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Abstract

This paper attempted to estimate the emissions of HFC-134a from scrap truck as a result of measuring the residual
quantities of HFC-134a in air conditioner of scrap truck. We measured the residual amounts in the scrap truck of 138 by
applying commercial recover for refrigerants. The average residual rate(disposal-phase emission factor) is reported to be
44.3+3.3% within a confidence interval of 95%. Recent year model trucks exhibit the higher residual rates. Little variation,
however, is observed in regard to vehicle size. The HFC-134a emission quantity from scrap truck in 2011 is estimated to be
55,908 tCO;-eq that demonstrates 21.4% increase to compare with that in 2007. As the numbers of truck have increased
dramatically during the last two decades, the emissions of HFC-134a from scrap truck would increase sharply in the next
coming years. HFC-134a is a very high GWP greenhouse gas. therefore have to reduce the emissions from the scrap truck and
need to find ways to recycle. The chemical compositions of refrigerants from scrap truck are quite similar to those of new
refrigerants, suggesting that the refrigerants from scrap truck could be reused as refrigerant.
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Fig. 1. Conceptual model of variation of remaining quantity
of HFC-134a in MAC with time(Kim et al., 2012a).
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Table 1. Recovery capacity of refrigerants and specifications of recover used here

Refrigerant type Recovery capacity(g/min) Specifications for recover
* Vapor : 170 o o

R-22 Liquid : 900 Upper limit of weighing 50 kg
Vapor : 170

R-134a Liquid : 900

RA407 Vapor : 170 Minimum unit 2g
Liquid : 900
Vapor : 190

R-410A Liquid : 760 Precisi 0.05%

s0n Vapor : 300 recision .05%
Liquid : 1200

“R” stands for refrigerant

= 2 A

Y| 8]427]1= R-134a o] R-22, R-407, R-410A,
R-5025 38 5= qlom Wl o] ol wheh 2
ojs ol thEnt T sl Wule] SF S4E
8l AT Aee AUETE £0.05%, 34 7T
F 8ol 50 kgolaL #4wHel=2 golrt
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ol 27k 325 AFstel Y AlolAg AR o
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A 3291 42 Yol EAsks 3715 815719] 517
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ke drf g1 712510] 0.5 baro] i, 215 417 7]
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Table 2. Sampling numbers of scrap truck by model and size

HEZS A4l g AFE(EFuEA) Bl
= 9QI5}te] 2001 ©]7, 2001~2006 Afo], 2007
o] %0 A 7 W= SRSl aL, A FF o] 5o
Asx2](Korea Minister of Land, Transport and
Maritime(MLTM), 2012)¢] LA} A Afjeko] wle}
A A3, 2%, 59, o8 ERsielth 54 =
AE fIsiA SHE g Aol HatEo] Sl Bt
=33717bo] 12.5%1 H7|eHA EY 138T]E ZAlSH
S THTable 2).

2.4 Wi M2 24

Y o] ARG 2Hof A Wl A WSk E QleA] of
5 gofstr] flal SHEAkg Aldue HlEoA
Sl Hgm o] dEe EAskITE HE= A
7k Sl W o B HEE W A19), A9l &
25 S AlojAof| 14 S WS ol 2 LY HiE
t]ul(Tedlar Bag, RESTEK Co.)of| Ho} 3]4=3}3itt
Z+7} GC-MSD(Gas Chromatography-Mass Selective

Vehicle size Before 2001 2001~2006 After 2007 Sum
Mini 7 5 - 12
Small 16 8 1 25

Medium 34 15 5 54
Large 27 20 - 47
Total 84 48 6 138
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Table 3. 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 ym )

Flow He , 1 mL/min
Oven 40°C (5 min) at 10 C/min at 80C at 250C

Scan range 45 ~300 m/z ( EI mode )
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1349] 3|=H]&-2 90%etal Z|L Atof|A] grsich
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Fig 2. Distribution of fugitive emission factors of HFC-
134a from MAC of scrap truck.
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Table 4. Summary for related information on fugitive emission of HFC-134a from MAC of scrap truck

Classification Total operation time(yr) Initial charge amount(g) Residual amount(g) Residual rate(%)
15.2 800 241.4 30.2
13.5 800 299.7 37.5
14.1 800 318.8 39.9
Mi' 11.3 750 249.3 33.2
11.1 750 343.5 45.8
17.6 800 305.3 38.2
14.4 800 249.3 31.2
Average 13.9+2.1 785.7+2.6 286.8+37.0 36.6£5.1
12.3 650 350.2 53.9
14.7 850 231.3 27.2
12.8 650 356.9 54.9
11.1 680 184.2 27.1
11.6 650 314.3 48.4
18.3 550 121.5 22.1
11.9 700 247.0 353
= 12.7 650 303.1 46.6
13.2 650 399.5 61.5
17.6 700 489.2 69.9
13.5 700 307.6 439
14.8 700 356.9 51.0
15.1 700 303.1 433
18.3 650 316.6 48.7
11.3 650 143.9 22.1
22.0 800 224.6 28.1
Average 14.4+].7 683.1+£36.0 290.6+50.9 42.7+11.7
19.0 800 3154 394
11.6 700 5229 74.7
16.7 650 404.0 62.2
13.1 800 314.3 39.3
14.0 750 316.6 422
Before 2001 152 800 3233 404
11.6 800 309.8 38.7
15.8 800 2313 28.9
14.2 800 316.6 39.6
13.8 800 199.9 25.0
15.4 800 270.6 33.8
16.7 880 3233 36.7
12.1 700 121.5 17.4
19.7 800 343.5 429
15.6 800 108.0 13.5
15.8 750 193.2 25.8
Me 15.3 680 319.9 47.0
19.5 750 197.7 26.4
18.8 750 298.6 39.8
15.4 800 282.9 354
14.5 800 639.5 79.9
15.0 800 520.6 65.1
14.8 800 235.8 29.5
18.6 850 388.3 45.7
12.4 750 502.7 67.0
12.6 750 498.2 66.4
15.1 800 305.3 38.2
19.1 750 300.9 40.1
16.0 800 3524 44.1
16.2 750 3233 43.1
11.6 680 359.2 52.8
11.9 680 220.1 324
11.5 680 318.8 46.9
15.8 750 321.0 42.8

Average 15.1£0.9 766.2+18.5 323.5£39.5 42.4+5.3
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Table 4. Continued

Classification Total operation time(yr) Initial charge amount(g) Residual amount(g) Residual rate(%)
14.6 800 386.1 48.3
16.5 800 289.6 36.2
11.5 680 397.3 58.4
16.6 800 493.7 61.7
16.2 780 348.0 44.6
15.2 880 125.9 14.3
14.6 830 236.9 26.9
15.8 800 117.0 14.6
14.2 850 265.0 31.2
15.0 850 603.6 71.0
11.9 850 352.4 41.5
16.3 850 374.9 44.1
14.3 850 455.6 53.6
L 17.5 850 466.8 54.9
Before 2001 15.6 850 599.1 70.5
15.6 800 498.2 62.3
12.2 800 316.6 39.6
17.4 800 242.6 30.3
14.7 800 291.9 36.5
14.4 800 276.2 345
15.5 850 3323 39.1
12.6 800 383.8 48.0
14.4 850 327.8 38.6
15.2 850 114.7 13.5
15.8 850 352.4 41.5
15.0 850 125.9 14.8
16.4 850 137.2 16.1
Average 15.0+0.6 824.8+16.2 330.1+54.3 40.2£6.7
Total Average 14.8+0.5 770.8+15.3 316.3+24.8 41.1+£3.8
10.8 550 345.7 62.9
10.4 550 252.6 459
Mi' 10.8 750 563.2 75.1
11.0 750 316.6 422
10.1 750 202.2 27.0
Average 10.6+0.5 670.0+£136.0 336.1+172.2 50.6+17.3
6.3 680 249.3 36.7
10.3 700 391.7 56.0
10.7 700 565.5 80.8
g? 7.0 650 504.9 77.7
7.6 700 294.1 42.0
8.9 700 558.8 79.8
9.3 700 390.6 55.8
9.9 700 204.4 29.2
2002~ Average 8.8+1.3 691.3+]5.1 394.9+116.4 57.2+17.1
2006 9.6 900 265.0 29.4
54 680 637.3 93.7
10.4 680 343.5 50.5
7.2 700 240.3 343
7.5 680 478.0 70.3
9.9 700 238.1 34.0
10.3 700 307.6 439
Me’ 8.5 750 240.3 32.0
7.8 680 300.9 44.2
8.5 700 308.7 44.1
11.0 800 350.2 43.8
10.3 680 65.4 9.6
10.0 800 119.2 14.9
10.7 750 343.5 45.8
8.8 750 567.7 75.7
Average 9.1+0.7 730.0+26.7 320.4+85.3 44.4+12.2




W0 2 HE 247k HFC-13429] BRe| 5 A0} QI A1go] o

Table 4. Continued
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Classification Total operation time(yr) Initial charge amount(g) Residual amount(g) Residual rate(%)
5.1 700 159.6 22.8
10.2 680 289.6 42.6
9.1 680 231.3 34.0
6.4 680 576.7 84.8
5.8 700 601.4 85.9
6.3 700 83.3 11.9
8.1 680 471.3 69.3
10.1 850 590.2 69.4
10.5 680 531.9 78.2
4 9.8 630 300.9 442
2002~ L 9.8 800 282.9 354
2006
6.8 800 321.0 40.1
6.3 800 491.5 61.4
8.1 700 265.0 379
9.7 800 382.7 47.8
8.8 800 563.2 70.4
10.8 800 123.7 15.5
9.7 800 341.2 42.7
10.5 800 240.3 30.0
10.2 800 276.2 34.5
Average 8.6+0.9 745.5+28.7 356.2+75.5 47.9+10.4
Total Average 9.0+0.5 724.2+19.5 349.4+43.6 48.7+6.2
s’ 3.6 680 460.1 67.7
2.8 680 377.1 55.5
4.2 700 518.4 74.1
After 2007 Me® 34 680 1259 18.5
3.8 680 2414 355
2.9 680 374.9 55.1
Average 3.4+0.7 684.0<11.1 327.5+185.4 47.7+26.4
Total Average 3.4+0.6 683.3£8.6 349.6+151.2 57.1x21.7

]:Mini, 2 Small, 3:Medium, 4:Large

(n=48), 2007 o] Fof Al=H HEZ ] SRS
S 51.1221.7%(n=6) 2 LFEFTE = Eg o] ¢i4]o]
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= ke ool gl Algko] got o] g
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HEge] Frd SRujEARE By B
£ 41.9+7.8%, 2% EYL2 49.247.3%, 58 EY
42.244.9%, e EF243.545.7%= YEFTE 751
Ego] SRMEATE 7P W2 ACR Yo
U, 2k R Eas Aekgde wake x| kol
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Table 5. Yearly emission quantities of HFC-134a from MAC of scrap truck from 2007 to 2011

Year Generatis(lria(;uzrlllt(ii:f of total Ag/;;fggii ;/z;l::;) Srfl ttglgl)ly Average (r;:)idual rate Total emission (tCO-¢q)
2007 106,528 46,061
2008 111,326 48,136
2009 110,222 750.8 443 47,658
2010 109,764 47,460
2011 129,301 55,908

*: KADRA(2007~2012)

HFC-134a 24 wj&eK332.6 ), 10 = g2 tonO 2
A=hst7] 913t 3=, GWPy= HFC-134a2] 2512
SRR S22 A] 1,300 ARE-3FATHKIm, 2005).

HE o RHE ] HFC-134a9] A=l viEwhS
2011d0| 55,908 tCO-eq=A] 2007 BlaLsle] 21.4%
Z7kekem, o] 7|13k Eete] AR+ VM-S 5.3%
of itk 12 2007~2010 “53tofl= 2 3t
7} §19. 21K Table 5), 2011 39] Z71&0] Ty
= o Stk 2 7R ek SURe S e 17.8%
o|glom, Ego] ikl At 10 F<tol] 54 3]
S7161517] wiiol] o|¢f - sste] HEE o) v
T E0] HFC-134a2] &= z|&7 o2 ozl 7
o7 7|tEch

3.4, HYo) MEEN

o] 7% A4Sk (Ministry of the environment,
2012)0f] T} m HREA} Wl o] -9 27} 999 o]
“Jolojof b Wul-§- 0 2 2ALE-o] 7HEdtE R HE
9| Quf| & kS whold g g 4do] Qlrh

Table 64 = ZAAH AEmi o] F435(>99%)
= gt AAE HFC-134a= HEE|Qlom o]
A2l 1,1,2,2-tetrafluoroethane = w|&F 2= 9k H)|
Egof|A] 3lpgt Hyml g 24 A= Algeef
FUst PS Hole Ao Ukt ol B2l
0 ol 0l S4ol Aol wep o
o2 SIEHT ook mekA AEgeRnE 3%

HFC- 13402 o824 Aot 247}
o g,

£Q r_?L' u

N
my
I

1) & AollA 2ARE HEY 138t 9] Ht TF
S(FRUZAIS) S 44.3+3.0% 2 LEREIL, IPCCO
A AR 71 S F3E gER1 25% Hok X =
Qrow, IPCC 7|87} 282 9| Eg o 2 HE| 9] HFC-
134a vl &2 Fg 7 2271l

2) 2FeFe] AAAlo] =8d= HFC-134a S0 &7
7t WekoL, Rhdo] Ak qfmel Adaglo] B

Table 6. Comparison of GC-MSD results of new refrigerant(HFC-134a) and those of the refrigerant(HFC-134a) recovered

from MAC:s of scrap trucks
. . Refri t
Classify New refrigerant effigerant recovered
from scrap truck
Peak A A B
Retent19n time 45 46 47
(min)
Area(%) 99.8 99.8 0.2
Compound 1,1,1,2-tetra 1,1,2,2-tetra 1,1,1,2-tetra 1,1,2,2-tetra
P fluoroethane fluoroethane fluoroethane fluoroethane




W0 2 RE 247k HFC-13409] BRu| 5 A0} Q2] AVgo] e 4 1113

277} 710) §ARHS: o 4= 9l9ie ol HFC-134a
o] vj&-L e T BrHs MAC Aok X 84
Apo) @A AT A4 Qe

3) 2011499] HE& o2 HE o] HFC-134a H|Z&ek
2 55,908 tCO-eqO 2 20079 HE&TF 46,061
1COrequ} v|m3lo] 21.4% /b5 0om, Eejo] A4
AkFo] )k 104 52kl F43] S715107] whtol
olo} qissto] m=elo] wiZekut o] HFC-134a
o] WiZ e X440 ol Aoz 7|tgeh

4) F=2ollA] S5t Al A 24 At Al
e} 710] §AIBHOT, otz Xlak SO Qlsto]
Q7o) B4do] 27 WA skot sl AAkge]
7Pse A0 oA el SA w=e o) 47}
st Elo] glojA] Bk Tk whe gJe] Alzo] wul 4
ol oifgt A} A AR ]2 P58 Bart olck
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