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ABSTRACT

The incineration rate of combustible household waste discharged using standard waste bags in Seoul city increased by about
6 times compared to about 20 years ago, reaching 58% as of 2022. From 2018 to 2022, the waste metals mixed in standard
waste bags of Seoul city are the source of incinerated-iron, the discharge of which increases every year. However, the
proportion recovered as incinerated-iron is varied, ranging from 4.7% to 39.7%, and the recovery rate is decreasing over the
years. The proportion of incinerated-iron recovered from bottom ash is 1.2% to 2.1%, and the proportion of incinerated-iron
among the recovered metals is 94.3% to 99.6%. All recovered incinerated-iron is sold, but its price is lower than the market
price. The low recovery rate and low selling price are the current problems of incinerated-iron of Seoul. The recovery rate
can be affected by the type of incoming waste, the performance of the magnetic separator, and the size and shape of
incinerated-iron, and continuous research is needed to analyze these interrelationships. In addition, the low sales price of
incinerated-iron is related to its quality and use. Incinerated-iron is recovered as iron oxide and sold with the incineration
bottom ash still on the surface, greatly reducing usage. Future research is needed to improve the recovery quality of
incinerated-iron and expand its uses.
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7 HAY Q] £8to] 8-S FEokal 1tk(Seoul Metropolitan
Government, 2024). “L&jL APATLof| 951, 4ZF A
2 A 9 o] 7ot o5 ekl /1o H (A,
2006; Shin et al., 2000), ZEF&2 38k 07 EolA3H
EAE 7HA 3L 9loj(Ahn, 2006; Um et al., 2007) &7
AHEEE oA wt.

olo] ATASE MY BTE I V1 2ATE AR
o B 2744 SUHE 29 FEFLS 3~ 1%0]
H(Um et al.,, 2007), £ZFA2] °F 85~ 90%S A}X|ot=
vleHAjof] =(Kim, 2016; Um et al., 2009) 2F 5~ 11%2] &
3 79, 97 5 HEESL FReka gty wEn
(Ahn, 2006; Chung et al., 2001). 3] Um et al. (2007)2
HEA] o] E-GES =o17] Hsh, vhg Aol 23E d+5
£79] 2719 AGA7] o] e dE&EFE Btk A

= AP APAFEE 24704 5455 st
= AL 27449 AEE FHoA Fa5HH, G50 B
Aof| wi = FAE 4= Qlo] AF AR SHM T

Sk FZAAZE. 290 @A7A] &ZHA|
AoflA 3] =470 gt 3 RS} AR
7F §lel, 3lpoi ol djgh stefo] ot Tk
2006 A€ Al DR AZPAEO A I o o
S S JE= &Rlo] 7FsstE R, o] AREEFH
do] Hx2 3IgHE AL FEYE + Utk(Seoul
Metropolitan City Resource Recovery Facility, 2024).

S, QloflA= Az Ao RE Tl His) A54
o7 Aoty Egotal ok SAAAAE olv| Al
ST AL SAATEV)S 20144 274 B Gt o
7% B2g A4RAT sERRRE feE B34S
¥H7E FFoE FE5te] AHSHAT Tang (2012)2 &
A2 ALE7E 2 A&7 AduEg e
oA A 7|E9 42Z4AE] & wWiEH 0.7mm~5mm
279 vER|RRE AE HRse] IFulEe B o
st 714 MEgon, 058 068% 55017
o1Z3it}t. Honma and Ogasawa (1995)= YEO] R} A
H71&S o]&% HIIE Aol e 545 1 HEaES
3]sol et WS AAISHA. Sierra et al. (2024) HE
SR04 FEE E AFHL 3mm o5t A7)0y,
3mm o/l Fgof AFAE7|oA FeErta AFst
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AA o W3k )0 (Bunge, 2016; Sakanakura, 2018),
vgstee}l ZgA= A5A; 4o &85t 5 A
£ ol ok 28y o= AA A EER
B da4 IedEnt ofye o 559 s
T 8 5 ANkEQl B A7 BERE Aol

oA & Ate AAl AZAEOA JEE das
of tigt FFS YotH = I EHE FooH, THA
BF WH71E9 2744 FARE IaE Ho] 47
A HFE7HA] A 4D A= RSt @92 wHots
At R AZA] A FAIE W AHA™T| Y AL
4 29 3ty 5 @S FYF o]F HIP R A
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94 o]§ F7Z P’ AAEE EE5tA St 2 A
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sto] ZF g dike A A BA DA SEA
U HeEF EdR S metsiit. FTAET
o= E25A HA ¥ 2AE F, HaEsEF U T
ol gloH, olF HAERE= £7EY AHAL HiEHUo]
doh. wEhA Adgead 2 SFASTE FURelst
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| Qutside the facility | | Qutside the facility |

Step 1. Waste disposal

Step 2. Bottom ash extract

Step 3. Magnetic separator

Step 4. Incinerated-iron disposal

Source: Reconstitution of the incinerator process of Seoul City facility by author

Fig. 1. Process for recovering incinerated-iron from household waste
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Table 1. Magnetic separator type and intensity at incinerator facility in Seoul City

Incinerator facility in Seoul City

G N M Y

E

Stoker +
Rotary Kiln

Incinerator type Stoker Stoker Stoker

High temp. Melting

Magnetic separator type Suspended Suspended Suspended Magnetic drum Magnetic drum
Magnetic field intensit Approximatel Approximatel Approximatel
g y 6.700 pprox y pprox y 2.800 pprox y
(GS) 6,000 7,000 3,000
Operation start (year) 2001.12 1997.04 2005.06 1996.03 2009.02

Source: The Seoul Institute (2023) & expert interview

Suspended magnetic separator

O ———— [
=
TN TN

Conveyor Belt ‘

Magnetic
material

(a) Diagram of suspended type-magnetic separator of

No magnetic
material

M incineration facility

(b) Machines of suspended type-magnetic separator in

M incineration facility

&

Source: (a) The author reorganized the materials provided by M incineration facility

Fig. 2. Diagram and machines of suspended type—magnetic separator of M incineration facility

No magnetic
material

Magnetic
material

>

[

(a) Diagram of magnetic drum separator of E incineration facility (b) Machines of magnetic drum separator of E incineration facility

Source: (a), (b) The author reorganized the materials provided by E incineration facility

Fig. 3. Diagram and machines of magnetic drum separator of E incineration facility
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(5) Incinerated-iron stored in Pit

2018 AR 2022G7HA] AZA] 2370Fo] A HiEH Ay
GAH7]E(Table 2[A)NA 35" AZHHO] Wizt
(Table 2[G])= Table 40l 2 Fr}. Fig. 19 GAE &
of @} Table 2] Step 15-E| Step 47}A] 25t 2
shict.

Table 29] Step 12 H7|E9 TYGA 0|, A7PH 9
Hi&go] = EA=Ql HasRFdol STAE8Fl 94
AR FYEl= AS SIS 5= = 2Alol 237
T9 A HZES H]EK(Table 2[A]S  2018W
1,042,100 t, 2019 1,297,200 t, 2020 1,162,000 t, 2021
31,301,200 t, 2022 1,169,100 to. & ujd &7+ b=
oFal Qltt. o]F AZAA R [RAE= LA H 7] =(Table
2[Bpoll Z3E HFEFHFE Table 2[Clo FHFAt. &
AEE HEESFFL 201849 5,221t 20199 6,024 ¢,
20209 4,894 t, 2021 7,130 t, 2022 23,497 tO2 2020
A AYsta wid S7bske AFE Btk £5] 2022
U2 2018 9] oF 4.5u]0] Dot= HFEF FYUZol &
Q1= et

Table 29] Step 2+= AZHAAZ F-U% 7] E(Table 2[B])
o] AZtAE|H o FAER B A Y] F(Table 2[D])
Ut Qlo}. v ol= Ha&R77F Z9tE o] {lon,
2018 99,591 t, 20199 107,362 t, 2020 99,382 t, 2021

(6) Incinerated-iron before measurement
Source: Photos owned by the author

Fig. 4. Status quo of incinerated—iron recovery process using magnetic separation at M facility in Seoul City
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Table 2. 2018 ~ 2022 Statistical data from combustible-standard waste bags entering the incinerators to
incinerated—-iron being removed from the incinerators in Seoul City

Step Item 2018

2019 2020 2021 2022

[A] Amount of combustible-standard
1,042,100
waste bag (tones/year)

1,297,200 1,162,000 1,301,200 1,169,100

[B] Amount of 5 incinerators inflow
combustible-standard waste bag 739,929

1 (tones/year)

713,909 715,619 712,236 688,626

[C] Amount of metals in the
combustible-standard waste bag

. o 5,221

flowing into incinerators

(tones/year)

6,024 4,894 7,130 23,497

[D] Amount of bottom ash extraction
2 . 99,591
containing metals (tones/year)

107,362 99,382 91,476 91,443

[E] Total amount of recovered metals
from 5 incinerators in Seoul city 2,097

3 (tones/years)

1,874 1,252 1,245 1,105

[F] Amount of recovered 2075
incinerated-iron (tones/year) ’

1,865 1,181 1,240 1,100

[G] Sales volume of incinerated-iron
from 5 incinerators in Seoul city 2,075

(tones/year)

1,865 1,181 1,240 1,100

[H] Total price of incinerated-iron
from 5 incinerators in Seoul city 228,745

(Thousands KRW)

196,998 69,504 108,597 136,758

Source: The waste generation and treatment status (MOE, 2018 ~2022), Status of incinerator facility in Seoul City (Seoul City Resource
Recovery Facility, 2018 ~2022) and Seoul City Government’s internal data (Seoul City Government, 2018 ~2022)

9 91,476 t, 20229 91,443 to] vjEHt}.

Table 29] Step 3-2 H}IEA||(Table 2[D])7} ZHo]o] &
ER o|gH ¥ AHHAHr|E Tt 89 HegF
%F(Table 2[EDT 11 & AZPEF(Table 2[F)FF g2 &
g3 AS Aot At HaEs7Fe AZHEGEY Ao
= HEFEFFoIt. HFEFYS 2018 2,097 t, 2019
d 1,874 t, 20201 1,252t, 2021 1,245, 2022 1,105t
o] HIGAERY 3JEct 11 F AZPERE 20189
2,075t, 2019 1,865t, 202041 1,181, 2021 1,240t
20224 1,100 to]t}. 3|4E= mlE4setyl AzbESo
Wi Zachs AFE Hdoh 53] 202299 &7 3
430 20184 3]<=Fo] oF 539 Z=ZFo|c}.

Table 29] Step 4= A7V 9] ujZFF(Table 2[G])Z} f
ZraH(Table 2[H])& A Fh &ZPH 0] wizbeg2 47b
A9 94—’?%(Table 2[F) Yo, 3lE= ol vf
ZrE ok Wzt A-2 AI7FE Hhg o, o]of mhE ujZtH
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2018 228,745 ¢, 20194 196,998 %, 2020 69,504
A, 202149 108,5974 Y, 2022 136,758 o]t}

3.4. Znoj st uF

Table 3°]&= Table 20| 2|3t Ho|HE2RH A 1E 4t
Z5to] Yottt A AREE AZALERE fYE F
FAeF Foll 23 HaFE7FEY BS(Table 3[1]), &
FAeFl == uﬂ%@% % dad ATEHS v
(Table 30D, A F gaE AZPEYG HS(Table

KD, 94#% a5 5 &ZEY H|S5(Table 3[L)2E
3 47}11011‘% o|F HIFOoE @A A7 A
HAste] ohaat 22 EA1H0]

AA, Table 3[I]o] =W T 54U SHASF

Ha&R79 vSol Wid S7iste S #Ed &
o, ol B A7E Ad=E o|PHIL YA gYth= &
7l 2 4 Atk HEEFY 2 20224 3.41%2 2018
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Table 3. 2018 ~ 2022 Indicators from source to end product of incinerated—iron

Formula 2018 2019 2020 2021 2022
[1] Ratio of metals in the
combustible-standard waste bag [CV/[B] 0.71% 0.84% 0.68% 1.00% 3.41%
inflow into the incinerators
[J] Ratio of recovered incinerated-iron
over waste metals in
bustible-standard e b [F)/[C] 39.74% 30.96% 24.13% 17.39% 4.68%
combustible-standard waste bag
inflow into the incinerators
[K] Ratio of recovered incinerated-iron
rracted bottom ash [F)/[D] 2.08% 1.74% 1.19% 1.36% 1.20%
over extrac
[L] Ratio of recovered incinerated-iron
. 0 . (] . (] . 0 . 0
4 metal [FI/[E] 98.95% 99.52% 94.33% 99.60% 99.55%
over recovered metals
of Bls °F 4.8% F7Ila= AT # %‘PP Bt AT oF 19701, o]} oA A= AHE7] 9] gt
EA, Table 3[J]2} Table 3[K]o] W= 470 3] S L33 FEY 5 AUk 18y 2Z4EHY I

|

ol jd o5 =S T 4 AE} Table 3[J]9]
742 2018 39.74%, 20199 30.96%, 2020 24.13%,
20213 17.39%, 20223 4.68%% ZA|HEEo| 23 [
S5 AZPESY HFo] g FojE1
o EAEQ HaERE FYE v AR 3gEofof
Sk, 2022W T AZAAR fdE HaE5FY 4.68%
o EH%%}—E THETE AZPE R I5E T, YA 95.32%
= 1 W& g1 4= Qit}. o] A% 37k 7HsAdol
A=, (1) uﬂ FE5F= EF 0|99 HERE 5]
o 2ofl, &Z-H9] Flpifo] &2 W, H|HFY Fgol
7Kt A7t & = Qlvh AA LAY HEES 3
Z=2F2 Taple 29] [E]-[F]IE2 AF& 71550, 2018 22t
20194 9t, 20208 71t, 2021 5t, 2022 5to 2 H|E
49 IJFFE EolE1 Ut o] Higol= A4
4% & 229 ALIFAIHA AT HHFEES S0t

:_"L/\EZ
=TT

9\}\ ] IIH_‘:,’_Oﬂ ]é:"/\_,] §]}\Fﬂ:~9— /\]-7(‘16’1- 2 0401 x—]f,j_—g}_
golo] 71535 Aot (2) 3$eHA L HIEEF

S 7ol AHAAEYY eHA g v A2 271
]l Afoltt. o] B &7 vigA o] xdHo wiE
S, vigAle P oz olFste] W Er] gz, o]
EQF 7] #]lo] AEth &7 A% wiaAet
A Boll MiEEE, £ 2 SFEAZA EY, Aske

£ 29 Qe Br A7 ege A T &+
= Gl digk A+7F astt. (3) HAeeR A+
AE719] keFotz QIR deAsE € & At A=A
F7)e Aol A 9 AleE 1 Zo] AAHo A
T7HA AREEC] St A2Al A=A BAE 23 K
Ao w=r 20209 124 31 V& ALIAlE S

o dalo] AT SURL AETL Ys BAZ A
A9 o] ATUAL Belo] B, o
o peIsio] 27149 977} Wasi.

Table 3[K]&= HIHA oA e 42440 BISOR
2018 2.08%, 20199 1.74%, 20208 1.19%, 20214
1.36%, 2022 1.20%0°]t}t. 20222 2018W9] <F 50%
a3t 222 HoiZ=y 9k Az 3|29 Faslo]
x}"%%ﬂt I Q40ATL Ieed AAAEr| Y

35, BH 5ol 9FE L=t 1y FHold= &7
Ao A AEE= A AE 7] gt A7 BA
b opye}, A A7)0 He FHd 28-S g
49 27], FH 5o T AF= FEoith AE =
A2 A, a7 viE Al AHME US| HEA
2 252 AA Edste S AR &, A
S B4 355, o] 37Jrqu HeAel H o] e
Bol5tA TE1 H9 I4+E&E =2t (Bunge, 2016).
webd AR H] G ASAE AHEAe AT
o B, 27149 H5ES %Y S+ Us A7 FA
ARslolol 3 Aoltk

A, Table (L0 HEE BSEE AE4T 5 47
Ho] tjrrel Aoz slelslsslth 20189 98.95%
2019 99.52%, 2020 94.33%, 20213 99.60%, 20221
99.55%9] H]F O g Azbdo] dpFlon, T 571 B
T 98% GOt} ol= &7 IpAu|o FFE] U=
A& %o, FEASE dduw7Ee 24A9E 530
JeHe HaEF7Y HSS =ol7] AsiA HEE59
3o BAS 7HAoF & Aol

YIA], Table 404 42HE 9] W2 wuj7H4

flo J

[ﬁ l~> 62 l‘
e

e e Jp

o
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=3
filo
o
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Table 4. 2018 ~ 2022 Economic value of incinerated-iron and iron scrap price

Formula 2018 2019 2020 2021 2022 3 years
average
[M] Average selling price of
incinerated-iron in Seoul City [HI/[G] 110 106 59 88 124 97
(KRW/kg)
[N] Average selling price of iron scrap
in capital area (Seoul, Gyeonggi, 239 227 199 382 421.9 294
Incheon) (KRW/kg)

Source: Seoul City Government’s internal data (Seoul City Government, 2018 ~2022) & Recyclable resource price survey (Circular

Resources Information Center, 2018 ~2022)

% Stk Table 4[M]2 X AEA] &7HE Ho vzt
VAo =, AZFE 1kgd 712 4 o, Table 2
of A=E A7 wiZdgdHY A72H Wiz G2 W
o] AhESHH. A7HE B7HA-2 201849 1109, 2019
d 1069, 2020 599, 2021 88%, 2022 124Y0]t}.
9 N1 EdAY 4% By dA3Y HH7HE08
20184 239, 20194 227, 2020 1999, 2021 382
9, 2022 421990t} wEbA s70E Bt AZbEe]
WAL 1 ked 9790 R, SEAAY AF BE AT
570 oA 9l oF 33% Axo AEU. &7
o] wuj7}Ao] B2 olf= ¥ FAi} AgH &xrt
F23 URlo R FHHEY. W2 F42 Fig. 4(6)°4%
SIS 4= Slom, AZFH9] FHA| &7 7 £of Sl
ol= AYIFAIE HolMe aZAES] dig A7
g A, HA= A7t HHo
A7t 22 dH=E wZE E?
o] g A FrRstE <l
3lE2(Um et al., 2007) |0
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