
97

INTRODUCTION 

One of the types of renewable energy sourc-
es (RES) is the biogas produced in agricultural 
biogas plants, allowing to produce stable energy 
(Czekała, 2017). Therefore, the number of func-
tioning biogas plants has been growing all over 
the world for many years. In addition to the choice 
of substrates and the technology of anaerobic di-
gestion, more and more attention is paid to the 
problems of digestate management, i.e. the sec-
ond product of the methane fermentation process.
(Dahlin et al., 2017).

In the case of Poland, there is currently no def-
inition of digestate in legislation, which creates 
problems in its management. Regardless, most 
frequently the digestate is defined as any non-de-
graded residue in the anaerobic digestion process. 
After meeting the requirements, the product gen-
erated in agricultural biogas plants can be treated 
as a waste, by-product as well as organic fertilizer 
(Act of December 14, 2012 On Waste, Regulation 
of the Minister for the Environment). Regardless 

of the legal aspects, the methods for further man-
agement of the substrate are the same.

During the fermentation process, only part of 
the compounds contained in the substrates is de-
composed. As a result, digestate contains primar-
ily water, undecomposed organic compounds and 
mineral compounds. For this reason, the type of 
substrates has an important influence on the prop-
erties of digestate and its use (Tampio et al., 2015).

Due to the high concentration of nutrients, 
raw digestate is most often used as a fertilizer. 
For this reason, pretreatment it not required and 
digestate can be applied directly on the fields. 
On the other hand, solid-liquid separation creates 
other opportunities for product utilization (Ronga 
et al., 2019). The liquid fraction is characterized 
by low dry matter and is used in fertilization or 
for hydration of biogas plant feed, which often 
occurs in the form of a solid substrate – for ex-
ample silage. In contrast, the solid fraction can be 
used in many other ways for instance as fertilizer 
or energy source. Due to the fact that only a part 
of the organic matter is degraded in biological 
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ABSTRACT
The digestate from an agricultural biogas plant is most commonly used as a fertilizer. However, many studies are 
being performed to develop other ways of managing this substrate. The aim of this study was to determine the bio-
gas and methane efficiency for digestate as well as the solid and liquid fractions from separation of digestate. The 
material for the research came from a real scale agricultural biogas plant. The separation of the digestate into two 
fractions was carried out using a mechanical press. The studies on the methane fermentation process were carried 
out under mesophilic conditions (37–39°C) in the Institute of Biosystems Engineering at the Poznań University of 
Life Sciences. It was found that the biogas and methane efficiency for the raw digestate and liquid fraction obtained 
from its separation is very low. For raw digestate it was 2.9 m3 of biogas from 1 Mg fresh matter (FM), includ-
ing 1.58 m3 methane. For liquid fraction after separation, the biogas efficiency amounted to 1.52 m3 from 1 Mg, 
including 0.78 m3 of methane. In turn, for the solid fraction, the biogas efficiency was 102.93 m3·Mg-1, including 
54.99 m3·Mg-1 of methane. The research results indicate that the possibility of using the digestate solid fraction for 
energy production (e.g. secondary methane fermentation) or the production of solid biofuels.
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processes, the remaining part can be used as a 
fertilizer enriching the soil, primarily in organic 
matter (Neugebauer, 2018). Another solution 
could be the addition of solid fraction to sewage 
sludge from small installations that do not have 
on-site sludge treatment facilities for co-com-
posting (Sowińska et. al. 2018, Zaborowicz et al., 
2018). Even a solid fraction without additives can 
be used to produce composts. In addition, the dis-
cussed fraction can be used for the production of 
solid biofuels, as evidenced by our own research, 
as well as by other authors (Czekała et al., 2018a, 
2018b, Kratzeisen et al., 2010). A new direction 
for the use of solid fraction may involve its use in 
thermal processes, including the biochar produc-
tion process (Latawiec et al., 2017) for example 
with biological pretreatment in the form of bio-
drying (Białowiec et al., 2015). Taking into ac-
count that agricultural biogas plants often do not 
have multi-stage fermentation, it was decided to 
analyze the biogas efficiency of the produced di-
gestate. The aim of this research was to determine 
the biogas and methane efficiency of raw diges-
tate as well as the solid and liquid fractions result-
ing from its separation.

MATERIALS AND METHODS

Research object

The analyzed material in this research in-
volved the digestate from a selected agricultural 
biogas plant with the power output of over 1 MWel. 
The substrates used for the production of biogas 
were mainly maize silage, slurry as well as waste 
and pomace from fruits and vegetables. Apart 
from raw digestate, two fractions resulting from 
the separation of digestate – a solid fraction and 
a liquid fraction – were also used in this research. 
The test samples were delivered to the Institute of 
Biosystem Engineering under thermal insulation 
conditions to prevent their biodegradation. The 
properties of the fractions were shown in table 1.

The total solids was determined with a drying 
method at a temperature of 105°C for 24 hours, 
and volatile total solids was determined by the 
loss on ignition in a muffle furnace (temperature 
550°C for 3h). All measurements were made in 
three repetitions.

Laboratory methane fermentation system 

The raw digestate and its fractions were tested 
to check their biogas and methane efficiency. The 
experiment was carried under anaerobic diges-
tion conditions (37°C-39°C) in the 21-chamber 
biofermentor set at the Laboratory of Ecotechnol-
ogy in the Institute of Biosystems Engineering 
of Poznan University of Life Sciences (Fig. 1). 
The biogas and methane efficiency were tested 
using the German DIN 38414/S8 and VDI 4630 
VDI-Gesellschaft Energietechnik standards. An-
aerobic digestion experiments were carried out 
in the stirred tank reactors made of glass. These 
research methods are commonly used in biogas 
production laboratory research (Kozłowski et 
al. 2018). The inoculum for the solid fraction of 
digestate was the liquid fraction containing mi-
croorganisms necessary for anaerobic digestion. 
Every day, the volume of biogas produced and its 
qualitative composition were checked using the 
GeoTech gas analyzer GA5000. A detailed meth-
odology used in the production of biogas was de-
scribed in the article by Cieślik et al., (2016).

RESULTS AND DISCUSSION 

The digestate from the agricultural biogas 
plant cannot be completely fermented in the main 
fermentation chamber. This is due to the fact that 
the rate of fermentation decreases over time. This 
is confirmed i.a. by figures 2–4. Therefore, it is 
recommended to build a minimum of two di-
gester chambers allowing for the production and 
storage of biogas.

Table 1. Selected parameters of raw digestate and its fractions

Sample
Initial parameters

pH conductivity [mS•cm-1] total solids [% FM] volatile total solids [% TS]

Raw digestate 7.77 20.10 3.57 71.42

Liquid fraction 7.93 20.4 2.97 67.42

Solid fraction 9.99 1.19 30.66 95.74
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Daily biogas production and 
fermentation time for substrates

The characteristics of daily biogas and 
methane production for raw digestate were 
varied, as evidenced by the data presented in 
Figure 2. The highest daily biogas production 
amounted to 0.37 dm3 took place on the second 
day, and the high level of methane production 
was continued until the seventh day. In turn, the 
lowest daily biogas production at the level of 
0.06 dm3 was observed on the nineteenth day. 
In the following days, daily production was 
varied, but did not exceed 0.20 dm3 of biogas 
daily production. The experiment was finished 
on the thirty second day, according to the meth-
odology (modified German DIN 38,414/S8 and 
VDI 4630 standards).

The daily biogas production, including meth-
ane for the liquid fraction, was shown in Figure 3. 
The highest daily production of biogas and meth-
ane occurred on the first days of the experiment. 
The highest biogas production took place on the 
second and third day, reaching 0.14 dm3, includ-
ing about 0.05 dm3 of methane. From the tenth 
day, the production of biogas and methane was 
characterized by a large diversity, without a clear 
trend. The methane fermentation process was fin-
ished after twenty-six days.

The trend of the daily production of methane 
and biogas for a solid fraction was practically 
unidirectional throughout the duration of the ex-
periment. The maximum values occurred on the 
second and fourth day, while the production of 
biogas and methane reached a very high level, 
exceeding 1.20 dm3 and 0.60 dm3, respectively. 

Fig. 1. The scheme of the biofermentor for biogas production research 3-chamber section: 1 – water 
heater with temperature regulator, 2 – water pump, 3 – insulated conductors of calefaction liquid, 

4 – water coat with temp. 39°C, 5 – biofermentor with charge capacity of 2 dm3, 6 – sampling 
tubes, 7 – biogas transporting tube, 8 – gas sampling valve, 9 – biogas volume-scale reservoir

Fig. 2. Daily biogas and methane production for raw digestate
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From the eighth day onward, a slow but systemat-
ic decrease in the daily production was observed, 
lasting until the thirty-sixth day of the experiment, 
when methane production reached 0.11 dm3 and 
biogas amounted for 0.17 dm3 (Fig. 4).

Methane and biogas efficiency

Table 2 presents the biogas and methane ef-
ficiency of the analyzed digestate and its fraction 
after the separation process. Due to the substrate 
division into dry and organic matter, the results 
were presented in terms of fresh matter, total sol-
ids and dry matter and volatile solids.

The concentration of methane in biogas was 
similar in all three samples tested and ranged 
from 51.13% for liquid fraction to 54.60% for raw 
digestate exhibiting low energy potential. Biogas 
efficiency calculated as FM was 2.9 m3·Mg-1, and 
methane was 1.58 m3·Mg-1. Even lower values 
were characterized by a liquid fraction, for which 
the biogas yield amounted for 1.52 m3·Mg-1, and 
methane gas was 0.78 m3·Mg-1. Solid fraction was 

characterized by different results, as evidenced by 
the data presented in table 2. The biogas efficien-
cy of the analyzed fraction was 102.93 m3·Mg-1, 
with methane concentration of 53.42% methane 
efficiency reached 54.99 m3·Mg-1.

Usually, substrates with high dry matter con-
tent have a higher biogas efficiency, as exempli-
fied by maize silage. For example, in the Cieślik 
et al., studies (2016) maize silage with TS 46.06% 
was characterized by 204.06 m3·Mg-1 biogas effi-
ciency under thermophilic conditions. However, 
in the studies by Wojcieszak et al., (2018) maize 
straw silage with TS 61.10% was characterized 
by lower biogas efficiency  – 141.78 m3·Mg-1 
under mesophilic conditions. Therefore, it was 
a higher value than the analyzed solid fraction 
characterized by 30.66% TS.

Węglarzy et al. (2017) showed that the stored 
solid manure was characterized by a biogas ef-
ficiency of 100 m3·Mg-1 for dry matter 25.25% 
similar to solid fraction of analyzed digested pulp 
(tab. 2). The two mentioned substrates (manure 
and maize silage) are often used in agricultural 

Fig. 4. Daily biogas and methane production for solid fraction of digestate

Fig. 3. Daily biogas and methane production for liquid fraction of digestate
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biogas plants. Comparing them with the results of 
a digestate solid fraction, it can be concluded that 
this substrate can be successfully used in biogas 
plants, as evidenced by its biogas efficiency and 
methane content.

The obtained results confirm that the solid 
fraction of digestate is characterized by high en-
ergy potential and can be used as a substrate for 
the production of biogas, in contrast to the liquid 
fraction. However, it is necessary to perform pre-
liminary research on the substrates from specific 
installations, because the degree of fermentation 
may be different for each of biogas plant, due to 
various biogas production technologies.

CONCLUSION 

Digestate is one of the products in agricultur-
al biogas plants; it is mainly used as a fertilizer. 
However, many studies are being performed on 
its alternative management. The installation own-
ers wanting to limit financial outlays often do not 
implement multistage fermentation, which in turn 
causes a loss of the energy potential of the pro-
cessed biomass. For this reason, the use of solid 
fraction of digested pulp in the secondary stage 
of biogas production is an alternative solution to 
solve its management process. 
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