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Biogas Tests Performed 
in Various Digester Types
Fig. 1: Investigated types of digesters
Gas yields from various substrates
cited in literature differ extremely
and are difficult to compare, due to
diverse testing-conditions. Many
gas yield results were obtained
from tests performed in laboratory
scale digesters. How and to what
extent these values can be transfer-
red to larger scale digesters is 
largely unknown. First results indi-
cate a certain loss in biogas-yields
when comparing the results of
batch-experiments with conti-
nuously operated systems, or com-
paring smaller sized digester-types
with larger ones.
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Within the amendment of the statute for
renewable energies 2004 (Erneuerba-

re Energien Gesetz; EEG), further upgraded
proceeds for energy were determined especi-
ally for agricultural biogas-plants using re-
newable primary resources only. Therefore
new potentials for agricultural biogas tech-
nology can be expected. Engineering and
economic efficiency calculations of the
plants however, are often based on gas yield-
experiments that are accomplished under
significantly varying test conditions. (fer-
menter-design, temperature, batch-/ dis-
charge operation, characteristics of the sub-
strate). Hence  differing data about gas yields
are stated in literature (approximately for
cow-manure: 100 - 150 l CH4 • (kg  VS)-1 [1]
up to 200 - 260 Ln CH4 • (kg VS)-1 [2]). As a
result, the economic efficiency calculation
for the dimensions of the plant is always
marked with uncertainties. 

Direct transfer of laboratory results of
batch tests under optimised , well managea-
ble conditions to continuously charged an-
aerobic reactors seem to be questionable and
result in further uncertainties. So different
types of digesters were applied parallel with
the same substrate, in order to investigate the
fermenting process regarding gas-yield, gas-
quality and chemical parameters. 

Material and methods

Table 1 and figure 1 show the types of diges-
ters examined. According to their size they
correspond with the widespread data  in lite-
rature, which, however are imprecise regard-
ing the categories „small laboratory scale“,
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Table 1: Investi-
gated digesters

Type of digester picture number volume operation mode
Small laboratory scale A 5 2 L Batch
Large laboratory scale B 3 36 L Batch
Large laboratory scale B 6 36 L Continuous flow
Pilot scale C 1 3500 L Continuous flow
Pilot scale C 1 3500 L Batch, continuous flow
Full scale D 1 900 m3 Continuous flow
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„large laboratory scale“, „pilot-scale“ and
„full scale digester“. 

Gas-yields were measured with MilliGas-
counters® (2L- and 36L-digester), cylinder-
gascounter (3500L-digester) and a V-Conus-
gasflowcounter (900m3-digester) and recor-
ded hourly. Gas analysis  (CH4, CO2, O2, H2,
H2S) was accomplished at all digesters with
gas analysing systems of the company Awi-
te. The analysis of the biogas composition
was accomplished at the gasflow (3500L-
and 900m3-digester) or in case of the smal-
ler digesters out of 4L buffer reservoirs.
Input and output quantity were measured
through manual weighing or by level measu-
ring in the collection tank of the full scale di-
gester and submitted to chemical analysis.
In order to allocate a steady microbial start-
ing point for substrate tests, a standardised
microbial population was sustained through
consistent feeding in a 3500L-fermenter.
Further specifications to this topic as well as
to the applied methodology and sampling
can be found under [3]. 

The anaerobic reactors were run within the
given experimental period at a temperature
of 39 °C. They were charged with the sub-
strate-mixture (digest, fat, maize ) of the
full-scale-plant in corresponding fractions
rated to the filling volume of the digester.
The data were collected in a relational data-
base and therefore they can be temporally
linked on an hourly basis and be compared.
Though a comparison of principally diffe-
rent types of digesters was accomplished, the
linkup of the data under norm-conditions is
mandatory for a standardised representation. 

Results

If substrates of a full scale digester are fer-
mented in a 36L-digester as batch-test, it
submits to a typical methane-formation
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graph (fig. 2), which converts in sum to a gas
yield of 400 LnCH4 • (kg VS)-1 within a peri-
od of 30 days. The immense drop of gas for-
mation after the 5th day is remarkable, as no
further substrate is fed  to the digester. As
however, hardly degradable herbal structural
substances are in the substrate, methane for-
mation can be observed beyond the 30th day.
The contrast can be seen in the semi-conti-
nuous operation with the same type of anae-
robic reactor (fig. 3).The gas production in-
creases through daily feeding in order to
decrease until the next feeding. The allocati-
on of the produced gas is more complicated
in this case than in batch operation, since  the
origin of the present gas production can not
be assigned exactly to the preceding feed-
ings. As a result, statements about the aver-
age gas production make sense only after a
period of about 30 days; in this case it evens
out at 330 LnCH4 • (kg VS)-1 and therefore is
significantly lower than in batch operation.
If the same substrate is given into the 3500L-
digester with daily charging, it results in an
average gas-yield, which evens out  around
290 LnCH4 • (kg VS)-1. A comparison of dif-
ferent types of anaerobic reactors is only sui-
table through measuring the O2-concentrati-
on (Table 2) in the biogas, as the injected air
in the full-scale-plant for biological desul-
phurisation dilutes the gas correlatively. La-
boratory digesters should therefore be analy-
sed on oxygen, too. A comparison of the gas
qualities shows decreasing methane concen-
trations with increasing size of the anaerobic
reactor. 

Conclusions and outlook

For the transition of fermentation tests from
batch- to continuous flow operation, pre-
vious results indicate lower gas yields in the
scale of more than 15%. Reasons can be out-
rinsing of not completely fermented materi-
als as well as a permanent production of
acids, which has inhibitory effects on the po-
pulation of methanogenic microorganisms.
These interferences do not show effects in
batch tests. Apart from this,  acetate out of
fresh substrate is barely available at the end
of the process of the batch test. Ways of me-
tabolism via CO2 and H2, originating from
slowly degradable materials, are used more
intensively. This can be seen in increased
contents of methane in the biogas towards
the end of the test. Differences concerning
the digester-type in semi-continuous opera-
tion might be caused by the process-realisa-
tion (e.g. the exact weighed complete dose in
the laboratory digester is faced with the
pump-charged heterogeneous inflow into pi-
lot scale digesters). So far, unpublished re-
sults of accompanying microbiological ana-
lyses show increasing methanogenic activi-
ties with smaller digesters. 

Within the scope of further substrate tests
with characteristic input-materials (forage
maize -silage, grass-silage and fat), the pre-
vious results have to be validated in the dif-
ferent types of fermenter in continuous flow
as well as in batch operation. Furthermore,
resulting data-material will be used on basis
of existing models of sewage-technology [5,
6] for process-modelling and -simulation. 
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Fig. 2: Specific biogas flow and cumulative biogas production during
anaerobic digestion of full scale substrate (36 L-digester, batch operation)
Fig. 3: Gas flow and average specific gas production during anaerobic
digestion of full scale substrate (36 L-digester, daily feeding)
Digester CH4 CO2 O2 H2S H2

[%] [%] [%] [ppm] [ppm]
36 L 59,4 37,8 0,0 475 80
3500 L 56,3 37,2 0,2 269 78
900 m3 52,9 35,9 0,5 181 60

Table 2: Mean composi-
tion of the raw biogas
from the different types
of digesters fed daily
with full-scale-substrate
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