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Agriculture and Environment

Theoretical model of biogas production from cattle slurry with different additive of maize 
silage

K. Peychev*, R. Georgiev

Department of Agricultural Engineering, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. A theoretical analysis of the impact of maize silage (in milky wax maturity) added as a co-ferment in slurry biomass for biogas production was 
conducted. Several alternative cattle slurry to maize silage ratios were studied. Regression equations were derived to determine how biogas production and 
potential energy rating (for cogeneration modules) vary in biomass with different relative content of maize silage. The addition of maize silage in the form of co-
ferments in the slurry biomass has a positive impact on the biogas production and its relevant energy parameters (total structural heat and electric power). The 
methodology can be used in the practice to estimate the energy potential of slurry biomass in combination with a certain amount of maize silage The findings of 
the analysis are of purely practical nature for good practices in biogas production in Bulgaria.

Keywords: biogas, cogeneration, maize silage, cattle slurry

Abbreviations: BM – biomass, DM – dry matter 
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Introduction
3m  was used for the theoretical analysis. Net volume was assumed 

as 80% of the gross volume, i.e.:

Biogas production has a history of nearly 150 years 
3, m (1)(PROAERE, 2006). The technological concept of the first biogas 

plants was mainly aimed at the utilization of waste organic materials 
3where V  is net volume of an exemplary fermenter, V  = 400  mconcentrated in the vicinity of Asian, European and American m m

metropolises. Today, the philosophy of biogas production is entirely The technological duration of fermentation using mesophilic 
oriented and subjected to the technological "doctrine" for generation digestion was set at Т=30 days (Dan, 2000).f

of clean energy by anaerobic digestion of organic substrates. Biogas The required average daily quantity of biomass (ВМ) was 
energy generation in the European Union member states is calculated from the equation:
promoted by Directive 2009/28 EC of 23 April 2009. Within the 

3general economic spectrum the agricultural sector is the most , m (2)
appropriate segment for development of the biogas technologies 
because of the enormous amount of waste and target produced The mass density of the fresh slurry was assumed to be 

3organic matter (Gyurov et al., 2009). In this sense, animal farms are ρ=1,150 kg/m  (Dinev et al., 2009), and this of maize silage (free t
3understandably natural sites for the design of biogas plants with heat delivered silage trench) – ρ = 800 kg/m  (Kirov and Todorov, 1976). s

or cogeneration energy conversion of organic substrates (Georgiev As during mechanized removal and transportation of silage from 
et al., 2008). Good practices for biogas production in the European trench to fermenter its extent of compaction is reduced, a coefficient 
Union, and mostly in Germany, show that only energy generation for reduction of mass density was applied, k = 0.6. Thus, the 
from manure is of comparatively low efficiency (Keinhold, 2009). estimated value of the relative mass density of maize silage would 
According to an analysis of leading experts in the field, the addition of be ρ  = 480 kg/m3. Calculations were made applying biomass dry s
maize silage in the biomass of fresh manure is mandatory (Eder et matter content (SM) in the range of 12 to 21% (PROAERE, 2006). 
al., 2009; Grimmet et al., 2009). Furthermore, quality of the added Estimated value of the slurry dry matter of the (st ) was 12%, and of tsilage positively affects the amount and concentration of the 

maize silage (st ) 30% (PROAERE, 2006). Calculations are made on smethane biogas produced (Herrmann et al., 2009).
the basis of 8 variants of biomass, which relies on the relative The objective of this study is to develop a theoretical model to 
content of corn silage from 0 to 7%. The step of iteration is 10%.predict biogas production at different ratios of maize silage and cattle 
The relative content of biomass dry matter at different proportions of slurry filled as biomass in anaerobic fermenters.
co-ferments (slurry / maize silage) is calculated from the equation:

Material and methods

.100, % (3)
An exemplary anaerobic fermenter of gross volume – V =500 b

* e-mail: kvp_sz@abv.bg
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where SM is relative content of biomass dry matter, %; δ  is relative t Results and discussion
share of slurry mass in average daily quantity of biomass (ВМ), % 
(preset as a condition); δ  is relative share of maize silage in average s Results from the theoretical analysis are shown in Table 1. They 
daily quantity of biomass (ВМ), % (preset as a condition) prescribe the dependence of biogas production and its relevant 

The specific potential of biogas slurry was assumed to be q=35 t energy parameters as a function of the content of the corn silage in 
3 3m /t, while that of maize silage q =201,5 m /t (PROAERE, 2006). The s total biomass volume. In the first column are shown the preset 

average daily production of biogas, Qbg, was calculated from the values for the relative content of maize silage ( ) in percentage of 
equation: the total quantity of biomass (BM) 24 hrs a day. Eight alternatives 

(including without use of maize silage) in increments from 10% to the 
maximum relative content  = 70% were studied. The figures in 
column 2 of Table 1 describe the change in the relative content of the 
biomass dry matter (SM) depending on the proportion of maize The energy potential of biogas production is described by the 
silage (equation 3). The analysis is "closed" at level = 70% as in a expected gross energy 24 hrs a day, Е , kWh/d:b

higher percentage the biomass dry matter exceeds 22%. And this is 
in contradiction with the technological concept of the "liquid method" , kWh/d (5)
of anaerobic methane fermentation (Target, 2006).

3 The figures in column 3 describe the expected biogas where е is mean energy rating of biogas, kW/m , е ≈ 6 kWh (Stanev, 
production for 24 hrs a day (equation 4) in biomass with different 

2003 ); μ is coefficient applied to allow for the relatively low 
relative content of maize silage. It is obvious that with the increase of 

concentration of methane (CH4) in biogas from plant substrates, μ ≈ 
the proportion of maize silage, the potential yield of biogas is 

0.96 (PROAERE, 2006).
increased. In terms of quantity, each increase of  by 10% reflected 

Predictive values of cogeneration and electric power from 
on the increase of the daily production of biogas (Q ) by 12% on bgbiogas energy are calculated from:
average. The profile of the established relation is described by the P  = Еb/24, kW (6)к
graph in Figure 1. The correlation coefficient between the argument  

Р  = Рк.γ, kW (7)е and the function (Q ) is very high and positive r = 0.984 at a bgwhere Р is predictive value  of the amount of generated heat and k 
confidence level of P ≤ 0.01. Correlation relation is of the same order electric power ( cogeneration rating), kW; Р – predictive value of е 

generated electric power, kW (kilowatt electric power); γ – average 
coefficient of efficiency of the cogeneration module (internal 
combustion engine and generator), γ ≈ 0.3 (PROAERE, 2006).

Dependence of biogas production and its energy rating 
characteristics on the concentration of maize silage in the biomass 
was determined by correlation analysis and calculation of the 
correlation relation η – according to the standard statistical 
algorithms (Merkurieva, 1970). The nature of the established 
relationships was determined from the equation:

(8)

where L is criterion for linearity (Merkurieva, 1970), r is coefficient of 
correlation, η is correlation ratio.

Regression equations were derived applying the method of the 
least squares to describe the change in biogas production and its 
corresponding energy rating characteristics in biomass with different 
relative content of maize silage.

3, m (4)

 
d

ds

s
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Table 1. Energy rating characteristics of slurry biomass with various relative content of maize silage

Relative content of
maize silage in the
biomass, %

0

10

20

30

40

50

60

70

12

12.8

13.7

14.73

15.92

17.3

18.93

20.88

535.33

610.43

685.54

760.64

835.63

910.85

985.96

1061.06

3212

3632

4051

4471

4890

5311

5731

6150

133.8

151.3

168.81

186.3

203.76

221.28

238.77

256.26

40.2

45.4

50.64

55.9

61.13

66.38

71.63

76.88

Biomass dry matter,
%

Biogas production,
3m /d

Cogeneration power,
kW 

Electric power,
kWе 

Gross energy
generation,

kWh/d

Figure 1. Effect of relative content of maize silage
on biomass dry matter
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η = 0.991. The value of the linearity criterion is L = 0.014 (equation 6). Еb = 3214 + 41.92. ; kWh/d (10)
This is nearly 14 times less than the maximum value L ≤ 0.2 below Рк = 133.79 + 1.75. ; kW (11)
which the relations found are of verified "linear" nature. Regression 

Ре = 40.8 + 0.524. ; kWе (12)
equations were derived applying the method of the least squares to 

The results in column 6 of the Table, as well as the meaning of describe the expected change in biogas production 24 hrs a day at 
equation (10), contain a contextual logic. When electricity different relative content of maize silage in the biomass:

3 generation is a process priority in designing a biogas plant, maize Q  = 535.6 + 7.51 , m /d (9)bg silage acquires the importance of a "mandatory" co-ferment. For 
The figures in columns 4, 5 and 6 of Table 1 describe the 

comparison, the relative difference in the electric power achievable 
expected energy rating characteristics of biogas production 

from cattle slurry biomass and from such containing 70% maize 
calculated from equations (5), (6) and (7). There is a trend of 

silage (row 1 and row 8 of column 6) exceeds 90%. Under project 
increase for the three indicators – gross energy generation Е , b requirements where utilization of slurry is of paramount importance, 
cogeneration Р  and expected electric power Р  with the increase of к е equation (10) can be used as a marker for predicting the energy yield 
the relative contents of maize silage ( ) in the volume of biomass at different proportions of maize silage in the biomass.
(BM) 24 hrs a day. The data fully correspond to the results of 
research from Eder et al (2009), Keinhold (2009) and Georgiev et al. 
(2008).

ConclusionGraphical profiles of the relations found are shown in Figures 2, 
3 and 4, respectively. The values of correlation coefficients and 

Relative content of maize silage in cattle slurry biomass results correlation relations are in the order of 0.95 and 0.99 at a confidence 
has a reliable and positive effect on the potential yield of biogas. level of P ≤ 0.01. Values of the indicator L for the three functions are 
Increased content of maize silage in cattle slurry biomass results in in the range of 0.010 – 0.014, which verifies the linear nature of the 
reliable growth of predicted energy generation and expected relations found.
cogeneration and electric power. Relations found are of proven The derived regression equations of energy rating 
linear nature which allows the use of the derived regression characteristics of biogas production upon change in the maize silage 
equations as prognostic markers in the technological design of content in the biomass are as follows:
biogas plants for power cogeneration.

ds

ds

ds

ds

ds

Figure 2. Effect of relative content of maize silage
in the biomass on biogas production 24 hrs a day
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