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Abstract

Given the continuously increasing amount of food waste and inefficient management practices,
this study aimed to evaluate the performance of a prototype semi-automated in-vessel bioreactor
composting machine capable of controlling temperature, aeration, and pile turning, in comparison with
conventional pile composting over a 7-day period. The results showed that the composting machine
effectively maintained thermophilic conditions, reduced the moisture content of the composting
material to 23.5%, increased seed germination to 46.8%, and produced organic material with particle
sizes smaller than 6 mm from the first day of composting. In contrast, conventional pile composting
exhibited a higher moisture content (50.54%), a lower germination rate (8.16%), and incomplete organic
matter degradation. Chemical and physical analyses revealed that compost produced by the semi-
automated system contained higher total macronutrient content (NPK, 3.97%), organic matter (34.63%),
and a favorable C/N ratio of 13, meeting organic fertilizer standards and significantly outperforming
conventional composting. These findings demonstrate that a prototype semi-automated in-vessel
bioreactor composting system is effective in accelerating food waste decomposition, reducing moisture
content, and producing high-quality organic amendment. Therefore, this prototype technology shows
strong potential for on-site food waste management, supporting resource recycling and reducing

environmental impacts.
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Heater and Air Supply ON-OFF Switch
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Compost Collection Chamber

Figure 1 In-vessel bioreactor composting machine and its major components: (1) feeding hopper, (2)
control panel, (3) electric motor, (4) hot air blower, (5) bioreactor tank, and (6) compost collection

chamber.
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aangldien Wy iesnsegnuy wasnszgnld VuiousgluuTinatosar 16.1 + 5.2 uag 3) vounaiuazihdn
\uesas 39.5 + 10.2 daufiwdoidudumes iavemsdunid Fovas 38.3 + 12.62) Fausznoudeimwin
Junan waslirudnluegdntiseyszsunniesay 10 vasauil (Figure 2b) Vlzﬂiiﬂ‘lf}mﬁ’]‘sﬁti’mmiﬁﬂLLEJﬂfTQﬂ
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swsuld danuduadesevay 80.2 = 5.6 uazilnnuruiuiuTv 986.59 Alansusegnuiadiuns

Figure 2 Percentage of the mixture used for food waste fermentation (a) and Percentage composition

of collected food waste components (b).
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Figure 3 Temperature changes inside the fermentation chamber during food waste composting under

in-vessel composting machine (experimental) and conventional (control) treatments.
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Figure 4 Changes in moisture content (a), sieve-passing material (b), and seed germination (c) during
the composting process of food waste under in-vessel composting machine (experimental) and

conventional (control) treatments.
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Figure 5 Physical characteristics of the composted food waste material after 7 days under in-vessel

composting machine (a) and conventional composting without machine operation (b).
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Table 1 Comparison of chemical and physical properties of food waste compost produced by in-

vessel composting machine and conventional composting with compost standards.

Compost standards of the In-vessel
Conventional
Compost parameters Department of Agriculture composting ‘
(2005) machine composting

Total N > 1% by weight 153 a 0.89 b
Total P,Os > 0.5 % by weight 1.62 a 0.75 b
Total K,O > 0.5 % by weight 0.82a 0.42 b
Note: or having a total amount of
macronutrients > 2 % by weight 397 a 206 b
Organic matter content > 30 % by weight 34.63 a 12.23 b
Moisture < 35 % by weight 235b 50.54 a
Germination > 80% 46.83 a 8.16 b
C/N ratio < 20:1 13b 36.15 a
Electrical Conductivity <6dSm™ 3.82b 542 a
pH 5.5-8.5 7.7a 8.16 a

Not more than 12.5 x 12.5
Particle size mm. (%) 100 a 61.25b

Size exceeding 5 mm, <
Quantity of rocks and gravel 5% by weight. 0a 0a
Plastic, glass, sharp materials, or other
metals Not found Not found Not found
Arsenic <50 mg kg 0.613 a 0.785 a
Cadmium <5mgkg’ 0.11a 0.25a
Chromium < 300 mg kg 59.47 a 61.25 a
Copper < 500 mg kg™ 16.4 a 15.24 a
Lead < 500 mg kg™ 2.033 a 2.015a
Mercury <2mgkg” 0.071b 0.628 a

Note: Mean values of fertilizer properties between the composter (experimental) and conventional

compost (control) were compared using the t-test at the 95% confidence level. Different lowercase

letters in each row indicate statistically

significant differences.
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