=77 s3] A] A 28H A 5%

J. KOSAE Val. 28, No.5(2012) pp.518~526

Journal of Korean Society for Atmospheric Environment
DOI: http://dx.doi.org/10.5572/K OSAE.2012.28.5.518

S2A YU X|ZRE[S 2ATIA HolQl
HFC-134a g Full&2 o] cijst A+

Development of Fugitive Emission Model of HFC-134a from
Mobile Air Conditioner of Passenger Automobiles

-l

'n%or'?:!'g'l?_
_‘6;’_

Seungdo Kim*, Suna Kim and Eui-Kun Kim
Research Center for Climate Change, Hallym University

(Received 23 May 2012, revised 29 June 2012, accepted 3 August 2012)

Abstract

The objective of this research was to develop fugitive emission models of HFC-134a(Hydrofluorocarbon-134a)
at the operation and disposal stages of passenger cars. It is essentia to estimate the emission of HFC-134a from
mobile air conditioner (MAC) due to its high Global Warming Potential (GWP) and extensive use as a refrigerant
in MAC. The first-order emission model was introduced and the emission rate constant was assumed to be unvaried
with time. A commercial recovery station of refrigerants was used to recover the HFC-134a from the MAC.
Average emission rate constant and annual emission rate during the operation period of vehicle are estimated to be
0.0538+0.0092 (n=21) yr ! and 5.2+ 0.6%, respectively within a confidence interval of 95%. According to the
model results, about 50% of HFC-134a would be emitted from the MAC during the 10 years operation of
passenger cars. On the other hand, average remaining portion of HFC-134a in the MACs of scrap cars is 58.2+
4.8% (n=50) within a confidence interval of 95%, suggesting that over 40% of the initially charged amount could
be released fugitively after disposal provided that the HFC-134a would not be properly treated or recycled.

Key words : HFC-134a, Fugitive emission models, Fugitive emission factor, Mobile air conditioner, Emission rate

rofluorocarbon) 8] Al-g-o] ZA|HWHA] AFx}L o o]

1. M 2 A A Woj=A] HFC-134a7} Ah&-3h=|9lo}. HFC-

1ha= 0&255 J¥shs 94 HAl 47 23

19894 1Y EEg)e oA e &) CFC-12(Chlo-  ©1 lel £&33]#]4= (Ozone Depletion Potential;

ODP)7} Qe|A|"t A 7-2+13}%] 4~ (Global Warming

, Potential; GWP)7} 1,3000.2 Alels] o} 7|3w 3}
*Corresponding author.

Tel : +82-(0)33-256-9813, E-mail : sdkim@hallym.ac.kr okt wEO A o] A7t~z FAEHG

= 7187432 A1 284 255



&2 YA 2R EH O &

(Stemmler et al., 2004).

9 A= HFC-134a0] 2 W&oz 73]
a7 ¢l (Cdifonia Environment Protection Agency
Air Resources Board, 2004; Harnisch and Hohen, 2002),
7 FANE S8R Mot Y 2 ow o
A3 g} (Schwarz et al., 2005). £3], 582}l A
o] HFC-134a &5l &2 Zo)7] SlsiE 54319
+3 F #H7|A M 2] HFC-134a | 54l w3t
F AP} Adi = o]oF 3o} Intergovernmental Panel on
Climate Change (IPCC, 2006)¢l| A= 23] =<l x}=
°] HFC-134a 7t €58 7]E3e=z 10~20%%
Aokt glort, dEo] AL (METI, 2009)= 5.2%,
42 7% (Schwarz et al., 2005)= 6.9% 5 A3t
ztolE Helx glet. =7 5A ghete] gleo] IPCC
o) 7)egke Agse AS Sk e el
%o},

U9 A$- 19949 = 0E| HFC-134ar| A B
7] A|Ebsle] A= HFC-134az. 9H43] dlx|= AF
spol i, Wate] Hew WelzA Ae HFC-134art
AHEE ez A vk dA S 3
Z821= 20109 7])Fs)ed 1,360%F], #H xl= 517t
(MLTM, 2010)}ol| = B3} 31, 8-3}ol| A 2] HFC-
134a¢) v Zol B F AT AT Aelek

E ATNAE 5874e) MACAIA ALgsta gle
£47}k2¢] HFC-134avle] 5 2 375 ol A
o )% 54€ etz she o 1 R4 Fx 9l
o # 97 Ao HFCs SAU7ks 35 3 Bl 4
A ke 0T 7 xAdee 24 shsselet oA
#, vol7k MACHIAS] HRC 7b w5 wl& A4 2
ol 7)oz} et

2. O|EH u{Y

A5} ez WA AHgH 3 Gl HFC-134a8) )
& T wEEH me ARG A AR
g 4 glew, 74 sz W) e g
AR sl or], 1 A ofel A B Az R

SARANA ] ol D )
AN A5 AL 1) oA e

A7hs ulel HFC-134a gkl 2w o] gt 7 519

Aol ol o] A|m, 2) & Yu) A5l
ulelake). oleja Aol 2% B ofefol
AN 2 A e,

v, _

ot —&, + My, @)

A7) M o Ak tel] 2] AFFek(g), e ST
&4 (yrY), ekl A AL hie HFCE ojm)gie
A (D& Hespl =H- o= A7 tell A ] Jef

FE2 o3 o] AAH.
My (=M - exp(—¢, - 1) 2

4714 okl HA} 0 2712AE ou]slEa Mgk
HFC-134a) 27] A% ()& v
Gl Egs ok Aol s AT 4 gler,
27) A ARG, SAARAAL] A7
g guwk ol ARE 5 9lo

_In[My(t)/Mp,q]
Sh—f

2.1.1 MEMSHA| %= E9
71 WA AeA Wele & A A FAsA
Qr A oln B AR telNe] DRE Fo
& 27] A%} 2 AN R Aolel] o)
oheol A 2 AAY ARG,

E.()=Mo—M,()=Mpo{1—exp(—¢, - 1)}
=Mpo{1-f.(1)} (4)

714 B ARERHA| 9] HFC-134a0] &0 & (g)
o[, fr2 AF-golet. 3 SANE telMe] 19 5
qke] A7k Sl Zae ool A B AAH 54
A toh 1 AR (t-1)9) ARG Aol AW b
3}t

E,(0=Mno - [exp{ & - (t=1)} —exp{ ¢, - ()}]
©)

714 B (e SAY= telr9] 19 F<ke] HFC-
134a0] oAzt dujEsgelt. ol Edlz A
o] ARsAtl A wl & HFC-134a0] A7k &%
& (%) o3 2ol 2, dxel FA3H o
A7 FhE Belnh

sl
%

J. KOSAE Vol. 28, No. 5(2012)



520 A% - Aok - AelA

X (%)= :E(y( )1) % 100 (%)

={1-exp(—&y)} x 100 (%) (6)

714 i R (SIS 5 %) ol .
AgAE S el AFAT A4 2
FE QS Thes el B4 Fhssieh

Ei=Mio X {(1-f)+Ncx (1)} )

«Q

4714 Ni= #7] 79l AFA 84 fe A%
A AR RBF ARl SAUE tlAe] BF
Fe AFA APE Yoz s ofeln wx
A3} el AR + ek

Mh()=Mpo - exp{ —¢&, - (t—tr)} (8)

A7IM e 7P FHZell AFAF
A7t Dl EEte A A
Sl Ee offellA Be XY AAs oF et

E,(D=Mno - [exp{ &, - (t-tr—1)}
—exp{—¢, - (t-tx)}] (C)

—

o

2.2 ®7lg WERY
AR #7) A ek

o3 7ol ¥ E

E,=Mpo X f,(1-1) (10)
AV e 3 9] s AR Slrleie @
A FN) AL A7) A B A @) dl

2 dFelME 0= *&?éﬁ}%iﬁ‘r-

2.3 & Mof HE=Y

A Aol 2EH@S A < D Aesh AZ
A% Az FES A (L)F (12014 e A
Y 23 spsalu

o AMEA gk 3 A%
ET—MhoX(lffr 1)) (11)
o AME=A3 A

ET_Mh,OX{(l_fr =M +Nex (1)} (12)

= 7187432 A1 284 A 55

Table 1. Recovery capacity of refrigerants and specifica-
tions of recover used here.

Refrigerant Recovery capacity Specifications
type (g/min) for recover
Vapor:170 Lo
*
R*-22 Liquid:900 Upperlimit kg
v 170 of weighing
g apor:
R-134a Liquid:900
Vapor:170 Minimum
Re407 Liquic:900 unit 29
Vapor:190
R-410A Liquid: 760
Vapor:300 Precision +0.5%
R-502 Liquid:1200

R stands for refrigerant
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Table 2. Calibration results of recovery performance of
HFC-134a by recovery station used here.

Vehicle Temperature Charged Recovered Recovery
type (°C) amount(g) amount(g) rate(%)
508.0 442 87.0
446.0 402 90.1
400.0 382 95.5
348.0 322 925
A-D 15 296.0 270 91.2
. 250.0 224 89.6
198.0 180 90.9
164.0 152 92.7
100.0 94 94.0
Average 91.5+19
498.0 452 90.8
404.0 366 90.6
A-29 18 300.0 282 94.0
198.0 170 85.9
Average 90.3+5.3
398.0 358 89.9
296.0 268 90.5
B2 8 198.0 180 90.9
112.0 110 98.2
Average 92.4+6.2
496.0 448 90.3
416.0 384 92.3
9 304.0 262 86.2
C 10 198.0 158 798
96.0 86 89.6
Average 87.6+6.1
Average 90.6+1.7

% Small (H Motor Co.: Displacement 1,600 CC), % Large (H Motor Co.:
Displacement 3,300 CC), 3 Small (H Motor Co.: Displacement 1,800 CC)
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Fig. 1. Calibration curves for refrigerant recovery station
used here.
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Table 3. Emission factor of HFC-134a for mobile air con-
ditioner during the period of operation.

Vehide type Emission factor IPCC emission
yp (%lyr) factor (%lyr)*

Mini size 53

Small size 5.3

Medium size 53 10~20

Largesize 4.3

*|PCC (2006) 2006 |PCC Guidelines for National Greenhouse Gas Inven-
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Table 4. Emission characteristics of HFC-134a from operating vehicles.
- ) Model Operating Initia charge Residual Fugitive emission Y early emission
Classfication Size year time(yr) amount (g) amount (g) constant (yr™%) rate (%)
1999 12.3 550 252.65 0.0627 6.1
Mil 2000 11.4 550 299.74 0.0528 5.2
Average 0.0577 5.7
2000 11.9 700 24255 0.0883 85
2 2000 12.1 700 446.63 0.0320 37
Before 2001 AVH@E 0.0601 6.1
1999 131 670 289.65 0.0637 6.2
2000 11.3 680 350.20 0.0581 5.7
Me?
Average 0.0610 6.0
L4 - - - - — -
Average 0.0596+0.0191 59+17
2002 9.4 550 318.80 0.0579 5.6
Mit 2002 75 550 309.83 0.0604 5.9
Average 0.0592 58
2006 5.9 550 397.29 0.0566 55
< 2004 7.9 500 300.86 0.0642 6.2
Average 0.0604 5.9
2002~ 2006 2003 9.0 650 354.68 0.0673 6.5
Me 2003 9.1 780 558.76 0.0364 36
Average 0.0518 5.1
2004 8.0 650 453.36 0.0446 4.4
L4 2001 104 750 482,51 0.0420 4.2
Average 0.0433 4.3
Average 0.0537+0.0094 52+0.9
2010 29 450 347.96 0.0447 4.4
Mil 2007 49 450 356.93 0.0471 4.6
Average 0.0459 45
2009 24 480 444.39 0.0319 31
I 2003 9.0 500 404.02 0.0512 5.0
2007 ~ Present Average 0.0415 4.1
2011 1.8 550 509.42 0.0438 4.3
Me 2008 3.6 780 639.50 0.0542 5.4
Average 0.0490 4.8
L4 2007 5.3 910 720.23 0.0445 4.4
Average 0.0453+0.0065 45+0.7
Total average 0.0526+0.0060 52+0.6
1 Mini, % Small, ®: Medium, % Large
o ARFE 243 d olfle] gt FF AFES 532+£6.0%,
o547 5018 S5 Ak HFC-134a] 95% 41 20024 %E] 2006%1744)9] HF 282 637+7.4%
T A& 582+4.8%°]%132, 2001 7 2007 o] Fof AlxH FHpExke] A&
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Table 5. Residual rate of HFC-134a in waste vehicles.

Classification Manufacturing Total operation Initial charge Residual Residual
date time(yr) amount (Q) amount (g) rate (%)

Sep. 2000 115 550 380 69.1
Aug. 1997 14.6 550 242 44.0
Nov. 1998 133 650 270 415
Mar. 1996 16.1 500 317 63.4
Mil Aug. 1997 14.7 550 252 45.8
Feb. 1999 131 550 410 745
Mar. 2000 12.0 550 178 324
Sep. 1998 135 500 110 22.0

Average 491+154
Jan. 1999 132 680 428 62.9
Nov. 2000 11.8 730 413 56.6
Mar. 1997 151 700 426 60.9
Aug. 1998 13.6 750 428 57.1
? Jun. 1999 12.8 680 313 46.0
Jun. 1997 14.8 730 412 56.4
May 2000 11.8 680 612 90.0
Mar. 1999 13.0 730 347 475

Before 2001 Average 59.7+114
Sep. 2000 115 670 460 68.7
Mar. 1999 131 700 364 52.0
May 1999 12.9 670 480 716
May 1994 15.8 730 247 338
Me’ Jun. 1.994 15.8 730 294 40.3
Jul. 1996 157 730 190 26.0
Mar. 1995 17.0 700 170 243

Average 452+17.9
Jun. 1999 11.8 680 391 575
Jul. 1996 15.8 670 456 68.1
Jun. 1999 12.8 680 497 731
. Jun. 1997 138 900 441 49.0
L Apr. 2000 11.9 1,020 511 50.1
Jun. 1996 15.8 1,020 606 59.4
Mar. 2000 11.9 670 348 519

Average 584185

Average 53.2+6.0
Mit Aug. 2005 6.6 550 448 815
May 2008 8.8 650 382 58.8
May 2005 6.8 550 314 57.1
, Jan. 2006 6.2 550 363 66.0
S Apr. 2006 6.0 670 498 74.3
Oct. 2001 105 700 420 60.0

2002~ 2006 Average 63.2+8.7
Jan. 2004 7.2 780 461 59.1
Feb. 2001 111 700 389 55.6
Me Oct. 2006 5.8 780 293 37.6
Jun. 2001 10.8 670 413 61.6
Jul. 2001 10.7 780 521 66.8
Jun. 2001 10.8 650 430 66.2

= 7187432 A1 284 A 55
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Table 5. Continued.
Classification Manufacturing Total operation Initial charge Residual Residual
date time(yr) amount (g) amount () rate (%)
Jan. 2006 6.2 550 428 77.8
Me® May 2003 8.8 650 412 63.4
Average 61.0+9.6
May 2001 10.7 750 324 43.2
2002~ 2006 Dec. 2002 9.3 750 688 91.7
L4 Jun. 2001 10.8 680 583 85.7
Feb. 2003 9.1 1,020 412 40.4
Average 65.3+43.3
Average 63.7x7.4
Jun. 2007 4.8 550 478 86.9
After 2007 Med Jun. 2008 38 550 437 79.5
Average 83.2+47.0
Average 58.2+4.8
L Mini, 2 Small, 3. Medium, % Large
83.2+47.0%= SoH(E 5). AN AAH %
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