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A Study on Landfill Reduction Possibility by Characteristics of
Industrial Thermal Treatment Residues
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ABSTRACT: The government is promoting recycling of waste resources through the enactment of Fundamental Law on
Resource Circulation, the revision of the Wastes Control Act and zero-landfilling of untreated waste through improved
processes such as recycling and diversification. As of 2015, the total amount of landfilled waste is 38,308 ton/day in
Korea. The amount of landfilled waste from industrial sectors is 23,577 ton/day, accounting for 62 % of total landfilled
waste. In the study, we investigated the characteristics of the thermal treatment residue among inorganic wastes and estimated
the landfill reduction potential according to the relevant recycling criteria, which can go through recycling paths. As
a result, it is estimated that about 5~42 % of the landfilled waste can be reduced in case mandatory recycling and landfill
suppression policies such as recycling criteria for thermal processing residues and expansion of recycling obligation targets
should be implemented. In order to minimize landfill disposal, it is necessary to expand the diversity of waste recycling
type and the usage of recycled products.
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Table 1. Classification of Samples in the study
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e Samples
Sampled facilities No. of samples

Total - 64
Slag Nonferrous metal smelting process 5
Dust Manufacturing(plate glass, automobile parts, petroleum refining, metal, chemicals) 10
Incineration ash ~ MSW pyrolysis-melting incineration 26
Power plant ash ~ Power plant, Bio plant, SRF boiler 12
Waste refractory =~ Manufacturing(metal, oil refinery), Power plant 5
Waste molding sand Manufacturing(automobile parts, oil refinery, chemicals), Power plant 6
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Fig. 1. Sharing status of landfill industrial waste.

Table 2. Current Status of Inorganic Waste Management by the All-baro System (2015)

e Generation Landfill Recycle Others
ton/year ton/year % ton/year % ton/year %
Total 26,173,421 2,002,584 7.7 23,799,183 90.9 371,656 1.4
Slag 11,901,234 165,003 1.4 11,700,246 98.3 35,985 0.3
Dust 1,545,538 134,328 8.7 1,363,276 88.2 47,934 3.1
Incineration ash 1,901,730 1,498,833 78.8 397,252 209 5,646 0.3
Power plant ash 8,675,942 34,691 0.4 8,610,786 99.2 30,465 0.4
Waste refractory 508,545 68,843 135 413,061 81.2 26,642 52
Waste molding sand 1,640,432 100,886 6.2 1,314,562 80.1 224,984 13.7
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Fig. 2. Results of moisture and LOI (%).
Table 3. XRF Analysis Result of Industrial Thermal Treatment Residues (%)
ltem
avg. Mg Al Si P S K Ca Mn Fe Cu Zn Pb
(min~max)
Sla 2.0 4.0 9.5 0.6 8.1 23 11.0 10.9 38.4 0.5 4.8 3.7
e (1.1-3.6) (0.9~9.5) (2.3234) (0.6~0.7) (0.523.1) (0.6~3.9) (0.9-23.1) (0.3~299) (2.3~69.9) (0~0.5) (0.2~9.4) (0~3.7)
Dust 2.8 18.2 25.6 1.5 11.8 10.9 18.7 9.2 32 1.3 0.2
(0.3~7.7) (0.9-41.6) (13~55.6) (0.6~2.9) (0.5~39.9) (0.5~393) (0.5~57.5) (0.1~42.1) (0.7~9.0) (0~1.3)  (0~02)
. . 2.4 6.7 14.6 32 2.1 35 39.2 0.2 7.3 0.6 1.7 0.5
Incineration ash
(1.2~3.4) (1.6~136) (3.0~4555) (0.7~8.0) (0.1~5.3) (0.3~14.7) (69~62.9) (0.1~0.5) (2.2~16.7) (0.2~1.1) (0.1~5.0) (0.2~1.7)
33 12.4 27.9 1.3 3.6 44 25.8 0.2 9.3 0.3 1.1 0.3
Power plant ash
(1.1~5.4) (4.8224) (3.6~57.1) (0.9~1.9) (0.1~11.9) (1.3~7.5) (4.1~55.9) (0.1~0.4) (24~17.0) (0.2~0.6) (0.3~1.9) (0.2~0.4)
Waste refracto 15.7 36.3 22.4 13 0.6 1.4 11.5 35 53 0.9
Y (04-597) (68-52.5) (9.9-384) (1.2~1.5) (0.1~13) (0.3-4.5) (34-27.6) (0.1~10.1) (3.1-9.4) (0~0.9)
39 6.8 48.8 1.9 0.3 29 16.1 22 13.4 0.3 1.4

Waste molding sand

(2.6~5.5) (4.4~8.6) (7.8-749) (1.1-2.6) (0.2~0.6) (2.1~4.2) (3.0~29.1) (0.1~7.9) (50-37.7) (0~0.3) (0.3~2.6)
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Table 4. Results of Heavy Metal Leaching and Contents Analysis Reference Review

Waste molding

ltem Slag>&'"1% Dust™" Incineration ash™® | Power plant ash®” sang!V121617
6.0 5.7 0.1
Po ND (ND~33.7) (0.1~42.3) ND (ND~2.4)
6.8 1.60 02
Cu ND (ND-~31.5) (ND~5.0) ND (ND~3.4)
Leaching | g 0.1 416 0.28 D 0.0
test (ND~0.1) (ND~229.2) (ND~1.5) (ND~0.0)
(mglL) | 0.8 0.4 0.66 D 0.0
(ND-~1.1) (ND~1.8) (0.0~1.0) (ND~0.0)
avg. 1.4 13 0.0
(min-max) | He ND (ND-7.4) (ND2.1) ND (ND~0.0)
6 54 0.1 0.0
o ND (ND~18.6) (ND~0.1) ND (ND~0.1)
8.1 0.0
N ND (ND~108.4) ND ND (ND~0.0)
- 12,987.0 93,650.0 969.7 19.2 15.7
(ND~66,400.0) (ND~105,800.0) (545.0~1598.0) (3.9~53.0) (10.2~23.5)
- 76,350.0 79,725.0 2268.0 212 1422
(ND~364,900.0) | (22,400~188,400.0) |  (259.0~3333.4) (6.1~53.2) (60.0~385.0)
64.6.0 987.1 132 0.4
Contents | Cd (ND~550.2) (33.7~3485.4) (6.6-24.1) (0.1~1.1) ND
(me/ke) s 15.0 235 84.5 104 D
e (ND~203.0) (ND~223.5) (63.1~103.6) (2.9-25.3)
(min-max) 7.7 0.2 0.5
He ND (0.4~23.7) (0.0~0.8) (0.0~12) ND
6 1.0 0.9
o (ND-2.9) (ND~1.1) ND - -
0.9 7.9
N (ND-2.1) (0.5~16.8) ND i i
- Park et al. - Rhee et al.
(2016)” (2004)'”
- Kim et al. - Park et al. - Park et al. - Park et al. - Kim et al.
Reforence (2015)” (2016)” (2010)” (2013)Y (2010)"®
- Choi et al. - Jeong et al. - Lee et al. - Maeng et al. - Lee et al.
(2007)"" (2012)" (2014)" (2014)” (1997)'%
- Gorai B et al. - Rhee et al.
(2003)"? (2014)"”
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Table 5. Estimation of Landfill Reduction Potential

Landfil Recyclable’
ltem
ton/year ton/year %
Total 2,002,584 93,474~838,912 4.7~41.9
Slag 165,003 2,490~38,593 1.5~23.4
Dust 134,328 0~10,760 0.0~8.0
Incineration ash 1,498,833 66,771~722,342 4.5~48.2
Power plant ash 34,691 243~25,359 0.7~73.1
Waste refractory 68,843 1,271~3,240 1.8~4.7
Waste molding sand 100,886 22,699~38,618 22.5~38.3

* Estimation of the amount of recyclable landfill including redundant landfill
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E AU EE AL v, H thAlds 2 EH 99
Al E=2A A 7 FFAE A3 Pobe 102
~23.5 mg/kg, Cut 60.0~385.0 mg/kg, Cd, As, Hge
EAZ HAoh BT 7S T3k FoE UE
Yol e 7T 22,699 Ed o2 kR QAT

HTFEATS AHME A28 7S dds|
el 4t SRS A% A7 CaCOsE 0.1~
27.3 %, ALO; 3.9~21.3 %, SiO» 12.3~93.8 %, Fe,O;
0.1~32.6 % WHE UePETh HFEAR] 79, Fe0;
A 7182 5~15 %RIH tiF-E 71 =342 et
o, ALO; A3HE-2] 71F 5~15 %, Si0: 715 50~80 %,
Ca0, 5 % ©|8FZ CaCOs, Si0,, AlLO; AE-L 7]|FX]
o BT Tt o AWE Aj&gol Jagh &
o] ot E3tE ] S 1A} HFEARTE
AL TS 38,618 Ao E FAH AT

Edd9e#7)E 5 22499 71 Cd, As, Hg,
< 5 7IEA] olst H BEAE HAoH
A BEEAR Aggo] 7158 Ao
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Ve FEEE Rt ol uisk A 2 ¥
71 7159 Ao Fol wet 725 o] st
JAck. WA, FEE& FAEL e HESNS
ANEg 74 - FE Fdsta g #7189 Al

AE QAR 7]E ARE d7 3 RU8E 28

-

[

8

%

ER9] o] g 75 s TN ARE
2yzk o] F47|E Blaske

HE A3, A= e 3 7120A T
& §27)F0l A st A&l 7FsstAl e
o AHE AAE 7]E AHME A5 i 4
Al YElttt AT 23T E TSk, wlHA|
A BEEA RS dF FAFT 7Fst Ao ozl

o 2319 Ae, frelled i 710l LER 7]



A

A2 =9 SH0 TE EAY tsd A+ 73

Table 6. Review on Recyclability of Inorganic Wastes by Evaluation Criteria

: ment alternativ men idi . ver - bank
ltem Toxic substance” e ate. azt) 2 | Eeeil SUb§ d3)ary Admixture® tsD € e 6)ba
raw material raw material material
Designated wastes | Alternative subsidiary Si0Oy, Ca0, Concrete admixture’ Cover @terlal,
Standard . . o material, landfill
(heavy metal) raw material AlOs3, Fe:03 Fly ash admixture .
cover material
Slag" (@) O O A VAN
Dust A X X - x
Incineration ash O A A X x
Power plant ash™ (@) AN A A ©
Waste refractory - A x - O
Waste molding sand (@) @) © - ©
O : Fits all sample standards, O : =50 %, A : <30 %, x : Exceeds all sample standards

1) WASTES CONTROL ACT (toxic substance contained in designated wastes)
2) ACT ON THE PROMOTION OF SAVING AND RECYCLING OF RESOURCES Enforcement Rule Article 20-3, 3paragraph

3) WASTES CONTROL ACT Enforcement Rule attached table 5-2

4) ACT ON THE PROMOTION OF SAVING AND RECYCLING OF RESOURCES
5) Highway Construction Material Quality Standard (Korea Expressway Corporation, 2015)

6) WASTES CONTROL ACT Worrisome Level of Soil Contamination

FA] oJsl2 ALE 7hsstgion AME Al
AHE A8 AE, dEAd BEAZ A28 71»—
3 ¥ Aow dehEth &A1) A9 54
S2712A B2 FaEd i 71E B AHE o
ALz AEE A i 7Fsd Zo= ek
AdaAls feled Firle 2 A - BEAR &8
o] 7Fed Aoz Yepkon HustEe Fa%
=, I AN AL 70l e AR Y
Ebgtth. AL B HAbe] B feled e
& S5 AHE tAlds 24 AR 7FsskAl b
ERgom AWE A8 8357 93 ssh e
2 =Y BE U)ES S50k 20 Uit
Az g GRS 4 AaE HigoR
Ahet At A IANES] oF 542 % HAE
2t 7Fed Ao AdEy, vigA o WiE =
QA IA =] HPAE Ha3E AsiAe= <
A IAEF ALE 8 Aol mhe Ag-84t
Aol A, =RIAFATIEIT AR YA
87120l whE AL8AF 2T S 2
8 So] Ao kxR Tlojol & Z o F Friy]
Atk AT A 5 HAR] BAA A
I e HFAR] MyAE HidE fsiie
YA WAz g AFES et ok

.

g} stz noTdEiHHY), ZIAEHLO) 5
o7 sfste] AT Doyl Jon AFeo ik
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A7) BAARNNE F ARARARE) ATE 7}
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i s FE

Ol

2 %7F vi A&
l**ﬁlﬁlﬂg«l o
AETFL A uﬂ%%ﬂ oF 62 %=, o] F A&
HAA AN EF7F 45.1 %
PEF 1%
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