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ABSTRACT

This is a preliminary study for the development of national destruction or removal efficiencies (DREs) related to process gases in the
semiconductor and display industries. The study obtained data from workplaces that apply DREs, and confirmed the level of emission
factors through data outlier treatment and calculating and comparing DREs for process gases. The study collected Tier 3 data for four
types of greenhouse gases generated during semiconductor and display processes, including CFs, c-C4Fs, CHF; and SFe. We divided the
data into three cases based on outlier treatment methods and calculated DREs for the semiconductor and display industries then analyzed
the uncertainty of the results. All DRE values except for the Case I value of CF, were larger than the default emission factors provided
by the 2006 IPCC GL applied to the current national emission calculation. The uncertainty analysis of DREs for process gases showed
that the study results had a smaller uncertainty range than the range provided by IPCC. Currently, the default emission factors provided
by the 2006 IPCC GL applied to the national emission calculation in Korea may overestimate greenhouse gas emissions in the domestic
semiconductor and display industries, as they do not reflect the current technological level in Korea. Therefore, there is a need to develop
national DREs that reflects the domestic situation. This study can be used as a basis for improving the reliability of greenhouse gas

inventories in the semiconductor and display industries for global stocktaking.
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Fig. 1. Procedure for submitting Tier 3 factor reporting results for target management and emissions trading system
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Table 1. Collected Tier 3 DRE data content

Classification Content

Data collection period 2018 ~ 2020 (3 year)

4 specific gases

Target gas
(CF4, c-C4Fg, CHF;, SFy)
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Table 2. Tier 3 DRE data processing method

Classification Content

- A method of analyzing all data without

Case [ . .

detecting outliers
Case II - A method of removing outliers based on IQR
Case II - A method of adjusting outliers based on IQR
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Fig. 3. A method of adjusting outliers
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Table 3. Results of calculated DREs for electronics industry process gases

Classification CF, c-C4Fg CHF; SFs
Mean 0.894 0.982 0.996 0.976

Number of Samples 66 35 49 68
Case I SD 0.133 0.042 0.009 0.052
Min. 0.895 0.968 994 0.964
Max. 0.926 0.996 0.998 0.989
Mean 0.940 0.999 0.999 0.986

Number of Samples 56 28 40 64

Case II SD 0.037 0.001 0.001 0.018
Min. 0.931 0.998 0.999 0.982

Max. 0.95 0.999 0.999 0.991

Mean 0.917 0.997 0.999 0.983

Number of Samples 66 35 49 68

Case III SD 0.065 0.003 0.001 0.023
Min. 0.901 0.996 0.999 0.977

Max. 0.933 0.998 0.999 0.988

4. A7 21 AL et

4.1, B -CIASE 0] E0MHA Ydsk=s E4A
247129 DRE 4Hd

2 AollA AR HHEA Y AEG o] Fopof| A Ay
Sh= A B4 7hA 435:9] DRE= Table 30] UERH S
th oA A7 WHo| wEh CF.2] DREx:= 0.894 ~
0.940, c-C4Fs2 0.982 ~0.999, CHF;= 0.996 ~ 0.999, SF,
L 0.976 ~0.986% LFEFITH

IPCC GL % e =704 AASHAL Qli= DRE &
Table 40 WEFW et At o4 7FA 4(CF4, c-CuFs,
CHF3, SF)oll sl 2006 IPCC GLO|A] A &3} Tier 2
HlEA| = 0.9022 FYU3t k= AAIskaL glom, 2019
IPCC GLOJA% 0.89 ~0.98 $229] 7S AAstaL ek
US EPA (2013)°]4+ CFR 402 &3} 0.75~0.97, thgt
9] ITRI (2023)°]A1= 0.978 ~0.998 =9 ZFS AA|5t

CF,9] A< Case 12 0.894=2 AFYE]o] 2006 IPCC
GLA A AABIAL Sl 0.90ETH tha WA YebgoL,
Case [I= 0.940, Case = 09172 AFYE]o] Case 12
A|QJ5k= 2006 IPCC GLETH A UEETE ¢-CiFs<]
739, Case 12 0.982, Case II+= 0.999, Case Il = 0.997
2 AR E 3, CHF;9] AL, Case B 247} 0.996, 0.999,
0.9992 AFYEo] 2006 IPCC GLOJA AAEt Y=
DRE # o}za} 2019 IPCC GLO] DREET}E &7 A4
Z it SFs ESE Case T2 0.976, Case 1= 0.986, Case
Il & 0.9830F A0} 2006 ¥ 2019 IPCC GLOJA A
AlSti= DREETH =4 A= Qlth. US EPAC]A] AA|st
£ DRE g3t H|WalH BE 7kAo] tfsf & Ao 4] A
73t DRE gto| = Yetsitt. ITRIS] g3t B wotH o]
A2 AE Al ITRIY] g MRt oz fAgE &0yt
o[RS AHFolA] g2 A, R 7hAo foiAE
ITRI9] grHoh 2T 2A A=

Table 4. Comparison of DREs for electronics industry process gases

This study IPCC G/L US EPA ITRI
Classification
Case Case 1[I Case I 2006 2019 (2013) (Lu, 2023)
CF, 0.894 0.940 0.917 0.9 0.89 0.75 0.979
c-CyFg 0.982 0.999 0.997 0.9 0.98 0.97 0.998
CHF; 0.996 0.999 0.999 0.9 0.98 0.97 -
SFs 0.976 0.986 0.983 0.9 0.95 0.96 0.978
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OJFAE A= st3iH.

577k DRE 43 A3, BE FH7FACA A=
AAE WrdeE Case 2] DREEL: o] 3R & A AT Case
I 9 Case [l12] DREZ} B ZA YEgoH, oA & 2
3t Case NIHET oA E A|A7E Case 12| DRE7} H
A yEsth

37t B 24 23, e FH7HA00A Case
[9] EZLHT Case I ¥ 1T 9 L7} 2A E45
Rom, o|FAE AT Case MHT o|XE AAT
Case [19] ESI=7l o A A=At

Case [12} Case 9] A3}= H|w3HH, DRE= Case II
o] A:pgtol ¥ A Yeal, £ E3F Case 19 2
Hgo] o FA EHE QO Case 119} Case 9] A3}
gk Aol A Y2 ALo=E UERT

E AFoA =43 Tier 3 AAm =202 E X7 F 0]
A 9] Qlo] ©h= A 1ol 93k ARIA|, AMEH
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TS & 5 gle AV o @A HE AEe AR
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R 5) A8H #FE71% 5 AR RS 1T 4 ¢

Table 5. Uncertainties for electronics industry process gases

Classification CF, c-C4Fg ‘ CHF; ‘ SFs
2006 N/A
IPCC G/L
2019 N/A
Mean 0.894 0.982 0.996 0.976
95% Upper 0.926 0.996 0.998 0.989
Case [
95% Lower 0862 0.968 0.994 0.964
Uncertainty +3.60% +1.42% +0.24% +1.27%
Mean 0.940 0.999 0.999 0.986
95% Upper 0.950 0.999 0.999 0.991
Case I
95% Lower 0.931 0.998 0.999 0.982
Uncertainty +1.04% +0.05% +0.02% +0.45%
Mean 0917 0.997 0.999 0.983
95% Upper 0.933 0.998 0.999 0.988
Case Il
95% Lower 0.901 0.996 0.999 0.977
Uncertainty +2.07% +0.10% +0.03% +0.57%
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