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A B S T R A C T

This study focuses on evaluating the influence of different substrate to inoculum ratios (SIR) and
inoculum types on the methane potential of four solid agroindustrial waste, namely winery waste (WW),
cotton gin waste (CGW), olive pomace (OP) and juice industry waste (JW). To this purpose, Biochemical
Methane Potential (BMP) assays were conducted, in which four SIR, i.e. 0.25, 0.5, 1 and 2 (on a volatile
solids (VS) basis) were tested and three different inocula, namely anaerobic sludge, landfill leachate and
thickened anaerobic sludge, were compared. All four materials were proved viable substrates for
anaerobic digestion. Furthermore, anaerobic sludge was found the most adequate inoculum among
tested samples, and due to its high availability it may be considered a manageable choice in real-scale
applications. Contrarily, using landfill leachate and thickened anaerobic sludge for the same purpose
showed lower efficiencies. The optimum SIR for determining the methane potential of the studied
substrates were of 0.5 for WW and JW, yielding 446.23 and 445.97 NmLCH4/gVSsubstrate, respectively, and
of 0.25 for CGW and OP, yielding 267.96 and 258.65 NmLCH4/gVSsubstrate, respectively. Higher SIR delayed
methane production, indicating process inhibition. Experimental methane potentials were lower than
theoretical, suggesting that eventual pretreatments prior to anaerobic digestion might be worth
investigating. The association of different SIR with 2- and 3-parameter kinetic models manifested the
complexity of the anaerobic digestion of the studied substrates. Moreover, a different modeling approach,
assuming the occurrence of multiple-stages, appeared to be more suitable for describing the behavior of
the experimental data.

ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The use of alternative energy sources instead of traditional has
been increasingly gaining interest in the last decades and has
become a major research topic, which is under continuous
development. The significant amounts of greenhouse gases that
are released worldwide, coupled to the imminent depletion of
fossil fuels, demand energy generation to be possible by applying
different methods and technologies that are sustainable, more
convenient form an economical standpoint and use renewable
materials as feedstock [1,2].

Anaerobic digestion involves the use of a consortium of
microorganisms for the degradation and stabilization of complex

organic substrates, such as manure, wastewater, sludge and solid
waste, with the main product being biogas, an energy-rich gas
mainly composed of methane and carbon dioxide [3]. Recently, this
technology has been studied aiming at non conventional energy
production [4]. The use of solid organic substrates in particular, has
been attracting a lot of attention, with agricultural and agroindus-
trial biomass and waste materials being the main candidates for
such use [5].

Agricultural and agroindustrial activities are among the most
widespread around the world and especially in the Mediterranean
region, they make a major contribution to national economies [6].
Among the most profitable sectors of this area are the wine and
olive oil production industries, while the citrus fruits (mainly
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orange) and cotton processing activities are also of high impor-
tance. In fact, according to the Statistical Database of the Food and
Agriculture Organization of the United Nations (FAOSTAT) [7], data
referring to twenty Mediterranean countries report that in 2013,
approximately 29.6 million tons of grapes, 19.2 million tons of
olives, 13.5 million tons of oranges and 3.9 million tons of seed
cotton were totally produced. The increasing development of
activities related to the processing of these commodities has, over
the past decades, resulted in large amounts of solid waste being
generated on a regular basis. Depending on the activity, such
wastes can vary in type and composition. In particular, the solid
residue obtained after grape processing for wine production is
known as grape marc or grape pomace and is composed of skins,
seeds, pulp and stalks. This material has been found to contain
considerable quantities of phenolic compounds [8–10]. The olive
oil production process generates a type of solid residue that
consists of pieces of olive skin, pulp and kernels, as well as some oil.
This specific material, also known as olive pomace, contains a
variety of compounds (e.g. phenolic compounds, fatty acids etc.)
and is characteristic of the three-phase olive oil extraction system
[11,12]. Similarly, cotton processing waste is usually comprised of
stalks, leaves and cottonseed hulls [13]. Moreover, the waste
obtained from orange processing, mostly for juice production,
represents approximately 50–60% of the initially processed fruit
and is composed of peels, seeds and segment membranes [14–16].

The accumulation of agroindustrial waste due to high produc-
tion rates, may often cause several management and disposal
problems. In fact, there are many cases in which agroindustrial
waste have no further use and are ultimately inappropriately
discarded, or deposited in landfills, thus eventually leading to
environmental degradation. Therefore, anaerobic digestion of such
materials seems a much suitable option for combined waste
management and alternative energy production. Additionally to
their abundance and low cost, agroindustrial waste, have also the
advantage that they do not compete with food or feed production,
something that makes them viable substitutes for energy crops
[4,6,13,17,18].

Nevertheless, in order to consider a specific substrate as a
possible feedstock material for an anaerobic digestion plant, an
important parameter that needs to be determined is its methane
potential, i.e. the maximum methane quantity that is potentially
produced during anaerobic digestion [19]. The most common
method used to determine methane potential is conducting
Biochemical Methane Potential (BMP) assays. This protocol has
not been standardized yet, in order to fit every possible substrate,
therefore numerous variations can be found in literature, which
concern several parameters related not only to the substrate, but
also to the inoculum and to the experimental conditions under
which the assays are conducted. Among these parameters, two of
the most important, are the substrate to inoculum ratio (SIR) and
the inoculum source/type [3]. The SIR is determinant for the
correct operation of the anaerobic digestion process [20] and its
selection is related to the substrate properties. Several studies
[1,5,19,21–26] had as their main focus the optimization of this
parameter and their results were in fact dependent on the
substrate in use. Inoculum type is another basic parameter in
anaerobic digestion. The inoculum provides the system with the
initial microbial population, which will then participate to the
reactions constituting the organic matter degradation processes. It
also contains several macronutrients which can positively affect
enzyme activity and biogas production [27]. A wide variety of
samples has been used for such purpose in other researches,
including sludge from anaerobic digesters treating municipal or
agroindustrial wastewater, animal manures, landfill leachate, etc.
[20,27,28].

The purpose of this study was to evaluate the influence of
parameters such as substrate to inoculum ratio (SIR) and inoculum
type, on the methane potential of four solid agroindustrial waste,
namely winery waste, cotton gin waste, olive pomace and juice
industry waste. In order to optimize these parameters, Biochemical
Methane Potential (BMP) assays were performed, for all materials.
Four SIR values were tested (0.25, 0.5, 1 and 2, on a VS basis), while
three different inocula were compared, specifically anaerobic
sludge, landfill leachate and thickened anaerobic sludge. The
materials examined in the present study are among the most
produced agroindustrial waste in the Mediterranean region, thus,
the investigation of possible management alternatives, eventually
leading to energy production, is of great importance. To date, a few
studies can be found regarding the methane potential of these
kinds of substrates, especially when referring to the investigation
of different substrate to inoculum ratios. The approach adopted in
the present research has not been enough studied, particularly
when considering that no specific researches examining the use of
different inocula have been conducted in relation to such
materials. Anaerobic sludge from wastewater treatment plants
and leachate from landfills can be easily found in an urban
environment, as well as in the vicinity of industrial areas and are
characterized by high availability throughout the year. Therefore,
the possible use of such materials as inocula for anaerobic
digestion is of high relevance and is worth investigating.
Additionally, in this paper kinetic modeling of the anaerobic
digestion process with the application of multiple equations was
conducted. More specifically, two approaches were adopted. The
first one was a single-modeling approach, in which the experi-
mental data were fitted through non-linear regression to five
separate kinetic models, i.e. the first-order exponential, two-phase
exponential, logistic, transference (reaction-curve) and modified
Gompertz models. In the second approach, a multiple-stage
modeling of the data was conducted, by combining the first-order
exponential model and the logistic model. The application of such
an approach to BMP data referring to different substrate to
inoculum ratio and inoculum type, while concerning the specific
substrates and conditions examined in this research, has not been
studied before.

2. Materials and methods

2.1. Substrates and inocula

Four different substrates were used in this study, more
precisely, winery waste (WW), comprising of grape skins, seeds
and stalks, cotton gin waste (CGW) comprising of cotton fiber,
stalks, burs and leaves, olive mill solid waste, specifically olive
pomace (OP), as well as juice industry waste (JW), comprising of
orange peels. As soon as the samples were collected, they were
stored at �20 �C in zip-lock bags, for preservation purposes. Prior
to digestion WW and JW were comminuted without drying using a
food processor, CGW was dried at 60 �C and then comminuted to a
particle size less than 500 mm, using a universal cutting mill, while
OP was kept as received.

The use of three types of inocula, which differed in either source
and/or composition, was evaluated. The first sample consisted of
anaerobic sludge (AS) originating from a mesophilic anaerobic
digester of the Municipal Wastewater Treatment Facility of Chania,
Crete. The second type of inoculum was a landfill leachate (LL)
sample which was taken from the Sanitary Landfill situated in the
Akrotiri area of Chania. Finally, the third inoculum was a sample of
anaerobic sludge which was gravitationally thickened (TAS) in the
laboratory prior to its use. Using the latter sample aims at
investigating the suitability of a partially dewatered anaerobic

3218 F.-M. Pellera, E. Gidarakos / Journal of Environmental Chemical Engineering 4 (2016) 3217–3229



Download English Version:

https://daneshyari.com/en/article/221587

Download Persian Version:

https://daneshyari.com/article/221587

Daneshyari.com

https://daneshyari.com/en/article/221587
https://daneshyari.com/article/221587
https://daneshyari.com

