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Abstract

This paper addresses the fugitive emission factors of Reefer Container at use-phase and disposal-phase. The

residual quantities and operation time of thirty nine Container were weighed, using a commercial recover of

refrigerants to determine the emission factors at the use-phase. The emission factor at the disposal-phase,
refrigerant is accomplished has not recycled, the residual rate was assumed that the emission factor. The average
residual rate of thirty nine Container is determined to be 70.8 +4.0%. The emission factor at the use-phase is
estimated to be 4.9 £0.9%/yr in the case of using average age of 8.1 years and the average residual rate determined
here. We estimate 162.7 g/yr for the average emission quantity of refrigerant per operating Container, while 2038.1
¢ for that per waste Container. Since the chemical compositions of refrigerant of waste Container were the same as
those of new refrigerant, it is expected that the refrigerant recovered from waste Container can be reused for

refrigerant.

Key words : Greenhouse gas, HFC-134a, Container, Refrigerant, Fugitive emission factor, Chemical composition,
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Fig. 1. Principles of Air Conditioning System.
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Table 1. Recovery capacity of refrigerants and specifications of recovery unit used here.

Refrigerant type

Recovery XLT capacity (g/min)

Specifications for Balance

R¥.22 V'ap(?r:. 170
Liquid: 900 Upper limit of weighing 50kg
Vapor: 170
R-134a Liquid: 900
Vapor: 170 .. - .
R-407 Liquid: 900 Minimum weighing quantity 2g
Vapor: 190
R-410A Liquid: 760
. Precision +0.05%
R-502 Vapor: 300

Liquid: 1200

“R” stands for refrigerant

= 7187432 A30A 225
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(c) Recovery facilities

Fig. 2. Pictures for refrigerant recovery facilities of HFC-134a from reefer container.
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Table 2. GC-MSD operation conditions.

Table 3. Calibration results of recovery performance of
HFC-134a by recovery station used here.

Classification Analysis conditions
Inlet 220°C, Split ratio 100: 1 Charged amount Recovered amount Recovery rate
Column DB-624 (60 m X 0.25 mm X 1.4 um) ©® © (%)
Flow He, 1 mL/min 3,304.0 3,168.0 95.9
Oven 40°C (5 min) at 10°C/min at 80°C at 250°C 2,300.0 2,178.0 94.7
Scan range 45~300 m/z (EI mode) 1,302.0 1,168.0 89.7
Average 93.4+4.5
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Fig. 3. Calibration curve for refrigerant recover used for
showcase.
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Table 4. Residual rate of HFC-134a in container.
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Fugitive emission Emission factor

No. Age (yr) Initial charge amount (g) Residual rate (%) constant (yr”") lyr)
1 2.1 3,960 78.1 0.1188 11.2
2 9.1 3,960 61.0 0.0544 53
3 7.3 3,960 78.8 0.0328 32
4 1.3 4,980 86.4 0.1171 11.1
5 12.7 4,900 47.4 0.0588 5.7
6 13.3 4,900 42.8 0.0640 6.2
7 9.9 5,200 81.8 0.0202 2.0
8 44 3,960 50.9 0.1527 14.2
9 29 5,200 84.9 0.0561 55

10 8.7 3,960 58.8 0.0612 5.9
11 10.6 3,960 75.8 0.0261 2.6
12 9.3 3,960 52.5 0.0696 6.7
13 10.6 3,960 79.4 0.0218 2.2
14 9.3 3,960 76.1 0.0292 2.9
15 14.3 4,600 63.4 0.0320 3.1
16 8.2 4,600 68.0 0.0473 4.6
17 10.7 3,960 75.4 0.0265 2.6
18 8.5 3,960 75.3 0.0334 33
19 2.8 5,200 89.2 0.0414 4.1
20 8.1 4,600 67.2 0.0491 4.8
21 12.6 3,960 65.8 0.0332 33
22 10.6 3,960 42.0 0.0821 7.9
23 7.8 3,960 75.3 0.0366 3.6
24 8.1 4,600 64.7 0.0539 52
25 10.3 3,960 74.4 0.0288 2.8
26 9.3 3,960 54.0 0.0660 6.4
27 7.8 3,960 73.0 0.0402 3.9
28 10.7 3,960 75.3 0.0266 2.6
29 10.7 3,960 68.2 0.0359 3.5
30 6.8 5,550 71.3 0.0378 3.7
31 10.1 4,870 81.4 0.0205 2.0
32 5.6 4,510 68.8 0.0671 6.5
33 6.2 3,960 62.6 0.0759 7.3
34 4.8 5,660 75.6 0.0579 5.6
35 3.5 3,960 81.4 0.0588 5.7
36 9.3 3,960 72.3 0.0347 34
37 1.3 4,980 92.5 0.0627 6.1
38 8.6 3,960 85.4 0.0183 1.8
39 7.4 3,960 79.4 0.0311 3.1
Average 8.1+1.1 4343.3+173.8 70.8+4.0 0.0508 £0.0094 4.94+0.9
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Fig. 4. Apparent residual rate of Container with respect to Container age.
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Fig. 5. GC-MSD results for HFC-134a of reefer container.

Table 5. Comparison of GC-MSD results of new refrigerant (HFC-134a) and those of the refrigerant (HFC-134a)

recovered from reefer container.

Refrigerant recovered from

Classify New refrigerant scrap domestic refrigerator
Peak A A B
Retention time (min) 4.5 4.5 4.7
Area (%) 99.8 99.8 0.2
Compound 1,1,1,2- 1,1,2,2- 1,1,1,2- 1,1,2,2-
tetrafluoroethane tetrafluoroethane tetrafluoroethane tetrafluoroethane
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