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Abstract

Food waste is both an industrial and residential source of pollution, and there has been a great need for food waste
reduction. As a preliminary step in this study, waste reduction is quantitatively modeled. This study presents two models
based on kinetics: a simple kinetic model and a mass transport-shrinking model. In the simple kinetic model, the smaller is the
reaction rate constant ratio &, the lower the rate of conversion from the raw material to intermediate products. Accordingly,
the total elapsed reaction time becomes shorter. In the mass transport-shrinking model, the smaller is the microbial
decomposition resistance versus the liquid mass transfer resistance, the greater is the reduction rate of the radius of spherical
waste particles. Results showed that the computed reduction of waste mass in the second model agreed reasonably with that
obtained from a few experimantal trials of biodegradation, in which the microbial effect appeared to dominate. All
calculations were performed using MATLAB 2020 on PC.
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Fig. 1. Biodegradation steps over time for food waste in the
simple kinetic model.
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Fig. 2. Particle size deceasing over time (a) and kineto-transport resistances (b) in the mass transport-shrinking model.
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Fig. 3. Wood mushroom fungus collected at different locations. (a)~(d) denote the location-specific fungi.
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Fig. 4. Typical biological degradation of food wastes when
ky tky:k,=1:0.684:0.1
(a) k,=0.072d ! for fish (b) k,=0.0987d ' for fruit
(c) k,=0.1216d ' for crops (d) k,=0.137d ' for
vegetable in the simple kinetic model.
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Fig. 6. Typical biological degradation of food wastes when
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Table 1. Kinetic parameter values (reaction rate constants) used in the simple kinetic model

435

Group Time Food wiste Intermediate groducts Final pro;iuct
(day) (kg/m) (kg/m’) (kg/m)
0 100 0 0
Fish 16.7 29.63 437 26.66
40 5.45 26,05 68.49
0 100 0 0
Fruits 12.2 29.68 437 26.62
ko thy Ky 40 1.86 14.92 83.23
=1:0.684:0.1 0 100 0 0
Crops 9.9 29.63 43.71 26.67
40 0.74 6.02 93.59
0 100 0 0
Vegetables 9 28.72 43.69 27.59
40 0.4 6.02 93.59
0 100 0 0
Fish 13.7 37.04 36.6 26.36
40 5.45 15.94 78.61
0 100 0 0
Fruits 9.9 37.44 36.6 25.97
key ik kg 40 1.86 7.47 90.68
=1:1:0.1 0 100 0 0
Crops 8.2 36.53 36.61 26.87
40 0.74 3.67 95.6
0 100 0 0
Vegetables 7.3 26.33 36.61 27.07
40 0.4 222 97.38
0 100 0 0
Fish 9.9 48.78 25.32 259
40 5.45 5.43 89.11
0 100 0 0
Fruits 7.4 47.99 25.31 26,71
kytkyiky 40 1.86 1.93 96.21
=1:1.946:0.1 0 100 0 0
Crops 6 47.99 25.31 26,71
40 0.74 0.78 98.49
0 100 0 0
Vegetables 53 47.99 25.31 26,71
40 0.4 0.42 99.19

" k,: Rate constant when food waste is converted into intermediate products, k,: Rate constant when the intermediate product is

converted to the final product, k;: Rate constant when food waste is converted into final product
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Table 2. Mass transfer coefficients used in the mass transport-shrinking model

Group Time Particle radius* Reduction
(day) (mm) (mm)
0 2.6
Crops 0.174
40 2.426
" 0 6.2
kyiky~=1:1 Meat 0.031
40 6.169
0 7.2
Vegetables 0.023
40 7.177
0 2.6
Crops 2.51
40 0.8827
0 6.2
k; ky~1:10 Meat 0.321
40 5.879
0 7.2
Vegetables 0.227
40 6.973
0 2.6
Crops 2.6
20.5 0
0 6.2
k; ik, =1:30 Meat 0.913
40 5.287
0 7.2
Vegetables 0.678
40 6.522
0 2.6
Crops 2.6
12.6 0
0 6.2
ky1ky=1:50 Meat 1.513
40 4.687
0 7.2
Vegetables 1.125
40 6.075

" Refer to Shin et al.(1995b)

"k, : Liquid diffusion coefficient, k,,: Microbial reaction coefficient
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Fig. 10. Mass reduction of food waste particles when k,:k,
=1:1, k,:k,~1:10, k,:k,~=1:30, and k,:k,=1:50
at (a) R=2.6mm for crops (b) R=6.2mm for meat

(c) R=7.2mm for vegetables in the mass transport
-shrinking model.
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Fig. 11. Mass reduction of food waste particles when R=
2.6mm (a) k,=0.072d ! for fish, (b) k,=0.0987
d ' for fruit, (c) k,=0.1216d " for crops, (d) k,
=0.137d ! for vegetable.
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