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INTRODUCTION

Nowadays the most promising research fields are the
investigations of the renewable energies. The consumption of biomass
in Hungary was limited to the production heat. The disadvantage of
this on the one hand is the poor efficiency of the converted electricity,
on the other hand the deficiency of the storage. The anaerobic
fermentation of lignocelluloses (being the largest amount of biomass)
is an alternative possibility, but the industrial application involves
several questions to answer.

The present dissertation focused on the opportunities to produce
biogas from forestry wastes. Woody waste biomass has been less
explored than other biomass types in the literature, so the knowledge
is poor.

Fermentation of typical Hungarian wood industrial by-products
was investigated, involving the wood of elderberry and the bark of
oak. The recovered biogas yields were tested under thermophilic
conditions and compared with literature data. Biogas vyield
enhancement was carried out with physical, chemical and biological
pretreatment methods. The using of different rot-fungi as biological
pretreatments was found to be the most efficient method in several
aspects. In order to evidence that the increased methane yield was the
reason of rot-fungi degradation, more examinations were carried out
on the pretreated wood samples.



1. RESEARCH GOALS

o Examination of sample pretreatment possibilities to find
the optimal method.

The fermentation of lignocelluloses and the slow hydrolysis
process of macro components are closely related. The pretreatment
methods were compared to redound the digestion of the
lignocellulosic systems thereby enhanced the efficiency of enzymes.
Industrial application and cost-effectiveness are important factors in
the comparison.

e Testing the biogas production of pretreated samples

The anaerobic fermentation of samples was tested with different
pretreatments. The efficiency of different pretreatments were
compared with biogas yields. Respecting efficiency and biogas
production, the main goal was to select the most suitable method.

¢ Investigation of the pretreated wood with the optimum
method

After selecting the optimum process for the pretreatment, it was
necessary to accomplish different examinations to understand the key
of efficiency. In order to demonstrate that the biogas yield increased
as an effect of the pretreatment, the structure and chemical
composition of the wood, as well as the composition of biogas and
biogas sludge were investigated.



2. MATERIALS AND METHODS

Important aspect for the choice of the substrates, used for
experiments was that they should be industrially valueless or by-
products of processing: the bark of oak (Quercus petraea (Matt.)
Liebl.) is a waste product and the wood of elderberry (Sambucus nigra
L.) is an industrially valueless wood. Furthermore the wood of
elderberry represents a mixed lignocellulosic by-product because of
the average chemical composition.

After sample collection, samples were immediately processed,
ground and sieved (mesh size < 4 mm). Prepared samples were stored
in freezer until use.

2.1. PRETREATMENT METHODS

The close bonds between lignocellulosic polymers hinder the
hydrolysis of polysaccharides during fermentation. The following
pretreatment methods were applied to facilitate this process.

Dilute acid pretreatment: Dilute acid pretreatment of elderberry
wood was done using 4% acetic acid. The mass ratio of wood: acid
was 1:3 so 100 g dried wood was mixed with 300 g of acetic acid.
Mixtures were left at room temperature for 24 hours (Phaiboonsilpa és
Saka 2011).

Extraction pretreatment: The goal of the oak bark extraction
pretreatment was to dissolve the inhibitory components. 100 g of dried
oak bark was mixed with 800 ml distilled water. Mixtures were left at
room temperature for 24 hours (Makk et al. 2013).



Microwave pretreatment: The microwave pretreatment was
applied to wood of elderberry and oak bark too. 250 g of each sample
was pretreated with a household microwave oven with 700 Watt
microwave energy for 2 x 2 minutes (Jackowiak et al. 2011/a, Makk et
al. 2013). The substrates were stored in freezer until final utilization.

Hydrothermal pretreatment: The hydrothermal pretreatment is
a heat treatment in distilled water with microwave energy. The wood
of elderberry was treated with Michem MD6 device for 2 X 2 minutes.
The mass rate of the wood:distilled water is 1:3, 100 g of dried wood
was mixed with 300 g of distilled water. The samples were stored in
freezer until utilization.

Physical and chemical pretreatment: Wood of elderberry was
treated physical- and chemical method in a same time with Michem
MD6 device. The samples were pretreated with 700 Watt microwave
energy at 150°C and at 210°C for 2 x 2 minutes. The ground samples
were treated with constant microwave energy, different temperatures
and in 2% and 4% acetic acid. The ratio of the wood samples:acid was
1:3 s0 to 100 g dried wood was added to 300 g acetic acid.

Biological pretreatment: Wood of elderberry was treated with
two different rot-fungi species. One was the brown-rot cellar fungus
(Coniophora Puteana (Schumach.) P. Karst ) and the another was the
white-rot oyster mushroom (Pleurotus ostreatus (Jacq.) P. Kumm.).
Agar/agar-malt was the growth medium in a 20 x 20 cm thermostable
box. Different times (14, 21, 28 days) were applied during the
pretreatment period. The combination of the two rot-fungi species
were also used in the experiments. 150-200 g of each samples and the
thermostable boxes were sterilized with 120 °C stream for 20 minutes.
The samples were stored in dark climate chamber at room temperature
during the pretreatment periods.



2.2. INVESTIGATION OF WOOD PRETREATED WITH ROT-FUNGI

The following tests were performed to demonstrate that the
different changes of elderberry wood are the reason of the rot-fungal
degradation.

Determination of total organic matter content: Measurements
of the total organic matter content were started with the milled wood
samples accurate analytical mass measurement and after that were
incinerated at 600 °C. After cooling in the desiccator from the
remained inorganic matter mass the total organic matter content was
calculated.

Determination of cellulose content: Cellulose content was
measured with Kirschner-Hoffer method. (Kiirschner and Hoffer
1931).

Determination of total soluble carbohydrate content:
Extraction: to 0.25 g milled dried wood was mixed with 25 ml 4:1 -
methanol:water and stirred with a magnetic stirrer for 6 hours (Visiné
Rajczi 2008). The extracts were filtered using a Whatman G2 glass
fiber syringe filter.

Total soluble carbohydrate contents were measured with Dubois
method (Dubois et al. 1956).

Determination of total phenolic content: Extracts were
prepared with the same technique as in case of total soluble
carbohydrate content. The total phenolic contents were measured with
Folin-Ciocalteu method (Singleton and Rossi 1965).



Measurements with HPLC-MS/MS: To 0.75 g of dried, rot-
fungal pretreated elderberry wood samples were added 25 ml water
and stirred with a magnetic device for 6 hours. The extracts were
filtered with 0.45 pm porosity cellulose acetate filter.

The three parallel HPLC-MS/MS measurements in each sample
were done using a Shimadzu LC-20 liquid chromatograph and an AB
Sciex 3200 Qtrap linear ion trap/triple quadrupole mass spectrometer.

Electron microscopic images: The electron microscopic images
were made with Hitachi S-3400N scanning electron microscope at 25
KV acceleration voltage, 70 kPa pressure, 200 times magnification,
and in BSE (Back Scattering Electron) mode.

Determination of dry matter content: After the analytical
precision weighing the milled wood of elderberry samples were dried
at 105°C to constant weight. The samples were cooled in desiccator
and then from the weighing of dry wood mass the dry matter contents
were calculated. Three measurements were prepared in each sample.

2.3. BIOGAS PRODUCTION AND MEASUREMENT OF BIOGAS YIELD

Biogas production: The production of biogas was carried out in
a 2500 ml volume brown bottle with thread neck. Biogas sludge
occupied about 1000 ml from the total volume of the bottle. Graft
material for the fermentation experiments was obtained from the
biogas plant of the Magyar Cukor Zrt., Kaposvar (Hungary) and was
specialized to the fermentation of plant biomass. The anaerobic
digestion experiments were run for 30-60 days, in semi-continuous
flow and thermophilic (55°C) environment. Produced gas was
collected into Tedlar® bags. Measurement of the gas volumes was
carried out using a 500 ml Hamilton syringe. The temperature was
maintained with a Memmert WNB 14 Basic water bath.
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Determination of biogas composition: The composition of the
biogas was monitored using Ecoprobe 5-IR type equipment calibrated
for CH,4, CO,, O, compounds. Calibration gas mixture comprised of
60% methane (v/v), 30% CO, (v/v) and 10 % O, (v/v) and had a
purity of 99.995 % (v/v).

Genomics investigations: The genomic compounds of different
sludges were discovered with metagenomics sequencing and
bioinformatical analysis.

Monitoring of biogas sludge: The chemical parameters (pH,
COD, total phosphorus, ammonium) were monitored with standard
methods (Rétfalvi et al. 2016).



3. THESES OF THE PHD DISSERTATION

1. Results of the investigations were demonstrated that the forestry
lignocelluloses such as the oak bark (Quercus petraea (Matt.)
Liebl.) and the wood of elderberry (Sambucus nigra L.) adaptable
to biogas production in thermophilic and anaerobic environments.
The specific methane yields of these substrates were 20-35% of
the yields gained from most commonly used agricultural by-
products.

2. The semi-continuous, thermophilic and anaerobic laboratory
fermentation results proved that the specific methane yield of the
milled oak bark (Quercus petraea (Matt.) Liebl.) (67 ml/ g dry
volatile solid) decreased by 20% with physical (microwave)
pretreatment. Chemical (aqueous extraction) and combined
(microwave and extraction) pretreatments did not affect specific
methane yields significantly.

3. The semi-continuous, thermophilic and anaerobic laboratory
fermentation of elderberry (Sambucus nigra L.) wood resulted a
relatively low specific methane yield (87 ml/ g dry volatile solid)
which increased by the applied chemical, physical, physical-
chemical and biological pretreatment methods. The most
favourable effects were found using the hydrothermal (38%
increase) and biological (30% increase) pretreatments.
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4. The semi-continuous, thermophilic and anaerobic laboratory
fermentations of the wood of elderberry (Sambucus nigra L.)
testified that the biological pretreatments with white rot-
(Pleurotus ostreatus (Jacg.) P. Kumm.) and brown rot-fungi
(Coniophora Puteana (Schumach.) P. Karst) increased the
specific methane yield significantly. The duration of the
pretreatment had significant effect on the methane yield. The
most effective (30% increase) pretreatment was evidenced by
applying 28 days. The period of the pretreatment was shortened
by 7 days with the simultaneous application of both types of rot-
fungi.
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4. SUGGESTIONS, FUTURE AIMS

Laboratory fermentation experiments demonstrated that the wood
of elderberry and oak bark were adaptable for biogas production and
the methane yield was increased with the appropriate pretreatment
methods. This dissertation represents a significant basis for the applied
materials or other forestry and wood industrially by-products to biogas
utilization even for an industrial production. While the research goals
were answered several new questions and goals were raised, which
require further research in the future.

Future research possibility:

e Application of other wood species (oak, black locust, pine,
poplar) for biogas production.

e Application of other rot-fungi species for biological pretreatment.

e Examination of oak bark biological pretreatment.

e Testing of high volumes for industrial application.

e Technological development for industrial implementation.
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