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enhancing biogas production
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Highlights
e Used vortex diode as a cavitation reactor to pre-treat lignocellulosic biomass.
e Measured bio-methanation capacity for a range of cavitating conditions.
e Developed guidelines to optimise pre-treatment for maximising biogas production.

1. Introduction

Biogas production via anaerobic digestion (AD) is one of the oldest known technologies which is being used
till date for the treatment of sewage and other waste water streams [1]. Organic substrates in the waste are
excellent feedstocks for biogas production. Amongst the variety of substrates that are compatible for AD
such as vegetable/fruit wastes, waste water, municipal solid waste and agricultural wastes [2-5], agricultural
wastes such as grass and silage present a viable class of feedstock from a Northern Ireland point of view. In
this work, we use recently disclosed novel cavitation reactor (vortex diode) to pre-treat lignocellulosic
biomas (LCB) to make it more digestible in AD [5].

A number of factors such as pH, temperature, residence time, carbon to nitrogen ratio, type of substrates,
particle size and composition of the inoculum can affect the overall biogas production process [1, 6].
Amongst the abovementioned factors, the type of substrate plays a key role in determining the overall biogas
yield. In context with grass and silage as feedstock for biogas production in the current work, cellulose and
hemicellulose present in this lignocellulosic biomass (LCB) are the digestible fractions for AD. The
crosslinking between lignin, cellulose and hemicellulose present in the LCB matrix makes it difficult to
access the digestible fractions. To supply the inoculum with the digestible fractions, recalcitrant lignin
present in LCB must be degraded partially to release cellulose and hemicellulose.

Current pretreatment methods to degrade lignin in LCB include physical treatment, steam explosion, liquid
hot water treatment, acid/alkali treatment, ammonia explosion, ionic liquid treatment and lignolytic
enzymatic/biological treatment [7]. These methods mentioned are expensive, environmentally unfavourable,
slow or energy intensive. An alternative to these methods is hydrodynamic cavitation (HC) which is used in
this work to pretreat LCB to release cellulose and hemicellulose. Cavitation is the phenomenon of formation,
growth and collapse of bubbles (cavities). Collapsing cavities lead to intense shear and localised very high
temperature (~5000 K) and high pressures (~1000 atm). The high pressure and temperature generated by
cavity collapse leads to formation of OH radicals. Intense shear as well as OH radicals cause degradation of
lignin matrix and opens up cellulose and hemicellulose. [8, 9].

The aim of this work is to harness HC for the pretreatment of LCB by degrading lignin and enhancing biogas
production. Unlike the conventional cavitation devices like venturi or orifice [8, 9], we use vortex diode
which uses rotational flow for generating cavitation. VVortex diodes do not contain any moving parts and do
not use small constrictions which reduces maintenance requirements and risk of clogging.

2. Methods
2.1 Materials and characterization:

Grass and silage were used as feedstock for the experiments. The LCB was used with or without any milling.
The total solids, volatile solids, moisture and ash content of the feedstock and the HC pretreated solids were
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analysed Fourler transform infra-red spectroscopy (FTIR) X -ray dlffractlon (XRD), thermograwmetry
(TGA) and scanning electron microscopy (SEM) analysis of the total solids was performed before and after
the HC pretreatment. Coumarin was used as the probe molecule to determine the OH radical quantities
produced by the HC set up under various operating inlet pressures.

2.2 HC Experiment:

A bench scale hydrodynamic cavitation device with 1 m*hr nominal flow rate of vortex diode (Fig. 1) was
set-up. The LCB pre-treatment was carried out at different pressure drop values across the cavitation reactor.
Generation of OH radicals was quantified by measuring 7-hydroxycoumain, using a fluorescent spectrometer.
Biomethanation potential of pre-treated LCB was measured by collecting the biogas in tedler bags and
analysing its composition using a GC-FID (gas chromatograph equipped with a flame ionization detector).
Based on the biomethanation potential, optimum conditions for LCB pretreatment was identified. Guidelines
for optimising the pre-treatment of LCB were developed.

Tangential
Axial

outlet

Figure 1. Vortex diode as a cavitation reactor.

3. Results, discussion and conclusions

Cavitation performance of vortex diode was first quantified using coumarin, with water as a medium (in
absence of LCB). Conditions for cavitation inception and choking cavitation were identified. Generation of
OH radicals is expected to exhibit non-monotonic relationship with pressure drop across the diode.
Quantitative data on this was obtained. Systematic pre-treatment experiments were carried out at varying
loading of LCB in water and its influence on cavitation characteristics was studied. Comprehensive physical
and chemical analysis of pre-treated LCB was carried out as detailed in section 2.1. Useful relationships
among cavitation conditions, physico-chemical analysis and measured biomethanation potential were
developed and verified. OH radical quantification was useful to determine the optimized conditions required
for the HC of LCB. Efforts were made to use cavity dynamics model to understand the observed
relationships. Based on the experimental and computational results, appropriate guidelines were developed to
optimise pre-treatment of LCB using vortex diode as a cavitation reactor. The approach and results presented
here is useful for developing an effective pre-treatment method for LCB which can be easily scaled-up.
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