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Effects of Air-flow Rate on Bio-drying of Food waste
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ABSTRACT: This study was carried out for 20 days in a bio-drying batch reactor under the blowing conditions
of 0.75, 1.00, 1.25, and 1.50 L/min -+ kg in order to optimize the operating conditions for the bio-drying of food
wastes. The decomposition rate of organic matter during the bio-drying operation period was analyzed using modified
Gompertz model. The maximum organic degradation (P) was 2.31, 2.52, 2.27 and 1.88 kg at air flow rates of 0.75,
1.00, 1.25 and 1.50 L/min - kg, and the maximum organic degradation rate was 0.33, 0.45, 0.28, and 0.18 kg/day
at 1.00, 1.25 and 1.50 L/min - kg, respectively, showing excellent organic decomposition efficiency at a air flow
rate of 1.00 L/min - kg. The lag growth phase time (1) of the bio-drying reactor was 2.10, 1.48, 1.15, and 1.06
days at 0.75, 1.00, 1.25 and 1.50 L/min - kg, respectively. The water removal rate in the operation of bio-drying
reactor of food waste increased with the increase of air flow rate from the early stage of bio-drying to the middle
stage, and the highest water removal rate was observed at the air flow rate of 1.00 L/min - kg at the end of bio-drying.

The optimum air flow rate condition of bio-drying reactor was 1.00 L/min - kg.

Keywords: Food waste, Bio-drying, Organic decomposition, Air flow rate
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Table 1. Proximate analysis of food waste, saw dust, and mixture
Bulk density Moisture | Total solid Volatile solid | Fixed solid
Parameters . 1 : 2
(kg/L) (% in fb.", wiw) (% in d.b.2, wiw)
Food waste 0.91 73.76 26.24 79.52 20.48
Saw dust 0.58 3943 60.57 99.34 0.66
Mixture 0.78 71.00 29.00 86.03 13.97
1) Fresh basis, 2) Dry basis.
I Wet air I
Air Dry air |  Air flow Dry air Tempera_ture
compressor regulator measuring
instrument

Fig. 1. Design of bio-drying reactor.

Bio-drying reactor
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Table 2. Changes of moisture and volatile solid content during the bio-drying of food waste in the various air flow-rates

Air flow rate (L/min - kg)
Treatment
0.75 1.00 1.25 1.50
Parameters mc” VS MC VS MC | Vs MC VS
Unit (% in £b2, wiw)
0 71.16 23.67 71.39 25.16 72.04 2451 72.49 2425
Operation 61.54 32.00 65.25 28.16 62.26 32.93 64.92 30.25
time 10 42.12 4891 36.18 52.29 3530 55.49 37.19 52.82
(days) 15 29.13 56.74 13.56 72.12 11.83 71.55 8.97 72.17
20 11.10 67.78 7.16 78.03 6.88 77.59 747 76.67
1) Moisture content, 2) Fresh basis.
7} Al wet 1= FEFol SUKskeH, ol 13.76, 37.34, 23.72, 17.45%2 %% 1.00 L/min - kg
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Table 3. Changes of cumulative total weight, moisture and volatile solid removal during the bio-drying of food waste

in the various air-flow rates

Air flow rate (L/min - kg)
Treatment
0.75 1.00 \ 1.25 1,50
Parameter Cumulative reduction of total weight
Unit (kg) %)” (kg) (%) (kg (%0) (kg) (%)
5 7.56 35.16 9.51 4423 9.13 42.47 8.02 37.30
Operation 10 14.64 68.09 15.24 70.88 15.05 70.00 14.97 69.63
time (days) 15 16.02 74.51 17.10 79.53 17.08 79.44 16.94 78.79
20 17.24 80.19 17.67 82.19 17.46 81.21 17.16 79.81
Parameter Cumulative moisture removal
Unit (kg) (%) (kg (%) (kg (%0) (kg) (%0)
5 6.86 44.84 7.49 48.80 7.88 50.88 7.11 45.62
Operation 10 12.44 81.31 13.09 85.28 13.22 85.35 13.32 85.46
time (days) 15 13.82 90.33 14.77 96.23 14.97 96.65 15.20 97.53
20 14.86 97.12 15.09 98.31 1522 98.27 15.29 98.10
Parameter Cumulative volatile solid removal
Unit (kg) (%0) (kg) (%) (kg (%0) (kg) (%)
5 0.70 13.76 2.02 37.34 1.25 2372 0.91 17.45
Operation 10 2.20 4323 2.15 39.75 1.83 34.73 1.65 31.65
time (days) 15 220 43.23 233 43.07 2.11 40.04 1.74 33.37
20 2.38 46.77 2.58 47.69 2.24 42.51 1.87 35.87
1) % in fresh basis (w/w)
TFEFe] Aas Uels v, f71E9 I Bl $35 1.00 L/min - kgoll A 52&228]7]9] &
7Vt AdE Bagh vk glo] B Ao Ao} A ZFgol 7P & A0 YET
AR Age JEi?. wadz A s
T AA 717 SFol WE =94 8 AA 3.3. /712 =0l e £ 24
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@R AN ] A ARG, DBHOR 2 wes)e) Basx BHG B 2 T 5]
FEFel mE FelH FEAA 7R ARk E E3l3dell Modified Gompertz 29 (2] 5)& &
A £FBel T FES AAEE L g5 4012 B WSEES BYSAL 7
B Aol A 537 1.00 Limin - kgoll A1 e] S5 Al G718 Bl & ML Fig 17 2T S48
&0l 7HE A veht S5l BE 71+ 27 BEAZNA £ B 5= LAY
A&l $8 A7 Bgell 2 LS AT AL 59 gut Aol §43] Fohetel, 2ALS 109 A
RUAD, SAELA BRBZ WA T Aol poks) gl el dES 57
A A (TR AT+ 71 EAHE FAL mo) 109 ool EalEE Aow Yepgt A
T 5YollA FF70.75, 1.00, 1.25, 1.50 L/min - kgoll §71%8 Ba]=0] Modified Gompertz =S 2
tisted 2t 35.16, 4423, 4247, 3730% % UYEHES. gipie) 9le 29 uMS4E Q1A= Table 49} 2TE.
H, YT 10Y04+= 68.09, 70.88, 70.00, 69.63%, A 4712 e P)S £ZF 075 1.00, 1.25,
T ISYolM = 7451, 79.53, 7944, T879%, & 150 Lymin - keollA] ZF2F 231, 2.52, 227, 1.88 ke 2.

]
=
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Fig. 1. Cumulative organic degradation curves in the various air-flow rates.

Table 4. Parameters obtained by model optimization from the cumulative organic degradation curve in bio-drying of food waste

Air flow rate Py Rn? Ad Organic reduction ratio
(L/min - kg) (kg) (kg/day) (days) (% in £b.Y, wiw)
0.75 2.31 0.33 2.10 45.48
1.00 2.51 0.45 1.19 46.37
1.25 2.27 0.27 1.11 43.02
1.50 1.89 0.18 1.00 36.33

1) Maximum organic degradation, 2) Maximum organic degradation rate, 3) Lag growth phase time, 4) % in fresh basis (w/w)

Z $F% 1.0 L/min - kgoll A 7P & f71&E & 7} 2.10, 1.48, 1.15, 1.06 Y= YERH 0.75 L/min - kg

2
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