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Study of the anaerobic destruction  
of post-alcohol distillery waste by mateen

Abstract. Post-alcohol distillery waste is an environmental pollutant, which determined the relevance of its disposal. One of 
the ways to utilise post-alcohol distillery waste is through its anaerobic methane destruction in biogas plants. The research 
aims to determine the optimal amount of post-alcohol distillery wastes to be added to the substrate to achieve maximum 
biomethane yield. The research was conducted on a laboratory biogas plant consisting of a 30-litre digester and a gas holder 
in a mesophilic mode at a substrate temperature of 40°C with a periodic substrate loading mode. It was found that the 
highest biogas yield of 5.369 l/(h·kg DOM) was obtained by anaerobic methane mono-degradation of post-alcohol distillery 
waste. However, the methane content in the biogas is in the range of 48-52%. During the anaerobic methane destruction 
of a mixture of post-alcohol distillery waste with cow manure, the methane content in biogas increases to 70-76%, but 
the biogas yield is lower and is 4.577 l/(h·kg DOM) at 36% post-alcohol distillery waste content in the substrate, 3.294 l/
(h·kg DOM) at 27%, 2.960 l/(h·kg DOM) at 18%, 1.538 l/(h·kg DOM) at 9%. The optimum content of post-alcohol distillery 
waste in the substrate, at which the biomethane yield will be maximum (3.821 l/(h·kg DOM)), is 46.7% of the substrate 
content and 100% of the organic part of the substrate. The results of this study can be used in planning the composition 
of the substrate of biogas plants and designing and building new biogas plants near distilleries
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INTRODUCTION
For biogas production, the main substrate is traditional-
ly cow manure, which already contains methane-produc-
ing bacteria and has an optimal C/N ratio (Rogovskii  et 
al.,  2020). However, the biogas yield from the anaero-
bic methane destruction of cow manure is relatively low. 
Therefore, to increase the biogas yield from livestock 
by-products, substrates are used – waste from processing 
and agricultural production. This eliminates the need for 
their disposal. Such concentrates include vegetable oil 

sludge, granulated straw, substandard flour, and biodiesel 
production waste: crude glycerine  − a by-product of bio-
diesel production, and soap stock  − a by-product of bio-
diesel neutralisation. However, these co-substrates cannot 
undergo anaerobic methane degradation on their own, so 
biogas plants are often limited to corn silage, poultry ma-
nure, pig manure and cattle manure as feedstock. One of 
the co-substrates for biogas production, which can also un-
dergo mono-degradation, is post-alcohol distillery waste.



61
Machinery & Energetics. Vol. 14, No. 2

V. Polishchuk and T. Valiev

leads to the establishment of a steady state after 20 days, 
which is maintained for at least 10 days. In the work of 
K. Jaman et al.  (2023) studied the co-degradation of cow 
manure and molasses distillery waste at different ratios 
and changes in the organic load rate (OLR). The studies 
were conducted from OLR 1 g/l/day to OLR 7 g/l/day. At 
OLR of 7 g/l/day, signs of methanogen inhibition began to 
appear. The optimal OLR was found to be 5 g/l/day. At the 
same time, the biomethane yield was 1.24 l/g volatile sol-
ids (VS). In this case, the best model of biomethane yield 
was the first-order model with a determination coefficient 
of R2 = 0.94035.

Thus, the literature review shows that post-distillation 
distillery waste can be used for biogas production. Howev-
er, it is acidic and contains chemicals (molasses distillery 
waste, sugar cane distillery waste  – sulphuric acid salts, 
sulphates) that are added to the mash in the process of 
ethanol production from sugar-containing raw materials 
and remain in the post-distillation distillery waste. These 
chemicals cause inhibition of methane-forming bacteria, 
making methane formation impossible, so it is recom-
mended to add molasses distillery waste to the substrate 
in small amounts, diluting it with water. However, the re-
viewed literature does not mention how anaerobic meth-
ane destruction of post-alcohol distillery waste is carried 
out without the presence of harmful impurities.

The research aims to determine the optimal amount 
of post-alcohol distillery waste in a substrate based on cow 
manure to obtain maximum biomethane yield.

MATERIALS AND METHODS
The influence of post-alcohol distillery waste on biometh-
ane generation was studied at a laboratory biogas plant at 
the National University of Life and Environmental Sciences 
of Ukraine (Fig. 1), which consists of a 30-litre fermenter 
and a gas holder.

Post-alcohol distillery waste is the final by-product of 
brew distillation in the production of ethanol from sug-
ar and starch crops or cellulosic material. E.  Carrilho et 
al. (2016), I. Syaichurrozi (2016) determined that it consists 
of 93% water and 7% solids. For every litre of ethanol pro-
duced in the sugar industry, 15 litres of distillery waste can 
be produced. This residue contains high levels of salt and 
organic matter and has a low pH. Every year, 22.4 gigali-
tres of post-alcohol distillery waste are produced world-
wide (Parsaee et al., 2019). As argued by A.M.  Rosales et 
al. (2022), it is an environmental pollutant that is difficult 
to dispose of. It is disposed of in filtration fields, but there 
is an unpleasant odour in the vicinity of filtration fields. 
Disposal of post-alcohol distillery waste in soils and water 
bodies causes serious environmental problems, mainly due 
to soil salinity and changes in pH.

The post-alcohol distillery waste can be utilised by 
processing it into biogas, with no foul odour from distillery 
waste decomposition and the resulting biogas being an en-
ergy-valuable product.

The anaerobic methane degradation of post-alcohol 
distillery wastes can generate significant amounts of biogas 
that can be used for electricity or biomethane production. 
Biomethane can be injected into the natural gas network or 
used as a substitute for petroleum fuels (Neto et al., 2019).

Nevertheless, following G.  Kulichkova et al.  (2020), 
post-alcohol distillery waste has a low carbon-to-nitro-
gen ratio. Therefore, additional substances, such as ani-
mal manure, organic industrial waste, and lime fertilisers, 
should be added to increase the biogas yield. R. Yuliasni et 
al. (2021) concluded that post-alcohol sugarcane distillery 
waste has an acidic pH (3.5-5.0) and a high concentration 
of sulphuric acid (over 150 mg/l).

G.  Kulichkova (2022) argued that the thickened dis-
tillery waste obtained after sugar beet alcohol production 
is more suitable for anaerobic methane degradation than 
liquid distillery waste.

A. Calvo et al. (2019) investigated the co-digestion of 
anaerobic methane degradation of post-alcohol sugarcane 
distillery waste with sludge from oxidation and cooling 
lagoon. A concentration of 90% of the distillery waste was 
found to give the highest yield (674.5 ml of biogas over 18 
days in a 400 ml working volume). N. Golub et al. (2019) 
describe the results of a study of the one-stage combined 
anaerobic methane destruction of post-alcohol distillery 
waste and poultry manure in a dry organic matter (DOM) 
ratio of 1:1.7. To ensure the utilisation of the post-alcohol 
distillery waste, one-sixth of the reactor volume was re-
placed daily with post-alcohol distillery waste with a pH 
of 3.7, without adding new portions of poultry manure. 
The research has shown that a ratio of dry organic ma-
terial of poultry manure to post-alcohol distillery waste 
of less than 1:1 leads to a decrease in biogas yield and 
methane content. Periodic daily replacement of the fer-
mented part of the substrate with post-alcohol distillery 
waste without disturbing the stabilisation of the process 
is possible at a pH value of at least 6.5. Manure utilisation 

Figure 1. Laboratory biogas installation
Source: compiled by the authors
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The dynamics of the biomethane yield rate were car-
ried out under the periodic mode of fermenter loading 
during the mono-degradation of cow manure, during the 
mono-degradation of post-alcohol distillery waste and 

the combined anaerobic destruction of cow manure and 
post-alcohol distillery waste in different proportions. The 
content of substrate components in the study of biogas 
yield dynamics is given in Table 1.

A total of 8.0 kg of substrate was loaded. The temper-
ature mode of the digester during the study was 40 ± 0.5°C 
and was set using a TRC02 “Universal” thermostat manu-
factured by the Zhytomyr plant “Promprylad” (Ukraine). 
The biomethane content in biogas was determined by a 
GEM-500 gas analyser manufactured by LANDTEC (USA). 
The post-alcohol distillery waste had a pH of 4.8, which 
was determined by a pH meter PH-009 manufactured by 
Kelilong Electron (China).

The graphical dependences of the dynamics of biogas 
and biomethane yields, and accumulated biogas and biom-
ethane yields over time were constructed on a computer 
using the EXCEL spreadsheet processor. The analytical 
model of the maximum biomethane yield during anaer-
obic methane destruction of the substrate with different 
content of post-alcohol distillery waste was obtained by 
approximating the maximum biomethane yield on a com-
puter using the EXCEL spreadsheet processor at different 
content of the organic part of the post-alcohol distillery 
waste in the substrate.

The coefficient of determination (Foerster & Roenz, 
1979) was used to assess the extent to which the regression 
function is described by the determinants:

𝑅𝑅𝑅𝑅2 = 1 − 𝜎𝜎𝜎𝜎𝑧𝑧𝑧𝑧2

𝜎𝜎𝜎𝜎2
  ,                                     (1)

where R2  − determination coefficient; where σ2  − general 
dispersion; σ2

z − remaining (group internal) dispersion.
The general dispersion is determined by the formula 

(Foerster & Roenz, 1979):

σ2
 = ∑i(yi – ȳ)2,                                     (2)

where yi − actual values of time series levels; ȳ − arithmetic 
mean of the actual values of the time series levels.

The remaining dispersion is determined by the formu-
la (Foerster & Roenz, 1979):

σ2
z = ∑i(yi – ŷi)

2,                                     (3)
where ŷi  − estimated values of the time series levels ob-
tained by the approximated expression.

The higher the coefficient of determination R2 is close 
to one, the better the regression is defined.

To make a statistical conclusion about the presence or 
absence of a correlation between the variables under study, 
it is necessary to check the significance of the coefficient of 
determination. Since the reliability of statistical character-
istics, including the coefficient of determination, depends 
on the sample size, a situation may arise when the value of 
the coefficient of determination is entirely due to random 
fluctuations in the sample based on which it is calculated. 
The significance of the paired coefficient of determination 
is assessed by Fisher’s criterion (Foerster & Roenz, 1979):

𝐹𝐹𝐹𝐹 = 𝑅𝑅𝑅𝑅2⋅(𝑛𝑛𝑛𝑛−2)
1−𝑅𝑅𝑅𝑅2

  ,                                      (4)

where F − Fisher’s criterion; R2 − determination coefficient; 
n − measurements, pcs.

The value of Fisher’s criterion calculated by formula (4) 
was compared with the critical values of Fisher’s criterion 
given in (Foerster & Roenz, 1979) at a given level of signifi-
cance and the corresponding number of degrees of freedom. 
If F > Fcr, then the calculated coefficient of determination 
is significantly different from zero. This conclusion is en-
sured with a probability of 1-α. The determination of the 
coefficient of determination and Fisher’s test was carried 
out on a computer using the EXCEL spreadsheet processor.

By studying the function wbm
 = f(Vin) for the extremum 

wbm→max, the optimal content of post-alcohol distillery 
waste in the substrate was determined, at which the biom-
ethane yield would be maximised. The study of the func-
tion wbm=f(Vin) for the extremum wbm→max was carried out 
on a computer in MATHCAD using the built-in optimisa-
tion function Maximize, which includes the algorithm of 
the “gradient descent” method.

Source: compiled by the authors

Table 1. Content of substrate components in the study of biogas yield dynamics

The content of the post-alcohol distillery waste to:
Substrate components, kg

water post-alcohol 
distillery waste

cow manure

substrate contents, % water organic matter percentage in the substrate, %

0 0 4.5 0 3.5

9 20 4.5 0.7 2.8

18 40 4.5 1.4 2.1

27 60 4.5 2.1 1.4

36 80 4.5 2.8 0.7

47 100 4.5 3.5 0
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RESULTS AND DISCUSSION
The dynamics of biogas yields from anaerobic mono-deg-
radation of cow manure, anaerobic mono-degradation 

of post-alcohol distillery waste and combined anaerobic 
methane degradation of cow manure and post-alcohol dis-
tillery waste in different proportions are shown in Figure 2.

Figure 2. The dynamics of biogas yields from anaerobic mono-degradation of cow manure,  
anaerobic mono-degradation of post-alcohol distillery waste and combined anaerobic methane degradation  

of cow manure and post-alcohol distillery waste in different proportions
Source: compiled by the authors
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As can be seen from Figure 2, the dynamics of biogas 
yield correspond to all phases of microbial development. 
Initially, a logarithmic phase is observed when anaerobes, 
in the presence of a nutrient medium (freshly added sub-
strate to the digester), actively multiply, producing more 
and more of their vital product – biogas. The logarithmic 
phase gradually turns into a short stationary phase, when 
the number of anaerobes is in dynamic equilibrium with the 
availability of nutrients. At this time, the maximum biogas 
yield is observed. After that, the substrate nutrients begin 
to be depleted due to their active consumption by the an-
aerobic biomass, which has grown to a significant size. The 
active reproduction of anaerobes stops, and their gradual 
death begins due to a lack of nutrients in the substrate. 
The phase of dying off begins. At the same time, the biogas 
yield gradually decreases. Both during the anaerobic mo-
no-degradation of cow manure, anaerobic mono-degrada-
tion of post-alcohol distillery waste, and combined anaer-
obic methane degradation of cow manure and post-alcohol 
distillery waste in different proportions, the phase of an-
aerobes getting used to a new substrate (lag phase) was 
not observed. No diauxia was observed, which is typical 
for multicomponent substrates, when methane-forming 
bacteria first consume one, in their opinion, the most pal-
atable component of the substrate. After its exhaustion, 
methanogens switch to another component of the sub-
strate. In this case, there are two peaks of maximum bio-
gas yield, i.e., two stationary phases (Malinin et al., 2021).

Moreover, with the increase of post-alcohol distillery 
waste content in the substrate, the duration of the loga-
rithmic phase and the die-off phase decreases, resulting in 
a shorter period of anaerobic methane destruction. Thus, 
if the maximum biogas yield at 18%, 27%, and 36% of the 
post-alcohol distillery waste content in the substrate and 
during the mono-degradation of post-alcohol distillery 
waste is observed on day 2-3 of anaerobic methane de-
struction, at 9% of the post-alcohol distillery waste content 
in the substrate and during the mono-degradation of cow 
manure – on day 4-8.

At the same time, the maximum biogas yield increas-
es with the increase in the content of post-alcohol dis-
tillery waste in the substrate. Thus, during the mono-deg-
radation of cow manure, the maximum biogas yield is  
1.157  l/(h·kg DOM), with the content of post-alcohol dis-
tillery waste in the substrate of 9% − 1.538 l/(h·kg DOM), 
at 18% − 2·960 l/(h·kg DOM), at 27% − 3.294 l/(h·kg  DOM), 
at 36%  − 4.577  l/(h·kg  DOM). The maximum biogas yield 
of the post-alcohol distillery waste is 5.369 l/(h·kg DOM), 
which is 4.6 times higher than the maximum biogas yield 
of cow manure mono-digestion.

Accumulated biogas output yields from anaerobic 
mono-degradation of cow manure, anaerobic mono-deg-
radation of post-alcohol distillery waste and combined 
anaerobic methane degradation of cow manure and 
post-alcohol distillery waste in different proportions are 
shown in Figure 3.
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Figure  3 shows that with an increase in the content 
of post-alcohol distillery waste in the substrate, the slope 
of the curve of the accumulated biogas yield increases, 
which indicates a more intensive biogas yield. Thus, al-
ready on the fifth day, the accumulated biogas yield during 
the mono-degradation of post-alcohol distillery waste is  
530.6  l/(kg  DOM), with the content of post-alcohol dis-
tillery waste in the substrate of 9%  − 382.8  l/(kg  DOM), 
18%  − 303.3  l/(kg  DOM), 27%  − 229.6  l/(kg  DOM), 36%  − 
146.9 l/(kg DOM), and with the mono-degradation of cow 
manure − 119.4 l/(kg DOM). The accumulated biogas yield 
on the fifth day of mono-degradation of post-alcohol dis-
tillery waste is higher than the accumulated biogas yield on 
the 18th day of mono-degradation of cow manure.

The methane content in biogas produced during an-
aerobic methane destruction of the substrate with 9% and 
18% post-alcohol distillery waste on the first day of anaer-
obic methane destruction is insignificant (biogas does not 
burn), and a persistent hydrogen sulphide smell is felt. On 

the second day of anaerobic methane digestion, the meth-
ane content in biogas increases to 65%, and on the next day 
and subsequently stabilises at 70-72%. With the content of 
post-alcohol distillery waste in the substrate of 27% and 36% 
on the first day of anaerobic methane digestion, the meth-
ane content in biogas is 58-60% and subsequently increases 
to 74-76%. During anaerobic methane digestion of the sub-
strate without cow manure (post-alcohol distillery waste 
content 46.7%), the methane content in biogas from the first 
day ranges from 66-68%. The methane content in biogas dur-
ing the mono-degradation of cow manure without the addi-
tion of post-alcohol distillery waste is lower than when using 
post-alcohol distillery waste and is in the range of 48-52%.

The dynamics of biomethane yields from anaerobic 
mono-degradation of cow manure, anaerobic mono-degra-
dation of post-alcohol distillery waste and combined an-
aerobic methane degradation of cow manure and post-al-
cohol distillery waste in different proportions are shown in 
Figure 4 (Bulhakova, 2022).

Figure 3. Accumulated biogas output yields from anaerobic mono-degradation of cow manure,  
anaerobic mono-degradation of post-alcohol distillery waste and combined anaerobic methane degradation  

of cow manure and post-alcohol distillery waste in different proportions
Source: compiled by the authors
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Figure 4. The dynamics of biomethane yields from anaerobic mono-degradation of cow manure,  
anaerobic mono-degradation of post-alcohol distillery waste and combined anaerobic methane degradation  

of cow manure and post-alcohol distillery waste in different proportions
Source: compiled by the authors
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The maximum biomethane yield during anaerobic 
mono-degradation of cow manure is 0.58  l/(h·kg  DOM), 
during the combined anaerobic methane degradation of 
cow manure and post-alcohol distillery waste at the con-
tent of post-alcohol distillery waste to the substrate of 
9% − 1. 118 l/(h·kg DOM), 18% − 2.033 l/(h·kg DOM), 27% −  
1.997 l/(h·kg DOM), 36% − 3.371 l/(h·kg DOM), with anaer-
obic mono-destruction of post-alcohol distillery waste  − 
3.582 l/(h·kg DOM).

The maximum biomethane yield during anaerobic mo-
no-degradation of post-alcohol distillery waste and com-

bined anaerobic methane degradation of cow manure and 
post-alcohol distillery waste (18%, 27% and 36%) is ob-
served already on day 1-3 of methane fermentation, while 
during combined anaerobic methane degradation of cow 
manure and 9% of post-alcohol distillery waste – on day 8. 

Accumulated biomethane output yields from anaer-
obic mono-degradation of cow manure, anaerobic mo-
no-degradation of post-alcohol distillery waste and com-
bined anaerobic methane degradation of cow manure and 
post-alcohol distillery waste in different proportions are 
shown in Figure 5.

Figure 5. Accumulated biomethane output yields from anaerobic mono-degradation of cow manure,  
anaerobic mono-degradation of post-alcohol distillery waste and combined anaerobic methane degradation  

of cow manure and post-alcohol distillery waste in different proportions
Source: compiled by the authors
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Figure 5 shows that the curves of the accumulated bi-
omethane yields follow the curves of the accumulated bi-
ogas yields. The only difference between them is that the 
biomethane yield is lower than the biogas yield per biom-
ethane content in the biogas and that at the initial stage 
of anaerobic methane degradation at a certain content of 
post-alcohol distillery waste in the substrate, biogas does 
not contain methane, so some curves of the accumulated 
biomethane yield start to grow from the next day after the 
start of anaerobic methane degradation.

The fermenter of the biogas plant, where experimen-
tal studies of anaerobic destruction of substrates based on 
cow manure with the addition of post-alcohol distillery 
waste were carried out, is suitable for batch loading of the 
substrate. At the same time, due to the peculiarities of bi-
ogas yield during batch loading of the substrate, when the 
biogas yield increases sharply to the maximum and then 

decreases, it is impossible to obtain the maximum biogas 
yield for a rather significant period. Therefore, industrial 
biogas plants use a semi-continuous mode of fermenter 
loading, when the substrate is added in small portions 
over a short period (about 10 minutes). In this case, the 
constant biogas yield with a semi-continuous fermenter 
loading system used in industrial bioreactors will be close 
to the maximum biomethane yield with a batch loading 
system (Polishchuk et al., 2021). Therefore, based on the 
data of the maximum biogas yield with batch loading of 
the substrate into the fermenter, a model of constant bio-
gas yield with a semi-continuous mode of substrate load-
ing into the fermenter used in industrial biogas plants can 
be obtained.

The maximum biomethane yield during the anaerobic 
methane degradation of a substrate with different post-al-
cohol distillery waste content is shown in Figure 6.
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The modelled biomethane yield rate can be represent-
ed as a third-order Newtonian polynomial:

wbm = 0.0000036 · Vin3 - 0.001 · Vin2 + 0.0978 · Vin + 0.4412, (5)

where wbm  − is the biomethane yield rate, l/(h·kg  DOM); 
Vin − is the content of post-alcohol distillery waste in the 
substrate, %.

The coefficient of determination of expression (5) is 
0.7445 due to the loss of the biomethane yield point at 60% 
of the post-alcohol distillery waste content in the substrate 
from the overall process dynamics.

The significance of the coefficient of determination 
of the function wbm

 = f(Vin) according to Fisher’s criterion 
(Fisher’s calculated criterion is 11.7, Fisher’s critical crite-
rion at α = 5% − 225 (Foerster & Roenz, 1979)).

When studying the function wbm
  =  f(Vin) for the ex-

tremum wbm→max using the gradient descent method, 
the optimal content of post-alcohol distillery waste in the 
substrate at which the biomethane yield will be maximum 
(3.821 l/(h·kg DOM)) was found to be Vin = 46.7%.

Thus, this study shows that post-alcohol distillery 
waste can be successfully subjected to anaerobic methane 
degradation both without and with the addition of other 
substrates (in this case, cow manure). The highest biom-
ethane yield is achieved during the mono-degradation of 
the post-alcohol distillery waste and is 3.582 l/(h·kg DOM), 
or 86 l/kg DOM per day. This daily biomethane yield can be 
achieved in a quasi-continuous mode of digester loading 
(used in large industrial biogas plants) when small por-
tions of the fresh substrate are fed into the digester con-
tinuously at short intervals (from 10 minutes to 1 hour). 
When the substrate is periodically loaded into the digest-
er, the biomethane yield is lower. Thus, during the mo-
no-fermentation of post-alcohol distillery waste, the aver-
age biomethane yield during 5 days of anaerobic methane 
destruction (it is irrational to subject this substrate to 
destruction for more time since the biomethane yield de-
creases sharply) is 2.939 l/(h·kg DOM), or 71 l/kg DOM per 

day, or 355 l/kg DOM per day for the entire fermentation 
period (5 days). Taking into account that the DOM con-
tent in the DM of the post-alcohol distillery waste is 5%, 
the biomethane yield from the mono-degradation of the 
post-alcohol distillery waste in the batch mode of loading 
is 187 l/kg DM for the entire fermentation period, which 
is slightly lower than the result obtained by J.C. de Car-
valho et al. (2023), which is 215-324  l/kg  DM during the 
anaerobic methane degradation of post-alcohol distillery 
waste, and S.S. Hashemi et al. (2022) – 425 ml/g VS dur-
ing the anaerobic methane degradation of the substrate 
in the ratio of post-alcohol distillery waste to whey 25:75, 
which was used for cultivation of fungi at pH = 6.5. At the 
same time, J.C. de Carvalho et al. (2023) and S.S. Hashemi 
et al. (2022) do not specify the time to which the results 
refer. As for the quasi-continuous mode of the digest-
er loading, the biogas yields reported in these works can 
be achieved on the 3-5th day of anaerobic methane deg-
radation, while the HRT for a digester is usually taken at 
the level of 20-25 days. However, our results are close to 
the results (380 ± 20 cm3/g DOM, methane content in bio-
gas – 70 ± 2%) obtained in N. Golub & M. Potapova (2018), 
where the co-digestion of anaerobic methane degradation 
of wastewater, post-alcohol distillery waste and poultry 
manure in a ratio of 0.2:1:7 in a two-stage mode was stud-
ied. N. Golub & M. Potapova (2018) noted that the prob-
lem of anaerobic methane destruction of post-alcohol dis-
tillery waste in its pure form is its low pH and insufficient 
content of nitrogen compounds, which are necessary for 
the development of microorganisms-destructors and pro-
ducers of methane. It is to neutralise these problems that 
methane destruction was carried out in conjunction with 
poultry manure. To maximise the conversion of pollutants 
into biogas, the liquid fraction is fermented in a second 
fermenter after the solid residue is separated. The con-
centration of dry organic urea in the first reactor did not 
exceed 10%, the temperature of the reactor was 40 ± 2°C, 
the stirring speed was 100 rpm, and the final pH of the 
substrate − 7.0 ± 0.5.

Figure 6. The maximum biomethane yield during the anaerobic methane degradation  
of a substrate with different post-alcohol distillery waste content

Source: compiled by the authors
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The methane content in biogas during the mono-de-
struction of the post-alcohol distillery waste is in the 
range of 48-52%, which is lower than the value of 77% 
for the hydraulic retention time (HRT) of 21 days report-
ed by S. Belhamidi et al. (2021), but correlates with the 
methane content in biogas (42.89-58.06%) reported by I. 
Utami et al. (2016) and 57.21% reported by N. Harihastu-
ti et al. (2020) and 50-55% during the anaerobic meth-
ane degradation of post-alcohol distillery waste from the 
production of miscal (an alcoholic beverage obtained by 
distillation of fermented agave sucrose) in combination 
with activated sludge in a ratio of 3: 7 (Santos et al., 2019). 
The obtained methane content in biogas from anaerobic 
methane digestion of post-alcohol distillery waste and 
cow dung substrate is 70-76%, which correlates with 70% 
methane in biogas from anaerobic methane digestion 
of post-alcohol distillery waste and cow dung substrate 
at a hydraulic retention time of 20 days, as reported in 
C.E. de Farias Silva & A.K. de Souza Abud (2017), and 81% 
for anaerobic methane digestion of a substrate consist-
ing of post-alcohol distillery waste from the production 
of miscal and cow manure, as reported by L.V. Santos et 
al. (2020). Thus, based on our research and comparison 
with the results reported in the literature, it can be stated 
that the methane content of biogas is lower in the case of 
mono-degradation of post-alcohol distillery waste than in 
the case of combined anaerobic methane degradation of 
post-alcohol distillery waste with cow manure.

The results differ significantly from the conclusions 
presented by W. Romaniuk et al. (2022), which state that 
anaerobic mono-degradation of molasses distillery waste 
yields significant biogas, but it contains almost no meth-
ane and consists mainly of carbon dioxide. Only when 
cow manure is added to the substrate in large quantities 
does methane appear in the biogas and the lower calorific 
value of biogas reaches 16.5-20.5 MJ/m3. This difference 
can be explained by the peculiarities of the ethanol pro-
duction technology from molasses distillery waste when 
sulphuric acid is required. As a result, sulphuric acid salts 
are formed – sulphites, which harm methane formation 
during molasses biodegradation. The addition of cow ma-
nure to the substrate significantly improves the biodegra-
dation process with methane production. By the way, as 
noted in A. Calvo et al. (2019), the same problem as in the 
biodegradation of molasses distillery waste is observed in 
the biodegradation of post-alcohol distillery waste from 
sugar cane.

C.R.  Tunes et al. (2016) found that the biogas yield 
from post-alcohol sugarcane distillery waste in an 87-litre 
reactor over 15 days was 1160 litres with a methane con-
centration of 48-57%. B.  Budiyono et al. (2013) modelled 
the biogas yield from anaerobic methane degradation of 
post-alcohol distillery waste according to the Gompertz 
model. The maximum biogas yield according to this model 
is 83.982 ml/(kg DOM).

In general, cow manure is considered to be an ide-
al substrate for anaerobic methane fermentation, but,  

unfortunately, the yield of biogas, and, accordingly, biom-
ethane, is low. Thus, the study of the efficiency of biom-
ethane production using anaerobic methane destruction 
of cow manure and post-alcohol distillery waste with 
different content showed a reduction in the period of bi-
omethane production with an increase in the content of 
post-alcohol distillery waste

CONCLUSIONS
In the case of combined anaerobic methane destruction of 
cow manure and post-alcohol distillery waste with periodic 
loading of the digester with an increase in the content of 
post-alcohol distillery waste, the effective period of biome-
thane production is reduced. If the effective period of biome-
thane production is 10-12 days with a post-alcohol distillery 
waste content of 9%, then with a post-alcohol distillery 
waste content of more than 9%, it is reduced to 4-5 days, 
after which the biomethane yield decreases significantly.

With an increase in the content of post-alcohol dis-
tillery waste in the substrate, the maximum biomethane 
yield increases and exceeds the biogas yield from cow ma-
nure mono-degradation by 4 times at a post-alcohol dis-
tillery waste content of 9%, and by 6-7 times at a post-grain 
distillery waste content of more than 9%.

The modelling of the constant biomethane yield at 
quasi-continuous substrate loading into the digester was 
carried out based on studies of the maximum biomethane 
yield at periodic substrate loading. The dependence of bi-
omethane yield on the content of post-alcohol distillery 
waste in the substrate is described by a third-order New-
ton polynomial with a determination coefficient of 0.7445. 
As a result of studying this dependence at the extremes, 
it was found that the optimal way to obtain the maximum 
biomethane yield is to use anaerobic mono-destruction of 
post-alcohol distillery waste. In this case, the biogas yield 
will be 3.821 l/(h·kg DOM).

Mathematical models of the digester functioning dur-
ing the anaerobic mono-degradation of post-alcohol dis-
tillery waste and the combined anaerobic methane deg-
radation of cow manure and post-alcohol distillery waste 
are planned to be developed in the future. These models 
will describe the dynamics of changes in the concentration 
of nutrients in the substrate, the concentration of meth-
ane-forming bacteria biomass (considering the growth of 
the methanogen population according to the Mono equa-
tion and their death according to the Kolpikov equation) 
and biogas generation depending on different concentra-
tions and modes of loading the digester. These mathemati-
cal models will be compared with the results of experimen-
tal studies and, if deviations are found, the coefficients of 
the mathematical models will be adjusted.
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Дослідження анаеробної матенової деструкції післяспиртової барди

Анотація. Післяспиртова барда є забруднювачем довкілля, тому проблема її утилізації є актуальною. Одним із 
способів утилізації післяспиртової барди є її анаеробна метанова деструкція на біогазових установках. Метою цього 
дослідження було визначити оптимальну кількість післяспиртової барди, яку необхідно додати до субстрату, щоб 
досягти максимального виходу біометану. Дослідження проводились на лабораторній біогазовій установці, яка 
складається із дайджестера обємом 30 л і газгольдера, в мезофільному режимі за температури субстрату 40°С при 
періодичному режимі завантаження субстрату. Встановлено, що найвищий вихід біогазу в 5.369 л/(год.·кг DOM) 
отримується при анаеробній метановій монодеструкції післяспиртової барди. Однак вміст метану в біогазі при 
цьому знаходитьсся в межах 48-52 %. При анаеробній метановій деструкції суміші післяспиртової барди з коров’ячим 
гноєм вміст метану в біогазі зростає до 70–76 %, однак вихід біогазу менший і становить: 4.577 л/(год.·кг DOM) при 
вмісті післяспиртової барди в субстраті 36 %, 3.294 л/(год.·кг DOM) – при 27 %, 2.960 л/(год.·кг DOM) – при 18 %, 
1.538 л/(год.·кг DOM) – при 9 %. Оптимальний вміст післяспиртової барди в субстраті, при якому вихід біометану буде 
максимальним (3,821 л/(год.·кг DOM)), становить 46,7 % від вмісту субстрату і 100% від вмісту органічної частини 
субстрату. Результати даного дослідження можуть бути застосовані при плануванні складу субстрату біогазових 
установок, проєктуванні і будівництві нових біогазових установок поблизу спиртзаводів

Ключові слова: біометан; біогазова установка; метантенк; ферментатор; біореактор; дайджестер
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