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Kvaliteta GlO-a pocinje kvalitetom ulaznog otpada !
Mijesane vrste industrijskog i komunalnog otpada

) K 2 |

Mollnitz et al. (2020): https://doi.org/10.1016/j.wasman.2019.12.037
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Proizvodnja Goriva iz Otpada

=  Mijesani komunalni i komercijalni otpad —r——
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= Proces obrade otpada:
=  Usitnjavanje - veliCina Cestica i oslobadanje materijala

=  Klasiranje - udio fine frakcije i odnos veliCina Cestica (relevantno
za opremu)

=  Sortiranje - vrijedne i nezeljene komponente: Fe, obojeni metali, . 1#—$
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= Naknadno usitnjavanje - veliCina Cestica prema zahtjevima o o
krajnjeg korisnika : :
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= |zlazni tokovi = otpad: —— W
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Waste Treatment Process

=  GIO ,primary” za cementnu industriju

=  GIO ,secondary” razliCitih granulometrijskih razreda, za cementnu
industriju ili postrojenja za spaljivanje otpada (energane)
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Kvaliteta GlO-a ovisi o mjestu doziranja

» GIO ,,primary“/ za primarni gorionik:
= [HV: 18-25 MJ/kg, ar
= veli¢ina ¢estica: < 30 (35) mm
= primjena u primarnoj zoni izgaranja

» GIO “secondary*/ za sekundarne pozicije doziranja:
= [HV: 12-18 MJ/kg, ar
= veli€ina Cestica: ovisno o tehnologiji < 80 do ca. 300 mm

= primjena u Sekundarnoj zoni izgaranja, primjerice u
kalcinatoru, ulazu u pec, predkomori peci

Viczek, S.A.; Aldrian, A.; Pomberger, R.; Sarc, R. Determination of the material-recyclable share of SRF during co-processing in the
cement industry. Resources, Conservation and Recycling 2020, 156, 104696. https://doi.org/10.1016/j.resconrec.2020.104696.
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Primjena otpadnih materijala u cementnoj industriji ).
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; | cement mil i iz visokih pedi, pepeo,
womgera | ~ silicijska prasina
GORIVA IZ i , Qutput: Clinker
_:l !
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Uporaba GIO-a u Cl = Koprocesiranje m.

. . 4 Reduce 4
Koprocesiranie: A 4

obuhvaca industrijske procese koji Reuse
istodobno omogucuju::

- ENERGETSKU OPORABU |

Energy recovery
- MATERIJALNU OPORABU -

MINERALNOG SADRZAJA OTPADA Incineration

Recovery

Mineral recycling

Desirability

= Co-processing
cime se istodobno zamjenjuju fosilna o
goriva i primarni mineralni resursi. A W Uneontrolied
burning &
F dumping

v

Source: Basel convention Technical guidelines 2012, Lamas 2013.

Quelle: 16 GCCA Sustainability Guidelines for co-processing fuels and raw materials in cement manufacturing (2018):

https://gccassociation.org/wp-content/uploads/2019/03/GCCA_Guidelines_FuelsRawMaterials-v0.pdf (accessed Jan 15th 2024)
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ISO 4349:2024 - Solid recovered fuels — Determination of the rn.

I'g’“b International

= Standard
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Reference number
IS0 4349:202 4(en)
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recycling index for co-processing

HRVATSKI NORMATIVNI DOKUMENT

OZNAKA:
Naslov (HR):

Naslov (EN):

Podruéje primjene:

|zdanje:

ICS:

HZN TO/PO:
Oznaka faze:
Glasilo - rasprava:
Glasilo - objava:

Nacin prihvaéanja:

Jezik:

Broj stranica:
Cjenovni razred:
|zvornik:

HRN EN ISO 4349:2024

Kruta oporabljena goriva -- Odredivanje indeksa recikliranja za koprocesiranje
(1SO 4349:2024; EN 1SO 4349:2024)

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

This document specifies the determination of the share of material recovery in
the case of energy recovery (i.e. co-processing) of solid recovered fuels
(SRFs), for example, in a cement kiln. This share, called the recycling index
(R-index), is calculated on the basis of the ash content and the ash
composition.
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ZAHTIEVI ZA PROIZVODNJU | OPORABU GIO-a ),
definicija: GIO (RDF i/ili SRF)

» Austrija: WIO 2010: ,,goriva iz otpada”“ odnosno ,,Refuse Derived Fuels (RDF = GIO)”

... otpad koji se u cijelosti ili u znacajnom dijelu koristi u svrhu proizvodnje energije i
koji zadovoljava kriterije kvalitete utvrdene ovom uredbom...”

» GIO = RDF: Europski katalog otpada: 19 12 12 — ostali otpad
razliciti neopasni i/ili opasni ofpad iz kucanstava, frgovine i industrije.
» GIO “SRF”: Europski katalog otpada: 19 12 10 — gorivi otpad
o Sukladno EN ISO 21640:2021: SRF — Specifications and Classes
o jskljuCivo kruti neopasni otpad

o podlijeze normirano definiranom sustavu osiguranja kvalitete
o koristi se za energetsku oporabu

| GIO ,SRF* je podskupina GIO =RDF-a |
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Kvaliteta ulaznog GlO-a: Austrija — AVV / vaZe¢i kriteriji, Prilog 8 [).

» Statisticki definirane grani¢ne vrijednosti za EBS/SRF u cementnoj industriji
» Vrijednosti se iskazuju kao medijan i 80. percentil zbog heterogene raspodjele teskih metala u
gorivu iz otpada i posljedicno velike varijabilnosti rezultata analiza.

Granicne vrijednosti [mg/MJ DM]
Parametar
Median 80er Perzentil

Sb 7 10 Teski metali prema hlapljivosti u

As ) 3 cementnoj pedi:

Ph 50 36 * Hlapljivi (Xo.lqﬁle):. tali] (T.I), Ziva (.Hg)
r r « Poluhlapljivi (semi-volatile): antfimon

Cd 0,23 0,46 (Sb), kadmij (Cd), olovo (Pb)

Cr 25 37 * Niskohlapljivi / prakticno nehlapiljivi

(non-volatile): krom (Cr), arsen (As),

< LS 2,7 nikal (Ni), kobalt (Co)

Ni 10 18

Hg 0,075 0,15

Y Goriva iz otpada osigurane kvalitete (KB 91108): Medijan < 0,45 mg/MJ; 80. percentil < 0,7 mg/M)J
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Dodatne (ugovorne) specifikacije za GIO M.

— Specifikacije GlO-a definiraju se UGOVOROM izmedu dobavljaca
(postrojenja za proizvodnju GlO-a) i korisnika (postrojenja za
energetsku oporabu).

o Donja ogrjevna vrijednost (LHV): [MJ/kg ar]
o Veli€ina Cestica (dos): [mm]

> Nasipna gustoca: [kg/m?]

o Sadrzaj klora (Cl): [% dm]

o Sadrzaj vlage: [% ar]

o Sadrzaj pepela: [% dm]

o QOstali odabrani ,teski“ metali
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| cementara u HR ima zahtjeve kvalitete za GIO ),

Holcim {Hrvatska) d.o.o.

Studija o utiecaju na okoli$ — Rekonstrukcija postrojenja s cillem smanjenja
emisija ugliiénog dicksida kroz povetanje ensrgetske oporabe ofpada u tvornici
cementa Koromatno, na podrutju Opéine Rasa, |starska Zupanija
2117-5T-EP-21034

Morana Petri¢, mag.oecol et prot.nat. lipanj 2022. 2

Tablica 4. SadrZaj pojedinih elemenata u analiziranim uzorcima goriva (srednje vrijednosti)

Cl Hg Ccr Cd Pb Ni A" Ti As Co Cu n Sb Sn
GORIVO % mgkg mgkg mgkg mgkg mgkg mgkg mgkg mgikg mgkg mgkg mgkg mgkg mglkg
Petrol koks 0003 0038 900 006 350 1000 1600 000 220 400 660 000 000 060
_Km’npni alien 1005 0026 o 77 1 (& 415 11 .00 14 00 (1 00 3 () A 20 5 75 1 00 1 00 070
fﬂ?g;zos'ﬁz opada (GIO) visoke kalorljske a0y o4 5394 133 8390 7.35 1439 001 001 101 5910 242 2835 9,14
anF;ggﬁOS:iZ olpada (GIO) niske kalorliske o 926 9710 043 151 1320 2590 054 004 182 106 436 5103 1645
Otpadna Ulja T1 008 583 083 1698 71056 3575 028 006 024 1289 429 418 241
Emulzije 0009 011 802 294 137 004 025 019 009 035 1208 896 180 1,10
Mulj od obrade otpadnih voda 034 022 350 078 353 253 354 097 160 2406 114 262 293 919
Mesno kostano brasno 157 008 583 083 120 008 121 028 006 024 1289 8057 478 241
Otpadne gume 03 002 310 314 8300 310 1500 006 100 500 2000 8900 500 500

Tablica 5. Sadrzaj pojedinih elemenata u analiziranim uzorcima goriva (maksimalne vrijednosti)

o Hg O cd Po Ni v Ti As Co Cu zZn  sb  Sn
GORIVO % mg/kg mgkg mg/kg mg/kg mgkg mg/kg mglkg mglkg mg'kg mglkg mg'kg  mg/kg  mg/kg
Petrol koks 0003 004 920 006 370 277 1327 000 240 410 670 000 000 070
Kamenl uglien (1 00F ] []4 4[] 00 () (16 & 300 1500 2200 0 00 & 20 5 J0) 7 30 00 (0 100
fﬂ?g;ﬁosiﬂz Otpada (CIO) visoke kalomiske ge  og 261 1490 300 108 3648 609 417 2331 373 586 240 473
\?ﬂ?ggﬁostliz olpada (GIO) niske kaloriske 5 oc g5 5933 1490 9230 9781 3283 609 375 2098 335 528 216 425
Otpadna ulja 119 0267 179 1.15 177 104 4018 016 001 4928 9750 762 1266 1945
Emulzije 0045 011 692 113 1298 055 1082 022 004 023 1208 2305 222 110
Mulj od obrade otpadnih voda 034 022 2354 050 369 308 446 021 160 2406 4520 224 106 0,82
Mesno kodtano bradno 157 008 583 085 461 016 397 041 006 033 1569 111 478 241
Otpadne gume 035 002 341 350 9130 350 1660 010 130 560 2300 9000 550 560
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| cementara u HR ima zahtjeve kvalitete za GIO ),

Tablica 7. Fizikalno - kemijska svojstva goriva iz otpada visoke kalorijske vrijednosti (GIO VKV)

Parametar jﬂ?.:?; Vrijednosti
Rasuto / balirano - Rasuto
Agregatno stanje - Kruto

Sumpor (S) % 0,18

Donja ogrjevna vrijednost kd/kg 23,6 -25
Sadrzaj vode % pron;?exkz‘looo,/% %
Sadrzaj pepela na 815°C % 9,55
Kloridi % 0,81-0,86

Ziva (Hg) mg/kg 0,24 - 0,94

Krom (Cr) mg/kg 53,94 - 261

Kadmij (Cd) mg/kg 1,33-14,90

Talij (TI) mg/kg 0,01 -6,09
Nikal (Ni) mg/kg 7,35-109

Vanadij (V) mg/kg 14,39 - 36,48

Olovo (Pb) mg/kg 83,90 - 300

Arsen (As) mg/kg 0,01-4,17

Kobalt (Co) mg/kg 1,01 - 23,31

Parametar j?é?r:?caa Vrijednosti
Bakar (Cu) mg/kg 59,1-373
Cink (Zn) mg/kg 242 - 586
Antimon (Sb) mg/kg 28,35 -240
Kositar (Sn) mg/kg 9,14 -473
Ugljik ( C) % 46
Vodik (H) % 6,6-7
Dusik % 0,5-08
Kisik % 30,4-34,4
Nasipna gustoéa kg/m?3 100 - 400
Veli¢ina ¢estica mm mg-fzo
Debljina Eestice - max 1mm

Move mountains
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Tablica 9. Fizikalno - kemijska svojstva goriva iz otpada niske kalorijske vrijednosti (GIO NKV)

| cementara u HR ima zahtjeve kvalitete za GIO ),

Parametar jzn(ji?r:?caa Vrijednosti
Rasuto / balirano - Rasuto
Agregatno stanje _ Kruto Parametar _Mj‘f""_“a Vrijednosti
Sumpor (S) % 0,31 jedinica
Donja ogrjevna vrijednost kJ/kg 14 Arsen (As) mg/kg 0,04 -3,75
Sadrzaj vode % ma?( 40% Kobalt (Co) mg/kg 1,82 - 20,98
prosjek 30% Bakar (Cu) mg/kg 106 - 335
Sadrzaj pepela % 17 Cink (Zn) mg/kg 436 - 528
Kloridi % 0,46 - 0,86 Antimon (Sb) mg/kg 51,03 -216
Ziva (Hg) mg/kg 0,26 - 0,85 Kositar (Sn) mg/kg 16,45 - 425
Krom (Cr) mg/kg 59,33 -97,1 Ugljik (C) % 46
Kadmij (Cd) mg/kg 0,43 - 14,90 Vodik (H) % 6,6-7
Talij (TI) mg/kg 0,54 - 6,09 Dusik % 0,5-0,8
Nikal (Ni) mg/kg 13,2 - 97,81 Kisik % 304-344
Vanadij (V) mg/kg 25,9 -32,83 Nasipna gustoca kg/m? 100 - 250
Olovo (Pb) mg/kg 92,3 - 151 Veli¢ina Cestica mm 95%< 80 mm

Move mountains
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Holcimov profil GIO-a potvrduje visoke zahtjeve kvalitete usporedive rn.
s austrijskom pravhnom praksom

Granicne (statisticke) vrijednosti | HOLCIM maksimalne vrijednosti

[mg/MJ] [mg/MJ] sukl. SUO
GIO NKV

Parametar

GIO VKV

Median 80er Perzentl 1 blica 7.) SUO  (Tablica 9.) SUO

o 5 10 10,17 15,43

As 2 3

Pb 20 2t

cd 0,23 1045 0,46 1070 0,63 1,06

Cr 25 37

Co 1,5 Z)

Ni 10 18

He 0,075 0,15

Y Goriva iz otpada osigurane kvalitete (KB 91108): Medijan < 0,45 mg/MJ; 80. percentil < 0,7 mg/MJ
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EmiSije iz cementne indUStrije: Emisije one¢iscujuéih tvari rezultat sum.

kombinacije ulaznog materijala, procesnih uvjeta i specificnosti postrojenja.

PROCESNO - specificne

Emisije
oneciscujucih
tvari
ULAZNO - specificne POSTROIJENIJE - specificne
e ULAZNO - speciﬁéne * PROCESNO - SpECifiEne:
— Sadrzaj hlapljivih metala, npr. — NOy — nastajanje pri visokim temperaturama
ziva (Hg) i talij (TI) — CO — posljedica nepotpunog izgaranja
— sadrzaj klora * POSTROJENIE - specifiéne:

— uku pni unos Cr + procesni UVjeti — Mjesto doziranja je klju¢no za emisijsko ponasanje
— potencijal stvaranja Cr(VI) postrojenja (npr. VOC i dr. produkti nepotpunog izgaranja)

— tehnologija i intenzitet
Move mountains Assoc.Prof. Sarc | Chair of Waste Processing Technology and Waste Management
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Mjesta doziranja goriva iz otpada u cementnoj peci i zahtjevi .
na kvalitetu goriva

Mijesta doziranja u cementnoj pedi: S ;‘ \
reko glavnog plamenika na izlaznom kraju rotacijske peci, : Raw
@ P & &P J JSKE P ! W Meal 1300- 350°C
@ preko sekundarnih plamenika u uzlazni kanal na ulazu u pe¢, i [J
: , . Cyclone 1 ; L
@ preko plamenika predkalcinatora u predkalcinator, Profeater < Y |
@ . [ Calciner
preko kosog dovoda u predkalcinator za krupnije gorivo. i 3 Primary Bumer
! N - Clinker Cooling
! T AN Calciner Firing ' Waste Gas
£2 1
gs0°c| —— /. /[ . 350 °C
RS o \ Tertiary Air (1 Y
4 T 'a" e ) 700 - 1000 _C___ ’//77: Plgirrri]r?g;y
@ GIO primary: dgs < 35 mm, LHV: > 18 MJ/kgog 2R TOBO 1507 P i %}C System
(A%
@ GIO: otpadne gume 2 I ”353;;;'-“"-""‘"" Rotary Kiln %.2000° i
(3) GIO secondary: dgs < 80 mm, LHV: 12-18 MJ/kgo — gt 8
Secondary Firing ; LY,

Q GIlO secondary: dgs ~ 300 mm, LHV: 12-18 MJ/kg._ System Clinker Cooler - ker

Assoc.Prof. Sarc | Chair of Waste Processing Technology and Waste Management
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Pecenje klinkera: temperaturne zone i zahtjevi za kvalitetu n).
goriva prema mjestu doziranja

Temperature
°C

2,000 ---mmmmmmmme o T T T A
1,800 o -----om-oooooo o o oo oo
1,600 -mnmmmmdo e oo oo .
1,400 - Ry 4 R
1,200 oo A SR — A A A | N —
1,000 of----momme oo S i s R |

T R s ma g o AR W

_____________________________________

600 - 47 4 — I
a0l I D//Waterial Temperature \ X

2004 A e e e S
o} g : | | :

| Raw [GazDucty Pre- . Pre- Rotary kiln E Cooler

Equipment Filter | - . Cool | ' : |
: mMill | Tower | heater : calciner :
. . about | about | about 1 about i about about | about
Gas retention time 15s ! 2s | 10s ! 10s ! 3s ! 10s : 1s
Material 60 s to I 30s to I I about I about I about I about
retention time 30min | 30min i 50s i 5s i 30 min i 30 min

Odabir mjesta doziranja RDF/SRF-a je klju€an:

Willitsch (A TEC) & Reinhold (Scheuch), 2015

(1) preko glavnog plamenika na izlaznom kraju rotacijske peci: GlO:dgs < 35 mm, LHV: > 18 MJ/kg,g,
Q preko sekundarnih plamenika u uzlazni kanal na ulazu u pe¢: GIO — otpadni gume,

('3) preko plamenika predkalcinatora u predkalcinator: GIO: dgs < 80 mm, LHV: 12-18 MJ/kgs,

° preko kosog dovoda u predkalcinator za krupnije gorivo: GIO: dgs < 300 mm, LHV: 12-18 MJ/kgs.




100 % termicka supstitucija tehnicki je demonstrirana i moguca uz
odgovarajucu kvalitetu goriva i procesne uvjete
- rezultat vlastitog doktorskog istrazivanja, 2015. godine
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Neopasan otpad # automatski kvalitetno GIO ),

STRUCNI OSVRT - SAZETAK 13.09.2026. Ass. Prof. Priv.-Doz. Dipl.-ing. Dr. mont. Renato Sarc

Otpad iz big-bag vreca iz Gospica - strucna ocjena za cementnu industriju

Sazeta strucna ocjena tehnicke prikladnosti neopasnog otpada iz big-bag vreca za koriStenje kao goriva iz otpada u cementnoj industriji.

Kljucna poruka: rezultati ne upuéuju na gorivo osigurane i ujednaéene kvalitete, nego na heterogene tokove otpada
s jasno izrazenim ogranicavajuc¢im parametrima.

Usporedba s pravilima struke (AT AVV / DE RAL-GZ 724)

# Otpad / parametar Izvjeséa o ispitivanju  Izmjerena vrijednost Ocjena Usporedba s referentnim vrijednostima

7 KB 07 02 13 - vjesca: 2.681 W AT AWV medijan 1,5 mg/MJ - 1,79x vise

Co 2026/30986 i ’ Prekoracenje . : .
Kobalt (CO) 2026/30988 mg/MJ DE RAL medljan 0,38 mg/MJ - 7,1)( vise

A. ) l2vjedca: . AT AWV medijan 7 mg/MJ — 2,99x vise

a Sh ﬁ&:\ ;ﬁ ?s4b) 2026/30991 | 20,896 Q s::;:::genje AT AVV 80. pecentil 10 mg/MJ — 2,09x vide

2026/30989 mg/MJ DE RAL medijan 3,1 mg/MJ — 6,74x vie

a I cl KB191212 - lzvjesce: 1,06 A Ogranicenje Tehnicka praksa: ispod 1 %, ali u primjeni i

Klor (CI) 2026/30992 % kvalitete stroze vrijednosti od 0,8 %, pa ¢ak i 0,6 %.
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3. USPOREDBA KLJUCNIH PARAMETARA

% KB070213

Gospic  Holcim GIO VKV Holcim GIO NKV

USPOREDBA OTPADA IZ GOSPICA S UOBICAJENOM KVALITETOM

GORIVA IZ OTPADA (GIO) U CEMENTARI HOLCIM

Temelj: javno dostupna Studija utjecaja na okoli$ (SUO) Holcim Koromacno, Opéina Rasa (2022.)

NA TEME
JAVNO DOSTUPN
PODATAKA

1. TEMELJ USPOREDBE - SUO HOLCIM

S HoLcIM

Studija o utjecaju na okoli§
Rekonstrukcija postrojenja s cijem smanjenja emisija
ugljiénog dioksida kroz povecanje energetske oporabe
otpada u tvonici cementa Koromaéno, na podrudju
Opcine Rasa, Istarska zupanija”
Investitor: Holcim (Hrvatska) d.o.0.

Koromaéno 7b, 52222 Koromaéno
Izvodaé:  IVICOM Consulting d.0.0.

D.T. Gavrana 11, 10 020 Zagreb
Voditeljica izrade: Morana Petri¢, mag. oecol. et prot. nat.
0dgovorna osoba: Dinko Condié, dipl. ing. grad.
Oznaka projekta:  2117-ST-EP-21034, revizija 2, lipanj 2022.
Javno dostupna na:
@ https://www.rasa.hr/wp-content/uploads/2022/07/

tudij jecai Kolis-Holcim-K pdf

2. 8TO SE NALAZI U TABLICAMA SUO-a?

. Srednje vrijednosti
BEL[CER S kemijsko-fizikalnih svojstava
analiziranih goriva (ukljucujuci GIO VKV i NKV).
Tablica 5
Tablica 7
Tablica 9

Naziv:

Maksimalne vrijednosti
kemijsko-fizikalnih svojstava
analiziranih goriva.

Cementara Holcim Koromaéno
Fizikalno-kemijski profil (Opcina Rasa)
GIO visoke kalorijske vrijednosti (VKV)
koji se razmatra za uporabu
u postrojenju.

homogenizacijom i pobolj$anjem kvalitete

Fizikalno-kemijski profil
GIO niske kalorijske vrijednosti (NKV)
koji se razmatra za uporabu
u postrojenju.

za primarna goriva u cementnoj industriji.

N KB 191204

Gospi¢  Holcim GIO VKV Holcim GIO NKV

PRGN (analize) (srednje/max) (srednje/max) O0eMd  Parametar i) (srednje/max) (srednje/max) O¢iM
Co (ma/kg) 378 101/2331  182/2098 €  sb(mgkg) 560  2835/240 5103/216 €
Pepeo (%) 37,79 9,55 17 )  Pepeo(® 12,54 9,55 17 &
Donj2 ogr. vrijednost 14 B 4 Donga ogr. vriednost 3

o 1 236-25 1 Q i 268  236-25 14 (V]

Kljucni nalaz:

e Co je 62-80 % iznad maksimalnih vrijednosti.

® Pepeo je viSe nego dvostruko visi od tipicne
VKV vrijednosti (i takoder iznad NKV).

® Energetska vrijednost je znacajno niza od VKV,

na razini NKV.

Move mountains

Kljucni nalaz:

e Sbje 2,33 puta viSi od maksimuma VKV i
2,59 puta visi od maksimuma NKV.

® Pepeo je iznad VKV, ali ispod NKV.

e Energetska vrijednost je povoljnija.

Assoc.Prof. Sarc | Chair of Waste Processing Technology and Waste Management

« Gorivo iz otpada (GIO) dobiva se obradom,

(SUO Holcim,

Q U granicama uobicajenog GIO Q Iznad uobi¢ajenog GIO

TRANSPARENTNO

LU
IH

neopasnog otpada te se koristi kao zamjena
»

2022.)
@ Na donjoj granici / granicno

KB191212

Gospic  Holcim GIO VKV Holcim GIO NKV

Paramelar (analize) (srednje /max) (srednje /max) 00"
¢l (%) 106 081-08  046-08 €
Dona og. vrijednost p=
Mk 153  236-25 14 i1y

Kljucni nalaz:

e Kilor je oko 23 % iznad gornje vrijednosti
(0,86 %) za VKV i NKV.

® Energetska vrijednost je ispod VKV,
ali iznad NKV.




KLJUCNI ZAKLJUECI M.

> Neopasan otpad nije automatski GIO osigurane kvalitete — pravna klasifikacija i tehniCka
prikladnost nisu isto.

»  Kvalitetno GIO zahtijeva visestupanjsku obradu i osiguranje kvalitete — ulazni materijal i
kemijsko-fizikalna svojstva presudno odreduju izlaznu kvalitetu.

> Kod otpada iz Gospic¢a dostupne analize ukazuju na heterogenost i tehnicka ogranic¢enja
kod koristenja u cementnoj industriji — posebno za parametre Co, Sb i Cl.

> Primjena u cementnoj industriji zahtijeva reprezentativne analize i prilagodbu konkretnom
postrojenju i mjestu doziranja — mijeSanje ne smije biti zamjena za obradu.

»  Osnovni princip za GospicC: prvo razumjeti sastav i svojstva otpada, zatim odabrati
tehnologiju — svaku tehnicki definiranu frakciju usmjeriti u odgovarajuci postupak prema stvarnim

svojstvima.

Move mountains Assoc.Prof. Sarc | Chair of Waste Processing Technology and Waste Management
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Introduction

“This article presents an update of the data and facts from the pub-
Tication *Design, quality and quality assurance of solid recovered
fuels (SRF) for the substitution of fossil feedstock in the cement
industry” (Sare ctal,, 2014).

The valume of SRF industry

As concluded in Sarc et al. (2014), when dealing with wastc as a
resource for cncrgy menagement, and considering the increasing
amount of solid recovered fucls (SRF) that is wilised in the
cement industry for heat and encrgy gencration, it becomes clear

eration propertics. Waste fucls having a low level of pollutants

Email- isa@unilechen ac at
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1. INTRODUCTION
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1. Introduction

The hydraulic binder cement is a crucial componen
facturing of monar and concrete (Galvez Marios and
20143, the laiter being one of {he world's most imporian
materials (Huntzinger and Eatmon, 2009). For the pn
ment clinker, raw materlals providing the four maln ¢
nents of cement clinker or precursors thereof are res

WM&R

Waste Management & Restarch

Original Article

© The Authorls) 2023
Article reuse guidslines
sagepub.comvjournals-permissions

Co-processing of solid recovered fuels from

!'nlxed munlu;!al and commercial waste segepucomlpunale ermiscn
in the cement industry - A pathway 55*‘3“
to a circular economy

Renato Sarc() and Sandra A Viczek

Abstract
With global municipal solid waste generation increasing steadily, the importance of high-quality, environmentally friendly waste
valorization methods is rising, 100. Most countries have set themselves ambitious recycling goals and follow a waste hierarchy
in which recycling is more preferable than energy recovery. This article focuses on a waste treatment option that already is an
integral part of waste management in some countries and enables the simultaneous recovery of energy and mineral constituents: the
production of solid recovered fuels (SRFs) from mixed municipal and commercial waste and their use in the cement industry is often
referred to as co-processing. The state of the art of SRF production is described and the first comprehensive dataset for SRF samples
nts, heavy metal and metalloid contents, energy- and CO-&

fon-relevant parameters, ash constituents

on plants complics t values for heavy metals, has an average biogenic carbon content of
/s, and its application in the cement industry ¢ idered as partial recycling (14.5%) and partial e recovery (85.5%).
ing no residues to be dealt with, co-processing of waste in the cement industry therefore offers many benefits and can support

the shift from a linear o a circular economy,

Keywords
Co-processing, solid recovered fuel, waste management, waste valorization, recycling, energy recovery, ash composition, heavy
metals
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¢ Action Plan (Department of the Environment
Energy, 2019), China’s development plan for the circular ec
omy (National Development

Introduction

While the globally generated amount of municipal solid waste
(MSW) has reached 2billion metric tonnes per year in 2016 and 40y many mare. Most countries also recognize and follow a
is expected o rise 1o 3.4billion metric tonnes per year by 2050 ac picren i acte treatment aptions and measure-
(Kaza et al., 2018), the world is still struggling to utilize these  onts from most to least preferable. While the number of levels
tesources appropriately in an environmentally beaign manner

33% of MSW is openly dumped, 37% is landfilled, 11% inciner-
and only 19% is recovered through recycling or composting
(Kaza et al., 2018). These numbers emphasize the importance of

the principle that waste shall be treated in a resource-efficient and

d Reform Commission, 2021)

in the waste hiera

chies may differ, the contents and rankings are
matching (Figure 1).

In all waste hierarchies depicted in

ion

reduction of waste

cluding re-use has the ity Itis
followed by recycling which comprises reprocessing materials

into substances, materials or products, but does not include

sustainable way that minimizes its effect on the environment and

enables the
numerous countries have published strategies for mu
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ment and have sct ambitious recycling goals
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wastc man;
Examples include the US National Rec)

States Environmental Protection Agency, 2021), the European
Circular Economy Package (European Commission, 2019), the
nada-wide strategy on zero plastic waste (Canadian Council of
Ministers of the Environment, 2018), the Australian National
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calclum oxide Ca0, slicon dioxide Si0;, aluminum ox

fron(II) axide Fe, O (ef. section 2.1). Besides mw materials, the man.
ulacturing of cement also requires large amounts of energy (Galvez
Martos and Schoenberger, 2014). In modern mtary kil plants, the
production of 1 metre ion of cement clinker requires between 3.0 and
386 of thermal energy (under optimal conditions and depending on
the technology used). Wet or shaft kilns, in contrast, may require up 1o
S.8G) of thermal energy per ton clinker (European Cement Research
Academy (ECRA), 2016). To provide this energy, cememt plant

* Commponding authar.

cement industry being covered by alternative fuel: 30% are covered by
RDF, e.g. old tires, used ol and solvents, eic. and 50 % are covered by
SRF from plastie rich waste fractions of industrial, commercial, and
munieipal solid waste (MSW), corresponding to 358,550 tonnes of SRF
{year 2018) (Mausch iz, 2019). Sare (2015) has demonstrated that even
100 % of thermal substitution is technically feasible when different
types of RDF are used for energy generation in the clisker production
process. Intemational studies report that the use of SRF or ROF in the

Femail exddresses sandra vieosk unilechen ac at {8.A. Vicoek), alexia aldrian Gunilech it (A Aldrian), roland Gunilecben ac st (R Pamberger),
renata sare Gunileoben sc at (R Sare)
" SRF representa subgroup of RDF. While RDF can be prepare d of various non-hazardows and hazardous, liguid and solid : wame

waod, used salvents), the wrm SRF only nefers i salid fusk made from nonhazanious mixed or srted salid wastes, are furthermore quality ssured, ie mest fie

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