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Abstract : This study aims, firstly, to experimentally analyze the performance variations of a refrigeration
device based on contamination factors. Secondly, it also includes investigation of the economic and
environmental effects of use of recycling contaminated refrigerants. Contamination factors for the refrigerant
were determined as non-condensable gases and excessive injection of compressor oil. The refrigerant selected
for this study is R-134a, belonging to the HFC series with anticipated demand for refrigerant recycling due
to its high GWP value. Non-condensable gases increase compressor workload and lead to a decrease in
COP. Excessive refrigeration oil resulted in a reduction in evaporation capacity, but improvements in
cooling and lubrication performance led to a decrease in the discharge gas temperature of the compressor. It
was experimentally confirmed that recycled refrigerant, if it meets the specified standards (KS 1 3004),
exhibits no performance differences compared to fresh refrigerant. The payback period for the cost
associated with refrigerant regeneration varies depending on the degree of contamination but is generally
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kgCO,eq/RT due to the restraint of new refrigerant consumption and an annual effect of 25.44 kgCO,eq/RT

analyzed to occur within several months. The reduction in greenhouse gas emissions is observed at 1,256
due to the suppression of operational efficiency degradation.

and Environmental Analysis
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Fig. 1 Drawing of the experimental equipment
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Table 1 Non-condensable gas according to FI

%Vol M ['] FI [_]
0 0 0
2 6.47 0.13
4 12.94 0.26
6 19.42 0.39
8 25.89 0.52
10 32.36 0.66

% System volume: 0.0416 m’, Charge amount: 17.0 kg

I Fdf d714(101.3 kPa) =E7A] F4 7}
t}. AHRI("| =Y 53 %3 3]) Standard 700 2L
3004(3] 4~ ZH*@ %UH) #2NA= o8 7tE
1.5% Volume@25TC=
2, 2 A= 4719 FAY
S7t49 Qo] mE Y7
= el ich Table 1& A3 A=A
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agal 7y g 24014 Fault
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Table 2 Amount of injected refrigeration oil

Amount [L] Excess [%] Ratio [%]
3.25 0 16
3.95 22 19
4.65 43 21
5.35 65 24
6.05 86 26
6.75 108 28
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Fig. 3 Discharge pressure and temperature according

to non-condensable gas amount
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Table 3 Comparison

of wvarious parameters of

recycled and new refrigerant

Parameters Recycled New
Purity [%] 99.5 99.8
Non-condgnsable 1.50 0.20
gas [%]
Moisture [ppm] 10.0 9.10
Oil [%] 0.01 0.01
Acidity [ppm] - -
100.0
) 0O Discharge temperature
2]
B 80.0 B Discharge pressure
1
é‘_é 600
@
23
400
7 g
g~
20
= 200
@
7
0.0
New Recycled
Fig. 12 Comparison of discharge temperature and
pressure of new and recycled refrigerant
50.0
— O Condensation
E 100 L E Evaporation
T
E
o [
ke 30.0
=
11
& 200
=
LY
T 100 t
0.0
New Recycled
Fig. 13 Comparison of condensation and evaporation

heat transfer rate of new and recycled

refrigerant
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Table 4 Assumptions regarding operation and costs

for economic analysis

Parameters Unit Value
Daily operating hours hour/day 12
Annual operating days day/year 365

Electricity price WonkWh 130

Contaminated refrigerant

withdrawing cost Won’kg 3,500
Contaminated refrigerant Won/kg 2,500
purifying cost
Contaminated refrigerant
re-injection cost Won/kg 1,500
Refrigerant charging ke/kW 095

amount
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Fig. 17 Payback period by use of recycle refrigerant

(by excess oil)
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Table 5 The carbon intensity of electricty generation

and domestic proportion

Ener A: B: AB:
sourfz gCO,eq Ratio gCO,eq
/kWh [%] /kWh
Coal 1,001 41.9 419.42
Oil 840 0.5 4.2
Natural 469 182 85.35
gas
Nuclear 16 37.8 6.05
— 70.00
E CO, emission operation Refrigerant: R-134a
g 6000
<) % CO, eq from refrigerant
Eﬂ 50.00  itselfis notincluded 48.88
=
£ 4000 ¢ 35.60
E
T 3000 26.84
g
g 2000 ¢ 15 69
é 10.00 | 77
<=t| 0.00 Standard
0 10

Non-condensable gas [Vol%]

Fig. 18 Annual CO,eq reduction by use of recycle

refrigerant (contamination by non-condensable

gas)
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