF

& | : (o) ash closer to the composition of
& | 4 5 clinker

SRF position:
A Ca0: 25 - 50 %,
70 / \\ / N\ /® .\Q‘;.-’t |ﬁ L\ / \/
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Material-recyclable share of SRF

K,O Na,0
TO, 16% | 1.7%
1.9 % P,O.
Fe,0; 0.9 %
5.1%
MgO Ca0
3.2%

258 %
SO,
SRF
“secondary”

10.6 %

Si0,
35.6 %

The average composition of the 30 SRF “secondary” and 50 SRF “primary” samples.
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Tio, KO Na,0
22% \17% | 16%

Fe,0, P,O¢
2.7% 0.8%
MgO

3.0% a0
50, 30.1%
5.4 % &

SRF
uprimarvu

14.8 %

5i0,
29.0 %

R-index:

* 13.5 % (4 oxides)

* 16.0 % (9 oxides)
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4349 als 1ISO EN PUBLISHED
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International
Standard

1ISO 4349

mlm‘!- S o g

olid recovered fuels —
etermination of the recycling
ndex for co-processing

o

ombustibles solides de récupération — Détermination de
‘inclice de recyclage pour le cotraitement

aruriar St Lecben, Frans Jose! Syade 13 AT-5700 Lecter oo S0de-05 05-6511 51155065558 001 ur Nutmng s sirs Desims ghyssds Peson | Sngs User)
e

Mutrang im Netrwers Sind mur im Rafren siner s dien Mehds 20

it

Reference number
I1SO 4348:202 d{en)

First edition
2024-05

8150 2024

Ho

ONORM EN ISO 4349

Ausgabe: Z0Z4-10-15

Feste Sekundirbrennstoffe - Verfahren zur Bestimmung des
Recycling-Index fiir die gemeinsame energetische und

stoffliche Verwertung (Co-Processing)
(IS0 4349:2024)

Solid recovered fuels - Determination of the Recycling Index for co-processing (150 4349:2024)

Combustibles solides de réocupdration - Idermination de Nindice de recyclage powr le cotradtemsent

(150 4349:2024)

Diese dsterreichische Norm ist qualititsgeprift.

Diese dsterreichische Norm beinhaltet EN 150 4349:2024 (idente Dbernahme).

Komitee 157 - Abfallwirtschaft
ICS 75.060.10
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Overall Recycled content in CI?

» Mass balance based recycling content
calculation throghout the whole cement
production process

P T —————

/ H,0 and CO? free —_——

CEMENT

-—— .y

supplementary cementitious

materials

SRM:
RDF: 61 kg/t
12 kg/t

(O]
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CEMENT PLANT

——/
cement

1 cement plant
~

v
\_-_-..—————,
v

\

.

system boundary

primary materials:
635 ko/t

SSCM:
292 kg/t

secondary materials:
365 kg/t

https://doi.org/10.1016/j.resconrec.2023.107276

Resources, Conservation & Recycling 199 (2023) 107276
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ARTICLEINFO ABSTRACT

Keywards: Waste materials and industrial by-products are increasingly used in the production of cement clinker and cement,

Cement production

Mineral components

Recycled content

Recyeling

Refuse-derived fuel

Secondary raw materials
Supplementary cementitious materials

serving as secondary fuels, secondary raw materials, and supplementary cementitious marerials. As these waste-
derived materials are partially or fully incorporated into the product, they are technically recycled. Conse-
quently, a certain proportion of the cement consists of recycled materials. This paper presents a method to
calculate this recycled content in cement not only based on mass streams, but also based on valuable chemical
components and compares the results for both calculation methods in the course of a case study of two Austrian
cement plants. It is demonstrated that one metric ton of cement consists of 365 kg and 387 kg of secondary

materials, respectively. This results in an average recycled content of 37.6 %. In addition, the contribution of
primary and secondary materials to the heavy metal content of cement is assessed.

1. Introduction

The recycled content in products is becoming increasingly important
for resource efficient construction and is one of the main parameters
considered in sustainable procurement (ASI, 2020; Wijayasundara et al.,
2022) which has been on the advance for decades as several countries
have adopted sustainable or green procurement policies, regulations,
and tools (Migliore et al., 2020). Criteria for green public procurement
may require a minimum recycled content for the materials acquired fora
project. As a consequence, the recycled content is often included in
environmental labels and is defined in ISO 14,021 (ASI, 2021). As an
example, Italy has introduced minimum environmental criteria for the
procurement of design and construction services for new construction,
renovation and maintenance of public buildings. These criteria include a
minimum and certified recycled content in major construction materials
and products of 15 % referring to all materials used for the construction
(Repubblica Italiana, 2017, 2015).

One of the most important construction materials is concrete, which
is the most consumed material in the world after water (Makul, 2020). A
key component required for concrete is cement (Locher, 2000), the
recycled content of which largely depends on the availability and
technical applicability of suitable secondary materials (see Section 1.1).
Secondary materials, as opposed to primary materials, comprise any
materials that are not the primary products of manufacturing or

* Corresponding authar.
E-mail address: maximilian.enengel@unileoben.ac.ar (M.J. Enengel).
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commercial processes, Including scrap, post-consumer and
post-industrial material (CFR, 2023), hence referring to both waste
materials and industrial by-products. The recycled content in cement
clinker can range from 0 %, when solely primary materials are used, up
to 100 %, as Holcim recently reported the production of the world’s first
clinker made entirely of secondary materials, which will enable the
company to produce 100 % recycled cement and 100 % recycled con-
crete (Holcim, :

To consistently assess the content of recycled material in a product,
definite criteria and methods are required (Migliore et al., 2020). A
general equation is given in 1SO 14,021 (AS], 2021), according to which
the recycled content expressed as a percentage of the mass of recycled
material divided by the mass of the product. Furthermore, the standard
explains that for the calculation “the mass of material obtained from the
recycling process, after accounting for losses and other diversions, shall be
used” (ASI, 2021).

Hence, while the parameter “mass of the product” is conclusive, e.g.,
one kilogram of cement, there may be different approaches on what to
count to the mass of recycled material, and especially regarding the
“losses and other diversions™ (ASI, 2021) that shall be subtracted. The first
question that may be posed is whether or not industrial by-products that
are incorporated into new products can be counted to the recycled
content. The EU technical background report on green public procure-
ment criteria (Dodd et al., 2016) specifies that industrial by-preducts as
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» Cirkularna Ekonomija i (pred)uvjeti

» Use case ,,Plastika & Sorfirnice”

» Use case ,,Smart Waste Factory & Digitalizacija*
» Use Case ,,Reciklaza kroz energetsku oporabu®

> Use Case ,,Energetska oporaba“
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1t PET dovoljna za
proizvodnju el. energije u WtE
za 1 osobu za cijelu godinu

stihije-u-osijeku-ova-situacija-trajat-ce-dugo-1713980



https://www.vecernji.hr/vijesti/foto-pogledajte-slike-iz-zraka-vatrene-stihije-u-osijeku-ova-situacija-trajat-ce-dugo-1713980
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EUWID 2022.

» 0Od 2012. — 2019. novi prosjecni izgradeni kapacitet je bio
7.600 t/dnevno odnosno cca 3 mil. t godisnje
» 2020.12021. => 34 nova projekta WtE u Europi s kapacitetom od

29.000 t/dnevno odnosno cca 10,5 mil. t godisnje

» 2021. je u svijetu bilo 104 WtE projekta (novogradnja i modernizacija) s kojima je
stvoreni kapacitet energetske obrade otpada od

94.000 t/dnevno odnosno cca 35 mil. t godisnje

V'A\'W https://www.euwid-recycling.de/news/international/studie-zur-globalen- )
abfallverbrennung-europaeischer-anlagenmarkt-deutlich-aktiver-240522/ @3Sarc 49
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Hundertwasser WiE-postrojenje “Spittelau” v Becu

Stratesko okolisno planiranje //

Strategische Umweltpriufung

https://www.wien.gv.at/umwelt/ma48/beratung/umweltschutz/sup.ntmil
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Energetska oporaba: Trigeneracija (elektricna, toplinska i
rashladna energija) i istovremena visoka zastita okolisa
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Kogeneracijsko postrojenje uz papirnu industriju v Bruck
an der Mur otvoreno 2022. godine

» Otvorenje 2022. godine od strane “zelene”

ministrice Gewessler

> https://www.youtube.com/watch?v=n5Mkxx
9JDI4

» Smanjenje potrosnje prirodnog plina za 75%

» Smanjenje fosilnih CO, emisija na lokaciji za f
150.000 t/godisnje

T2
o

» Smanjenje ovisnosti 0 uvoznom plinu uz [CESsEe=E

istovremeno jacanje lokalne proizvodnje !

V." https://www.meinbezirk.at/bruck-an-der-mur/c-
W AA wirtschaft/die-neue-energieanlage-k9-wurde-feierlich-
Abf:gur;;nﬁrmngsrecuum eroeffnet-mit-video a5308867#gallery=null
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Kogeneracijsko postrojenje uz papirnu industriju v Bruck

an der Mur otvoreno 2022.

Dokazana tehnicka zastita okolisa
i niskih emisija

Granicne vrijednosti po dozvoli

Folgende Emissionsgrenzwerte (bezogen auf trockenes Abgas unier Normbedingungen und 11% Restsauerstoffgehalt im
Abgas) diirfen im Abgas des Wirbelschichtkessels 9 nicht diberschritten werden:

Schadstoffkonzentration HMW T™MW Mittelwert fiber Messung |Hdufighkeit der Messung
(Normzustand, frocken)
NOx mg/m® 100 70 kontinuierliche Messung
co mg/m* 100 30 kontinuierliche Messung
S0z mg/m’ 40 25 kontinuierliche Messung
Staub mg/m® 8 3 kontinuierliche Messung
Toc mg/m* 8 8 kontinuierliche Messung
HCI mg/m® 7 1] kontinuierliche Messung
NHz mg/m® 5 kontinuierliche Messung
He mgim’ 0,05 0,02 0,01 (Jahresmittelwert)  |kontinuierliche Messung
HF mg/m* 0.4 0,25 alle 6 Monate
FSMF mg/m* 0,3 [Mittelwert  iiber|alle 6 Monate

Zeitraum von 05 bis 8

Std.)
Cd+ Tl mg/m* 0,02 (Mittelwert  iiber|alle & Monate

Zeitraum von 05 bis 8

Std )
PCDD/PCDF ng FTEQ/im? 0,04 (Mittelwert  iiber|in den ersten 12 Betriebsmonaten alle

Zeitraum von 6 bis 8 Std ) |3 Monate, danach alle 6 Monate
Benzola)pyren mg/m* - - - einmal jd@hrlich
N0 mg/m’ - - einmal jdhrlich

* _Sb+As+Ph+Cr+Co+Cu+Mn+Ni

+1+5n"™

godine

Stvarne izmjerene vrijednosti manje od

dopustenih granicnih vrijednosti

Stvarne izmjerene vrijednosti

Im Priifbericht ,, EMISSIONSMESSUNGEN hinsichtlich AVYV und Genehmigungsbescheid am Kessel 9
der NORSKE SKOG GmbH" vom 21.06.2023, Bericht Nr. RMU-PE-PR-0009-2022 23/13,
durchgefiilrt von ZT Umweltkonsulenten, wurden im Rahmen der Abnahmemessung beim Einsarz von
nichtgefiihrlichem Abfall folgende maximalen Emissionswerte, bezogen auf trockenes Abgas unter
Normbedingungen und 11% O, ermittelr:

TMW HMW
Gesamtstaub 3,9 mg/m* 5,1 mg/m?
NOx 63 mg/m* 49 mg/m*
co 41 mg/m? 68 mg/m*
Org. C 4,3 mg/m* 1,2 mg/m?
N0 - 2,9 mgim?
SO; 1,2 mg/m* 0,4 mg/m?
HF 0,2 mg/m? = 0,1 mg'm®
HCI 0,46 mg/m? 0,4 mg/m?
NH; 1,0 mgim® 0,6 mgim® (0,5 -8 h)
Benzo-(a)-pyren - < 0,01 mg/m?
Hg 0,0007 mg/m 0,0003 mg/m’
Cd=+Tl - < 0,0009 mg/m® (05— 8 h)
Schwermetalle - 0,0662 mg/m® (0,5 — 8 h)
PCDD/PCDF - 0,0083 ngTE/m* (6 —8 h)

AbfallverwertungsTECHNIK
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https://www.umwelt.steiermark.at/cms/dokumente/12783064_9176022/ad5cbc94/003%20Bescheid_SIG.pdf
https://www.umwelt.steiermark.at/cms/dokumente/12783064_6392227/c93158ac/UVP%20Abnahmebescheid.pdf

RH treba energetsku oporabu i JAVNU & PRIVATNU infrastrukturu!
Dva konkretna, inovativna i zdrava projekta u RH

CIOS ENERGY d.o.o. Eko Reciklazni Park d.o.o.

T

/ ' salacis 12 _ .
https://www.tehnoeko.com.hr/4123/Sinerqija-za-novu- https://www.kutina.hr/Sluzbeni-
sisacku-enerqgiju?cctest& dio/Articleld/37610/oamid/1501

N
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» Cirkularna Ekonomija i (pred)uvjeti

» Use case ,,Plastika & Sorfirnice”

» Use case ,,Smart Waste Factory & Digitalizacija*
» Use Case ,,Reciklaza kroz energetsku oporabu®

» Use Case ,,Energetska oporaba*
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Cirkularna ekonomija je "vise od samo otpada”, a gospodarenje
olpadom sastavni je dio kruznog gospodarstva.

Odrzivo gospodarenje otpadom
+ LCA
+ eko dizajn
+ kaskadno koristenje
+ vise reciklaze
+ supstitucija primarnih materijala
+ Rjesavanje ekoloskih problema kroz
iInstalaciju modernih i visoko ucinkovitih

postrojenja za obradu otpada
+

@ Sarc 56




Circular Economy - “svedena na ono najbitnije”

Sto vise i $to dulje je moguée
zadrzati sirovinu u vrijednosnom krugu!

Value chain => value CIRCLE Q

= KORISTITI proizvode sto dulje

= SEKUNDARNE SIROVINE moraju

(]
!

oW imati kvalitetu i svoja ,,PRAVA
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Cirkularna ekonomija treba infrastrukturu i

kompetencije! _

Svijest i kultura
g. otpadom

!

Digitalizacija Cirkularna ekonomija

4

Faza 5 Faza 6
Industrijsko Upravljanje
kruzno sirovinama
gospodarstvg

Faza 1 Faza 4
Sakupljanje i Uredna Rjesenja za
neuredno odlagalista recikliranje
odlaganje i oporabu

| Zastita na radu I
|
|
'|

Volatilno
UcCinkovitost, triitte
troskovi
Kot 2030 Velike promjene dolaze u sljedeéih 10-15 godina!

(LY => Trebamo instalirati kvalitetnu i digitaliziranu infrastrukturu!
P => Trebamo razvijati tehnicke i digitalne kompetencije! @3arc 58
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Sustav gospodarenja komunalnim otpadom zahtijeva
intenzivnije odvojeno prikupljanje i mehanicku obradu.

NN I I N S E—

» Unaprjedenje odvojenog

g Odizdnie | |
prikupljanja | |
I Odvojeno
i . . prikupljanje
» Mehani¢ko odvajanje | |
materijala za reciklazu prije + |
spaljivanja otpada. | |
. . . . SORTIRNICA |
» Unaprjedenje postojecih MBO |
MBO postrojenja
P jenj + + !
> Lokalne pravne i tehnicke @ = s - .
, " tatk : WIE / Industrijska it
MOogucCnostl za ostarke | cementare RECIKLAZA g

1 i
Lokalne _J
e mogucénosti za —————
' Avw ostatke
Y
Abfallverwertu
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e N cooperation with Prof. Roland Pomberger



Gospodarska transformacija prema cirkularnoj ekonomiji zahtijeva
ODGOVORNU SURADNJU svih dionika duz vrijednosnog kruga svakog
pojedinog proizvoda koji ¢e postali olpad
(samo je pitanje vremena)!

Prelazak na transparentno i odrzivo kruzno gospodarstvo nije samo

mogucénost ve¢ nuZnost i poslovna prilika!

AbfallverwertungsTECHNIK P
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Razvijajmo zajedno KULTURU cirkularne ekonomije.
Socijalna inteligencija odraz je nase drustvene
odgovornosli i svjesne brige za okolis, ocuvanje
sirovina te osiguranje kvalitete zivota sadasnjih i

buducih generacija.

(1 \'W

(/% A
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Hvala

Ass.Prof. Dipl.-Ing. Dr.mont. Renato Sarc

Tel.: +43 (0) 3842 / 402 - 5105
Mobil: +43 (0) 676 / 845 386 805
E-Mail; renato.sarc@unileoben.ac.at

MONTANUNIVERSITAT LEOBEN

Lehrstuhl fur Abfallverwertungstechnik und Abfallwirtschaft
Franz-Josef-StralBe 18

8700 Leoben, Austria

hitp://avaw.unilecben.ac.at
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