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a b s t r a c t

This paper has the objective of monitoring the biological activity of composting process of sewage sludge,
sugarcane bagasse and ground coffee in a hermetic rotary reactor using the respirometric method in
laboratory scale, in order to obtain parameters and system design for large scale projects. Another
particularity of this study is the use of a hermetic reactor with gas purging cycles. Purging was performed
when the percentage of oxygen reached less than 5%, thus eliminating the gaseous mixture (with
elevated CO2 ratio) and the introduction of environmental air with around 21% of O2, successively until
the compost was stabilized. The average purge intervals obtained were 29 h and 2 min with reactor
rotation frequency of 15 min. The time of the compost stabilization was optimized in 60% if compared to
the 90 days in the traditional method. The results obtained can be used to design the process in industrial
scale using a simple O2 gas analyzer.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Nowadays society is urging for better environmental conditions,
thus increasing the demand for wastewater treatment services. As a
consequence, there is a greater quantity of sewage sludge that
needs to be managed and disposed (Agrawal and Singhand, 2007).
Managing such volume of sewage sludge in compliance with
environmental regulations is not an easy task (Khiari et al., 2008;
Rodríguez et al., 2012), especially because the adequate disposal
and treatment of sewage sludge can be costly. The conventional
final disposition of sewage sludge which consists of simply
throwing it away on the ground or in the sea has been forbidden or
become restricted due to recrudescence of legislations worldwide
(Rodriguez et al., 2013). Nonetheless, incineration and landfills
continue to be themain forms of final disposal. Oneway of properly
disposing of sewage sludge is by composting; in European Union
countries it has been estimated that approximately 36% of the
sewage sludge is recycled through composting (Righi et al., 2013;
Hamoda et al., 1998).

The definition of composting is associated to the process of
aerobic decomposition of organic matter such as leaves, food re-
mains, paper and manure that is performed by microorganisms.
Under controlled conditions, thesemicroorganisms convert organic
matter into a stable product similar to humus (Adani et al., 2004).
Thus, it is possible to compost organic residues with sewage sludge.
As reported by Barrena et al. (2011), composting is considered a
more sustainable alternative when compared to sanitary landfills
and the incineration of food remains, but only 4% of the 20.8million
tons of urban solid wastewere recovered in the USA for composting
(SAER et al., 2013). In Brazil, in accordance with the National Plan of
Solid Waste (2012), from the estimated total of organic residues
that are collected (94,335.10 t/d), only 1.6% (1509 t/d) is used for
composting.

One important point of interest is the conversion of treatment
facilities into resource recovery facilities (Nakakubo et al., 2012). In
fact, the processes of composting sewage sludge and organic resi-
dues into a viable compost, can generate economical benefits that
can reduce the cost of treatment and the pressure on natural re-
sources. This final sub-product may be destined to agricultural use,
consequently improving the soil's physical characteristics by
increasing its permeability, retaining water and nutrients in sandy
soils, and enabling a larger concentration of essential nutrients
(Chiba et al., 2008; Galka, 2004; Ponsa et al., 2009).
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Despite the researches already carried out on composting, there
are limited papers addressing sewage sludge. Consequently, it is
necessary to understand the composting process for this residue
(Kalamdhad et al., 2008; Rodríguez et al., 2012). As stated in Petiot
(2004), additional researches are necessary to extend our knowl-
edge on this process, especially when it comes to compost stabili-
zation time, the technology and the types of residues to be used.
The majority of the studies that have been carried out used tradi-
tional technologies, such as windrows and static piles. Rotary re-
actors have been pointed out as a promising technology for
composting process, inasmuch as they offer many advantages,
namely: aeration, compost homogeneity, no production of odors
and no percolation of leachate into the soil during the process
(Kalamdhad et al., 2008; Klemes et al., 2012).

As reported by Ponsa et al., 2009, the desired stability level in a
composting process is what determines the several parameters for
controlling and designing the system, such as the aeration rate and
the time of treatment required for each type of organic residue. In
composting processes in which there is a predominance of aerobic
bacteria activities, both the quantification of the oxygen (O2)
consumption rate and the temporal carbon dioxide (CO2) genera-
tion rate, may be performed in a controlled environment using a
reactor, which is known as the respirometric method (Getahun
et al., 2012; Rodriguez et al., 2012; Fang et al., 1999; Gea et al.,
2004; Scaglia et al., 2005). In such method, the biological degra-
dation parameters of organic residues are measured at the gaseous
stage, thus ensuring the homogeneity of the results in real time,
which demonstrates to be a superior assessment tool than the
traditional composting process (Gea et al., 2004; Rodriguez et al.,
2012), that is basically restricted to analyzing the temperature
that is randomly gauged in a heterogeneous environment at
weekly intervals.

Among the various tested indices, the oxygen consumption rate
(also called the dynamic respirometric index) has provided the
most reliable values for the evaluation of microbial activity in a
composting environment. Experiments performed by Tremier et al.
(2005) using the respirometric method studied the kinetics of
biological reactions involved in the treatment of organic waste and
sludge mixed with pine bark. The rates of oxygen consumption of
such mixture were monitored for 10e20 days maintained at con-
stant temperature and humidity. The influence of temperature on
the kinetics was tested. The results showed that the respirometric
method is a useful tool for the characterization of biodegradability
of the solid matter and for modeling the biological kinetics of the
composting process.

As mentioned by Kalamdhad et al. (2008) most of the literature
about respiration indices on composting stability refers to tradi-
tional composting techniques and more researches are needed to
evaluate the stability of compost using respirometric method in a
rotary reactor. Kalamdhad et al. (2008) also evaluated the com-
posting of cattle manure, grass cuttings, food waste cooked,
vegetable waste, saw dust, manure with four different C/N ratios,
where the reactor was rotated manually four times per day. In
addition, to date it is scarce literature about sewage sludge sta-
bilization monitored by the respirometric method (Ponsa et al.,
2009).

In this way, this research is a pilot study that has the purpose of
follow-up an operational control methodology for composting
process using sewage sludge, and organic residues of sugarcane
bagasse and ground coffee using a rotary hermetic reactor and the
respirometric method in a laboratory scale. The results obtained in
this research can be used to establish parameters and system de-
signs for this type of composting residues and that could then be
implemented in industrial scale (with less sophisticated equip-
ments for control the composting process).

2. Materials and methods

The method employed was the respirometric, which is a pro-
cedure that measures speed, oxygen consumption rate and the rate
of gaseous sub-product generation deriving from the active
biomass respiratory activity (biological degradation) of an organic
substrate performed on liquid or gaseous means (Lasaridi and
Stentiford, 1998; Scaglia et al., , 2005; Guardia et al., 2008;
Rodriguez et al., 2012).

The experiments were conducted at the facilities of the Solid
Residue Laboratory of the School of Engineering of UNESP e Bauru
Campus. The following equipments were developed for the
experimental analysis of composting: a 90-liter rotary reactor
mounted inside a closed box with double-glass walls (to minimize
variation in temperature); a gas analyzer; a microcomputer; and
the rotation control for the reactor, set for four rotations per hour
(Fig. 1).

The reactor was connected to two air pumps, one intended to
feed the reactor with O2 and the other intended to purge the air
when the oxygen level reaches less than 5% inside the reactor.
Connected to the recirculation line (air pumps) is a gas analyzer
manufactured by Sick Maihak model S710, which has a display
and registers the concentration values of the gases in terms of
percentages (%O2 and %CO2). This equipment has a serial
communication interface that sends data online to a computer in
the format of string in an alphanumeric character sequence, and
data is recorded at 1 se600 s intervals. This software was
developed at the Computer Department of UNESP Bauru
Campus. Fig. 2 shows the diagram of the composting
experiment.

This software also controls a hardware mechanism that allows
to inject the desired and previously established concentration of air
inside the reactor to be consumed by the bacteria involved in the
degradation of the residues. Oxygen levels between 5% and 21%
were used in this research (Akutsu et al., 2009). The composting
process was analyzed according to the time required for O2 to reach
5% inside the reactor, considering that at the beginning of the
process this concentration was approximately 21% of the total
gaseous mixture, i.e. O2 is consumed. Reaching a percentage lower
than 5%, the system automatically performs the purging, that is the
elimination of a gaseous mixture inside the reactor (with elevated
CO2 concentration) and introduces environmental air at the ratio of
approximately 21% of O2, in successive ways until the compost is
stabilized.

Fig. 1. Structure of the composting experiments that, basically, comprise a rotary
reactor, a gas analyzer and a microcomputer to retrieve data.
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