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ABSTRACT

This study compares CO, emissions from municipal (M-W) and industrial (I-W) waste incineration facilities in Korea using
emission factor-based methods (Tier 1, 2, 3) and Continuous Emission Monitoring method (Tier 4). The objective of this
study is to quantify the greenhouse gas (GHG) reduction effect associated with methodological improvements and to evaluate
method-specific uncertainties, ultimately aiming to propose reliable emission reduction strategies. Results indicated significant
reductions in fossil-derived CO, emissions using Tier 4. In the industrial facility (I-W), emissions were lowest with Tier 4
(304 + 15 tons), a 30.1% decrease compared to Tier 1 (435 tons). Similarly, in the municipal facility (M-W), Tier 4 emissions
(224 £ 9tons) represented a 22.0% reduction from Tier 1 (287 tons). Uncertainty analysis revealed that Tier 4 provided
substantially greater precision (uncertainty 4.02% ~4.91%) compared to Tier 1 (up to 348%), primarily due to uncertainties
in emission factors and waste composition assessments. In the short term, it is necessary to reduce the high uncertainty
associated with emission factor-based methods by developing Korea-specific fossil carbon fraction (FCF) emission factors
based on appropriate biomass content analysis methods. In the long term, applying Continuous Emission Monitoring method
(Tier 4) is recommended as the most effective approach for accurately and reliably managing and reporting GHG emissions

from waste incineration facilities.
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Tier 1 (F2Y $%), Tier 2 (Z7} %), Tier 3 AFIHE
FHE FEEC S, AESAH(Tier 4)2 HIEASH
I G viETtA Y 2AVEA ot fEFS AE5SAY
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Table 1. Summary of target waste incineration facilities
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A 235 Hies 7 APEHE COo, HiEdS Ast

of Wwaledtt. olF B 71E Agurge) Moz o

o 2AVRS eSS AEelelal, 28k ¥uE E5
AR T ARAe gaste =y wYlE R e
APgRE Y] el A e AASHLAR dt

2 dA79 dFtge s sy HrE AZAAE f30l
ot JEH7E AZAEM-W) 17149 AR 7] &
AZHAAA-W) 1HAE 27 Agsiel & Ald 2%
24Xt A% 7hsste Aldelw, H71E APl 7MY
ol /4 FE7F golgt A7IAHo| YAIstar Sl
CO, Hi&F A4S fldll M-W= 1684]7H2024d 6~ 74
Z), -WE= 72417520234 108 F) 5% 5382 %ot
Row, 7t AZtAHO] B AU A7 M-W7T 65.81
ton/day, I-W7} 116.44 ton/day 2, &47|7F 5 HIYEZ 9
AL S%F ASHolHE ALt & AH2 2F
Z5YAGAAA(CleanSYS)E &3 25 W Hi&71A9
T, Ale B, o7 3 55 AA ZYE S o
A2, 30 &9 TlolEHE ArFAClA AlFHol AFE
P59 oH, o] F FFE SH7IZ < B 4d F
AFF 71Z& M-WE 4.08x10° Sm*/day, I-W: 3.62x10°
Sm’/day &0 2 01519 tH(Table 1).

ol

2.2. BiEAIHO ofgt tHEZ LFY(Tier 1 R Tier 2)

r

B A5 (Tier 1, Tier 2, Tier 3)2 ¥7|& &2 2oF

Site ID T Obs. Period Avg. Waste Input Avg. CO, Conc. Avg. Flow Avg. Biomass content
1te c
P (hr) (ton/day) (vol%/30min) (Sm*/day) (mass %)
M-W MSW 168 65.81 8.45 4,08 x 10° 52.61 (n=6)"?
I-W Industrial 72 116.44 7.19 3.62 x 10° 4257 (n=3)"

Note: 1) n indicates the number of total analyses (one analysis per day).

2) One sample was missing due to the sample loss.
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Table 2. Parameters for industrial waste incineration (I-W)

Waste Korea" pPcc?

Type Ratio (%) dm (%) CF (%) Type dm (%) CF (%) FCF (%)

Other combustible 2.1 0.133 0.3643

. Petroleum products,
oil 29 0.682 0.772 . 1 0.8 0.8
Solvent, plastics

Waste synthetic resin 44.0 0.9143 0.6657
Waste synthetic resin Construction and
. 4.1 0.7884 0.4923 . 1 0.24 0.2
(construction) demolition
synthetic rubber 0.5 0.9916 0.802 synthetic rubber 0.84 0.56 0.17
Textiles 0.5 0.9986 0.6227 Textiles 0.8 0.4 0.16
Papers 0.0 0.9470 0.4027 Papers 0.9 0.41 0.01
Wastewater treatment sludge 0.2 0.388 0.262 Wastewater sludge 0.35 0.45 0
Food waste 13.6 0.4 0.15Y Food waste 0.4 0.15 0
wood (construction) 1.1 0.93 0.4593 wood 0.85 0.43 0
Animal and plant residues 0.4 0.24 0.431 Medical waste® 0.65 0.4 0.25
Adsorbent” 0.0 0.9436 0.8417
Others 0.9 0.04 0.03
Others 30.6 0.9Y 0.04”

Note: 1) Korea-specific emission factor as of 2025 (GIR, 2025b).
2) Default emission factors from the IPCC 2006 Guidelines (IPCC, 2006).
3) As no officially published emission factor is available as of 2025, the IPCC default value was used.

4) The classification provided by the company does not align with the categories used for emission factors.

&S Aol F= ARREHI SleH, WrlE &4F FCF, = 4 ()E & &4 W P44 A= 2803
(Activity Data)ol] £24=%](Mass Balance) 7|9F9] wjZ&7| 1 Ato])
Z*(Emission Factor)&& Jolo] AHgst= WAooz, H OF. = AA(1)E ASHA=(0 1 Afo], £ AFofA&=
Ao A= T2006 TPCC GL(IPCC, 2006), 9 = £4 1022 7}4)
A2 &S AR A (ME, 2025)914 A= 4 ()& 3.664 = Ao thgt olitaleta: WHE A|4(44.010
ula} 283+t tCO, / 12.011 tC)
Fossil CO, emissions g = M 2 $F(Tier 1) W& =7} $5(Tier 2) HWiEF
AFA LS 9lEA = AFA AL (A 5
SWx Y (W % dm, x CF. x FCE, x OF) x 3.664 Joe A= wiEAsE A4 ()l IPCC 72

F(Tier DI 7+ 15 WiEAS(Tier 2)E 22 2-g3fo}
gk & AolA Hg3t 7 e AEHIIEM-W)H

471 A, A7 B (1-W) 2 FESEe] ZH A BF A Ao wet
Fossil CO, emissions g = Bl&AFH| TE 47| Table 29} Table 39 A5t 1, =L AZA LR

CO, Y& (tCO,) HE Algur2 AdoleE X—*.QO}S&Q”%, SA3717F &<t
SW = &ZtE= #7159 F(t-Waste) o AZY(SW), 348lE& RAMEINWE), 23k LNG
WF;, = 9715 40OE % H&(03 1 Alo)) AR 55 29t 3HE, LNG A& Ao wE COo,
dm; = H71& 3308 Ax=4 A E8(0 1 Ao)) HiEge 184 B2 Ao wet Hxg A4kst

CF, = 44 #7715 Y g4 JeF E(1C/t-Waste) o 2T HjEol ZFIATHME, 2025a).
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Table 3. Parameters for municipal solid waste incineration (M-W)

Waste Korea" PCC?
Type Composition Ratio (%) dm (%) CF (%) dm (%) CF (%) FCF (%)
Paper 26.9 83.91 41.44 90 46 1
Textiles 19.9 77.63 51.76 80 50 20
Food waste 8.7 N/AY N/AY 40 38 0
Wood 2.1 N/AY N/AY 85 50 0
Garden & park 2.1 N/AY N/AY 40 49 0

waste '
Diapers 2.1 N/AY N/AY 40 70 10
Rubber 96.14 69.86

6.4” 84 67 20
Leather 92.15 60.03
Plastics 18.6 88.55 72.30 100 75 100
Metals 1.5 0¥ 0¥ 100 0¥ 0¥
Glass 0.8 0¥ 0 100 oY 0¥
Others 10.9 67.70 48.59 90 3 10

Note: 1) Korea-specific emission factor as of 2025 (GIR, 2025b).
2) Default emission factors from the IPCC 2006 Guidelines (IPCC, 2006).
3) No officially published emission factor as of 2025.
4) Parameters are not defined due to non-combustible nature.

5) The composition ratio provided by the company does not distinguish between rubber and leather materials.
2.3. HiEHS JHES S8 EZ LHE(Tier 3)

2 A= AA AP 59 HilET Aol Zast
Tier 3 H|&A4 /IS 98] AFLAH7E A71/\]/§
(I-W)ollA gzl whet =8 4 559 H7l= ¢
(Fig. D& A&z AFSHAL, sig 44E wiEAsol EH
8 A5 24e FRsHAon, F42 Table 40] A€
igdaAsE F4 A - l‘%ﬁ‘d&‘ﬁJ(ME 2024)°] w2t

Syt F8 A 558 A sk, AStolErt &
HEZA g2 Aol EHSHH% Tier 2 Hl&EA$E 285t
of HiEATY AEAA (1)°] w2t HFSHCE Tier 3
HiEF2 APg sttt

Fig. 1. Sample - @O Wood, @ Rubber, ® Plastic,

2.4, AKSHHE oSt HHEH LH(Tier 4
= ( ) @ Textile, ® Paper

241 BASTY thEs G4 B8 ks W& ARAFME, 20250) o 43
59 "é*JO] E49 H71E FEolA HiEAsHES Hi&% APY WRo] whet Tier 4 W& T2 AMgsta Q1o
Bego]l w2 ALESHM(Tier 42 =25 WISt 5 u, AA9 APgAE HioleujAo] Rt 47t HiET
CO, =19} HH J}A QEES AX|7F 2Asle] LATA (Biogenic COy)7HA] Egoto] AEStch= oA H7 &
Hl&EFS A Sk WAlotH(IPCC, 2006). -2 uahs 2 azZpgopo]| RAg sitt. o= W7E AZHEokolAl Hiol

Journal of Climate Change Research 2025, Vol. 16, No. 3-2



HYIZ AZIAEQ| CO, HHEE LYY

Table 4. Analytical methods by parameter
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Test item Standards (method)" Parameters”
. BS EN 15442 (BSI, 2011a), KS I 5201 (KATS, 2023)
Sampling . . -
(Cone fractionation method)
Moisture content DD CEN/TS 15414-1 (BSI, 2010), KS E ISO 579 (KATS, 2022) dmy;
Carbon content BS EN 15407 (TCD, Thermal Conductivity Detector) (BSI, 2011b) CF;
Biomass content BS EN 15440 (SDM, Selective Dissolution Method) (BSI, 2011c) FCF;

Note: 1) According to the "Test and analysis methods for the quality of solid refuse fuel products, (ME, 2024)

2) Parameters related to Equation (1)

| T I vent
| R —
; L) FTIR 1
| L MFC 0L
= {Corrected - . Etl
| / [} : Iﬁg to dry, 0°C) (50 mL/min) Tedlar bag
| ( | Pump <0, conc. Gas Sampling S
[ Weas. Biomass content
) ”
I T + Analysis
I / : !
[ |
¥ PN .
: | — Flow measurement via TMS (CleanSYS)
i Incinerator stack :

Fig. 2. Diagram of flue gas sampling and continuous measurement

A aZbof| 93t & (Biogenic COy)2 5 A&
AESHY vjE&F o2 QlAsto] FHiETH(Total COy)
ol A AleletH, AA] 2AH7IA HER] B2 314
719 CO, (Fossil CO)ZE A3FeH7] wj&o|t}, oo ulzl,
£ Ao AL Hlo] QA S QAE AFFA]o] Frtst
of o] EAStATHA (2)).

Fosil CO, emissions qpy =

2
(K x Ccoaj % Qu;) *x (1= B,))
koo

7] A,
Fosil CO, emissions qgs = VEZGH| 2 5147
4 CO, HETH(tCO,)
K = BZHEIA 1kmol §3] tf®] CO, EAF
(44.010 (COy) HZAR(1.964 x 107 tCO%Sm’)
Ceoaj = 30 CO, BAw=(A 7%, F5%)(%)

Q. = 308 ZHi |4 7]E)(Sm’)

B, = Wi&7kA Y Hlo]oujA Ak Bg (03} 1 Alo))
j =302 29 AR 34
k= vlo] QA AlZ BA 714

483

N

N,
>,
éll
X,
a
5
o
=
w2
<
“z
s

>
o
2
o)
o
=
o
ofy

E2 MCleanSYS YF-HH(ME, 2025b),9] HAHAS A
Sho] AtARZY o]l fFoR -8ttt

(R

2.4.2. HIEJtA W CO, s FH(FTIR)

CO, 55X+ FTIR (Fourier Transform Infrared) 4] 9]
Gasmet DX4000 ZH]| & ARESl oW, 259 vj&7tA
£ AERFTE B9l A5575HArk(Fig. 2). FTIR H4]
< 54 339 oA FE F9 COE A 2 AF
EASIY, SEH0)H9] &5 v S0 wE Tt 7t
5730] EAgtt). ofof Wt & AFoA= FRE AA
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%] Fo £ HpAlog 25T, HMEE SH kn
g 343 A4 7120 lsigitt. ol By w4
2 B AA A B0 £8FE €00 24Z Qg 93}
HA 7S A AT 7€ A (Larjava et al., 1997)%},
AAEH g diel $454 & 2T g vle 2% 2

217} 0.5% wgto & wju|sitty B 15 AL(Park et al.,
2023)F HIFo R AHH F4 SFE A= 5
29 2= YASfoF stEE, MEY =1y} EA44H9
AL BF 180T =E 7HEst] S4% Y53 thFig. 2).
SHH, HiE7EA ] Hiol@mi A (B AFES 915] Hlol
QujA e BA e ZAEZZ(ISO 13833, ISO, 2013)
of e} 7IAAES 4F 8550 mL/min) 2.2 197t )|
SH(Tedlar bag)o] HFst] F 97 AZM-W 67,
I-W 37)o] disf 245k}

3. 2
3.1. Tier 3 HIEAIS HE Z3t R HIEAH+E Hlu

2 ATAE AGPA/IBI-WALS Fa 972
B sFol il A% BAL Fo) AYF F2(Tier 3)
WEASE Aot F8 A HaRR, N2,
AGHSAT, AGYLTR, AT SO Tier 3 ¥l
Aet 712 W2 A% 71 EgkTier 1 D Tier 2y 448
2 vEste] Table 59 Feleteiet. vl At 2 wj5A
S YBY 44E WA Uehfs YEZHARSD)

2 AZEY YFEERSD of dm)2| FS 2%~ 12%,

4 A BE(RSD of CF)2| FF 1% ~32%= YER
on, g4 Y o] QuiA F B2 7| MiEA G Tier
1)} ¥WiEA S it Zh(Tier 3) T 7H9] gko] *jolE Ad)
Fo 2 BAMsTY, AR 1EFoA v 2

ghe vt

3.2. ARSI AZIAE(-W) HHEEF H|W
(Tier 1 vs Tier 2 vs Tier 3 vs Tier 4)

A7 1= AZAIE[I-W)2] CO, BiEFol Hsh 35
ol WiEASH(Tier 1, Tier 2, Tier 3)¥ ALSHH
(Tier 4922 7}zZF AFASle] 1 ZHS B w5 tH(Table 6
and Fig. 3(a)). -WollA 9] 3}47] CO, v&(Fossil
CO)E Tier 1914 435 tonC.& 7} =941, Tier 2 (326
ton), Tier 3 (336 ton), Tier 4 (304 + 15 ton) <=C & Tier
4 WjETgo| 7P W& A& Helon, 7|E9 JIHEY
W& (Tier 1) 7|&0 2 ZF APHIHE Tier 2= 25.1%,
Tier 32 22.8%, Tier 4= 30.1%% ZF45l= AOZE YE}t
ok E3, BiEAH(Tier 1, 2, 3)0ll4 AESH M (Tier 4)
o2 HASIAZ A, BE BFoNA 6.7% ~30.1% i
e 02 YERH & CO, HiET(Total CO,) Tier 1
oAl 578 ton, Tier 294 453 ton, Tier 394 549 ton,
Tier 4941 530 = 26 ton0.2 A E|QloH, o] & 5447
Y CO, & (Fossil CO,)°| AFA| k= H|E&-2 Tier 104
Tier 47HA] SAHRZ 75%, 72%, 61%, ST%E Bl&E%= CO,

ST 59 HF ol 71 COF AA|BRAL QUATH-

Table 5. Comparison of default and measured values for each parameter

Waste dm; (%) CFi (%) FCF; (%)

Abs.
Type pcc? Korea” Facility” l:il)) pcc? Korea? Facility” I:;])D pcc? Facility”  Difference

o 0

(%p)
Textile 80 99.86 97.3 12 40 62.27 59.7 23 16.0 51.4 354
Wood 85 93.00 81.6 7 43 45.93 48.8 6 0.0 1.9 1.9
Plastic 100 91.43 95.3 4 80 66.57 772 9 80.0 64.6 154
Rubber 84 99.16 98.2 9 56 80.20 42.8 32 17.0 49.5 325
Paper 90 94.70 90.4 3 41 40.27 40.2 1 1.0 8.1 7.1

Note: 1) Default emission factors from the IPCC 2006 Guidelines (IPCC, 2006).

2) Korea-specific emission factor as of 2025 (GIR, 2025b).
3) Facilty-specific emission factor (dm;) by BS EN 15407 (TCD, Thermal Conductivity Detector) (BSI, 2011b).
4) Facilty-specific emission factor (CF;) by DD CEN/TS 15414-1 (BSI, 2010), KS E ISO 579 (KATS, 2022).

5) Facilty-specific emission factor (FCF;j) by BS EN 15440 (SDM, Selective Dissolution Method) (BSI, 2011c).
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I-W (Industrial Waste Incinerator), 72hrs
1000
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(&)

Tier 4
(b) M-W (Municipal Waste Incinerator)

Tier 1 Tier 2

Fig. 3. Comparison of CO, emissions by estimation method in waste incineration facilities

Table 6. Comparative results of emissions from waste incineration facilities

Facility Emission Type Tier 1 Tier 2 Tier 3 Tier 4
Total CO, 578 ton 453 ton 549 ton 530 + 26 ton
I-wW Biogenic CO, 143 ton 127 ton 213 ton 226 + 11 ton
Fossil CO, 435 ton 326 ton 336 ton 304 + 15 ton
Total CO, 683 + 865 ton 680 ton - 471 £ 19ton
M-W Biogenic CO, 396 + 1378 ton 372 ton - 247 £ 10 ton
Fossil CO, 287 + 999 ton 308 ton 224 + 9 ton

3.3. MEH7|18 AZAE(M-W) HiEZ H|w(Tier 1
vs Tier 2 vs Tier 4)

[-WA]/dof| o]of, &H|7|& AZAEM-W)2] CO, Hj
ST 2579 WiEASH(Tier 1, Tier 2)7 A&ESHH
(Tier 402 7y} Ab4Jsto] 71 gh& B|alskQith(Table 6
and Fig. 3 (b)). M-WOA2] 3+4719 CO, ¥|ZZL Tier
27} 308 ton2. & 7} =QFA1, Tier 1 (287 £ 999 ton), Tier
4 (224 £ 9 ton) O 2 M-WO A= 5 LU5}A|, Tier 49] Hj
70| 7PF F& X5 Bk M-WolA= 7]&9] <l
HE 2] viE%H(Tier 1) HH] Tier 2 BiE&T 7.3% S7Iet
Wk, Tier 4 HIEFL 22.0% 7AsH= Ao Uehyth
T3}, viE A4 (Tier 1, 2, 3)0A4 A&7 (Tier 42
2 WS A4S, BE AolA 22.0%~27.3% A

e A02 Uittt S CO, METS Tier 10141 683 +
865 ton, Tier 29] 4] 680 ton, Tier 40 4] 471 + 19 tonO. &
A E o, o] F 3HA7|Y CO, HiE (Fossil CO,)0|
A A Sl= Bl &2 42% (Tier 1), 45% (Tier 2), 48% (Tier
HE HEEE CO, TF 59 2H7]Y COHEH BE7]
U O, WEFol T AT A0 Ly

4. 72 % 2%

4.1. AEZFEY AMS0 ME 24712 AL s

2 dolMe H7lE 27480 Hish
Z CO, HiEFS vudo s, 7|& A |
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FolA A&ESHH(Tier 2= APt BiETo] 7MW
< FAE Hlon, MiEA S (Tier 1, 2, 3)914 A&5
A (Tier 2.2 MG H-, [WAAE 6.7% ~ 30.1%,
M-WoAE 22.0% ~27.3% ZaR37F velbygch ot
A, H71&E aZtEokA = 2 AHEEE HEASY
Al AESHHO R HiEHE AP3T A 247A TS

o f-ga}ct.
4.2, AMXubH 7t S5 H|W(Tier 1 2 Tier 4)

2 Ao Es APgEE B8k 24 B0 Tier |
HEFM-W)Z+ Tier 4 B&FI-W D M-W) F HUgt
Aol FLoIQIA] FRlsklet. AFAISH AgHid <l
A ESEZES SI and S20A TR B A4
M-W9] 3L, Tier 19] B3 7} Tier 4 Ht} oF 87H) &=
FFE0 2 YERTh T3 Table S19] AAIH wj&A
A% EYE 291 F ot BARAFEIH WE)l
E7t 10%2 AAISHIL et o|2HH, W&
Erito gy A&EAo| digt wiEge] 5
02% ~ 4.91%)gr 2t} 28} oA &A AABHY YL
5} thH(Table S1).

< 1o

PN

(

Qlo

o o 2 o rfo

=

4.3. FCF =7t 1% HiSAH+ L 224 R &

& AFolM e wiEAS 712, (Tier 1 = Tier 2)3
Ngh(Tier 3) ZF WAE Bl 2SR ShEL AFES
(FCF)Q B¢, 47 AdolA Als 2] Aozt 24 yer
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APPENDIX

S1. HFgUH

E
MHI

ST =X Hitd

= od

q

2 dFM= Al 71! GUM (Guide to the 3 A= e A (Range)E 7R S
Expression of Uncertainty in Measurement) 7]4WFO 2 s APgsiath. 183 =7 If wiEASol gt

E =S F46IATHISO, 2008). Tier 13} Tier 4 2+2}9] SAARl B L FEIF BAsto], 2 Ao = A
W3 Aol AR ATNG A8sdon, dS )% AZIEe) Tir | 4K 2ol sl MEAS
HUBIEUYE BA L 23 WBA, AP S Mol BREg sk

A EZSGT Tier 19 A9, /1% FHEW), AU T, Tier 45 A% 7] AP FHOE, CO, B, B
(WE), AZZAAHdm), FAUHCE), SRS 27k5 43, vholorls W 2% 5 58 942 4
AGECE) 52 F8 W4 Tesigon, 24 iiAus  ASkArh €0, ST U 24E 53 AY B 75
o Hh8} HF 2006 IPCC GL (IPCC, 2006)°14 AN 3 9% Ul mlolorla e BAY AYHANE B

AN
HE 7|¥to s 3351l o, Table S1o 48 +AL}F ¢ 235 BY B3t 2 747t AL519Th. Tier 4 Hi&eF AHY
A 7= skdek. oet, CFi 9 FCFi9] 739 7ho]=gtlof o] 28k 4 HAk= Fig S13t Zo] A3t
AHAQ] EZE gho] Aol A gkot e 7] &0

Table S1. Determination of uncertainties by parameter for emission factor-based estimation

Relative expand
Parameters Reference source (Based on 2006 IPCC GL, Vol.5 (EN)) (IPCC, 2006) .
uncertainty, U

SW ‘---uncertainties on the amount of incinerated waste are estimated around + 5 percent on a wet weight 5%
basis..=> (Ch.5 §5.7.2, p.5.24)

W, ©+10% for countries with high quality data (e.g., regular sampling at representative SWDS).--’ 10%
(Ch.3 Table 3.5, p.3.27)

‘---The uncertainty of the dry matter content may therefore range between + 10 percent up to + 50 percent

dm; and even more. ---° (Ch.5 §5.7.2, p.5.24) 10%”

CF; Refer to the default value ranges by MSW component. (Ch.2 Table 2.4, p.2.14) Refer to Table 7

FCF; Refer to the default value ranges by MSW component. (Ch.2 Table 2.4, p.2.14) Refer to Table 7
‘---For waste incinerators it is assumed that the combustion efficiencies are close to 100 percent,::’ 2

OF,
(Ch.2 §5.4.1.3, p.5.20)

Note: 1) The value was estimated on the lower side, applying the minimum value.

2) Since the OF factor is assumed to be close to 100, its uncertainty is considered negligible.
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f= CO, concentration measurement, Ccopq | X Flow rate measurement, Qg X Biomass content analysis , By
The repeated The use of diluted Uncertainty in the measurement of flue Uncertainty of the biomass measurement
measurements N ) . .
) standard gas” gas flow rate presented in previous studies institute (Oh et al., 2018)
by CEMS
l (Kang et al., 2020) l

Moisture influence

(Park et al., 2023)

Uncertainty by Uncertainty stated in the test report

time-averaging?) for biomass content
ging

S~ |

Ur(CCOZd) Ur(Qsd) Ur(Bl\)

U,(Tier 4)

Note: 1) ISO 20988:2007 - Air quality: Guidelines for estimating measurement uncertainty (ISO, 2007)
2) ISO 6145-2:2014 - Gas analysis: Preparation of calibration gas mixtures using dynamic methods.
Part 2: Piston pumps (ISO, 2014)

3) ISO 11222:2002 - Air quality: Determination of the uncertainty of the time average of air quality measurements

(ISO, 2002)

Fig. S1. Procedure for estimating uncertainty in continuous emission monitoring methods

S2. A BT £3 AMTier 1 vs Tier 4)

A7 g £4AEM-W) B ALY = AZAE

4 H&Fo APESEE 491%E M-WHT} i

(I-W)°l| T3} Tier 1 ¥ Tier 4 AFYHHo 2 2% 314
719 CO, BiE®HY AHESE ZIE Table S2(a)et
Table S2(b)o]l Z+zZr A|A|5FITE M-WOJl A= Tier 1 Hi&
O] AESTEE 348% 2 UERFOH, Tier 4= 4.02%
2 Tier 18] E&%7} oF 878 =A4 UeRGL, W2 Tier

= fo

=
FAE BT Tier 1 AR B9, E8E 89 &
A FCF @59 Fol2t HdRFoIA EF=7t 289%2t
144%= v =9k, Tier 4 APYHPH AL §F=Ao|
g B2=rt 1.91%2 7HF Aok

Table S2(a). Uncertainty by parameter in the 2006 IPCC GL (IPCC, 2006) and uncertainty of Tier 1 emissions

Relative expand uncertainty (%), U CF;i (%) FCF; (%) Combined (%)
U: (SW) U (WF) Waste type U (dmy) XMin XMax Ur (CF)  Xuin Xmax  Up (FCF)) U ()
Paper 10 42 50 10.0 0 5 288.7 289.2
Textile 10 25 50 28.9 0 50 1443 148.0
Food waste 10 20 50 45.6 0 0 0.0 48.0
Wood 10 46 54 9.2 0 0 0.0 17.6
Garden and park waste 10 45 55 11.8 0 0 0.0 19.1
5 10 Diapers 10 54 90 29.7 10 10 0.0 333
Rubber & Leather 10 67 67 0.0 20 20 0.0 15.0
Plastics 10 67 85 13.9 95 100 2.9 20.6
Metal 10 - - - - - - 15.0
Glass 10 - - - - - - 15.0
Others 10 0 5 96.2 50 100 28.9 101.6
with 95% confidence level, k = 2
Tier 1 Relative expand uncertainty(%), Urmw = 347.9
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Table S2(b). Uncertainty by factor in continuous emission monitoring methods and uncertainty of Tier 4

emissions
. Relative standard Relative expand
Component Unit Factor Type (A/B) . .
uncertainty (%), U uncertainty (%), U

CO, concentration measurement A 0.43

Cym-w % ] ) . 1.04
Moisture influence B 0.29"
CO, concentration measurement A 1.48

Crw % ] ) . 3.00
Moisture influence B 0.29"

Q m*/min Flow rate measurement B 1917 3.81
Biomass test report B 0.35

Bum-w % ) o s 0.76
Uncertainty by measurement institute B 0.14%
Biomass test report B 0.31

Brw % ) o 5 0.67
Uncertainty by measurement institute B 0.14%

K - - - - -
with 95% confidence level, k = 2
Tier 4 Relative expand uncertainty (%), Urmw = 4.02
ier
Relative expand uncertainty (%), Uprw = 491

Note:

1) Park et al. (2023)
2) Kang et al. (2020)
3) Oh et al. (2018)
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