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Abstract
This mini-review summarizes composting procedures using an aerated, packed-bed-type reactor and the types and effectiveness of different
types of aeration during composting. Cattle manure was composted using an 18.8-L reactor with three different amounts of total air supplied
(1080, 3240, and 10800 L/kg dry mass). The composting process was 360 h long and had continuous or on/off (20 min/h) aeration (intermittent
aeration) and three turning patterns (no turning, full turning, and turning with position change). The degradation of organic matter in the threestage system (the compost was turned every 120 h during the 360-h period) was significantly affected by total air supply volume and was more
efficient with on/off (intermittent) aeration than with continuous aeration. The change in moisture content was more strongly affected by turning
than by the aeration mode. The optimal composting conditions for organic matter degradation (maximum of 37.7%) were as follows: aeration
rate, 0.45 L/min.kg dm; aeration mode, on/off; and full turning. The total accumulated weight losses and heat generated during composting
indicated significant effects of the total air supplied and were largest in the continuous composting process.
Keywords: Composting; Cattle manure; On/off aeration; Turning; Heat generated; Degradation; Power consumption; Microorganisms; Oxygen;
Nutrients; Carbon; Nitrogen; Moisture content; Porosity; Temperature

Introduction
Food supply is a primary issue for people around the world,
and an increasing demand for various foodstuffs is anticipated
in the future. Now and in the future, there is a need to utilize
cattle manure sustainably and to use this resource without
causing adverse environmental effects. Composting is the
aerobic (oxygen-requiring) decomposition of organic materials
by microorganisms under controlled conditions. During
composting, microorganisms consume oxygen (O2) while feeding
on organic matter. Active composting generates considerable
heat and releases large quantities of carbon dioxide (CO2) and
water vapor into the air. Composting reduces both the volume
and mass of the raw materials while transforming biomass into
a valuable soil conditioner. Factors affecting the composting
process include oxygen, aeration, nutrients (carbon: nitrogen (C:
N) ratio), moisture content, porosity, structure, texture, particle
size, pH, and temperature.
There are several aeration control strategies that have been
used in practice, although some laboratory studies have not
described the aeration control strategy in adequate detail. Some
previous studies have applied continuous aeration methods
in composting experiments [1-6] and have presented a kinetic
analysis of forced aeration [7,8]. In other studies, a model for
fermentation and drying during composting satisfactorily
predicted dry matter degradation [9,10]. Experiments using a
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small-scale reactor demonstrated that a relatively high ventilation
rate and the specific combination of intermittent aeration
(ventilation/resting ratio applied using an on/off method) could
provide more effective composting than continuous ventilation
[11]. A comparison of models for continuous and on/off aeration
has not yet been undertaken. The mechanisms of the composting
process during intermittent aeration are still unclear.

Many studies have addressed the basic requirements for
composting. Composting system technologies are required
to support agricultural production ecosystems. However, the
main problem is the practical application of these technologies.
We begin by introducing the different types of aeration in a
packed-bed type reactor, the relationship between aeration and
organic matter degradation, and the effectiveness of intermittent
aeration.

Aeration

There are many variations in aeration, but it generally takes
place either passively or by forced air movement. Turning charges
materials with fresh air, and the air introduced by turning is
quickly consumed by the composting process [12-14]. Passive
aeration, often called natural aeration, takes place by diffusion
and natural air movement. Forced aeration relies on fans to
move air through the mass of composting materials. Continuous
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aeration can reduce the required air flow rate. It also reduces
the fluctuation in temperature and O2 levels [15]. In a previous
study, experiments comparing various aeration conditions were
performed using an adiabatic-type reactor [11].

Packed – Bed Type Reactor

In our previous study, we tested various strategies for
composting cattle manure with forced aeration. The composting
of cattle manure was conducted using a contained (closed)
system [16] comprising an 18.8-L reactor (Figure 1) with three
different amounts of total air supplied (1080, 3240, and 10800
L/kg dry mass). The composting process was 360 h long and had
two aeration methods (continuous and an on/off sequence at 20
min/h) and three turning patterns (no turning, A; full turning, B;
and turning with position change, C) [17]. The runs were codified
as follows, run 0.15Bc; where the number refers to the aeration
rate (L/min.kg-DM), the capital letter denotes the turning type
(A, B or C, as above) and the small letters denote continuous (c)
or intermittent (i) aeration. The degradation of organic matter
in the three-stage system (compost was turned every 120 h over
the 360h period) was significantly affected by total air supply
volume and was most efficient with on/off aeration. The change
in moisture content was more strongly affected by turning than
by the aeration mode.

to be turned to release heat from the inner portion, resulting in
temporary cooling.

Organic Matter

In the active composting phase, easily decomposable and
putrescible compounds are broken down and pathogens are
eliminated [12]. The effect of the aeration method and turning
on organic matter degradation is shown in Table 1. Using the
continuous method, increasing aeration within the range of 0.05
to 0.50L/min.kg-DM enhanced the organic matter degradation
from 10.3% to 30.1%. For the intermittent method, increasing
aeration from 0.15 to 0.45L/min.kg-DM increased the organic
matter degradation from 28.1% to 37.7%, but further increasing
aeration from 0.45 to 1.50 L/min.kg-DM reduced the organic
matter degradation to 32.1%.
Table 1: The organic matter degradation (%) of compost material for
composting reaction.
Aeration rate,
L/min.kg-DM

Discussion
Temperature
When aeration is supplied throughout the composting
period, lower aeration after the peak temperature can enhance
the composting process [13]. Lowering the aeration rate after the
peak temperature is reached may reduce heat loss by aeration.
However, when the temperature exceeds 60 °C, the optimum for
most thermophiles is reached, and the high temperatures start
to limit the composting system [18]. The compost matrix needs
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Figure 1: Compost reactor setup.
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Intermittent aeration allows microbes to use oxygen
efficiently. Another effect of intermittent aeration is that heat
removal by aeration can be stopped or reduced, and that high
temperature in the composting system facilitates extensive
decomposition of organic matter. Appropriate turning and
aeration results in the rapid decomposition of organic matter.
The highest organic matter degradation was obtained in a
composting system with an intermittent aeration rate of 0.45 L/
min.kg-DM and with full turning (type B) [17]. The pattern of
moisture change was more strongly affected by turning than by
aeration modes. The total accumulated weight losses and heat
generated during composting indicated significant effects of the
amount of air supplied. The largest effects were obtained using
the continuous process.

Effect of aeration

With the same total aeration (3.24m3/kg-DM), the organic
matter degradation for run 0.45Bi (37.7%) was higher than
that for run 0.15Bc (23.9%). For continuous aeration, the
highest organic matter degradation was obtained in run 0.50Bc
(30.1%). To achieve the same organic matter degradation, power
consumption for aeration could be reduced by 66.7% by applying
intermittent aeration. In other words, intermittent aeration after
turning enhanced organic matter degradation and reduced the
energy requirements by two-thirds compared with continuous
aeration [17].
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Conclusion
This mini review compares aeration rates, aeration methods,
and turning methods to determine the optimal composting
conditions for cattle manure. Air was supplied at three different
rates with continuous or intermittent aeration resulting in
distinct patterns of moisture content, organic matter degradation,
and total weight loss in each treatment. The range of aeration
rates covered very low to excessive aeration. Intermittent
aeration after turning enhanced organic matter degradation and
reduced the energy requirements by two-thirds compared with
continuous aeration. The composting and drying model showed
satisfactory results for continuous and intermittent aeration.
Further research is necessary to obtain experimental data for
greenhouse gas emissions and the efficiency of the process to
fully assess these methods as operational activities.
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