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Abstract. The aim of the study was to evaluate the usefulness of sugar beet 
for biogas production, taking into account the duration time of storage and 
sugar content in the roots. The research has included analysis of methane 
and biogas yield of sugar beet. The relations between the sugar content in 
the roots and the length of storage period and the course of the methane 
fermentation process were determined. Sugar beets with sugar content of 
17.6% and 19.6% were used for this experiment. In order to analyse the 
fermentation process, the fresh beets and the beets stored in flexible, 
hermetic tanks in the period of 43 and 89 days were used. Based on the 
analysis of the obtained results, it was found that the sugar content and the 
storage time of sugar beet roots can differentiate the production of 
biomethane and that it influences the methane fermentation process and the 
quality of the produced biogas. 

1 Introduction 
In Europe, sugar beets are the basic plant for the sugar production. The sugar market in the 
European Union was a regulated market since 2006, and sugar beet producers were subject 
to production limits [1]. From 1 October 2017, the existing regulations on the EU sugar 
market have ceased to apply [2]. Liberalization of the sugar market has increased farmers' 
interest in sugar beet production. Therefore, in the next few years it is possible to significantly 
increase the production and productivity of this crop. Currently, this is enable by the 
applicable law as well as due to the considerable potential of the industry involved in the 
production of sugar beet, i.e. the production of seeds, fertilizers, plant protection chemicals, 
specialized techniques and modern technologies [3–6]. However, from 2017 on, sugar beets 
will be traded at world market prices, which tend to vary greatly. Farmers will no longer be 
subject to stable financial support for traditional sugar beet production. The expiration of the 
EU sugar beet quota increases the necessity to consider an alternative utilization of sugar 
beets. Bringing sugar beets intended for bioenergy production into farmers' focus could be 
one opportunity to provide farmers with more planning certainty [2]. 
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By the year 2020, 20% of the total energy production in the European Union is to be from 
renewable resources [1, 7–9]. One of the possibilities is the production of agricultural biogas. 
For example, in Germany, 52% of the substrate used for biogas production are renewable 
primary products, including arable crops [7–8]. The alternative use of beet is part of the goal 
of the European Union's energy and climate package, which assumes the development of 
innovative and decentralized energy, with the use of energy from renewable sources of 
agricultural origin. In particular, the package provides actions for the development of 
distributed cogeneration based on local renewable energy resources and innovative 
technologies for their use, in particular for the development of agricultural biogas plants and 
energy agriculture in general [1, 7–9]. 

In the case of sugar beets, it is considered the most appropriate to use them for the 
production of bioethanol and biogas [1, 8, 10–11]. In Europe, including Poland, in addition 
to the use of sugar beet for sugar purposes, it is possible to use it for biogas purposes. Sugar 
beets are considered to be a very efficient substrate [1]. In seed company experiments, it was 
found that so-called energy beet gains yield (roots and leaves) even from 130 to  
150 Mg∙ha-1 [12]. In addition, the dry weight of beet is about 94% carbohydrates undergoing 
a rapid fermentation process, and 80% of the organic mass decomposes completely. In 
addition to the above advantages, it is also necessary to add a high level of biogas yield in 
which the gas peak is reached after 12 hours and a very short total time of fermentation of 
the substrate, amounting to about 15 days. For comparison, in the case of maize, these values 
are respectively 12 and 90 days [1, 5, 12–14]. Although the methane fermentation process 
has been known for a long time, the use of new agricultural substrates will allow to increase 
the efficiency of agricultural biogas plants [15]. Vindis et al. [16–17] claim that the use of 
beets in a mixture with other substrates accelerates the fermentation process and improves 
the quality of the produced biogas. In addition, taking into account Polish conditions, the 
energetic use of sugar beet is part of the "Innovative Energy. Energy Agriculture ", program 
adopted by the Polish government in 2009. One of the assumptions of this plan is to base the 
functioning of agricultural biogas plants on plant products [18–23]. 

Regardless of the plant production system, the determinant of its profitability, and as  
a result of biogas yield, is the biomass yield per hectare [1, 24]. Sugar beet with leaves is the 
most yielding plant, it also has high energy efficiency parameters. These features also mean 
that sugar beets can be successfully used for biogas production. 

In the technologies of alternative use of sugar beet for biogas, in European countries, as 
well as in Poland, significant technical progress is noted, especially in the field of storage 
and preparation of substrates for biogas plants [25, 26, 27, 28]. The substrate must be 
available throughout the all year while the harvest is carried out seasonally. The possibility 
of year-round storage of roots is in the use of flexible silos or open tanks for this purpose 
[25]. In addition, many varieties with different usable, sugar, normal and highly yielding 
types are available in sugar beet production. The sugar type is characterized by an increased 
sugar content and low content of technologically harmful ingredients with medium or slightly 
lower yields. The normal type is characterized by average sugar and usually higher yield. The 
highly yielding type shows a relatively low sugar content and high root yield. In the case of 
sugar beet intended for energy purposes, the quality parameters related to sugar production, 
as well as the content of molasses, are not the most important [25, 29]. Farmers, who want to 
dedicate their roots to energy purposes do not have to be limited by technological quality 
traits. It gives new opportunities to growers as well as breeders. 

Using sugar beet as a biogas substrate is a rather new endeavor [2, 30]. Currently, there 
is no experimentally verified evaluation of the suitability of sugar beet for the production of 
biogas depending on the storage time and sugar content. There are no research results that 
would determine the impact of these two parameters on the efficiency of biogas and methane 
production. Effective use of beets as a substrate for biogas, therefore, requires indication 
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whether the storage will allow to maintain good quality parameters of the preserved mass, 
thus obtaining high methane efficiency and whether the sugar content determines the methane 
yield.  

Therefore, the aim of the work was to analyze the usefulness of sugar beets for the 
production of biogas, taking into account the storage time and sugar content in the roots. 

2 Material and  methods 

The research included methane efficiency analysis. The substrates used in the experiment 
were the sugar beet roots mixed with swine and cattle slurry. Sugar beets with different sugar 
content were used for analysis, which were marked with symbols: A - 17.6%, B - 19.60%. 

The analysis of biogas yields was carried out on the following 3 dates: 
 T0 - roots not stored (fresh), 
 T1 - after 43 days of storage, 
 T2 - after 89 days of storage. 

The roots were stored as a whole (no crushed) in hermetically sealed bags (elastic silos) 
under anaerobic conditions. The root weight in a single silo was from 6.8 kg to 7.3 kg. 
Samples prepared in this manner were stored under a roof at ambient temperature. 

The sugar beets roots before each methane fermentation process were crushed into parts 
with a diameter not exceeding 5 mm. A representative sample was collected from the 
prepared in this way "mousse". The samples were checked in terms of: 

 dry matter, 
 organic dry matter, 
 pH. 

The sample in the methane fermentation process were substrates in the following 
proportions: 
 50 g of sugar beet of a given group, 
 500 g slurry, 
 100 g inoculum. 

The control consisted of slurry without added sugar beet. 
The experiment was carried out in accordance with the German standard DIN 38414-S8 

in a multi-chamber fermentation station, based on the eudiometric system. The process took 
place in mesophilic conditions, at a temperature of 36°C ± 2. Reactors with a capacity of 2 
dm3, were placed in a tank filled with water, in which a constant temperature was maintained 
(fig. 1) [19]. 

The produced biogas was stored in measuring cylinders with a capacity of 1200 ml. The 
volume of the produced biogas was measured every 24 h. Using the MSMR-4 gas analyzer 
from ALTER S.A, the composition of the produced biogas was checked. The concentrations 
of gases such as CH4, CO2, NH3, O2, H2S. were measured. The experiment were terminated 
when for at least 3 days, the yield of biogas produced was less than 0.05 dm3 per day. 
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Fig.  1. Scheme of biofermentor for biogas production research (5-chamber  section):  1  –  water  
heater  with  temperature regulator,  2  –  insulated  conductors  of  calefaction  liquid,  3  –  water  
coat  with  temp.  36–38°C,  4  –  biofermentor  with charge  capacity 2 dm3, 5 – biogas reservoir, 6 – 
cutting off  valves, 7 – gas flow meters, 8 – gaseous analyzers (CH4, CO2, NH3,  O2,  H2S),  9  –  pH  
sensors,  10  –  temperature  sensor,  11  –  steering  –  recording  central  station,  12  –  charge 
magnetic mixers [19]. 

3 Results 

3.1 Substrates parameters 

Before each fermentation process the basic parameters of sugar beets, such as dry matter, 
organic dry matter and pH were checked.  

Table 1. Parameters of substrates in particular dates. 

Storage 
time Substrate DM [%] ODM [%] pH 

- Control (slurry) 3.14 66.45 7.44 

T0 Sugar beets A 25.57 93.21 5.96 
Sugar beets B 26.76 94.33 6.21 

T1 Sugar beets A 19.80 92.23 4.38 
Sugar beets B 21.55 93.79 4.17 

T2 Sugar beets A 17.24 82.62 4.95 
Sugar beets B 18.88 91.39 4.73 

The results are summarized in Table 1. The analysis shows that root storage affects the 
decrease of dry matter and organic matter as well as the pH of beets. This is because during 
storage a part of the dry matter undergoes decomposition to CO2 and H2O. In the case of 
roots with a lower sugar content, the dry matter after 12 weeks of storage decreased by 32.6%, 
while in the case of roots with a higher sugar content by 29.5%. Storage of roots also 
contributed to the reduction of their organic dry matter. The value of the roots' pH also 
decreased during storage, which clearly indicates to the processes of substrate degradation 
and the formation of organic acids that caused acidification of the substrates. 
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contributed to the reduction of their organic dry matter. The value of the roots' pH also 
decreased during storage, which clearly indicates to the processes of substrate degradation 
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3.2 Fermentation process 

The experiment also included an analysis of the course of the methane fermentation process. 
Figure 2 presents an example chart of the biogas fermentation process of sugar beet with a 
sugar content of 19.6% stored for 89 days. The analysis shows that beetroots decisively 
ferment faster compared to, for example, cattle manure (Figure 3) and are an example of a 
rapidly decomposing substrate intended for biogas plants [19]. The largest biogas production 
was recorded in the first days after the start of fermentation. The whole fermentation process 
also ended much faster (after 29 days) in relation to cattle manure, where biogas production 
lasted for more than 50 days [19]. In addition, after three days, the amount of methane in 
biogas has exceeded the amount of other gases. 

 
Fig. 2. Daily biogas production from sugar beets with 19.6% sugar content after 89 days of storage. 

 
Fig. 3. Daily biogas production from cattle manure [19]. 

This distribution of biogas production, typical for sugar beets, occurred in the case 
of roots stored for 43 and 89 days. Figure 4 shows the cumulative methane production from 
fresh beets.  
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Fig. 4. Cumulative methane production from Mg of fresh sugar beets fresh matter. 

The graph (fig. 4) shows that the beets have started fermentation scarcely on day 13. The 
reason for the initial difficulty in the starting phase of fermentation was related with 
acidification of the samples. In this case, some phenomena of methane bacteria inhibition has 
occurred (for almost 2 weeks) and thus the production of biomethane may be stopped. Fresh 
sugar beet roots are a difficult substrate for fermentation, and the accumulation of readily 
available sugars can result in dynamic hydrolysis and, as a consequence, acidification of the 
environment. Most likely, this was the case during the fermentation process of fresh beet 
tests, because the decrease in pH below 6.8 stops the activity of methanogens and the methane 
production. This CH4 production starts again while (after organic acids consumption) pH 
raises over 6.8. 

3.3 Biomethane production 

Table 2 shows amount of biogas, methane and concentration of methane reached from each 
sample. Higher sugar content in sugar beets has positively influenced methane 
concentrations.  

Table 2. Cumulative methane production and concentration. 

  

Control 

Roots with a 
sugar content of 

17,6% 
(A) 

Roots with a 
sugar content of 

19,6% 
(B) 

Methane concentration 
[%] 

T0 47.16 62.07 65.26 
T1 47.16 56.48 61.20 
T2 47.16 58.37 59.38 

Cumulative methane 
yield  

[m3·Mg FM-1] 

T0 45.31 87.37 98.94 
T1 45.31 68.57 76.89 
T2 45.31 61.71 65.36 

Cumulative biogas 
yield 

[m3·Mg FM -1] 

T0 96.07 140.77 151.62 
T1 96.07 121.42 125.64 
T2 96.07 105.72 110.07 
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In all analyzed dates, roots with a sugar content of 19.6% were characterized by higher 
concentration of methane by 2% to even 8% in the case of roots stored for 43 days. A similar 
relationship was found in the case of accumulated methane and accumulated biogas. The 
cumulative production of methane obtained from beets with a higher sugar content was even 
12% higher than in the case of beets with a sugar content of 17.6% (fresh roots). Differences 
in the production of cumulated biogas between beets with different sugar content ranged from 
4 to 8%. The analysis also have showed that the length of root storage contributes to the 
reduction of biogas and methane potential as well as concentration of methane.  

4 Conclusions 

1. The obtained research results clearly indicate that sugar beet is an efficient substrate for 
biogas production. 

2. It can be concluded that the sugar content affects the quality of biogas produced, 
because there was a tendency to increase methane production along with a higher sugar 
content in the sugar beet roots. 

3. The storage of sugar beet roots contributes to the decrease in biogas production, while 
at the same time it causes a decrease in its quality most probably due to the 
decomposition of organic matter with time. 

4. The storage time causes that the content of dry matter and dry organic matter decreases, 
and with their decrease, the amount of biogas produced decreases respectively. 

5. Fresh beet roots are a difficult substrate for fermentation due to the tendency for 
dynamic hydrolysis and in consequence the environment acidification. It should be 
remembered that the pH decreased below 6.8 stops methanogenic bacteria activity and 
then methane production. 
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