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Co-biodigestion With Grass: A Review
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Abstract- This review summarizes the benefits accrued with co-
digestion technology. Different substrates differ in-terms of
their chemical composition and these differences lead to
complications during digestion. One way in which these
complications can be abated is by way of co-digestion. Co-
digestion process plays a vital role also in balancing the
nutrients required by microorganism for stability and
performance. The potentials of generating biogas from
different substrates and the role of nutrients and trace
elements entrained in the substrate during the anaerobic
digestion are also highlighted.
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I. INTRODUCTION

Biogas technology offers a very attractive route to
make use of waste biomass to partially meet energy
demand in the society. South Africa for example now
experiences power cuts due to huge energy demands and
concerted efforts are now geared towards renewable energy
for a sustainable solution. In fact, biogas can provide
multiple benefits to the users at large as a fuel for
environmentally friendly electricity generation. Biogas as a
renewable energy can be produced from wastes such as
organic waste from market, swine farming, cattle farming,
chicken farming, and the food industry. Over several years,
ideas for the utilization of waste have been put forward.
However, anaerobic digestion of biomass to produce energy
in the form of biogas is arguably the most beneficial, and
likely to be of commercial interest.

The use of anaerobic technology as a way of treating
wastes to produce biogas comes with benefits such as
fertilizer and fuel as summarized in Figurel.
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Co-digestion can be defined as the treatment of a
combined mixture of two different biomass or substrate
under anaerobic conditions. Combination of different
substrates can sometimes produce more or less biogas
depending on the characteristics of each of the substrates in
the digestion. Anaerobic digestion is characterized by a
series of biochemical transformations caused by the
anaerobic bacterial degradation of organic matter. The
whole process involves several distinct stages. i.e.,
hydrolysis, acidogenesis, acetogenesis, volatile fatty acid
oxidation by secondary syntrophic proton reducing bacteria
and the final stage of methanogenesis.

The term “biogas” is commonly used to refer to a gas
which has been produced by the biological breakdown of
organic matter in the absence of oxygen. Biogas is one of
the products formed during the anaerobic digestion process,
and consists of CO,, CHy, H,S, H,, H,O and some traces of
other substances depending on the composition of the
substrate.

The purpose of this paper is to review the anaerobic co-
digestion of grass with other available biodegradable solids
wastes and the benefits that comes with co-digestion. Grass
is one of the most abundant feeding materials available in
South Africa, and mostly ends up in landfills as it is a part
of municipal waste, and is generally considered as one of
the major agricultural products that covers over 80% of
South Africa agricultural land [1].
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Fig 1: Schematic representation of benefits that accrue with
anaerobic digestion

A. Benefits of co-digestion

Anaerobic degradation of organic material depends of
several factors [2] such as the pH value, temperature,
nutrients contents, Carbon to nitrogen (C/N) ratio, inhibitors
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and Carbon to Phosphorus (C/P) ratio. One of the options
for improving the yield of anaerobic digestion of organic
matter is co-digestion, and in the recent years, much effort
has been dedicated to improving the performances of
digesters through co-digestion of biomasses with different
chemical compositions. Therefore, monitoring the
conditions mentioned above provide a measure to prevent
an unpredicted system failures that could results from
unbalanced sub-optimum digester operational conditions.
During the anaerobic digestion, it is expected that the C/N
ratio should be in the range 20/1 — 30/1 [3]. A co-digestion
process helps by providing the buffering capacity and
supplementation of wide range of missing nutrients, while
wastes with enough carbon content can keep the C/N ratio
in balance for all wastes that are low in C/N [4]. Co-
digestion can make use of nutrients and bacterial diversities
in various wastes to optimize digestion conditions for the
digestion process thereby leading to the maximum
production of the biogas at the long run. Fig 3 shows
different substrate iterms of their C/N ratio. pH and nitrogen
can be manipulated by co-digestion of different substrates.
This is very much important if one want to drive the reator
towards stability. This technique also overcome the
disadvantage of inhibition in single digestion [22]. Co-
digestion with other substrate had been widely carried out as
shown in Table I and II.

B. Potential of methane production from different
substrates

Nitrogen forms part of the essential nutrients required for
the survival of micro-organisms responsible for anaerobic
digestion. The supply of the required nitrogen is very much
dependent on the type of organic substrates used. Some
substrates can produce high amounts of biogas even when
they are digested as pure a substrate, while some are unable
to produce the required biogas when digested as pure
substrate. In such a case, a co-digestion of a mixture of
different substrate becomes an alternative option. Fig 2
shows methane content of different pure digestion
substrates. Grass appears to be second highest in terms of
methane content [5].
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Fig 2: Methane content from different substrates
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Fig 3: Characteristics of different substrate in terms of C/N
ratio.

Table I: Characteristics of raw substrates

Grass Pig
Characteristics silage manure Inoculum
pH 4.5 7.4 7.9
NH4-N(mg/l) 0 1550 1930
VFA(%DM) 4.9 3.1 0

VFA: (Volatile Fatty acids).

Table II: Characteristics of grass and pig manure

Ratiol Ratio2 Ratio3 Ratio4
PM/GS ratio 1:00 3:01 1:1 1:03
pH 7.5-80 7.1-80 6.9-7.9 6.5-7.8
Total
Methane(ml) 7833 8517 8417 7484
NH,-N(mg/1) 1562 1430 1288 1160

PM (Pig Manure); GS (Grass Silage)

C. Feedstocks.

Biogas production from different feedstocks present
some difficulty especially when the system is designed to
produce biogas quantitatively from individual substrate,
and consequently, this render a challenge as different
feedstocks respond differently under applied defined
parameters of anaerobic digestion (e.g. volatile solids,
organic loading rates, pH, mixing and temperature).

Under normal conditions, grass grows better in high
temperature regions, it is the most predominant form of
food providing most of the feed requirements for ruminants
[13] either through grazing or after conservation as hay or,
more recently, silage [14]. Notwithstanding, the usage of
grassland as a renewable source of energy through biogas

WCECS 2015



generation also contributes sufficiently to the protection of
the environment through the reduction of greenhouse gases,
and due to grasslands ability to sequester carbon dioxide
into soil matrix and the utilization of carbon dioxide during
the process of photosynthesis, and many other socio-
economic benefits. Bio-methanation of grass is an area still
under active research [15]. High potential of Methane
generation has been shown in the studies conducted by
Amon et al, (2007). The interest in utilizing grass as feed
stock for methane production is due to its abundance and its
high yield potential in terms of biogas quantity. In countries
like Germany, grass come second after maize silage for
biogas plants raw materials [16].

D.Role of nutrients and trace elements entrained in the
substrate during anaerobic digestion

Availability of nutrients during anaerobic digestion plays
a very key role in the performance and stability of the
digester. Elements such as N (nitrogen) , phosphorus (P) ,
potassium (K) , calcium (Ca) , and magnesium (Mg)
primarily are linked to the digestate, and are needed
potentially as fertilizer supplements or other valued added
products, and they are also important for physiological
survival of the micro-organisms inside the digester (David
et al, 2014). The deficiency of these crucial elements may
have a detrimental effect on the yield of biogas production.
Schattauer et al (2011), showed their work that nutrients
such as cobalt, nickel, molybdenum and selenium are of
critical importance in the production of biogas and the
deficiency of such elements can inhibit the methanogenesis
process (Schattauer et al, 2011). Damirel and Scherer, 2011,
observed that the unavailability of these trace elements can
upset the stability and the performance even though some of
the process conditions may remain undisturbed.

II. SELECTION OF SUBSTRATES FOR CO-DIGESTION

Organic wastes available for co-digestion may include
animal manure, energy crops, food wastes, sludge, chicken
wastes and garden wastes as summarized in Fig 1. The most
cited advantages of anaerobic co-digestion include increased
biogas production which is attributed to supplements from
other co-digested substrates. A few selected results are
presented in Table I and II to show the advantages of
substrate co-digestion. The co-digestion of two or more
substrates results in better digester performance than mono-
digestion in terms of higher methane content [23]. Studies
have shown that substrates that are rich in carbohydrates
and lipids with high volatile solids content are good
candidates for co-digestion with other substrates [24]. Other
studies have found that the selection of a particular substrate
for anaerobic co-digestion is largely dependent on economic
considerations, availability and the potential methane yield
[25, 26].
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III. CONCLUSION

Co-digestion benefits the anaerobic digestion process.
These benefits include the increase in the stability of the
reactor, reduction of toxic compounds, and an improved
nutrient balance, and these lead to an increase in biogas
yield. The availability of trace elements are of paramount
importance during anaerobic digestion as this leads to the
stability and performance of the digester. Grass as an
abundant biomass affords an opportunity to co-digest with
other available organic biomass for balancing of the
required nutrients during the production of biogas.
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