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Abstract 

The cultivation of grassland especially in low mountain ranges is facing great difficulties. The 
main reason is the reduction of animal husbandry. However, the botanical diversity and other 
ecological functions of grassland can only be maintained with a regular defoliation and care. 
Hence, new concepts are required, and the energetic use of grassland biomass may be a new 
source of income for farmers. Yet, in common biogas plants, conversion from grassland 
biomass into biogas is difficult because of the high lignin content, and the combustion of hay 
is exceedingly difficult due to the increased ash contents and the resulting emissions. The 
mechanical dehydration of ensiled biomass prior to the anaerobic digestion provides a 
promising alternative. The quality of the biomass is less significant. One important aim of this 
process is the reduction of minerals in the presscake, which will be used as solid fuel. The  
K-content of extensive grassland biomass was reduced with mechanical dehydration at more 
than 50%. The combustion of the biogas covers the heat demand for drying the solid phase to 
a storable fuel. Compared with the original biomass, the quality of the pressed solid fuel is 
significantly improved due to reduced contents of minerals. 
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Introduction 

Climate change and the higher costs and the shortage of fossil fuels are leading to a strong 
increase of the energetic use of biomass. This competes with the utilization of biomass for 
fodder or foodstuff. On the other hand, the cultivation of grassland in low mountain ranges is 
at risk due to the decline in animal husbandry. Those grasslands are often very rich in species, 
which are very important also for faunal biodiversity. But the diversity of grassland can only 
be maintained through a regular defoliation. The energetic use of grassland biomass could be 
a quite interesting perspective, as it would not compete with other crops. For grassland 
biomass two conversion routes are discussed: anaerobic fermentation (biogas production) and 
thermal conversion (combustion of hay). The combustion of hay with its high content of 
minerals is difficult, particularly due to emissions and ash problems. The anaerobic 
fermentation of grassland biomass in common biogas plants is difficult due to high lignin 
contents, which increases the retention time in the reactor. It is the biomass of extensive 
grasslands in particular that often has higher lignin contents, as cutting dates are delayed in 
order to allow herbs to flower. 
Hence, new concepts are required, and biogas production from grassland with an innovative 
technique may be a perspective. The mechanical dehydration of ensiled biomass prior to the 
anaerobic digestion provides a promising alternative, as it quite flexible regarding the quality 
of the biomass. The technique, which has been developed at the University of Kassel 
(Reulein, 2007; Wachendorf et al., 2007) is displayed in Figure 1. After the mechanical 
dehydration of the silage the press cake is available for thermal conversion. The press fluids 
serve as substrate for biogas production with the final products electricity and heat.  
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Figure 1. Principle of the integrated biogas and solid fuel production from agricultural 
biomasses 
 
For direct combustion, the biomass from species-rich grassland (preferably as hay) is not 
suitable due to its high contents of minerals. By mechanical dehydration the biomass is 
significantly upgraded. In addition to a reduced water content the lower ash contents 
represents a substantial improvement, especially for use as solid fuel, due to the prevention of 
corrosion damage evoked by chloride and potassium. The reduction of nitrogen in the press 
solid leads to a lower discharge of nitrogen oxides during combustion. Drying of the press 
cake to a storable and transportable level is attained by using waste heat resulting from 
electrification of biogas resulting from the press fluids. The biogas production with press 
fluid, which mainly contains easily fermentable components, leads to high methane yields 
between 450 and 500 litre CH4 per kg oDM. Organic matter in the fluids from maize and 
grass silage was fermented by 90%. The fermentation of the press liquids takes a maximum of 
4 days (Reulein et al., 2007). Studies on this conditioning process have been performed with 
the objective of describing mass flows of silage constituents into the press cake and press 
fluid (Reulein, 2002). The results suggest that by dehydration with a worm extruder, 25 to 30 
% of the DM contained in the whole silage (maize) is transferred into the press fluids. Thus, 
one-third of the chemically bounded energy in the DM of the silage is transferred into the 
press fluids and two-thirds into the press cake. Furthermore, the easily fermentable 
components of the silage (sugars, proteins, etc.) go in the press fluid, whereas lignin and other 
low-fermentable components remain in the press solid. After pressing, the OM content of the 
press solid is approximately 50%. Of the crude ash (XA) in the silage, 60-70% is transferred 
into the press fluids. The mass flow of nitrogen (N) into the press fluid accounts for 35-50 %. 
In the present paper, data on mass fluxes (OM, N, P, K) into the liquid and solid phase and on 
the quality of the solid fuel produced are presented from experiments with grassland biomass 
from low mountain range.  
 
Materials and methods 

Ensiled biomass from extensive, semi-natural grasslands in low mountain range (Black Forest 
in southern Germany and Rhön in the middle of Germany) served as substrate for the 
experiments. They comprised mostly lignified forages from typical grassland communities 
(e.g. Arrhenatheretum, Trisetetum, Nardetum, different tall-herb communities, etc.) harvested 
at the end of July. The ensiled biomass from 3 replications was mixed and mashed under 
different temperature levels between 5°C and 80°C with water at the rate of 1:5 without any 
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replications. After the mashing, the biomass was mechanically drained with a worm extruder. 
DM-, N-, P- and K- contents were determined in the raw material, in the press solid and in the 
press liquid. The amount of press solid and press liquid was calculated (based on DM) in 
relation to the raw material and mass flows of the different constituents (oDM, N, P, K) in the 
press liquid were determined. 
 
Results and discussion 

N, P, K and oDM fractions found in the press liquid (Figure 2) were obviously affected by the 
conditioning of the silages. The diagram gives average values across all grassland types. An 
increased mass flow into the press liquid could be achieved for all examined constituents by a 
15-minute mashing at increased temperatures, compared with mashing with cold water (5°C). 
Mashing with water of 60°C lead to a mass flow into the press liquid of 84% of K, 72% P, 
38% N and 30% oDM. In the case of N, an increase of the mash temperature up to 80°C 
achieved a further (but small) increase in mass flow. 

 
Figure 2.  Mass flows of N, P, K and oDM into the press liquid of extensive grassland (% of base 
material) as affected by mashing with different temperatures prior to mechanical dehydration 

Figure 3.  N, P and K content in the base material (=original material) (BM) and in the press solid of 
extensive grassland as affected by mashing of the ensiled biomass prior to mechanical dehydration 

Figure 3 compares N, P and K content of original materials (BM) and press solids after 
different conditioning procedures. It appears that a short cold mashing at 5°C induced a 
reduction in the press-solid mainly for K, which could be further enhanced by a 15-minute 
mashing at 60°C. Mashing at 80°C caused no further reductions. 
The integrated biogas and solid fuel production provides interesting aspects for an economical 
and ecological reasonable utilization of grasslands in low mountain ranges and other rural 
areas. Compared to original biomass, the chemistry of the solid fuel can be significantly 
improved by mashing the silage followed by the dehydration with a screw press. 
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