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Abstract

In 1995 Kimchi refrigerator was developed at first, and has used HFC-134a as refrigerant. Kimchi refrigerator
has been made 1,044,694 on the basis of 2010, disposed about 160,000 per year. Although mobile air conditioning,
commercial refrigerator, general refrigerator is regarded as a major source of HFC-134a, little information is
available for its emission characteristics of HFC-134a. This paper addresses the fugitive emission factors of
Kimchi refrigerator at use-phase and disposal-phase. The residual quantities of Korean-made fifty three waste
Kimchi refrigerators were weighed using a commercial recover of refrigerants to determine the emission factors at
the disposal-phase. On the other hand, the emission factors at use-phase were estimated from the residual quantities
and operating times. The average residual rate of forty three scarp Kimchi refrigerators is determined to be 74.6 +
5.2%. The emission factor at the use-phase is estimated to be 3.5+0.8%/yr as a result of using average age of 11.7
years and the average residual rate determined here. The emission factor at the disposal-phase is determined to be
31.3% after adopting 58% of the recycling rate of refrigerant reported by Recycling Center. We estimate 3.1 g/yr
for the average emission quantity of HFC-134a per operating refrigerator, while 22.5 g for that per waste Kimchi
refrigerator. Since the chemical compositions of refrigerant of waste Kimchi refrigerator were the same as those of
new refrigerant, it is expected that the HFC-134a recovered from waste Kimchi refrigerator can be reused for

refrigerant.

Key words : Kimchi refrigerator, Greenhouse gas, HFC-134a, Refrigerant, Fugitive emission factor, Chemical
composition, Recycling
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Table 1. GC-MSD operation conditions.

Classification Analysis conditions

Inlet 220°C, Split ratio 100 : 1

Column DB-624 (60 m X 0.25 mm X 1.4 um)

Flow He, 1 mL/min

Oven 40°C (5min) at 10°C/min at 80°C at 250°C
Scan range 45 ~300 m/z (EI mode)
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Table 2. Residual rate of HFC-134a in waste Kimchi refrigerator manufactured by A electronic company.

. Initial charge Residual Fugitive emission Emission

No. Age(yn) Capacity (L) amount (g) rate (%) constant (yr™') factor (%/yr)
1 43 220 120 78.5 0.0569 5.5
2 4.3 180 120 82.0 0.0458 4.5
3 4.4 180 120 82.0 0.0449 4.4
4 8.4 227 130 82.1 0.0234 2.3
5 8.5 227 130 76.8 0.0311 3.1
6 9.1 227 180 46.2 0.0851 8.2
7 9.2 132 120 82.0 0.0216 2.1
8 9.2 152 120 739 0.0330 32
9 9.6 110 115 95.2 0.0051 0.5
10 9.6 110 115 96.4 0.0038 0.4
11 10.0 130 115 80.7 0.0214 2.1
12 10.0 172 105 40.9 0.0895 8.6
13 10.0 132 120 72.8 0.0318 3.1
14 11.8 110 115 71.1 0.0290 2.9
15 11.9 110 115 73.5 0.0258 2.5
16 15.0 132 120 38.1 0.0644 6.2
17 15.0 - 55 70.9 0.0229 2.3
18 15.0 174 135 95.5 0.0031 0.3
19 15.0 110 115 83.2 0.0123 1.2
20 15.0 174 135 57.1 0.0374 3.7
21 15.0 71 55 85.6 0.0104 1.0
22 15.0 130 115 56.6 0.0379 3.7
23 15.0 110 115 24.0 0.0951 9.1
24 15.0 110 115 24.0 0.0951 9.1

Average 11.0x1.5 149.1+19.2 116.7£10.0 69.5+8.9 0.0386+0.0121 3.8+1.1
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Table 3. Residual rate of HFC-134a in waste Kimchi refrigerator manufactured by B electronic company.
o Initial charge Residual Fugitive emission Emission
No. Age(yn Capacity (L) amount (g) rate (%) constant (yr™) factor (%/yr)
1 7.7 95 70 93.0 0.0095 0.9
2 7.8 238 165 71.4 0.0434 43
3 7.8 95 70 74.2 0.0382 3.7
4 8.7 95 65 66 0.0479 4.7
5 8.7 132 120 97 0.0035 0.3
6 8.8 132 120 99.3 0.0007 0.1
7 9 158 125 63.2 0.0513 5
8 9.3 91 80 874 0.0145 1.4
9 9.3 91 80 95.8 0.0047 0.5
10 10 132 120 97.0 0.003 0.3
11 10 184 130 73.6 0.0307 3
12 10 - 132 83.2 0.0125 1.2
13 10.6 128 85 66.8 0.0381 3.7
14 10.8 120 110 97.3 0.0026 0.3
15 11 120 110 96.1 0.0036 0.4
16 15 105 81.8 0.0134 1.3
Average 9.6+0.9 129.4+22.1 105.4+14.9 84.3+7.0 0.0199+0.0098 20+1.0
Table 4. Residual rate of HFC-134a in waste Kimchi refrigerator manufactured by C, D electronic company.
. Initial charge Residual Fugitive emission Emission
No. Manufactured Age(yn) Capacity (L) amount (g) rate (%) constant (yr™') factor (%/yr)
1 6.9 192 100 79.0 0.0341 34
2 7 192 100 74.8 0.0415 4.1
3 C 7.8 100 88.8 0.0151 1.5
4 8 174 100 443 0.1018 9.7
5 11 142 130 82.6 0.0173 1.7
Average 82+2.1 175.0£29.3 106.0+16.7 73.9+£21.5 0.0420£0.0438 4.1+£4.1
1 33 347 140 76.8 0.0811 7.8
2 34 347 140 80.2 0.0645 6.2
3 52 145 60 66.7 0.0782 75
4 D 5.5 71 55 85.6 0.0283 2.8
5 6.1 225 105 55.4 0.0972 9.3
6 9.2 123 93 73 0.0343 34
7 9.9 156 110 47.8 0.0743 7.2
8 15 120.1 70 83.1 0.0124 1.2
Average 7.2+33 191.8+87.8 96.6+27.9 71.1£11.3 0.0588 £0.0251 57+24
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Fig. 1. Apparent residual rate of Kimchi refrigerator with respect to refrigerator age.
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Table 5. Kimchi refrigerator HFC-134a emissions per year.

Kimchi refrigerator Emission per year

Year production (ton)
2001 1,324,088 5.1
2002 1,510,839 5.8
2003 659,605 2.5
2004 595,127 2.3
2005 635,146 24
2006 1,423,876 5.4
2007 1,023,666 39
2008 1,053,246 4.0
2009 676,681 2.6
2010 1,044,694 4.0
2011 991,951 3.8
2012 809,966 3.1
Average 3.7
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Table 6. GC-MSD results for new refrigerant (HFC-134a) and HFC-134a used as refrigerant for Kimchi refrigerators.

Classify New refrigerant HFC-134a used as refrigerant
Peak A B A B
Eﬁﬁ?ﬁon time 45 47 46 47
Area (%) 99.8 0.2 99.9 0.1
Compound 1,1,1,2-Tetrafluoroethane 1,1,2,2-Tetrafluoroethane 1,1,1,2-Tetrafluoroethane 1,1,2,2-Tetrafluoroethane

4.2.2 T7|CHA|

AR ) 7A S Dl EA s H7] AA
o] vl ARt A2t AR &g 2A
sof ghet. & AFolx zARRE AAAYAT AR
g AR ® 2~40lM B A3 2] AB,CDY
A A7 69.5+8.9%, 84.3+7.0%, 73.9+£21.5%, 71.1
+11.3%0)5lom, 2A A AA AR Ygae] 3
T+ AFEE 74.6+52%0| ek A ATl A
A Quhy g me] g AFE-S 75.145.2% (n=43)
2 AAggae] Apgol o ke o= ke Ab
SHANA AFT AHH AAYAIE Qg
kol w7] el Abfdh=

A=gk Al
%2 97 (Capital Electronics Recycling Center,
20100 wr=w S A DAY ATE] T4%E 2lAke]
29 AE R f45e] ezt A AT 9l
WA 26%E R14A A8l A AME A 9l
ot YujE A &-E-H A ‘{%‘: Heoz vepgt =3t
2Ate] 28 AlB|2 S0 o A YT FellA] oF
%ol YE7} $aR Az FUE 2 Uk 3 o}

WA 21%% $E717F AAFHHA Pl Aeg &
W& Fdetar g 4 =

el AAF ARe =d= ZU HAXWAT
Zo] Wuj AFLEE 58% (0.74%0.79=0.58) =
A& 4 glc). #7754 HFC-134a @2 24| 5 =
T ARE(75%)2F ATLE(58%)2 2] (3)ol] HUs
W 31.5%% AT 5 vk B A7l AR
YAz FF =7] A 109.2+7.2¢g5} 7AY
o] it AR 1L7dE A (el ik
A7 A AFFe Tlagez AT 5 9ot o
Asekd] ]2 A2 31.5%2 F5HA =Y #H7X
WAT 1 A7 A A w) e 22.5g0] ot

u

] -lN'

O-

(

u\l

L

4.3 mdof MEEA

Z 2ol HAF AU<=2H (Ministry of Environment,
2012)e]] wh2 s Peje] 7 2ot 99% o] 4ol
of AAtg-o] Fhsdtuz F A YA Te] Y AR
W3S ghebd "WeAde] 9luh

£ 604 B AAH Aldee] FAR(>99%)2
o 4k A7 HFC-134a2 ZZEHlom o] 4AA
el 1,1,2,2-Tetrafluoroethane = w|2F &= )} = 7]
Al Saa syl 4w w4 Ashs Ay
9 SU BE sl Aox bl i

APz HE —’F'i FC-134a€ ”04 H%—x—iﬂ
AAgsbed A7 gotar dekEe

J. KOSAE Vol. 30, No. 1(2014)



66 A7 - RAeE - oG
5+0.8%/yre]glom, ) £ Fl A=
o} 917k 4.3 g¢] HFC-134a7} &5tz
aek AAYATE vt Ex)s)
A Foz IPCC 7)E3ke] EA3HA] ghom
A5 AR g EA 49l 0.1~0.5%
|z B 2 AFAIA7}t oas B2 sk A
IPCCoAAM A ZAE AAISA] a3 AR
7 271FAF 5 o= P MR Qs A
el 5 9 E dde Aot A &

TR S AR edsidzlel Sl zfgkel
2 & 4 glon), i) S3djE daAds gR
a7 33k A Qo aRlEe % AL 2R

£ ¥ =7t 2 EA ez SAAA 2ert gld

2) 22 A AR A A AFEL 746
+52%01900m v HAZAYAFTe] Pu A4
& 58%< A& aElshd ZAAYATe] #H7dA
g2 24 4= 31.5%2 ZAF 4 gl) )& IPCC
71834 0~80% W elell 23S & 4 St #H7]
oA R A Adks e, S A
I 1 H7 A A w &g 225g07 FAME
4 ek

3) 2AF A YA TE QA E - gepE e RS
AHEHA S 7 A e A 8] v E A 2 A AT o
A AFgSHA Wi 2A4= A,B,C,D 27 3.8+1.1%
Iy, 2.0 1.0%/yr, 4.1+4.1%/yr, 5.7+£2.4%/yr2 x}o]
7F WARE o] A &S] zbol7t wWel W)
ol g, 3% A AesE “"%J MRS
o Far} 9ich w3t $epd S282 26%/yr(71L
~120L), 3.2%/yr (120 L~ 160 L), 5.2%/yr (170 L~ 347
L §3Fo| Z95 AdFEo] 7 ety ot
2}x] HFC-134a2] Wi &5A-2 Az Al e} &kl 3
AZF S Flslade

4) AQA YA A 353 Fgel) AR 1A A
b Al et frabetl e, o) WAL 2oz
Aste] Pu7k2e] BAd o] ZA WEHA| gho} H vl
o] AApgo] 7Fed Aoz ARG T} Yl
3 FAAA 57 2de] 30% B= E£FH)
o ol Yo AAHE-E S E ol Felvt AAlE

=

AT

3.
el

o

o
@ K
+

—_

e
e
o

17

=

o N emogn buorfr e o e
ﬂ]lo "N‘

o,

Lo

e

My

ofof qeh Tejme W) ABEE AT AEE B
R LI E B R 0 e R
& wRis) ok g,

5) A AAY A2 PohE 542

it

271843 A A30A A 15

eI o 22
SO RV T )
) o o
rle X E
s 2,
pi o
< e
i o !
o
- e T
£ 4,
M K %5
é{ N
==
o T B
i) 32
2 T
N — o
RS -
w2
o
1=
e 1 oft

0 i ofy

i
=l
>,
bt
i,
i

References

Capital Electronics Recycling Center (2010) Life Cycle report.

IPCC (Intergovernmental Panel on Climate Change) (2006)
IPCC Guidelines for National Greenhouse Gas In-
ventories, 3, 7.80-7.92.

Kim, S., E.K. Kim, H. Kim, Y.P. Lee, S. Byun, H.J. Seo, and
S. Lee (2012b) Estimation of EF (Residual Rate) and
Inventory of HFC-134a from Mobile Air Conditio-
ners of Scrap Vehicles, Korea Society of Waste
Management, 29(7), 650-661.

Kim, S., E.K. Kim, H. Kim, Y.P. Lee, S. Byun, J.A. Lee, and
H.J. Seo (2013) Fugitive Emission Charaterisrics of
HFC-134a from Scrap Domestic Refrigerator, Korea
Society of Waste Management, 30(2), 112-118.

Kim, S., S. Kim, and E.K. Kim (2012a) Development of Fugi-
tive Emission Model of HFC-134a from Mobile Air
Conditioner of Passenger Automobiles, Korea Soci-
ety for Atmospheric Environment, 28(5), 518-526.

Korea Environment Institute (2009) Study of Waste Electrical
and Electronic Equipment Recycling System Impro-
vement, 31-49.

Korea Refrigeration And Air-Conditioning Industry Associa-
tion (2011) Refrigeration and Air Conditioning equip-
ment production/shipment statistics.

Ministry of Environment (2012) Act on resource recycling elec-
trical and electronic products and automobiles.

Schwarz, W., J. Harisch, A. Koppenol, and M. Vainio (2005)



H QA YAz A 2] HFC-134a G50l & SA] Hgt A+ 67
Establishing HFC Use-Phase Emissions Rates of a Tunnel Study, Environ, Sci. Technol., 38, 1998-
Mobile Air Conditioners in Passenger Cars, Oko- 2004.
Recherche GmbH. Germany, 1-8. UNEP-RTOC (2002) 2002 Report of the Refrigeration, Air
Stemmler, K., S. O’doherty, B. Buchmann, and S. Reinmann Conditioning and Heat Pumps Technical Option
(2004) Emissions of the Refrigerants HFC-134a, Committee.

HCFC-22, CFC-12 from Road Traffic: Results from

J. KOSAE Vol. 30, No. 1(2014)



	폐김치냉장고에서의 HFC-134a 탈루배출 특성에 대한 연구
	Abstract
	1. 서론
	2. 이론적 배경
	3. 실험장치 및 방법
	4. 결과 및 토론
	5. 결론 및 시사점
	References


