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Abstract
Biomass is one of the renewable sources of bioenergy, capable of contributing significantly to the future global energy
supply [18]. The anaerobic digestion process involving biological conversions in which a consortium of interdependent
organisms responsible for the degradation of complex organic matter [2]. It is important to evaluate appropriate techniques
and / or technologies for effective energy recovery from waste. The effect of inoculums on the substrate ratio (I / S) in
biogas production was investigated by changing the amount of substrate added to the inoculums. Process for the
"production" of inoculate, the experiment was selected case, 14 days, 50°C, and constituted BATCH system, chicken
waste, cattle waste, corn silage and corn (corn – without milled). Biogas production was the final step of the experiment.
The "Batch Constant Temperature System" system used ration: 25gr. inoculums: 0,5gr. substrate. In the environmental
experiment, the time period was 69 days (i.e. about 9 weeks). From this, it was noted that, despite the prolonged time, the
maximum reached value was 68.33% CH4, while in laboratory conditions was ~70% CH4. The maximum value of
biomethane produced reached for 56 days, while in laboratory conditions it reaches for 25-28 days.
Keywords: Biomass, inoculums, biomethane, substrate, biogas.

1. Introduction
The apparent growth of the biogas industry in the
world over recent years has started an intensive search
for new streams of organic waste to serve as a substrate
for anaerobic digestion [1]. Biomass is one of the
renewable bioenergy sources capable of contributing
significantly to the future global energy supply [18].
However, anaerobic waste / material waste from
agricultural crops, livestock production and agroprocessing industries can be a simple, efficient and
low-cost conversion technology [12]. The anaerobic
digestion process involves biological conversions in
which a consortium of the inter-microorganisms is
responsible for the degradation of complex organic
matter [2]. The guidelines for the definition of BMP in
the pooled analysis are proposed, including
characterization of the substrate, inoculums and its
activity,
experimental
procedure,
collection,

interpretation and reporting of data [2]. They suggested
that the inoculums was "fresh", homogeneous, filtered
and pre-incubated, have a wide microbial variety to
provide a sufficient level of hydrolytic and
methanogenic activity and be tested to model
substrates, such as cellulose and acetic acid [3]. Raposo
and colleagues reviewed the factors that influence the
performance of anaerobic fluid analysis and showed
that although the experimental conditions of lecture
analysis are synchronized, a certain degree of
variability in results always remains due to the
biological nature of the test systems [16]. This
biological change can be assigned to the origin of the
inoculums as it comes with a different microbial
population, leading to changes in initial activity and
adaptation of the substrates [19]. The influence of the
source of inoculation on methane production has
recently been demonstrated by [4] for Turkish manure
and by Elbeshbishy and colleagues for food debris and
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primary sludge and in both cases methane depended on
inoculums samples that were chosen. However, this
impact was not related to the characteristics of the
microbial community in the inoculums [11]. It is
important to evaluate appropriate techniques and / or
technologies for effective energy recovery from waste
[11]. Anaerobic digestion is considered as the best
treatment method for the fractional organic fraction
[11]. The anaerobic digestion process consists of
hydrolysis, acidgenesis, acetogenesis and phases of
methane-genesis, and each stage is a function of the
metabolic state of different microorganisms [15]. For
the optimization of the anaerobic digestion process,
selection of the inoculation source and the inoculums
ratio to the substrate are important operational
parameters for the assessment of anaerobic
biodegradability of organic waste [17]. [5] also
investigated the effect of inoculums on substrate ratio
(I/S) in biogas production by changing the amount of
substrate added to the inoculums. Different types of
substrate represent different types and degrees of
limitations in optimum anaerobic digestion
performance that can be met by various pre-treatment
mechanisms. Most importantly, potential mechanical
problems must be treated by homogenization and
unwanted components, as generally found in food
residues classified by source from households, should
be separated [14]. The pre-treatment effects on

biodegradability and degradation rates can be better
evaluated by BMP tests (biochemical potential of
methane), provided the test conditions are appropriate
and the test constraints are properly considered. On the
other hand, the results from trials allow estimates of
methane yields in the practical systems and
physicochemical properties of the digestate but are
inevitably related to the conditions of the specific test
process. Thus, results from many experimental
conditions, possibly strengthened by computer
simulations, are needed for generalizations of pretreatment effects on anaerobic digestion performance.
Pretreatment has the potential to significantly improve
anaerobic digestion systems, but their implementation
should be guided by the potential of actual substrate
improvement and be evaluated in their specific context
of design and process conditions [14].
2. Materials and Methods
The experiment was developed nearby the
cowsheds complex at E.D.E, Agricultural University of
Tirana. Relevant reports were determined. The
experiment, developed for biogas generation, is
initially based on the production of inoculums by the
mixing of various residues: (beef residue, chicken
residue, corn silage, and grain unrefined corn). The
report of these elements is presented in Table 1 below:

Table 1: Composition in percent and in liter of inoculums components
In percentage (%)

In litres (lt)

CORN SILAGE

45,00

24,30

CORN-WITHOUT MILLED

7,00

3,78

CATTLE RESIDUE

30,00

16.20

CHICKEN WASTE

18,00

9,72

Based on Table 2, inoculate is produced in three

Bioenergy (740), Stuttgart, Germany. Reasons for

types of temperatures: 20°C, 37°C, 50°C, with time

implementation in three types of temperatures were

periods: 14 days, 20 days and 14 days. All three ways

given for the rapid activation of microbial activity, for

are effective, which was previously proven at the State

producing biogas at the respective temperatures.

Institute of Agricultural Engineering and

Theprocess of "inoculation" production, in our
experiment, was selected the third case.
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Figure 1: Batch Constant Temperature System (BCTS)

So, 14 days, 50°C, the BATCH system and
composition: chicken waste, cattle residue, corn silage
and maize (corn-without milled). The experiment was
performed at Batch Constant Temperature System
device (showed at figure 1), which is part of
Experimental Didactic Economy (E.D.E), Agricultural

University of Tirana. The analysis of the inoculums
used was performed on the basis of its constituent
elements. This situation was reflected in Tables 3 and
4. From these analyzes we estimate lost moisture,
mineral matter and organic matter.

Table 2: Data on inoculums production process
TEMPERATURE (°C)

20

37

50

Cattle residue, corn
(without milled), corn
silage, concentrate
corn.
Cattle residue,
corn (without milled),
corn silage,
concentrate corn.
Chicken waste,
cattle residues, corn
silage, corn
(without milled).

14

TIME (day)

14

20

Note: All three processes are developed in the BATCH system device (not in continuous).

The measuring vessel is scaled up to 2 liters (≈ 2 kg). The experiment time was 35 days. The time of our
experiment is in the months of July-August 2017. A very important process is the pretreatment of agro-industrial
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waste. This process was carried out for the pruning of weeds, various stones that may be present, etc. Also, this
process helped to mix and homogenize all four types of waste entering the digestive process. Pretreatment time,
realized with a mixing device (1400 rpm) was 4 minutes. Mixing process inside the digester was realized by an
electromotor connected to a shaft, where at the end of it was mounted a cross-shaped cross-section. The time set
for mixing was accomplished with the help of a device called "Timer", i.e. 15 minutes / 2 hours. The temperature,
as an important factor for our experiment, is constant, i.e. 50°C (according to Table 2).
Biogas production was the final step of the experiment. The duration of the experiment extension was 69 days. The
"Batch Constant Temperature System" device was also used for the production of biogas, in the ratio 25gr
inoculums: 0.5gr substrate. This function under the complete insulated system, when it is mounted the necessary
equipment such as thermostat, 60 rpm electric motor and biogas plastic pipe line [6]. The substrate used was
"Concentrated Feed". Concentrated Feed was practically used at E.D.E for cattle feed.
Table 3: Analysis of inoculum component (chicken wastes)

Sample 1
Sample 2
Sample 3

Sample 1
Sample 2
Sample 3

Sample of dry matter and Lost of moisture
( Chicken wastes )
Weight of Weight of Initial
dry Average
of Lost
of Average of
initial
sample after matter
Initial
dry moisture
lost
of
sample
drying
(%)
matter
(%)
moisture
(gr)
(gr)
(%)
(%)
112.50
15.23
17.13
82.87
142.90
45.60
31.91
68.09
30.06
69.94
148.00
27.80
41.14
58.86
Mineral matter and Organic matter
( Chicken waste )
Weight of Weight of Weight after Weight
after Mineral
Organic
empty
initial
burn + weight burn (net)
matter
matter
vessel
sample
of
vessel (gr)
(%)
(%)
(gr)
(gr)
(gr)
36.60
10.33
37.34
0.74
10.52
89.48
40.89
11.21
40.96
0.07
0.62
99.38
22.29
5.70
23.30
1.01
17.71
82.29
90.38
AVERAGE: 9.62
Table 4: Analysis of inoculums components (cattle residues)

Weight of
initial
sample
(gr)
Sample 1
Sample 2
Sample 3

Sample 1
Sample 2
Sample 3

139.15
131.45
127.00

Weight of
empty
vessel
(gr)
36.60
40.89
22.29

Weight
sample
drying
(gr)
25.05
23.50
22.90

Sample of dry matter and Lost of moisture
( Cattle residues )
of Initial
dry Average
of Lost
of
after matter
Initial
dry moisture
(%)
matter
(%)
(%)
18.00
17.88
18.03

17.97

82.00
82.12
81.97

Mineral matter and Organic matter
( Cattle residue )
Weight
of Weight after Weight
after Mineral
initial sample burn + weight burn (net)
matter
(gr)
of
vessel (gr)
(%)
(gr)
7.03
37.34
0.74
10.52
7.42
41.71
0.83
11.15
4.79
22.80
0.51
10.59
10.75
AVERAGE:
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82.03
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the length of our experiment is to reach the goal of
maximizing the experimental value in laboratory
conditions. From this it was noted that, despite the
prolonged time, the maximum value reached 68.33%
CH4, while in laboratory conditions it is 70% CH4. The
maximum amount of methane produced reached
12.08.2017, i.e. 56 days, while in laboratory conditions
it reaches 25-28 days. At the temperature of the
mesophilic process, this percentage reached 57% and
duration 35 days [7]. The inoculum joint together with
the substrate used at 50°C showed a higher percentage
of methane, accelerating the development of
metonoforming bacterial reactions compared to
composition of cattle residue with water. This showed
the difference in the duration of methane production as
well as the maximum benefit in % / volume of methane
produced. This makes us understand that the definition
of working conditions and the strict application of them
will give us the expected result (theoretically on paper).
The change of approximately 2% is considered to be
environmental losses, thermal insulation of the system
as well as minor technical problems. Figure 2 shows
that the values approximate to the polynomial
regression line. This shows that the truthfulness of
these values reaches the maximum, which is also seen
in the regression line that is R2 = 0.956. By
experimenting with three digesters, digester no.2 gave
the best result, compared to the first two. Chart 3 gives
a clear view of the percentage concentration of CH4 in
function of the mixed substrates using concentrated
food as a distinguishing factor. Mixed substrates can be
classified as categorical factors with three repetitions.
From Figure 3 it is shown that Group 2 has the highest
concentration of CH4 with media about 27% and
maximum value about 45%. Digester no.2 represents
the largest concentration of CH4 in value and this is
seen from the position of the median. It is exactly
digester no.2 (Group 2) the main indicator of the
maximum biogas values produced by this experiment.

3. Results and Discussions
Monitoring in careful way of organic and mineral
substances of cattle residue and chicken waste, as
selected compound for inoculum, was very necessary.
This was noticed in their analysis. The values shown in
Tables 3 and 4 give a clear picture that this large
amount of organic matter compared to the mineral
content makes us realize that they are the basis for the
production of biogas required. In this situation
situation, in "help" comes another factor. It is the
temperature. Its temperature as a factor affects the
activation or deactivation of microorganisms. Seeing
that the thermophilic temperature lies in the range of
37°C - 55°C, then the created environment gives us a
great deal of help by activating the microorganisms and
holding the constant temperature. The contents of the
miniphase 1, 2 and 3: Inoculum + Concentrated Food.
From this created situation and with this induced
temperature (50°C), suitable for the activation of
microorganisms for the digestion and formation of
biogas, we have obtained these percentages / volume of
all components as shown in Figure 1. From the values
of measured indicates that the CH4 production trend is
increasing whereas the opposite occurs with oxygen
O2. Knowing that the environment is anaerobic, so in
the absence of oxygen, microorganisms inside the
digester, "consume" oxygen by decreasing to the
lowest possible value and producing or releasing CH4
by increasing the value from the minimum of 0 %/vol
to ~70 %/vol. A great „help“ gave inoculum. In Chart
2 we see a total decrease or total prohibition of biogas
production at the beginning of the process. The main
reason for the fall is often acidification (obtaining
yellow mixing color inside the diester). The time period
of the laboratory experiment compared to the
environmental one shows its changes. Theoretically,
the time period is 35 days, with a constant temperature
of 50°C. If we take a little more careful look at the
environmental experiment, we will notice that the time
period is 69 days (i.e. about 9 weeks). The reason for
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Figure 1: Progress in biogas production in three digesters
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Figure 2: Trend line and regression line at experimental data
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Figure 3: Concentration of CH4 in function of environ. experimental repetitions
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4. Conclusions
The pre-processing process by means of a mixing
machine was indeed valid. Homogenization of the
residue provides good inoculums formation. Also, the
mixing process lead to the non-separation of the mixing
layer into the mixer. This helped to develop the best
chemical-organic reactions. Of great importance is the
filling material (types of waste) used for digestion.
Initiating the process through the inoculum produced
gives a greater guarantee for the production of biogas
required. The maximum value of biomethane produced
reached 12.08.2017, i.e. 56 days, while in laboratory
conditions it reaches in 25-28 days. So the definition of
working conditions and the strict application of them
will give us the expected result (theoretically on paper).
The 68.33% CH4 result from the environmental
experiment compared to the 70% CH4 laboratory
showed us that the opportunity to benefit bioenergy is
far greater and very cheap in price.
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