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Nastanak
otpada u EU

« EU 2023:511 kg
komunalnogotpada
po stanovniku

« EU 2013:479kg
komunalnog otpada
po stanovniku

* Konstantan porast

Municipal waste generated, 2013 and 2023
(kg per capita)
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Note: Countries are ranked in increasing order by municipal waste generation in 2023.
(1) 2022 data instead of 2023

(2) 2021 data instead of 2023

(3) 2020 data instead of 2023 and 2012 instead of 2013 eurostatl@Ea
Source: Eurostat (online data code: env_wasmun)



Red prvenstva
gospodarenja
otpadom

Zakon ggospodarenju
otpadomc red prvenstva
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Kretanje
obrade
otpada u
EU

Figure 2: Municipal waste treatment, 1995-2023
(kg per capita)

600

300 I

0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

@ Disposal - incineration (D10) and recovery - energy recovery (R1)
@ Disposal - landfill and other (D1-D7, D12)
@ Recycling - material

Recycling - composting and digestion

Source: Eurostat - env_wasmun

eurostati

Stopaodlaganjaotpada( o d | otgad kad udio nastalogotpada)u EU
palaje sa61%u 1995 na22%u 2023 ->286 kg po stanovnikuu 1995 na
115kgpo stanovniku

Ko | i rédkliraaog otpada (recikliranje materijala i kompostiranje)
poraslaje s 19% na 48% -> 88 kg po stanovnikuu 1995 na 246 kg po
stanovniku

Ter mo IErk akbraumalniotpad tako je porastaosa70 kgu 1995 po
stanovnikuna 129kg po stanovnikuu 2023



Obrada

komunalnog CEWEP podaci
otpada u EU - po
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Missing data

Percentages are calculated
based on the municipal waste
reported as generated in the
country

*: last available data 2021
**: last available data 2020



P Waste-to-Energy in Europe in 2022

B Number of WtE Plants operating in Europe
(not including hazardous waste incineration plants):

498

B Residual waste thermally treated:
100 Mmillion tonnes

Data supplied by CEWEP members and national sources

*: Includes plant in Andorra and SAICA plant

ceweP

CONFEDERATION OF EUROPEAN
WASTE-TO-ENERGY PLANTS




Zasto energetska
oporaba otpada?

Ekonomski optimum

TroSak
reciklianja Visoka cijena sirovine
Prihod kroz

supstituciju sirovine ] N o
—— =| Niska cijena sirovine

Troskovi i Prihodi u NJ

0 I_ Stopa reciklaze u% 100

- o e . . Ekonomski
Kod smanjenja cijena sirovina optimum
smanjuju se optimalna stopa
reciklaZe i prednosti recikloze! B

Pomberger, R. (2016.) Recy & DepoTech 2016.



I Zasto energetska
oporaba otpada?

Glavni aspekt izmedu ekonomskog i ekoloskog

optimuma R

Prihod kroz
supstituciju sirovine

TroSkovi i Prihodi u NJ

0 Stopa reciklaze u % : 100

Ekonomski Ekoloski
optimum optimum

),

Pomberger, R. (2016.) Recy & DepoTech 2016.
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supplying supplying
21 million inhabitants 103 million tonnes of 17 million inhabitants
residual waste in Europe
ThermaIIy treated in LW

l I I Waste-to-Energy Plants 87 billion kWh heat
35 billion kWh electrlclty
ATING
Metals,
el bottom ash SAVING

A4

10 - 56 million tonnes of fossil fuels Year 2021 QEUJEP

www.cewep.eu
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I Regulativa, tehnicki
standardi i troskovi

The 4 basic “laws” of waste management

1. Every product turns to waste — it is just a question of time
2. What can be in waste — will be in waste

3. Waste goes the way of the cheapest money — hopefully

according to the regulation

4. Waste market is made by the regulations



Regulativa, tehnicki
standardi i troskovi

Environmental %
benefit

or

Technology level

Development of technology

_Technically feasible but not economically

New RQ und producer responsibility

Binding recycling rate (CE package)

Landfill ban

Regulation level

Landfill regulation

.
>

costs

Increased recycling

Incineration or MBT before landfill

landfill State of the art

Waste dumping



Regulativa, tehnicki
standardi i troskovi

2. Level of waste treatment 1. Level of waste treatment

[ e —

MUNICIPA ; LANDFILL
MUNICIPA Waste DUMP
L WASTE s e

O
collection Informal
collection



I Regulativa, tehnicki
standardi i troskovi

3. Level of waste treatment

MUNICIPAL
o ———>| LANDFILL J

l Residues and
organised wm SEPARATE COLLECUO‘\I P ReCYC|Ob|eS“

lnfom:;sector i ¢ ¢ l V

metal paper glass plastics ...

alternative

MUNICIPAL
WASTE —"i LANDFILL

bl

Organised wm I CWCi ables™ [

Sorting plant

11143

metal  paper glass plastics ...




Regulativa, tehnicki
standardi i troskovi

4. Level of waste treatment

MUNICIPAL

MSWI = Municipal Solid Waste Indnerator

Separate Collection & Recycling

+ MSWI

WASTE
| SEPARATE COLLECTION |
l l l l A
Secondary Raw Bio-
Materials ¢ wlsu
Sorti direct Resid
plqn';q " Recycling —
+ in industry 'm*
Recycl uct
In - (CO'“M

Wchtey Blodlesd)

INCINERATION
(MSWT)

—>| LANDFILL




I Regulativa, tehnicki
standardi i troskovi

5. Level of waste treatment

MSWI = Municipal Solid Waste Incinerator

Mtw;g:u Separate Collection & Recycling
+ MSWI + Slag Recycling

INC:NERATION Combustion
[ SEPARATE COLLECTION } = (’MSWD —>  Residues (Ashes,
l l l f TS)
Metals
l MP-TREATMENT >  (Fe, NON-
Secondary Raw Bio- for RECOVERY Fe)
Materials Waste t
v 4 g
! o
- -
Sorting direct biological Residues i ] T‘_e;'::;?:
plant Recycling treatment = ' - plant
in industry -_-__.* _______

1
il Product ¢ IR 4 LANDFILL i
Recyxling

A Biogas n
A e Retaitmmrsy Biodiesell) @'Iéggﬁ'vfz‘?



Regulativa, tehnicki
standardi i troskovi

Separate Collection &

6. Level of waste treatment Recycling
— + Mechanical Treatment
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Regulativa, tehnicki
standardi i troskovi

Separate Collection &

7. Level of waste treatment Recycling
o +Mechanical Treatment
MWASTE o o e + Biological Stabilisation
%W& + SRF
1 r ———————— T MR-

T-l
P |  SEPARATION Plant
(P_'lP/ MB-TreatmenQ

SEPARATE COLLECTION

JIT! -t
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Regulativa, tehnicki
standardi i troskovi

A A g A

8. Level of waste treatment S Saremeene
Recyclables -
MUNICIPAL from MP freatment and Mechanical Treatment
WASTE SRF —plants to sorting plant + Biological Stabilisation
and direct recycling + SRF
1 MBT|

’ SEPARATION P
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Regulativa, tehnicki
standardi i troskovi

MUNICIPAL
WASTE

How to reach

9. High end - reality - combinations

circular economy
recycling rates?

INCINERATION
(MSWI)

SEPARATION Plant
(MP/MB-Treatment)

MP = Mechanical-Physical
MB = Mechanical-Biological
SRF = Solid Recovered Fuel
WLE = Waste to Energy

£
%
—
B
|

BIOLOGICAL
Treatment (MB)




Nedostatak kapaciteta WtE
za postizanje
EU ciljeva
CEWEP - facts — data and maps

Circular Economy Package — Ambitious Targets for 2035 (EU28)

46 Mt

12Mt

residues sorting, pre-treatment

sorting, pre-treatment

23 Mt

18 Mt 65 cycled) 21 Mt
(79) recyrling | ) i reLye $ (7%)
landfills 2 Lompostng landfills

waste-lo-energy
incineration
cagacities
90 Mt EU-28 in 2017
EU-2
co-ncineration

i ustration: ahnenenkel.com

Source: CEWEP 2019; Mt = milfion tonnes

Postizanje stope recikliranja iznad 65 PAAZOV!
EU ograni cenje odildmgBnycga3db¥wpada
preostalog otpada zahtijeva oblike obrade.

od

10



Metode energetske oporabe
otpada

_—
Advanced Thermal Treatment

Treatment Oxygen Level Energy Form
Energy from Waste Excess of Oxygen Heat,
(Incineration) H Electricity
Gasification Limited Oxygen Gas, Char
Pyrolysis Absence of Oxygen Gas, Char,

Liquid (Oil)




I Metode energetske
oporabe otpada

7 MSW-Incinerator - Grate firing system
%7 (for Residual Waste)
MONOINCINERATION

in ——) Fluidized Bed Incinerator
Combustion Plants (for pretreated commercial/industrial waste)

Rotary Kiln Firing System
(for hazardous waste)

Waste
Cement Plant
A (substitute Fuel: RDF — incl. SRF)
CO-INCINERATION
in ——) Utility Boilers
Production Plants (SRF)
EU Directive 2008/98/EG: > Power Station
Empirical R1 Energy Efficiency Formula: (RDF —incl. SRF)
(Ep - (Ef + Ei))

Energy Efficiency =

e ————— 0
(0.87 x (Ew + E)) 265%




CCS_Carbon « Sve vaznija uloga CCS (CO2 hvatanje
CO2 i globalnom zagrijavanju

Cilj: dugoroc¢no skladiStenje CO2 i:

|

|

Capture and Osnovna primjenav e | i ki i zvor.i CO2
Storage

. Co2 (
termoelektrana na ugljen ili biomagut A a dS @A OS9)

STORAGE



CCS - Carbon

Kruzno ugljic¢no gospodarstvo, primjer

Captureand . s_inteti_(_“:ka g(_)_riva [ k e mi dgarivaiilj e ( COZz
sirovine za kemijsku industriju)
Storage « gradevinski mater i j al-istvaranjbkalciievgga v a n j
karbonata)
. Poljoprivreda (gnojivap o bol j Sanj e rasta usjeva
. Proizvodnja metanola (stvaranje obnovljivih goriva)
Decreasing the amount of CO2 escaping into CO2 Directly to produce other new products.

the atmosphere at the source.

* Improving greenhouse crop and algae production.

* Improve energy production and usage » Convertedinto carbonate and used as building

efficiency.

* Increase renewable energy power

generation.

materials.

» Refrigeration raw materials.

(

Reduce

\

Recycle

Carbon Economy

| Reuse
Circular

| Remove

J

Reprocessing carbon dioxide.

*  Make fuel.

Remove carbon dioxide and put it into stable

storage.

* Making plastics, fertilizers and rubber. * Wetland restoration.

* Making plastics, fertilizers and rubber.



Gorivo iz
otpada

RDF requirements:

» economic parameter:
= calorific value

» technical parameter:
= particle size
= chlorine content
= water content

» mass balance parameter

= ash content

Chiorine content [Yacs)

SRF Type, Quality and (Energy) Recovery Solutions

Primary Firing CK

o~

3 > Hotdisc*

= Secondary Firing CK Pre-Combustion Chamber

S 20 1 1

£ .

® e b (S

2 15 SRF MEDIUM Quality to—bets

>

2 — .

£ 104 SRF LOW Quality &V /

£ - (Co-)Incineration Plant

5 »Fluidized Bed*

3 e ! Incineration without auxiliary firing

3 _-H-'-"h‘h'ﬂ-ﬂ‘ﬂﬁﬂiﬁ‘ﬁaﬂ“ﬂ'h‘ﬁﬁhﬂﬂﬁﬁ‘ﬁ'ﬁ‘—' _____________
0 —_—tt " —— 5 —— % —>

10 20 30 35 40 80 120 200 300

Particle size (dg;) [mm]

Parameter Median || Parameter Median | | parameter Median
H, [MIkg os'] 89 || H, IMIkgos') 15.5 H, [MJ kg o5'] 19.3
Moisture [% os) 26.5 Moisture [% o) 250 Moisture (% o) 15.1
Ash [% os] 29.6 Ash [% o] 12.7 Ash [% 5] 124
Cligkg o'l 9.2 Cl{gkg om™] 10.8 Cllgkgpm'] 13.8
N 1C (W% ol 469 1C (W% py) 52.8
7
?!....Mw_ CO, - fossil [g MJ g'] 345 | CO, - fossil [g MJ py'] 43.2
o , ) B B Chilorine reduction:
gl 2 i i 0, - 0
J-': ‘before after 0.86 /°OS > 0.64 /°OS
0
—Ca. 25 /Oos
—

14703092580

Number of investigations (n)

M LDQBsOLSSMET OIS

0828 68



Kapaciteti za
obradu goriva iz
otpada

Prema Planu PGO u periodu 2023. do
2028. godine, nakon uspostave i
pocCet ka r aad ao Csevkiuh el
da ¢e prosjecno na:
0ko 400.000 tona/godyoriva iz

otpada (gorivo iz otpada niske do
srednje kvalitete) prema scenariju 1
odnosno okadl45.000

tona/god (gorivo iz otpada visoke
kvalitete) prema scenariju 2.

Potrebno je uspostaviti efikasan
sustav za kori sStenje gorivog otpada

Trenutno visoke cijena zbrinjavanja
izvan RH




(Lorber et. al 2008)

Design Fundamentals:
o Fire Performance Graph of W{E- Plant “Pfaffenau” Vienna (A)
Hu Range: 7-15 MJ/kgos, Design Point: Hu = 9 MJ/kggs

Osnovni & el
dizajn /'
postrojenja

7 Mg

operation area
extension

Fuel thermal output [MW]
w
o

air preheater

1 1 1 1 1 1 i 1 1 (] 1 S

I I I 1 1 I | I I L TE
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19

Throughput [t/h]

2
@%GFC 18



WtE kao dio kruznog
gospodarstva

Waste Incineration as Partial Process of Recycling

Energy Recovery .
(Heat, Electricity) Landfill
Combusti
MSW — > | THERMAL-TREATMENT Foatgas MECHANICAL-TREATMENT
Process (Ash, Siag) > Process
in ' in
WtE-plant Sorting-plant
Products
Material Recycling
FE-metals
= NON FE-metals
Mineral materials
Circular Economy Secondary Raw Materials
Combustion Bottom ————> 4 kg/t NON-FE-Metals
of Ash —> 18 kg/t FE-Metals
1t MSW Processing ——> 225 kg/t Mineral Fraction




Ukupna bilanca-dobivamo ili gubimo
energiju?

Recikliranje — ovisi o energiji !

e

180

160 ]

. ~ 140 O KPA G KPA: Ketl';ullenaPmessenemam
Energiju uloozle.mo u - 1 Gt | D6 Sume s KPA ud Ha et do KEA Gl
proizvodnju
proizvoda

...ali energtska
oporaba koristi
samo energetsku
vrijednost, ne i
ulozenu energiju!




Energetska oporaba/Reciklaza

GJnt

U
prolzvodnj
v uloZena

energijc

Energelska
vrijednost

Kumulirana procesna
energija

Iskoristiva energija iz
energetske oporabe

Recikliranje

la

ENERGETSKA OPORABA

P
(&

Kroz
recikliranje
iskoristiva
energija

Energija za
prikupljanje,
sortiranje |
obradu

GJit

U
proizvodnju
vloZena
energija

Energetska
viijednost

Kumulirana procesna

fekalil RECIKLIRANJE

Iskoristiva energija iz
energetske oporabe

S

Energetska oporaba

Kroz recikiiranje
iskoristiva energija

Energija za
prikuplianje,
sortiranje | obradu

“



Utjecaji na okolis

Stuckiger |______________I
Schiamme Abfallbrennstoff Bestand: Prozessdampf

 DIOKSINI I

| | Strom-und Strom |
E . | Dampferzeugung DQ-EIQEF
|

Erdgas

- kok:
Reststoff-Lagerung LS sche Feinasche

L + Monodeponie Versatzbergwerk
Mone- / i
>

I R4 +R5

3.1.5.1 The Dioxin Story

htps Nocommons wiimeda org/wiaF de Doune_poad png Mips Scommons wikimeda ong'wia ¥ te Furare _pod pagh

a

[*]

PCDD (75 Congeners) PCDF (135 Congeners)

Formation during Incineration:
+ From Precursors: e.g. Chlorophenols => T => PCDD

* De-novo-Synthesis:
e.g. C,, *+ Chlorine => T: 250 — 550°C, Cu-catalyst => PCDD

{ FURANI

5 « KLOR
= e 71 VA

M| o « DUSI KOV
i e« UGLJI CNI

Femwarme und

o MONOKSID

Modern Waste Incinerator:
I PCDD/PCDF: < 0.1 ng TE/Nm? = 0.01 ng TE/Nm?

Abatement Technology:
« Adsorption (Adsorbent: CaO + Coke)
+ SCR-Technology (Selective Catalytic Reduction Unit



Utjecaji na okolis

BAT-Cement WID-EU IED WIO
. Austria
Parameter Unit (EC, 2010a) (EC, 2000) (EC, 2010b) (BMLFUW, 2010)
BATAEL range O; content = 10% O; content = 10% O; content = 10%
Total dust [mg Nm’S] <10-20 30 30 20
HCl [mg Nmi®] 10 10 10 10
HF [mg Nm™] 1 1 1 0,7
NO, (preheater Kilns) [me Nm™] <200 - 450 (500) 800 (existing) 500 800 (existing)
NO, (Lepol and long kilns)  [me Nmi*] 400 - 800 500 (new) <800 500 (new)
Hg [mgNm"] <0.05 0,05 0,05 0,05
Z(Cd+TD [mg Nm’J] <0.05 0,05 0,05 0,05
Cor cusNneNipyy  [mENT) <03 05 05 05
Dioxins + Furans [ng TE Nrn'3'| <0.05-0.1 0,1 0,1 0,1
SO, [mg Nm™] <50 - <400 50 50 50
= Total organic carbon Imo Nm™1 10 10 10

1
- 2011: Small-

o
©

= 2011: Waste -

Management

Sector:

500

400

e

/

scale firing

plants:
> 40 %

ca. 0.5%
o ). . /
. g

- :Eiii?_
o

1000 1004

/

o=

2006

,/
/
afE |

2004 2006

| .

2007

| .

2008

_-A_-__-__-__Lj_l_i_-_

2007 2008 2009 2010 2011

a
o
.

vy

2010 2011

2000

1990 1994

Table 1.8: UNEP Category 6: Uncontrolled combustion processes and ranges default emission
factors (ug TEQ/tonne material)
UNEP |SNAP Subcategories Air Water |Land |Product Residue
No Codes
6a 110300  |Biomass burnings 0.5-30 (X) 4-10 (X)
(forest, grassland, straw)
6b 90700 Landfill fires, accidental |60-1000| (X) 10-600 10-600
fires, open burning

“x* means not auantified



Danasnja WtE
postrojenja i
znacajke

generiraju obnovljivu
energiju

proizvode sekundarne
sirovine (kru
gospodarenje)

pridonose visokokvalitetnim
recikliranju

smanjuju emisije

stakl eni ckih

l maj u mal e em



Primjer regija — WtE Beograd

lzgradnjaWtEu naseljuv i n BeagradPrincip JPP (koncesija na 25 godina)

Ukupna vrijednost projekta: 370mil €
Kapacitet: 340.000 t/god MKO

Tehnicki podaci: Kogeneratvng o st r oj enj e za energetsko isk I S
kapaciteta 340.000 tona otpada godiSnje, insta
daljinskog grijanja grada Beograda snage 56.5 MW

|l zgradeno novo odlagaliste, sanirano staro od|
odl| agal i adpliayanjpol di | naag,@o$tajedjézagbradyprocjednihvoda na osnovu reverzne osmoz
I s Vv a inpastaktue(Ceste, elektremr e za, i1 nfrastruktura za grij.
cca. 66% mijesSanog komunal nogWthpogiraehia koj i gener

Status projekta: u radu



Primjer iz svijeta — WtE Dubai

WtEDubai-j edan o dVitEnaj we/dijlet u, na | Whrsairaguiod lfeta 2084e g o d | ¢
Medunarodni konzor cMupicipalitypar t nerstvu s Dubai
Kapacitet: 1,9 mil t/god MKO

Ukupna vrijednost projekta: 1,2bn$ dugoroc¢no zaduzenj e Kk Cabpeht#opIBIC)iB a
privatnih bankarskih institucija

Tehnickipodaci:5 pr ocesni h | | , postrojenje od DadigdoMiM,
ownandoperate—pr edvi dena o r il vna faza od 35 godina
Grije se oko 120.000,00 kuc¢an

Status projekta: u radu
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\ FOND ZA ZASTITU OKOLISA |
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