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Abstract. In recent years in Russia, due to the complicated geopolitical situation in some 

border areas, biogas plants have been considered not only as waste utilization facilities, but 

also as reserve energy sources, which are safer than traditional - nuclear power plants. In this 

context, the development of an algorithm for the flexible operation of a biogas plant is 

particularly relevant, which gives rise to the need to study the stability of the system under the 

influence of different unfavourable factors. In this work, the influence of long-term storage of 

cattle manure on its energy potential and biodegradability is studied. The specific methane 

yield in the test variant with manure stored for 10 months before anaerobic fermentation was 

1.41±0.55 ml/g oDM, which is 6.23 times lower than in the test variant with fresh manure; the 

methane content of manure after long-term storage is 9.66 times lower and the degree of 

decomposition of its organic matter is 2.72 times lower compared to similar indicators of 

manure processed without preliminary storage. However, the specific biogas yield from long-

term stored manure is 1.66 times higher than the control, which indicates intensive formation 

of other gases. Thus, long-term storage has a negative impact on the energy potential of cattle 

manure; if it is necessary to process it in a biogas plant, it is advisable to combine it with more 

energy-intensive raw materials. 

1.  Introduction 

In Russia, due to the availability of cheap fossil energy sources, biogas technologies are of interest 

mainly as a method of waste utilization. Increasing the share of biogas in the overall energy balance 

allows to reduce the specific ecological footprint per unit of commodities and to reduce the negative 

impact on the environment by reducing the share of organic waste disposal. Nevertheless, the use of 

biogas as an energy source can solve various problems in the following ways: 

• developing new energy resources to meet growing human needs; 

• reducing energy shortages in remote rural areas without access to traditional energy systems; 

• ensuring sustainable industrial development while reducing the technogenic impact on the 

environment; 

• increase sustainability of the energy generation process, contributing to the reduction of the 

energy intensity of products, thus increasing their demand and competitiveness; 

https://creativecommons.org/licenses/by/4.0/
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• finding additional opportunities for cooperation with other sectors of the economy [1]. 

The majority of research in the field of biogas technologies is aimed at improving the efficiency of 

biogas plants. Recently, the issue of increasing their efficiency, ensuring their operational stability and 

flexibility of the processes taking place in them has become more and more urgent, since excessive 

gas formation is as economically unprofitable as insufficient gas formation: it indicates irrational 

consumption of substrate, excessive gas is burned in the emergency flare of the plant without 

producing useful energy. Within the framework of biogas plant stabilization, issues of regulation of 

technological parameters and selection of substrates are considered in such a way that biogas 

production and composition are maintained at a constant level. Flexibility of biogas plant operation is 

a characteristic that is particularly important for a reserve energy source, i.e. the ability to effectively 

supplement or replace the main energy sources if necessary [2, 3, 4, 5, 6, 7, 8]. 

In recent years, the tense and unstable political situation in some border areas of Russia has created 

an urgent need to reconsider certain aspects of economic and security activities. Biogas plants are now 

considered not only from the point of view of waste utilization and reduction of anthropogenic 

pollution, but also as a reserve energy source. Moreover, in the current geopolitical situation, such 

energy facilities are safer than traditional - nuclear - power plants. In this regard, it is necessary to 

develop an algorithm for flexible operation of a biogas plant, which leads to the need to study the 

stability of the system under the influence of unfavourable factors - for example, when using 

substrates stored for a long time. 

Cattle manure is a valuable fertilizer and raw material for biogas production. However, when 

manure is stored for more than 6 months, its organic matter content decreases significantly due to the 

activity of microorganisms. This organic matter is converted into carbon dioxide, methane, ammonia 

and other substances. In addition to polluting the air with greenhouse gases and odours, this reduces 

the value of manure not only as a fertilizer but also as an energy source [9, 10]. 

Gas emissions are the main source of carbon and nitrogen losses during open-air manure storage. 

According to Shan N. et al. (2019), when pig manure is stored for 60 days in summer, the losses of 

total carbon and total nitrogen are 62 and 41% (of the mass fraction of dry matter), respectively. At the 

same time, the main losses of nitrogen occur in the first days of storage, while carbon losses occur 

later in the storage period [11]. 

To reduce methane emissions, many researchers recommend storing solid manure at lower 

temperatures or acidifying liquid manure. [9, 10]. Compared to other methods, acidification to pH 5.5 

is optimal because it reduces methane emissions from pig and cattle manure during storage by 95-99% 

and 65-99%, respectively. The use of other chemicals, such as antimicrobial and oxidizing agents, can 

also significantly reduce methane emissions, and the combination of acidification with physical and 

chemical treatments has a cumulative or synergistic effect [12]. 

S. Im et al. (2020) found that when the storage temperature of solid manure (with a dry matter mass 

fraction above 30%) is reduced from +35°C to +20°C and below for 80 days, methane emissions from 

the manure are more than halved and the degree of decomposition of organic matter is reduced by 

more than 3.6 times. Reduced decomposition of organic matter at low temperatures results in a 1.72-

fold increase in methane production potential [13]. 

The decrease of dry matter, organic matter, nitrogen and phosphorus content in processed manure 

(effluent) after storage and the temperature dependence of these parameters are reported by Yan J. et 

al. (2023) [14]. If the effluent is stored at +10°C for 180 days prior to use as a fertilizer, additional 

treatment is required due to the increased phytotoxicity of the effluent resulting from the accumulation 

of high concentrations of ammonium nitrogen, volatile fatty acids, phenolic compounds and salts. 

Temperature is the key factor that determines the change in effluent characteristics during storage and 

can affect microbial activity and microbial community development, as well as gas emissions (mainly 

methane, carbon dioxide, nitrous oxide, ammonia and hydrogen sulfide) that determine the change in 

effluent characteristics [13, 15]. 

Due to the high organic loading rate of the bioreactors or the short retention time of the substrate in 

the reactor, a significant fraction of the organic matter in the feedstock remains undegraded [16]. Non-



AEGIS-IV-2024
IOP Conf. Series: Earth and Environmental Science 1390 (2024) 012010

IOP Publishing
doi:10.1088/1755-1315/1390/1/012010

3

 

 

 

 

 

 

completely degraded organic matter not only has a negative impact on the environment as a pollutant, 

but when applied to soil it can also be phytotoxic due to the release of heat during the degradation of 

rapidly degradable substances [17, 18, 19] and excessive respiration of soil microflora, causing 

immobilization and denitrification of nitrogen [20]. In addition, incompletely anaerobically fermented 

raw materials still contain high concentrations of ammonia nitrogen, volatile fatty acids, phenolic 

compounds and salts, which can have negative effects on plants [21, 22]. 

Ólafsdóttir S. S. et al. (2023) found that pasteurization of pig manure and acidification with sulfuric 

acid contribute to the reduction of methane emissions during storage at relatively low temperatures 

(around +4°C). However, they have different effects on the biogas productivity of the substrate during 

its further anaerobic fermentation: pasteurization increases the specific methane yield (SMY) by 16-

35% and acidification reduces the SMY by 6-23% compared to untreated manure. Further studies by 

these authors show that storage itself has a positive effect on the methane yield of thermally treated 

manure at the subsequent stage of anaerobic fermentation. The authors attribute this to the increased 

availability of nutrients to the methanogenic microflora, with an increase in the rate of hydrolysis, 

resulting in an increase in the rate of methanogenesis [23]. 

The aim of this work was the investigation of the effect of long-term storage of cattle manure on its 

energy potential and biodegradation by anaerobic fermentation. 

2.  Materials and methods 

The research substrate was cattle manure – fresh and after 10 months of storage in an open pit at 

+5+20°C – and inoculum from a working biogas plant. The mass fraction of dry matter (DM) and 

organic matter (oDM) in the studied substrate was determined according to the procedure described in 

the literature [24]. 

To investigate the biogas potential of the substrate in the laboratory biogas plant, a batch 

experiment was carried out according to [25]. Glass vessels with a working volume of 300 ml each 

were used as bioreactors. Heating to +37±0.2°C was performed in a water bath, and mixing was 

performed using magnetic stirrers. Biogas was collected in gas holders, its volume was determined 

weekly using a sealed graduated glass tube with piston and its composition was determined using an 

Optima-7 Biogas analyzer. The gas volume was adjusted to normal conditions using the equation (1). 

V0=(P*V*T0)/(T*P0),     (1) 

where: V0 – volume of dry gas under normal conditions, ml; V – measured gas volume, ml; P – gas 

pressure at the time of measurement, mbar; P0 – atmospheric pressure at normal conditions; P0 = 1013 

mbar; T0 – air temperature at normal conditions; T0 = 273 K; T – biogas temperature, K. 

The duration of the experiment was 35 days. Reactor loading rates were calculated so that the ratio 

of inoculum oDM to substrate oDM was 1.5-2 to 1. The inoculum was pre-filtered through a sieve 

with a pore size of 2 mm. 

The degree of organic matter degradation of the substrates was calculated according to [24] using 

the equation (2): 

Mbiogas = Vbiogas * (1.96 * (Ссо2 / 100) + 0.73 * (Ссн4 / 100))  (2) 

where: Mbiogas – mass of biogas, mg; Vbiogas – biogas volume, mL; С – concentration of the detected 

gases in the gas mixture, %; 1.96; 0.73 – density of the detected gases respectively, mg/mL. 

All variants were tested in three repetitions. The obtained results were processed by the method of 

variation statistics according to [26] using Microsoft Excel program. The data are presented as mean 

value and arithmetic mean error (M±m). The result was considered reliable at Р≥0.95*, Р≥0.99**, 

Р≥0.999***. 

3.  Results and discussion 

Table 1 shows the composition of the initial substrates and inoculum. 
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Table 1. Composition of raw materials. 

Raw material DM, % oDM, % of DM 

Fresh cattle manure 5.29±0.03 73.83±0.55 

Cattle manure after storage 8.62±0.082 81.24±1.55 

Inoculum 3.01±0.03 66.91±1.20 

In our experiment, the mass fractions of dry matter and organic matter in manure did not decrease 

during storage, on the contrary, they increased slightly. This is probably due to the loss of moisture 

and a certain proportion of elements included in the composition of the gases released - presumably 

ammonia, carbon dioxide and methane. 

Taking into account the oDM content of the starting material and the recommendations on the ratio 

of substrate to inoculum oDM given in [25], 60.79 g of fresh cattle manure and 239.21 g of inoculum 

were added to each reactor of the control variant, 37.27 g of cattle manure after 10 months of storage 

and 262.73 g of inoculum to each reactor of the experimental variant and 300 g of inoculum to each 

reactor of the "zero" variant. 

Table 2 shows the energy potential of the variants without correction for the "zero" variant, i.e. 

from a mixture of substrate and inoculum in the reactor. As the specific methane yield of the substrate 

was significantly lower than that of the inoculum in two out of three reactors of the experimental 

variant, it was not possible to make a correction for this variant. 

Table 2. Energy potential of the variants (without correction). 

Variants 

(substrates) 

Gross yield, mL Methane 

content, % 

Specific yield, mL/g оDM 

biogas methane biogas methane 

Control (fresh 

manure) 

335.50±24.83 63.07±3.82 18.84±0.47 46.60±3.45 8.76±0.53 

«Zero» variant 

(inoculum) 

67.94±11.94 6.96±1.22 10.24±0.00 11.23±1.97 1.15±0.20 

Treated (manure 

after storage) 

588.67±187.77 11.12±4.32*** 1.95±0.34*** 74.45±23.75 1.41±0.55*** 

***Р≥0.999 

It was found that the gross and specific biogas yield is higher from manure stored for 10 months 

(experimental variant), but the gross and specific methane yield is significantly lower here - by 51.95 

mL and 7.35 mL/g oDM, respectively, or by 5.67 and 6.23 times, respectively. 

The energy potential of cattle manure in our experiment is much lower than in the work of other 

researchers. In the study by Tariq M. et al. (2023), the specific biogas yield from cattle manure using 

inoculum in the form of ruminant intestinal waste was 239 mL/g oDM [27]. In Cárdenas A. et al. 

(2021), the specific methane yield from cattle manure ranged from 0.084 to 0.203 mL/g oDM during 

summer storage (extensive fermentation for 40 weeks) and up to 0.002 ml/g oDM during winter 

storage (extensive fermentation for 20 weeks) [28]. 

In anaerobic fermentation of cattle manure without inoculum, Wi J. et al. (2023) had a specific 

methane yield of 54.3±1.7 mL/g oDM [29]. 

In relation to 1 kg of manure in natural weight, the methane yield in our experiment was 0.95 and 

0.13 L in the control and experimental variants, respectively, which is much lower than the results 

obtained by Im S. et al. (2020), which ranged from 25 to 43 L/kg of manure [13]. 

In a study by Møller H. B. and Moset V. (2015), the specific methane yield from cattle manure 

during 225 days of fermentation at +35°C ranged from 217 to 348 L/kg oDM, but the mass fractions 

of DM and oDM in the material they tested were higher than in our experiment, ranging from 7.03 to 

14.82 and 80.45 to 85.92 %, respectively [30]. 
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In our experiment, the amount of methane formed in the experimental variant was the smallest - 

16.91% less than in the control (table 2), while the amounts of oxygen and other gases released from it 

exceeded the control by 4.61 and 15.14 % respectively (table 3). Hydrogen sulfide was released almost 

10 times more in the experimental variant than in the control variant, but in all variants the values of 

this indicator are small and do not exceed 0.00053±0.00028 ppm. 

Table 3. Gas formation during anaerobic fermentation of cattle manure, М±m. 

Variant Carbon dioxide Hydrogen sulfide, 

ppm 

Oxygen Other gases 

mL % mL % mL % 

Control (fresh 

manure) 

16.2±0.739 4.86 0.00005±0.00002 35.06±3.38 10.45 221.06±17.19 65.89 

«Zero» 

variant 

(inoculum) 

2.31±0.41 3.40 0.00014±0.00002 6.93±1.22 10.20 51.75±9.09 76.16 

Treated 

(manure after 

storage) 

11.90±4.30 2.02 0.00053±0.00028 88.64±28.93 15.06 477.01±153.72 81.03 

Thus, in our experiment, long-term storage of manure had a negative effect on its energy potential - 

probably a significant part of the nutrients was lost with gas emissions; according to Qu Q. and Zhang 

K. (2021), gas emissions are the main pathways of nutrient loss during storage [31]. The methane 

yield was very low in all the variants studied compared to the results obtained by other researchers - 

the influence of the breeds and diets of the animals from which the material for the studies was 

obtained cannot be excluded [30, 32]. 

The methane content in the biogas in our experiment did not exceed 18.84±0.47% in all variants - 

therefore the biogas obtained is not combustible and these substrates should be used for energy 

purposes in a mixture with more energy-intensive raw materials, including their use as inoculum in the 

processing of substrates rich in nitrogenous compounds. For example, Wi J et al (2023) found that 

anaerobic co-fermentation of pig and cattle manure avoids the inhibition caused by the accumulation 

of ammonia and volatile fatty acids and increases methane yields [29]. 

The highest biogas production in all variants was observed during the first week of the experiment 

(figure 1). The further decrease in the intensity of gas formation in the control variant was smooth, in 

the experimental variant there was some growth of this indicator during the fourth week of the 

experiment. By the end of the fifth week of the experiment, gas formation was practically at a 

standstill in all variants. 

 

Figure 1. Kinetics of biogas production. 

The most intensive methane formation in the control variant was observed during the first week of 

the experiment, then it began to decrease steadily and stopped at the end of the fifth week (figure 2). In 
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the experimental variant, the intensity of methane synthesis had a wave-like character: during the first 

two weeks, the volume of methane formed was approximately the same, at the end of the third week 

the intensity of its formation decreased significantly, during the fourth week it increased again and at 

the end of the experiment methane formation stopped. 

The degree of organic matter decomposition was low in all variants and was 1.08±0.06 % in the 

control variant and 0.40±0.15 % in the experimental variant, which was 0.68 % (or 2.72 times) 

significantly lower than in the control variant (P≥0.95). In the "zero" variant, the degree of organic 

matter decomposition was 0.16±0.03 %. In the works of other authors, this indicator is much higher - 

about 15.10% in Wi J., Lee S. and Ahn H. (2023) when processing manure after 6 months of storage 

and 27% in Tariq M. et al. (2023) who used fresher manure and bacterial inoculum [27, 29]. 

 

Figure 2. Kinetics of methane production. 

4.  Conclusion 

In our experiment it was found that prolonged storage of cattle manure has a negative effect on its 

energy potential. The specific methane yield in the variant with manure stored for 10 months before 

anaerobic fermentation was 1.41±0.55 mL/g oDM, which was 6.23 times lower than in the variant 

with fresh manure; the methane content was 9.66 times lower (1.95±0.34 vs. 18.84±0.47 %). The 

degree of decomposition of its organic matter in the biogas plant was 0.40±0.15 % - 2.72 times lower 

than the same indicator for manure processed without pre-storage. However, the specific biogas yield 

from pre-stored manure is 1.66 times higher, which indicates more intensive formation of other gases - 

oxygen and probably gaseous nitrogen compounds. 

The resulting biogas is non-flammable, and if it is necessary to use such substrates for energy 

purposes, it makes sense to combine them with more energy-intensive raw materials, including their 

use as inoculum in the processing of nitrogen-rich substrates to reduce the inhibitory effect of biogas 

synthesis intermediates formed by the microbial consortium of the biogas plant reactor. 
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