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Quality from corn for biogas  
production – calculation of  
specific methane yields
To develop a model for the prediction of specific methane yields of corn 258 corn samples 
were taken and analysed for their raw nutrients and their specific methane yields. An exponen-
tial model for the prediction of the methane yield of corn has been developed. The model was 
able to explain 50 % of the variance in the methane yields of corn samples. The model delivers 
a new approach for the prediction of the specific methane yield of corn. It differs totally from 
available models using mainly the method of multiple linear regression. However the new mo-
del is also not able to explain the specific methane yield completely.
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n The production of biogas from energy crops in Germany 
has increased steadily during the last 10 years. Due to its high 
biomass yields and the established production system corn 
(Zea mays L.) has an outstanding position within the energy 
crops. Because of the high demand for feedstock chopped corn 
is also traded. The basis for payment is mainly the dry matter 
yield, other criteria, like Quality, are often not considered, not 
least because they are unknown. Therefore the present study 
investigated, if the specific methane yield of corn can be cal-
culated based on the raw nutrients. Several authors investiga-
ted the relation of methane yields with raw nutrients during 
the last years. Amon et al. [1–4] and Kaiser [5] calculate the 
methane yield using a linear regression, while Weißbach [6] 
calculates specific methane yields based on fermentable orga-
nic matter. He substracts raw fibre as not digestable from the 
digestable organic matter and assumes the rest is fermented to 
methane. None of the models can predict the methane yield in 
an absolutely reliable way, Weißbach [6] gets the most reliable 
and feasible results. The current models were evaluated based 
on the available data. Afterwards a new model to calculate spe-
cific methane yields was customized.

Material and methods
To analyse various specific biogas yields different varieties of 
corn were chosen, differing in terms of their ripening group 

(early, middle early, middle late, late, very late). The ripening 
types varied strongly with FAO-numbers from 160 to 500, the 
variety types represented types with dry-down, harmonic and 
stay green behaviour. Table 1 shows a summary of the varieties 
used within the different classes. A total of 76 varieties has 
been used. 

From all varieties samples have been taken at different 
stages of maturity. The samples were chopped and dried. They 
were analysed for their biogas- and methane yields using the 
Hohenheimer biogas yield test (HBT) [7] and for their raw nut-
rients using the guide lines of VDLUFA [8].

Results
The basic population of the data to investigate a reliable model 
should show a maximum distribution. Table 2 shows the vari-
ance of parameters in the used material. The tests for normal 
distribution suggest a good distribution of the data. 

Number of varieties of each type used 

Sortentyp 
Variety type

Reifegruppe/Ripening group

Früh 
Early

Mittelfrüh 
Middle  
early

Mittelspät 
Middle  

late

Spät 
Late

Sehr spät 
Very late

Dry down 
Dry down

4 3 6

Harmonisch 
Harmonical

8 10 12 4 2

Stay-green
Stay-green

1 2 6 1

Table 1
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Model for the prediction of specific methane yield
First step was to evaluate current models based on the collected 
analyses. Since none of the model delivered a satisfying result, 
several linear models have been developed, being also not satis-
fying. Therefore further investigations were done, until a new, 
non-linear correlation between the methane yield and the ratio 
of crude starch and lignin could be figured out (Figure 1).

Calculation of methane yield with this model, using two in-
dependent test sets, resulted in a corelation of 0.515 between 
calculated and measured methane yield. The range amounts 
0.51 to 0.52. As an example the result of the cross validation 
with two data sets is shown in Figure 2.

Discussion
The determined model uses the ratio from crude starch and lig-
nin. The model can be distinguished basicly from other models 
that are mainly determined by linear regression. 

Lignin is a for microorganisms undigestable component. It 
mainly influences the digestibility of material containing ligno-
cellulose [9]. This component is set to the ratio to a fermentable 
and in a high concentrated component. Afterwards a non linear 
asymptotic function is fitted to this ratio.

For the given function the maximum methane yields goes 
asymptotic to 0.38 Nm³/kg oDM. The minimum in this model 
amounts 0.32 Nm³/kg oDM. This means, the methane yield can 

Comparison of observed methane yields with calculated methane 
yields for two sample-sets

Fig. 2

Relationship between ratio XS : ADL and the observed methane yields

Fig. 1

Variation of data  used for modelling methane yields

Minimum
Minimum

1. Quantil
1st Quantile

Median
Median

Mittelwert
Mean

3. Quantil
3rd Quantile

Maximum
Maximum

XA 2,82 3,34 3,55 3,72 4,00 6,08

XS 15,99 30,44 33,87 33,71 37,67 43,70

Elos/Esom 55,05 67,89 70,53 70,38 73,24 78,63

XF 14,49 17,57 18,60 18,86 20,46 27,08

XP 5,40 6,21 6,63 6,91 7,29 9,94

XL 1,31 2,98 3,38 3,24 3,79 4,86

XZ 1,68 4,61 5,32 5,39 6,40 9,85

ADL 0,78 1,45 1,76 1,82 2,21 3,53

NDF 36,09 42,00 43,62 43,92 45,61 54,58

ADF 17,19 21,11 22,36 22,56 24,17 31,24

IVDOM 70,30 74,51 76,15 76,18 78,00 81,58

Methanertrag
Methane yield

0,30 0,34 0,35 0,35 0,35 0,38

XA = Rohasche/crude ash, XS = Rohstärke/crude starch, Elos = Enzymlösliche organische Substanz/Enzyme soluable organic matter,  
XF = Rohfaser/crude fibre, XP = Rohprotein/crude protein, XL = Rohfett/Ether extraxt, XZ = Rohzucker/crude sugar,  
ADL = Säure-Detergenzien-Lignin/acid detergent lignin, NDF = Neutral-Detergenzien-Faser/neutral detergent fibre,  
ADF = Säure-Detergenzien-Faser/acid detergent fibre, IVDOM = In-vitro-Verdaulichkeit der organischen Substanz/In-vitro digestibility of organic matter

Table 2



356

5.2012 | landtechnik

EnErgy production

Literature
[1] Amon, T.; Kryvoruchko, V.; Amon, B. et al. (2003): Optimierung der Bio-

gaserzeugung aus den Energiepflanzen Mais und Kleegras. Final Report 
77. July 2003. Bundesministerium für Land- und Forstwirtschaft, Umwelt- 
und Wasserwirtschaft (Ed.). Research Project No. 1249. http://www.nas.
boku.ac.at/4536.html, Zugriff am 19.07.2012

[2] Amon, T.; Amon, B. ; Kryvoruchko, V. et al. (2007): Methane production 
through anaerobic digestion of various energy crops grown in sustainable 
crop rotations. Bioresource Technology 98 (17), pp. 3204-3212

[3] Amon, T.; Amon, B.; Zollitsch, W. et al. (2007). Biogas production from 
maize and dairy cattle manure – influence of biomass composition on the 
methane yield. Agriculture, Ecosystems and Environment 118 (1-4), pp. 
173-182

[4] Amon, T.; Kryvoruchko, V. ,Machmüller, A. et al. (2006): Optimierung der 
Methanausbeute aus Zuckerrüben, Silomais, Körnermais, Sonnenblumen, 
Ackerfutter, Getreide, Wirtschaftsdünger und Rohglyzerin unter den 
Standortbedingungen der Steiermark. Zwischenbericht zum Forschungs-
projekt Nr. 1421, BMLFUW, GZ LE.1.3.2/0050-II/1/2005, FA13B-80.26-
1/04-G2

[5] Kaiser, F. L. (2007): Einfluss der stofflichen Zusammensetzung auf die Ver-
daulichkeit nachwachsender Rohstoffe beim anaeroben Abbau in Biogas-
reaktoren. Dissertation. TU München, Lehrstuhl für Agrarsystemtechnik

[6] Weißbach, F. (2008): Zur Bewertung des Gasbildungspotenzials von 
nachwachsenden Rohstoffen. Landtechnik, 63(6), S. 356-358

[7] VDI-Richtlinie VDI 4630 (2006): Vergärung organischer Stoffe. Substrat-
charakterisierung, Probenahme, Stoffdatenerhebung, Gärversuche

[8] Naumann, C.; Bassler, R. (Hrsg.) (1997) Band 3: Die chemische Unter-
suchung von Futtermitteln. In: Handbuch der landwirtschaftlichen 
Versuchs- und Untersuchungsmethodik: (Methodenbuch) / im Auftrag d. 
Verbandes Dt. Landwirtschaftlicher Untersuchungs- u. Forschungsanstal-
ten. 3. Aufl. - Darmstadt : VDLUFA-Verlag, Darmstadt

[9] Gunaseelan, V. N. (2007): Regression models of ultimate methane yields 
of fruits and vegetable solid wastes, sorghum and napiergrass on chemi-
cal composition. Bioresource Technology 98 (6), pp. 1270–1277

[10] Amon, Th.; Kryvoruchko, V.; Amon, B. et al. (2003): Biogaserzeugung aus 
Mais – Einfluss der Inhaltsstoffe auf das spezifische Methanbildungsver-
mögen von früh- bis spätreifen Maissorten. Bericht über die 54. Tagung 
der Vereinigung der Pflanzenzüchter und Saatgutkaufleute Österreichs, 
BAL Gumpenstein, 25.-27. November 2003

[11] Amon, T. et al. (2006): Optimierung der Methanerzeugung aus Energiep-
flanzen mit dem Methanenergiewertsystem. Berichte aus Energie- und 
Umweltforschung 80/2006. Eigentümer, Herausgeber und Medienin-
haber: Bundesministerium für Verkehr, Innovation und Technologie,  
Radetzkystraße 2, 1030 Wien

[12] Amon, T.; Kryvoruchko, V., Amon, B. et al. (2002): Methanbildungsver-
mögen von Mais, Einfluss der Sorte, der Konservierung und des Ern-
tezeitpunktes. Endbericht Oktober 2002, im Auftrag von Pioneer Saaten 
Ges.m.b.H. Parndorf, Austria

[13] Kaiser, F.; Gronauer, A. (2007): Methanproduktivität von Nachwachsen-
den Rohstoffen in Biogasanlagen. LfL-Information Juli / 2007. Bayerische 
Landesanstalt für Landwirtschaft (LfL) 

[14] Braun, J.; Brudel, H.; Hanff, H. et al. (2001): Datensammlung für die 
Betriebsplanung und die betriebswirtschaftliche Bewertung landwirts-
chaftlicher Produktionsverfahren im Land Brandenburg: Ackerbau, 
Grünlandwirtschaft, Tierproduktion, Binnenfischerei. Landesanstalt für 
Landwirtschaft des Landes Brandenburg, p. 134

[15] Heiermann, H.; Schelle, H.; Plöchl, M. (2002): Biogaspotenziale pflanz-
licher Kosubstrate. In: Tagungsband: Biogas und Energielandwirtschaft 
– Potenzial, Nutzung, Grünes Gras TM, Ökologie und Ökonomie. 18.-19. 
November 2002, Potsdam. (eds. M. Heiermann & M. Plöchl), Bornimer 
Agrartechnische Berichte Vol. 32, ATB, Potsdam-Bornim

theoretically take values between 0.32 and 0.38 Nm³/kg oDM. 
This is a considerably difference to other models using linear 
regression. If for them no scope is given, theoretically the func-
tion can give any value. 

Also if no starch or lignin is present in a sample, metha-
ne can be produced. This corresponds to the minimum value. 
This value complies mainly with other observations where me-
thane yields of corn can range from 0.25 to 0.40 Nm³/kg oDM 
[10–17]. Not one single component can be responsible for the 
methane production, in fact the components ratio determine 
the methane production potential. 

Darnhofer et al. [18] conclude, that starch has no major in-
fluence on the methane production potential and the quality of 
corn. Although other studies refer the starch a strong influence 
on methane yields. Experiments digesting single components 
of the whole crop observed the highest methane yields for the 
corn cob, while the methane yield of the other parts was clearly 
beneath the methane yield of the cob [19]. Studies from Eder 
et al. [20] could confirm these results. But the authors come on 
experiments on corn whole crops to the conclusion, that ear 
accentuated types with a high starch content have no signifi-
cant higher methane yield. They conclude that variety has no 
strong influence on methane yields [20]. Although they point 
out results of Heiermann and Plöchl [21], Hertwig and Heier-
mann [22] and Linke et al. [23] where a positive influence of 
starch content on methane yield can be observed even though 
the starch content could not explain the methane yields itself. 
Linke et al. [23] explain these results with the higher fat con-
tent and the higher content of fermentable carbohydrates in the 
cob. The high lignin content of the rest plant is also supposed 
being the reason for the reduced methane yield.

Conclusion
Generally multiple linear models seem to be no adequate instru-
ment to explain the complex process of biogas production. The 
current model seems to be a new approach to calculate specific 
methane yield. Here the methane yield is determined by the ra-
tio of easy and hard fermentable components, using a non-line-
ar function. It can explain 50 % of the variance in the methane 
yields. The model could be developed further regarding more 
data. Also the influence of other factors, like microorganisms 
should be more attended to. Without concerning these factors a 
reliable prediction of specific methane yields will remain difficult.

Coefficients of the model Methane ~ XS/ADL according to the function y = a – becx

Schätzwert/Estimate Standardfehler/SE t-Wert/t-value Pr (> |t|)

a 0.36459 0.00706 51.643 2e-16 ***

b 0.04001 0.00554 7.221 7.09e-11 ***

c -0.05348 0.02595 -2.061 0.0417 *

Signif. codes: 0 = ***, 0.01 = *  
Standardfehler der Residuen/RSE: 0,0084 

Table 3
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