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AHFAA A BlEEE TEAEF dole ALE 7FeRtde] 4.5% (EFuEAF 02%, EAF 2.5%, 215 1.8%), lUIA]
7t 7Fse Aho] 92.5% (FO1F 23.0%, ZEERH 15.5%, 7194 71ENT 54.0%) 2 ulge] Zast B4 7IENFT) 3.0%=
AHAT EFEAF, AR 2 FeERE 7180 WyAgRn AdgHert adsoln, FolFet SIeknEFE Ve @
s7pAelun 718 TRYR (SRHZ 2H50] olixgsAeeie Hol H &zxolw, 714 7Eke 71&e) B 27
27t Ag-gA e Ent A olt) & Aol A HAAAE MeYetS H-85PH 2,068,948 Million Btu®] olUA]7F M7k 5,
21,008 MTCOES] 247127k Azksle o= MR F oA BU3E 244 Fake Uk A7 o 4229 9] v 3
A &SP} Qom, & 271 ARUS S8R olishik wiEFoR S A7) o 4liovke] 2AE B A o=
Uehth, SRS ) 71l Bde) A9akaake. Fo|F 1,936 kealkg, ZEEF 5,079 kealkg, 71514 716N 2,462 kealkgE 2
AE3Ack. Foliet SRS A SR SRER &-8o] 7hsslal, 714 ZetRe ALEd®de] 1¥AE VIES §
2A717) B FAAREC 718 wRARE AFesldl RS,

fodr

FHOl @ & AUA A T AT AR, ANEEE, A28 1¥ds

Abstract

A standard plastic garbage bag which was discarded from Incheon Metropolitan City was composed of 4.5% recyclable
resources (aluminum cans 0.2%, steel cans 2.5%, glass 1.8%), 92.5% resources with recoverable energy (papers 23.0%, plastics
15.5%, combustible etc. 54.0%) and 3.0% non-combustible etc. Recycling is more effective than landfilling for aluminum cans,
steel cans, and glass. The energy recovery process using solid refuse fuel (SRF) is more effective than incineration for papers
and plastics. Incineration is more effective than recycling for combustible etc. 2,068,948 Million Btu of total energy savings and
21,008 MTCO,E of total GHG reductions were obtained by the application of the proposed scheme. The total energy savings
were equivalent to an economic benefit of 422 billion won per year. The total GHG reductions were equivalent to a GHG benefit
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of 4,119 passenger cars not running per year. The lower calorific value of the combustible materials was obtained to be 1,936

keal/kg of papers, 5,079 kcal/kg of plastics and 2,462 kcal/kg of combustible other resources, respectively. If papers and plastics

are properly mixed, the mixture can be used as SRF. The lower calorific value of combustible other resources does not meet

the quality criteria for refuse derived fuel, therefore its components are inappropriate to used as solid refuse fuel.
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Table 1. Energy Impacts for MSW Management Options

(unit: Million Btu/Ton)

Component Baseline Scenario Alternative Scenario
Recycling | Incineration | Landfilling Recycling Minus Landfilling | Recycling Minus Incineration

Aluminum cans -152.76 0.63 0.53 -153.29 -153.39
Steel Cans -19.97 -17.10 0.53 -20.50 -2.87
Glass -2.13 0.53 0.53 -2.66 -2.66
Mixed Papers

general -20.40 —6.73 0.17 -20.57 -13.67

residential -20.40 -6.70 0.19 -20.59 -13.70

offices -20.85 -6.17 0.18 -21.03 -14.68
Mixed Plastics —41.30 -14.95 0.53 —41.83 -26.35
Combustible Etc. 0.58 -2.13 0.39 0.19 2.71
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Table 2. Net GHG Emissions for MSW Management Options (unit: MTCO,E/Ton)
Baseline Scenario Alternative Scenario
Component
Recycling Incineration Landfilling Recycling Minus Landfilling [Recycling Minus Incineration
Aluminum cans —-8.89 0.05 0.04 -8.93 -8.94
Steel Cans -1.80 -1.55 0.04 -1.84 -0.25
Glass -0.28 0.05 0.04 -0.32 0.33

Mixed Papers

general -3.52 —-0.49 -0.07 -3.45 -3.03
residential -3.52 -0.48 -0.14 -3.38 -3.04
offices -3.59 -0.44 0.06 -3.65 -3.15
Mixed Plastics -0.98 1.25 0.04 -1.02 -2.23
Combustible Etc. - -014 0.28 - -
Table 3. The Ratio of Physical Components According to Generation Sources (unit: %)
Component Residential | Commercial| Official MSW MSW MSW Mean Ton Generated
Area Area Area Depo. #1 | Depo. #2 | Depo. #4 (Ton/year)
Aluminum cans 0 0 0 0 0.5 0.8 0.2 709
Steel Cans 22 9.5 0.6 2.1 0.2 0.6 25 8,365
Non- = Gass 0.6 8.1 20 0 0 0 18 6,383
combustible
Etc. 5.1 0.1 1.7 0.8 8.5 2.0 3.0 10,639
Subtotal 7.9 17.7 43 29 9.2 34 7.5 26,596
Mixed Paper 329 36.7 48.6 2.5 5.7 11.5 23.0 81,562
Mixed Plastics 14.1 322 14.2 11.1 11.2 10.2 15.5 54,966
Combustible
Etc. 45.1 134 329 83.5 73.9 74.9 54.0 191,493
Subtotal 92.1 823 95.7 97.1 90.8 96.6 92.5 328,021
Total 100 100 100 100 100 100 100 354,617
& AFdME FolFst STEERE US| HA Fok A7|EL e Je' el 53,
TFed Ahe® B 7] wiEel 5 dEAEe AEFS AY BEF _‘—EXJZHH 90% °1’3= XW%EP
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LEARE STEAST F AALEC] AEE 2 EPR 59| E?'E}El”d*i ANEEEHL Sz B3l
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2 B3 23] BIth Ham'e& TASF <tolle #718e] ¥
SEkRE, RS frelRe] ST ARl 5Tl olF AR Fofflo] widd A A &
A ZHzE 32.2%, 9.5% 2 8.1%=E 7HE =A vl sl=A] gdom HrleS 2Elstr] fsl %Eﬂ i
FRAGE B4 AFE, =5 2 77 87 T 1Y Tdst] Hd 2AE He 97K S Al B st

Fol BAY frad vt B2 sl Ads) Eeule ok
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Table 4. Analysis of Chemical Elements and Lower Calorific Values of Combustible Materials  (unit: %)

Component C H (0] N S Cl Ash HI
Papers 42.06 5.84 41.28 0.05 0.08 0.29 10.40 1,936
Plastics 57.47 7.15 12.63 0.14 0.04 11.83 10.75 5,079
Combustible Etc. 50.21 6.08 33.09 0.45 0.21 0.62 9.34 2,462

Table 5. Total Changes in Energy between MSW Management Options (unit: Million Btu)

Component  |{Tons Generated (A) B) ©) Energy Savings Energy to Oil
(Ton/year) | (Landfilling) | (Incineration)| (Recycling) ﬁiﬁgﬁ n‘i‘ (B-A) (©) (bbl)
Aluminum cans 709 376 -108,343 -108,343 -108,719 | -108,719 | —18,745
Steel Cans 8,865 4,699 —-177,043 —177,043 —181,741 —-181,741 | 31,335
Glass 6,383 3,383 -13,596 -13,596 -16,979 -16,979 | 2,927
Mixed Papers 81,562 -531,891 | —1,676,791 -531,891 | —1,144,900 | 531,891 | -91,705
general 21,632 -145,581 —441,286 —145,581 —-295,705 | -145,581 | —25,100
residential 31,206 -209,082 —636,609 —209,082 —427,527 | 209,082 | —36,049
offices 28,724 -177,227 -598,896 -177,227 421,668 | -177,227 | -30,556
Mixed Plastics 54,966 -821,737 | -2,270,083 —821,737 | 1,448,346 | —821,737 |-141,679
Combustible Etc 191,493 -407,881 111,066 -407,881 518,947 | -407,881 | —70,324
Total 354,617 —1,753,051 | —4,134,789 | 2,060,490 | —2,381,738 | —2,068,948 [-356,715

(A) Baseline Scenario, (B) Alternative Scenario, (C) Optimal
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Table 6. Total Changes in GHG Emission between MSW Management Options

i

r_l

el

(unit: MTCO,E)

Component Tons Generated (A) B) ©) GHG Reductions

(Ton/year) | (Landfilling) | (Incineration) | (Recycling) (Iiecfrylg::i n‘i‘ (B-A) (©)
Aluminum cans 709 28 -6,305 -6,305 —6,333 -6,333
Steel Cans 8,865 355 —-15,958 —15,958 -16,312 -16,312
Glass 6,383 255 -1,787 -1,787 -2,043 -2,043
Mixed Papers 81,562 -38,217 —289,109 -38,217 -250,892 -38,217
general 21,632 -10,600 -76,143 -10,600 —-65,544 -10,600
residential 31,206 -14,979 —-109,846 —-14,979 —94,867 —-14,979
offices 28,724 -12,639 -103,119 —-12,639 -90,481 —-12,639
Mixed Plastics 54,966 68,707 —-53,866 68,707 -122,574 68707
Combustible Etc 191,493 -26,809 - -26,309 - -26,309
Total 354,617 4319 -367,028 —-20,369 —-398,154 —-21,008

(A) Baseline Scenario, (B) Alternative Scenario, (C) Optimal Scenario

2 REY] AUR| S Ao R HFyshs Hol ¥ &3
Holar, 7144 7ERRE M-SR T A7hA
27t a3Folt) Wb B Ao Agker HxdE
AeAE A4 A A F odux FgEe
2,068,948 Million Btu= HA]=|ic},

AR AAEFES F7H] ARFeRE oA it
(1 Million Btu=5.8 Barrels of Oil)3F %, 2012%
Qo A=A =4 714 (1049 $/ob)Z AHHF F&
(1126.43 W/$ye A-&sted A&t AXLe] AAA 7]
Haze o2 okl AE 2,068,948 Million
Btu2] U 356,715 vlE] 9 AFES tiA|S
aFel zrom Az oF 4229 Y9 H]E-S S |
e} it

34. 27~ M &3

3.080A 2= HAXLs 712 (|
hoe g sk 499 tehd @gs)ez As
sl APsle A9l ddEE 2A7EE wESE
Table 6 YERNATE 7|E92 02 H2] A F 4,319
MTCO,E®] 247k27} #lE UL uikbde| o s sk
sle] 28] Al & 398,154 MTCO,EY] &47k~7) A
A=Ak vk oz Agksie] Ag Al ALY &
A7k A7 FolF7F -250,892 MTCO,E (YHHA]
9 -65,544 MTCO.E, FAAY -94,867 MTCO,E,
AREAS] —90,481 MTCO,E)® 7F¢ A3 ZekrgH

-
T &
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or=

-122,574 MTCO,E, E70F -16,312 MTCO.E, &5
v E7F -6,333 MTCO,E, +&8]5F -2,043 MTCO,E
solith. 714 MNERE FAAEE] thksle] A)
GgA ol M 247t wiE Alevt 2R ERA] @ot
AT MIEFS AT 0.

Zo|RE 71EAQ &7kAE] Al 38,217 MTCO,E
o] A7k 7F ATE, bRl AZEAE Al
289,109 MTCO,E®] 247127} A7 T}, weby 718
Ao A giorabal o= A3Ee] 2 aElEH 250,892
MTCO,E®| 247k27 Azt &8 Foli= A
SxEo] A7 ARG 247k A7t &3
Holt}, st HA= Fxo| AEFS giAsez
2He] e Y T AHe 7] Sl EAlst
o2 kslekAE A (forest carbon sequestration) Al
A SATNEE AT 98E a7] wioltt. 1A
U FPARE U Folie ARz ] FA7F
sto} e 27bAe] e I AjEgs|Rte &
Zg2EF79l 3 SRFE wHEo] AUA|FS: Wjow
A sk= ol o Aot

ZEtERE 71802101 271X Al 68,707 MTCO,E
o] 2A7kA7F wiEE L, bRl A&EAE Al
53,866 MTCO,ES] 247t27t A7t mEhr] 7]&
WAl A giokukAl o 2 H3ksle] AE]EtA 122,574
MTCO,E®] 247127t A7), SeiEfe 270
2] Al 247k Aol Fogdoly FRAEFE Ul &

UL,
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GER7 R 255 Aol 158 BRE
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TS0 oUx|]4 wloZ x7shs Hol i &3d
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HiETRS 200832 71FC 28,6008+ MTCO,EE =7}
A9 oF 14%, AFTE] oF 29%E AH|gict. Edl
HAFA o2 HE 189 WS Al dolle < 1.6
E ~24E9 oilslgtart wigE, dR2A H2AA
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SFuFAFE 719220 WigAE Al 28 MTCO,E
o] 247k27F wiEE S, ookl AFEA T Al
6,305 MTCO,E®] 24727} A7kdct, webr] 7189
2o oityaez HIkste AW 6,333
MTCO,ES] 247kt A7), dsx oz d=njy
AFe g A AgE Holof gt} feivhe B
Fr|E B SFujF NFS AY FYsi et 1B
AAPIEE URE G18lEFEE (AI(OH);) AlRES
2 AREY d20g AFL ksl SR EAEe
2 k= 23} Aate] giiRelny®), webd vl
o] A% HIAAO|EA LR (ALO)E AAFsh=
12} Aol Hls] 247k &S vwA AT
20049 =7 E = BHRE 9 FF oM gFRvENR
o] ARl H53laL o] ARFTHAA HiEEHE &
Artadgde 7 Skt Aok EFREA 2
£ES Eo|7] AME T SFnEFe] e
gk olug} FujX HR AME 4RvlE 54 9
S|z wiEA] 3|E] AEEE 7 URE Ukks

-

RAg)|ofF g}

frElFe 7182 migAe] Al 255 MTCO,ES]
247k27t wiEE A, i)l RS E] Al 1,787
MTCO,ES] 247kt A7), waha] 7]Ex2] oA
giehgAl o2 Hgkste] A5t 2,043 MTCO.ES] &
AN27F Aa. AAF oz fElFe iy il A
ggElojor At} fElFE FelARe Fad A8E
A& L =94 7+ F UL FAX G HiEE
= FEFE Ui fEF, AR 2 gdae 52
2 oFEL FE 2571 AR TE7] Wi AEEE
717v Aok &8, fEle died FAVE gol v
7} RIS R Bol WA el fElFe vty
A e FEEAE 3] AAME (reuse)sto] HAY 7
& (source reductionyS & = JTFH 24 7H A7t
BIHHIAAT AggAE = Aeole 247k A
7 235 FA 7IUsle ofu adelx Bl
YA flFe 2elER kol wigd sl
Ego] HA Fgethe S vt fEFe] A"
442l Zasit

AEHom B Ao A3 HxdE Aeas
g Al A7 T 247k AZEE 21,008 MTCO,E
2 24"t 278 21,008 MTCO,E ¢ 247k~
2 1 kel 83 17} viEshe olikslekAE
(e}

£ AFME THAEE W FAde] dig HA A
7] Slal JAHFAAE tPde =z F3A|
off EYso] Fr|Ee Al tid AL 2ALS)H
A3, ALl gk M oA "7 3 24
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B8 A3 o3 e AL 4L § U9tk
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23.0%, ZEFEF 15.5%, 7194 71EkR 54.0%) 2
go] ot EAG 7IERRTE 3.0%2 A=A
2. AAAE FHA Ak gFuEdE, 05
9 fEFe g R e 2o, &
0|79l ZEIAEFE e A7Zbxg|Htt SRFE vHEo]
MRS AT sk Hel o Exp¥elH, 7194 7Et
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