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Biogas Production from Energy Maize
At the Division of Agricultural En-
gineering in the Department of
Sustainable Agricultural Systems of
the University of Natural Resour-
ces and Applied Life Sciences in
Vienna, the goal of biogas research
is to find measures for improving
the efficiency of biogas production.
This project focuses on how biogas
from energy maize can be produced
efficiently and be ecologically sus-
tainable.
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The production of biogas from agricultu-
ral raw materials is becoming more pro-

minent. It is particularly important as a sus-
tainable energy source. 

Arable crops, which are increasingly used
for biogas production, have until now been
predominantly cultivated for human and for
animal nutrition. For biogas production, the
demands on the quality and composition of
the plants are changing. For optimum me-
thane production, genotypes of crops must
be found that deliver a high methane yield
per hectare and are able to be ensiled. At the
same time, mono-crop rotations should be
avoided. A wide range of crops as possible
must be used for the biogas production [1].
Energy maize is most favourable to be inte-
grated in ecologically optimized crop rota-
tion systems.  

Energy maize for biogas production

For biogas production from energy crops,
maize as a raw material has the greatest im-
portance. First, maize as a C4-plant posses-
ses the highest yield potential of all domestic
arable crops.  Furthermore, harvest-, conser-
vation-, unloading-, and loading systems for
maize are technically developed and extensi-
vely optimized.  Presently the question being
intensively discussed is how the optimal
energy maize should be characterized for
biogas production. Three functions of maize
as energy maize can be recognized by:
• Energy maize culture is cultivated and used

as the only crop in the vegetation year. 
• Energy maize is cultivated as the main crop

following an initial crop cover e.g. winter
rye.  

• Energy maize is cultivated in combination
with other crops e.g. sunflower. The goal of
the combined cultivation is to improve the
silage through the combined harvest of
both crops, and simultaneously comple-
ment the nutrient inputs, which in turn ge-
nerate higher specific methane yields and
methane hectare yields.  

New breeding goals are targeted for energy
maize. Energy maize should grow as much
biomass over the entire plant as possible and
thereby should reach a high specific me-
thane production capacity. In addition, the
maize plant should reach a dry matter con-
tent of at least 28% at harvest in order to en-
able safe ensiling without secreting silage
effluent. Intensively discussed is by which
breeding methods the mentioned breeding
goals can be reached most effectively. One
strategy pursued, on the basis of proven for-
age maize lines, the development of more
high-performance hybrids [2]. The biomass
and methane yields of maize should in-
crease. The underlying hypothesis is that 
late maturing energy maize varieties enter
later into the generative phase than conven-
tional forage feed maize varieties. Thereby,
the plants have more time for the develop-
ment of vegetative leaf biomass and less 
time for starch development in the cob. 

The conventional breeding strategy, on the
other hand, suggests that for climatic reasons
the maturity spectrum of forage maize alrea-
dy is widely utilized [3]. The use of mar-
ginally late maturing varieties appears possi-
ble. Next to high biomass yields, one aims to
fulfill the range of ingredients necessary for
methane fermentation. By breeding methods
the components presently available in mini-
mum amounts, including proteins and fats,
are being increased and thereby improve gas
production. For cultivation, maize varieties
that mature marginally later than the custo-
mary varieties cultivated for feed should be
planted.  Very late maturing varieties would
increase the cultivation risk without bringing
significant advantages in methane yield.  

Methane yield from the fermentation of
energy maize

The specific methane production of the ener-
gy maize samples, preserved as silage, was
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Content Regression Significance
Coefficient 

Crude protein (XP) 15.27 0.000
Crude fat (XL) 28.38 0.001
Crude fibre (XF) 4.54 0.000
N-free 1.12 0.008
extract (XX)

Quality parameter of the total equation:
R2 = 0.968; F-value = 1583.027; 
Durbin-Watson-value = 1.176; 
Level of significance = 0.000; n = 95

Table 1: Parameters of regression function to
calculate the methane energy value of forage
maize silage with the crude nutrients
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measured in the laboratory with Eudiometer
instrumentation under controlled conditions.
The methodology followed the DIN-stan-
dard 38414 [4] and included three repetiti-
ons. The methane concentration in the biogas
was measured every 2 to 3 days with a NDIR
analyzer.  

Our experimental results indicate the yield
superiority of the medium-late maturing va-
rieties compared to the very late maturing
maize varieties.  

The question of optimal harvest date of
energy maize is important. The varieties
should reach their maximum methane hecta-
re yield, when they can be optimally ensiled,
which is with a DM content of approximate-
ly 30 % in the whole crop.

Methane energy value model for maize

With the methane energy value model, the
specific methane capacity of the individual
crude nutrients of maize silage in biogas pro-
duction is determined. An energetic estima-
tion is achieved regarding the methane yield
potential of the energy maize silage [5]. The
represented equation is the current form to
date, calculated from 95 data records (Table
1) of maize silage energy content, crude nu-
trients, and specific methane yield. The
equation for the calculation of the methane
energy value (MEV) of energy maize fol-
lows a multiple and linear regression model
in the general form: 

MEV (Nl CH4/kg VS) =
x1 • Crude protein (XP) (Content in % of

DM) +
x2 • Crude fat (XL) +
x3 • Crude fibre (XF) +
x4 • N-free extract (XX)

The methane energy values are reported in
Nl CH4/kg VS. Table 1 shows the regression
coefficients of the function for the practical
calculation of the methane energy value with
the determined level of significance for the
regression coefficients. The regression coef-
ficients identify the contribution of each 
crude nutrient to the methane production
from maize silage.  

The specific model with its regression co-
efficients is now used to calculate the speci-
fic methane production capacity of forage
maize silage based on crude nutrients, which
are tabulated in the DLG ruminant feed va-
lue tables [6]. Figure 1 shows the calculated
specific methane yield of different maize si-
lage, dependent on the dry matter content
and the contained crude nutrients.  

The calculation result shows that the spe-
cific methane production of “unripe” maize
silage (dry matter content less than 20 %) is
higher than that of “silage-ripe” maize silage
(30 – 33% dry matter content). With increas-
ing maturity of the crop, specific methane
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production decreases. With increasing dry
matter content (DM > 22%) methane pro-
duction levels stays at approximately 370
Nl/kg of VS. With maturity of the whole crop
(DM > 35%) the specific methane yield
clearly declines. A dry matter content of
30% is optimal to ensile maize. The specific
methane yield has an optimum between 30
and 35 % DM. For methane production evi-
dently maize silage from the vegetation 
stage “beginning of ear development” has a
more favorable proportion of ingredients;
crude protein, crude fat, crude fiber (cellu-
lose, hemicellulose, lignin), as well as starch
and sugar; than maize silage from plants in
the “end maturity” vegetation stage where
plants have > 55% of their ears and a dry
matter content > 38%.  The nutrient compo-
sition of ensilaged maize in the range of 31
to 34 % DM is most favourable for methane
formation. A harvest below 25 % DM of the
whole plant is not desirable, because maize
silage effluent is formed and tends to smell,
and in most cases the biomass production
could still increase.  

Conclusions and outlook

As our experiences with energy maize culti-
vation show, breeding strategies for specia-
lized energy maize, based on marginally late
maturing forage maize varieties, have been
relatively successful. Up until now, conven-
tional varieties with accelerated rate of ma-
turation showed the highest methane hectare
yields with simultaneously good ensiling
potential of the biomass and high yield relia-
bility. Further research must clarify the roll
of the input materials of silage from the 
whole crop; above all, the roll of crude fibre
and starch on the specific methane produc-
tion capacity. Energy maize can best be used
for biogas production, if it is optimally inte-
grated in sustainable, locally adapted, di-
verse crop rotation systems. The productive
capacity (methane hectare yield) of new
“energy maize hybrids” must be examined at
different locations over several vegetation
periods.  
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