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Abstract

With the growing prices on fossil fuels and the negative impact that they have on the environment it
can see the necessity to integrate renewable source energy for consumption. One of these that stand
forward is biogas produced from anaerobic fermentation process. This type of energy diminishes the
impact on the environment by reducing greenhouse gases and is useful for producing electrical and
thermal energy. Anaerobe fermentation process is regarded as a good solution because of two aspects:
producing energy and giving a solution to rising quantities of junk. Biomass used in order to obtain
biogas can be formed from urban solid and liquid garbage, animal and vegetal mass dejections. In the
case of animal dejections they are being mixed with energetic plants or agricultural residue. The
processing is realized by anaerobic fermentation process. The mix used for producing biogas was formed
from animal dejections (bovine and pork) with energetic plant grind (Miscanthus giganteus) with different
dimensions. Production of biomass expressed after 22 days of anaerobic fermentation showed the
influence of energetic plants on the process of anaerobic fermentation. The three recipes used in the
present paper were composed out of bovine dejections and Miscanthus green leaves mix of different
dimensions (between 2-9cm), production of biomass being recorded for each type of recipe being tested,
and the percentages that compose the biogas were recorded (CHy % v/v, H:S % v/v and COz % v/v).
Results showed that the largest production of biogas with highest concentration of methane was obtained
for the recipe in which green leaves of Miscanthus with dimensions of 2 to 5 cm were added.
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1. Introduction

In present time there are seven procedures of recuperation energy from organic
agricultural residue: anaerobic fermentation at ambient environment temperature, anaerobic
fermentation at high temperatures, thermophilic anaerobic discomposure, distillation,
composting, incineration and heat transfer [1]. The highest potential comes from anaerobe
fermentation, this being considered as one of the most attractive solutions to produce
renewable energy from biomass. On average, at a fermentation plant out of a tone of residue
mix can be obtain about 400-600 Nm® of biogas out of which 50-70% methane [2]. Also, this
represents an optimum treatment for vegetal and animal residue giving the fact that the
substrate is transformed into renewable energy and fertilizer for agriculture [3]. As substrates
for producing biogas can be used different varieties of substrate between which could outline
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stable residue and secondary agricultural products, organic residues digestable from food
industry and agro-industries (vegetal and animal), organic fraction and home residue and
catering (vegetal and animal), sewage sludge, energetic cultures (corn, Chinese cane, clover)
or adequate residue for biogas production [3]. The final result from the anaerobic
fermentation process is biogas that represents a mixture of methane (CH4)and carbon dioxide
(CO2), on which it can be seen traces of hydrogen sulfide and water vapors (S. KARELLAS
& al. [4]). The process if biogas forming, anaerobic fermentation, takes place at temperatures
between 20-45°C, in the presence of two species of bacteria: Bacillus cellulosae methanicus,
responsible for methane yield and bacillus cellulosae hidrogenicus, responsible for hydrogen
forming. After that, these two species have been reunited under the common name of
methano-bacteries [1]. The four phases for anaerobic fermentation process are hydrolysis,
acidogenesis, acetogenesis and methanogenesis (C. PARK & al. [5]).

Organic substances that have not
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Figure 1. Biogas production scheme and presentation of anaerobic fermentation stages [6]

In order for the anaerobic fermentation to be made in a proper environment for
development of microorganisms it is necessary that the material being used to favor this fact.
So, the used substrate pH must be neutral and also it must not contain substances that inhibit
the process of anaerobic fermentation as well as the C/N relation, it must have values between
15 and 25 (P. DOBRE & al. [7]). Due to a lack in adequate concentration of solids of animal
dejections (smaller than 8%) although they contain necessary nutrients, in general are mixed
with different types of agricultural or energetic residues (L. REGUEIRO & al. [8]). An
optimum C/N relation can be obtained through fermenting matter that is rich in nitrogen
together with lignocellulosic biomass (M. SEPPALA & al. [9]). The substrate being used
must have a structure that permits liquid circulation through the entire solid mass. This is why
high degree compacting matter is not used, as cow feces, or, if they are used, must be mixed
with matter that will give texture and aeration, for liquid circulation (milled straws, vegetal
substrate, etc.) [10]. The most used energetic culture both in agriculture as well as biogas
production is corn culture. Starting from this fact in the moment of evaluating different
substrates used in biogas production it was compared with corn biogas production in the
process of anaerobic fermentation dejections [11]. Experimental researches in which corn was
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used as co-substrate are most common in Germany (W. BRITZ & R. DELZEIT [12]). Taking
into consideration the ongoing preoccupation for alimentary safety, it was necessary that the
corn substrate to be exchanged with other types of culture, researchers attention being pointed
to agricultural residues, alimentary residues as well as energetic cultures (Miscanthus,
energetic plant, etc.), (H. UELLENDAHL & al. [13]). Perennial culture of Miscanthus X
Giganteus can be used for biogas yielding but in mixture with other vegetal mass types. Due
to its character this type of energetic plant can be harvested on polluted soil, without affecting
the annual dry matter production (A. E. DARABAN & al. [14]). Thus experiments using
Miscanthus as substrate in biogas yielding was used. In paper [15] the authors followed
defining the quantity and biogas composition obtained as a result of using Miscanthus in
experiments. Giant Miscanthus is a C-4 photosynthetic plant and, therefore it is characterised
by greater carbon dioxide (COz2) absorption. It grows very fast and due to plantation longevity
(15-20 years) as well as big biomass productivity, it is recognised as a valuable, alternative
source of energy (Serensenet al. 2008 [16], Zawadzka et al. 2010, [17]). Comparing the
results obtained by the authors with other researchers results it could be conclude that it is a
viable culture for biomass yield through the process of anaerobe fermentation process as well
as the fact that it can replace corn cultures used more often. During a similar experiment the
quantity of biogas obtained was of 0.30 dm*/g with a 50.4% methane (Grala et al. 2011 [18],
J. KAZIMIEROWICZ et al. [15]). Other experiments have showed that the use of Miscanthus
culture is the best alternative to corn in the process of anaerobe fermentation, registering a
biogas yield of 5.5 = 1x 10° m® ha™!, comparative to 5.3 + 1x 10> m3 ha™!, obtained in the case
of corn (F. MAYER & al. [19]). In the present paper the influence of different types of
substrate was studied on the process of anaerobic fermentation. Returned parameters were
evaluated following the process of anaerobic fermentation (CHs, H2S, CO2) as well as the
quantity of biogas being obtained for each type of substrate.

2. Materials and methods

1.1. Preparation of feed material and experimental set-up

During presented experimental researches in this paper fresh bovine dejections were
used, obtained in June 2015 from a farm in Teleorman County, in mixture with energetic
plant Miscanthus giganteus a perennial plant, sterile hybrid, harvested in the vegetation
period from The National Institute of Agricultural Machinery, INMA Bucharest. So, bovine
dejections were used in mixture with green leaves from the Miscanthus plant cut in different
dimensions in three categories (2-5cm, 5-7cm, respectively 7-9cm). Leaves have been cut
with the help of a special equipment for grinding vegetal material in INMA Bucharest.
Experimental researches were carried out in a stainless steel bioreactor of 601, thermal
isolated, reaction environment being controlled with an electric boiler charged by
photovoltaic panels. Through the command panel connected at the biogas installation pH and
temperature of the fermenter were recorded. For the substrate to be homogenized, the
fermenter was equipped with a palette agitator. This started automatically every 30 minutes
being activated by an electric motor. Every 30 minutes the substrate was homogenized for 3
minutes. In order to measure the inside pressure from the inside of the reactor a low pressure
sensing device with 0-3 bar was used, type HONEYWELL — MLH 010BGCI14B.
Experimental data obtained for the duration of fermentation process were recorded.
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Figure 2. Biogas yield scheme and presentation of the anaerobic fermentation stages

Bovine dejections were mixed with Miscanthus Giganteus leaves and water, in quantities
represented in table 1:

Taking in consideration the data from speciality literature, the C/N ratio of the mixture
must have values of 20-30, in order for the anaerobic fermentation process to take place in
optimum conditions. Also, this relation was calculated in accordance with proposed method
by T. VINTILA and V. NICOLIK [20], having the value of 25.4 for used quantities.

Experimental researches have been achived in Mesophilic conditions, temperature being
raised to 37 + 1.5°C. This value of the temperature was maintained until the end of each
experiment.

For all experiments, the value of pH was maintained in the optimum methanogenic bacteria
optimal growth range (6.8-7.2) for the duration of the anaerobic fermentation process.

Duration of an experiment was 22 days, after which the biogas yield was insignificant.

Table 1. Tested substrate for biogas yield

Quantity . Moisture content
Substrate (kg) C/N Ratio (%)
Substrate type 1
Bovine dejections 16.5 25[15] 86 [15]
Miscanthus x giganteus (leaf) 2-5 cm 3 26 [16] 85 [17]
Tap water 14 - -
Substrate type 2
Bovine dejections 16 25[15] 86 [15]
Miscanthus x giganteus (leaf) 5-7 cm 2.5 26 [16] 85 [17]
Tap water 15 -
Substrate type 3
Bovine dejections 16 25[15] 86 [15]
Miscanthus x giganteus (leaf) 7-9 cm 2.5 26 [16] 85 [17]
Tap water 15 - -
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1.2 Analytical methods

Influence of different types of substrate on the process of anaerobic fermentation was
realized through analysis and interpretation of the following values: v/v percentage of CHa,
H:2S, CO2 as well as the biogas volume obtained for each of the three cases. Daily the volume
of biogas was measured with a gas meter Sacofgas Milano, fitted with a pulse counter, 1 pulse
=0.01 m>. Biomass composition was measured with a portable gas analyzer Mentor/CombIR
Series, equipped with methane sensors, carbon dioxide and hydrogen sulfide.

For the duration of biosynthesis, the sugar content and soluble protein from the filtrate it
was determined, taking samples from the inferior part of the reactor thus determining the
concentration ratio. Another analyzed parameter outlines the relation between soluble protein
and sugars. In days 1, 4, 7, 14, 18, 22 mixture probes were taken from the bioreactor. The
soluble protein was determined using Lowry method [21], as a benchmark for the analysis
bovine serical albumin being used (Sigma Co) and the sugar concentration from the probes,
we used the method that uses acid 3.5- dinitrosalicilic (DNS), [22]. Absorbance were
measured with a spectrophotometer T92+UV VIS, PG Instruments.

3. Results and discussion

Results obtained for experimental determinations in a biogas small capacity instalation
are presented in tables 2 and 3. Based on the presented results in these tables methane
variation, hydrogen sulfide variation, carbon dioxide variation and the biogas volume have
been graphically drawn. The specific methane percentage in biogas for each type of tested
substrate is shown in Figure 2. Methane is the most important component of biogas. The
biogas heating power depends on its percentage in biogas production. It can be seen that the
methane production on the first day of anaerobic digestion process was almost zero, in all
cases; this fact could be attributed to the small amount of methanogenic bacteria present in
bioreactor in initial phase.

Table 2. Methane, hydrogen sulfide and carbon dioxide variation during 22 days of experiments

Substrate type 1 Substrate type 2 Substrate type 3
Day Cg;v;/" H:S8% (v/v) C((V’/ZV')%’ C(}VI/‘V;A’ H:S% (v/v) ngv")/" C(Iv{/‘v;%’ H:8% (vIv) C((V)fv;A’
1 0.00 0.84 13.00 1.20 0.81 11.50 2.40 0.79 10.00
2 2.40 1.82 27.33 9.20 1.81 23.17 16.00 1.80 19.00
3 12.80 2.89 35.67 17.60 2.92 35.33 22.40 2.95 35.00
4 24.53 3.67 44.67 24.27 3.68 44.33 24.00 3.70 44.00
5 33.07 3.78 50.67 30.13 3.72 51.83 27.20 3.65 53.00
6 38.93 3.27 44.33 34.67 3.33 46.17 30.40 3.38 48.00
7 43.47 2.74 35.33 37.73 2.93 39.67 32.00 3.12 44.00
8 46.67 2.16 30.67 40.53 240 36.33 34.40 2.64 42.00
9 50.13 1.92 28.00 43.47 2.19 34.00 36.80 2.46 40.00
10 52.53 1.69 27.00 45.87 1.92 31.00 39.20 2.16 35.00
11 54.13 1.42 25.67 47.87 1.70 28.83 41.60 1.98 32.00
12 57.33 1.20 23.00 50.67 1.55 25.50 44.00 1.89 28.00
13 58.93 0.97 17.33 52.27 1.25 21.67 45.60 1.54 26.00
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14 58.40 0.82 1533 53.60 0.98 19.17 48.80 1.14 23.00
15 53.60 0.78 13.33 54.40 0.81 16.17 55.20 0.84 19.00
16 46.93 0.62 12.67 51.87 0.68 1533 56.80 0.75 18.00
17 38.40 0.50 9.67 43.60 0.58 12.33 48.80 0.66 15.00
18 32.27 0.44 9.00 34.13 0.48 11.00 36.00 0.53 13.00
19 29.33 0.40 7.67 30.67 0.44 9.83 32.00 0.48 12.00
20 28.27 0.35 7.00 28.93 0.42 9.50 29.60 0.48 12.00
21 24.53 0.35 6.00 25.07 0.40 8.00 25.60 0.44 10.00
22 23.20 0.31 6.00 22.80 0.35 7.50 22.40 0.40 9.00
Table 3. Biogas volume variation obtained during the 22 days (m®)

Day 1 2 3 4 5 6 7 8 9 10 11 12
Substrate 0.000 0.019 0.043 0.073 0.098 0.141 0.169 0.189 0.191 0.209 0.221 0.206
type 1
Substrate 0.00 0.02 0.04 0.06 0.08 0.11 0.14 0.15 0.17 0.18 0.19 0.18
type 2
Substrate 0.000 0.012 0.028 0.047 0.068 0.086 0.102 0.117 0.139 0.151 0.157 0.162
type 3

Day 13 14 15 16 17 18 19 20 21 22 TOTAL
Substrate 0.186 0.161 0.121 0.101 0.095 0.087 0.071 0.056 0.049 0.035 2.521
type 1
Substrate 0.17 0.16 0.14 0.12 0.11 0.10 0.08 0.06 0.05 0.03 2.326
type 2
Substrate 0.160 0.155 0.149 0.138 0.125 0.103 0.086 0.070 0.050 0.026 2.131
type 3

After about 6 days, the CHa4 concentration of the produced biogas for all three types of
substrate was in the range of 32-43% (v/v). As expected, the dimensions of Miscanthus leaves
fragments presented a moderate influence on the volume and yielded biogas composition,
determining a rise of the CHa percentage out of the total biogas volume obtained. Different
values of the methane concentration represents a rise of 9% towards CHa for the case of using
substrate 2, considered a reference, for which the volume of CH4 was minimum. The highest
methane concentration of about 59% v/v was recorded on day 13 in the case of substrate type 1
where was used cow manure mixed with miscanthus leaves of 2-5 cm unlike the case of
substrate type 3 where was used cow manure with miscanthus leaves of 7-9 cm when the
highest value of methane concentration, about 57 % v/v was recorded on day 16.
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In the case of CO2 and H2S synthesis the results were similar, the size of leaf fragments
having insignificant influence. Variations of CO2 and HaS is presented in figures 3 and 4.
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Figure 4. Concentration of carbon dioxide for all Figure 5. Biogas volume obtained for each day of
types of substrate experiments

Regarding biogas production curve (Figure 5), it could be observed that the highest total
biogas yield was obtained from the substrate type 1 that contains cow manure and miscanthus
leaves of 2-5 cm. The maximum value of total biogas production during the 22 days of
anaerobic digestion was about 2.53 m®. From all types of substrate, it can be seen a delayed
start of biogas production, this phenomenon being due to the lag phase of bacterial growth,
required for adaptation of cells to the new culture conditions. In the case of using substrate 1
containing Miscanthus leaves with 2-5 cm in dimension it was observed that the biogas total
volume is larger by 7.7%, than in the case of substrate 2 and with 15.4% higher than the
obtained volume from substrate 3. With all this, the growth of the CHa percentage and the
biogas total volume should be correlated with the energy consumption necessary for grinding
the leaves into smaller fragments for a proper evaluation of the treatment energy efficiency. It
is possible that the influence of the grinding degree on the biogas production to be minimal
knowing that the rise of foliar fragment is not significant. In this case of Miscanthus leaf
geometry, the sacking of surface of fermentescible fragment and so the transfer of nutrients
from the foliar tissue towards the fermentation environment are minimal. Also, reffering to
the soluble protein and sugar ratio the fact that the greater ratio on 0,207 was registered in the
case of substrate 1 must be mentioned, which evidences the way in which the used recipe
(miscanthus particle dimension) influenced all the analyzed parameters during this paper,
including this relation.

Table 4. Soluble protein and sugar concentrations

Protein Sugar . Ratio soluble
content concentration rotein/susar
(mg/ml) (mg/ml) P 8
Substrate Day 1 0.6 3.80 0.157895
type 1 Day 22 0.54 2.6 0.207692
type 2 Day 22 0.51 3 0.17
type 3 Day 22 0.47 2.60 0.180769
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Researches will be continued using different substrates and also with different
dimensions of vegetal material. Results are in correlation with the data in literature but an
economic analysis for the processes should be made.

2. Conclusions

In this paper production of biogas and methane concentration was evaluated, as well as
time variation of the animal dejection substrate in mixture with the Miscanthus X giganteus
energetic plant, using a low capacity installation for biogas yield at 35(+1)°C, neutral pH and
intermittent mixing. The installation worked for 22 days, time necessary for a complete cycle
of anaerobic fermentation for the used substrate. Evaluating the potential for obtaining biogas
from the Mischanthus energetic plant is very important, because in our current times there is a
constant rise in interest for finding biomass harvests with a high energy content, low
production costs and minimal effects on the environment). The results presented in this paper
show that the use of Miscanthus x giganteus mixed with cow manure for biogas production is
a challenging process and that the substrate composition has a great influence on the
anaerobic digestion process performance. The maximum value of total biogas production
during the 22 days of anaerobic digestion of animal manure and Miscanthus x giganteus was
about 2.131m? for 33.5 kg mixture containing recipe no 1.
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