Test of BIO-BLOK® at the biogas plant in Foulum.

2015

Test of filter reactor made from BIOBLOK® at the biogas plant in Foulum.
Henrik Bjarne Møller1, Mogens Møller Hansen1 and Niels Erik Espersen2
1

Aarhus University, Department of Engineering.
EXPO-NET Danmark A/S, Georg Jensens Vej 5, DK-9800 Hjørring

2

Purpose and background
The purpose of the project is to test and document a filter medium’s (BIO-BLOK®) ability to increase
biogas production while also reducing the holding time of domestic animal manure in a biogas reactor.
The Bio-Blok® medium can create an optimal hydraulic liquid flow through the biogas reactor by
pumping the biomass through vertical BIO-BLOK® pipes. This creates large contact surfaces for the
bacteria whilst the bacteria also receives optimal growing conditions on the filter medium itself.
This process increases the number of bacteria in the bioreactor and thereby boosts the ability to degas
the biomass, which will reduce the holding time of the biomass in the reactor significantly, thereby
increasing the gas production capacity in new and existing plants. The BIO-BLOK® medium can
therefore contribute to an improvement in the economy of biogas plants through greater use of
biomass for bioenergy and fertiliser, something which has major environmental benefits.
Expo-Net A/S and their partners have just concluded a practical test at Aarhus University’s Biogas
Research Centre in Foulum with the following objectives:
1. To design, set up and put into operation a small biogas reactor in which it can be documented
that fixed bacterial cultures can be produced on the built-in filter medium.
2. To test and document a reduction in the holding time of the biomass in the biogas reactor.
3. To investigate acceptable/maximum particle size, where filter medium clogging is avoided.
4. To analyse and document the medium’s general usefulness in biogas production.
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Process description
The BIO-BLOK® medium is lowered into the existing and newly constructed reactor tanks of the biogas
plant based on domestic animal manure.
The BIO-BLOK® medium works as a catalyst in connection with fermentation and similar processes, in
the sense that the bio blocks will create an optimal hydraulic liquid flow through the bioreactor by
pumping the biomass through the vertical pipes. This creates optimal large reciprocal contact surfaces
for bacteria, whilst the bacteria also get optimal growing conditions on the rough surface found on the
BIO-BLOK® filter medium. This means that it will be possible to increase the quantity of working
bacteria significantly.
The BIO-BLOK® medium is patented. Fixed filter media are not currently used in traditionally
constructed bioreactors for biogas production from domestic animal manure due to problems
associated with the filter medium clogging.
Process benefits
Fixed BIO-BLOK® media could provide increased gas output per volume of biogas reactor compared
with traditional reactors without fixed media. This system will be able to take advantage of and
produce gas from separated liquid manure, which will arguably allow the creation of favourable
economic opportunities for establishing many on-farm biogas plants that will be capable of producing
the biogas on site so only the gas will need to be transported. This allows for the possibility of
activating the last part of the biomass which would otherwise not be activated. This will provide
environmental benefits for agriculture.
Based on this documentation, it is expected that in the long term Expo-Net will be able to introduce
the BIO-BLOK® medium as an important part of the construction of new biogas reactors such as onfarm biogas plants or the conversion of existing plants, as a combination of traditionally constructed
plants, followed by plants with fixed filter media.
Secondly, via this system there will be excellent opportunities to improve and streamline the operation
of many digestion tanks currently established in many water treatment plants across Denmark.
The system may also improve the economy in connection with the treatment of industrial waste water
with a high organic content, as it is possible to use the gas production here for heating, among other
purposes. In addition, this will mean that the waste water content of COD will be reduced significantly
and this will help reduce the business’ costs associated with treating the factory’s waste water.
The system design is shown below:
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Illustration: System setup

Image of test setup
There is a combined holding time of 4.2 days in the plant of which there is approx. 1.6 days in the
hydrolysis tank. The reactor with the filter blocks was continually pumped through with biomass at a
flow of approx. 29.5 m3/hour and with a surface area of 2.5 m2, this corresponds to a load of 11.5 m/h.
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Results and discussions
During the testing period various biomasses were tested, including cattle manure, degassed cattle
manure and liquid swine manure. Cattle manure and degassed cattle manure had a high dry matter
content (approx. 7.5%) and there was a high content of fibre. The combination of high dry matter
content and fibre has given rise to a range of technical problems necessitating a number of alterations;
during the operational period it was not possible to gather stable data. These problems resulted in the
plant being converted so that the material was only supplied to a reactor with Bio Blok, while the first
reactor was converted to a hydrolysis reactor.
In the final part of the testing period, the plant was exclusively supplied with liquid swine manure and
from 14 July to 15 September 2014 the reactors were run reasonably stably with the following
exceptions:
•

•

The mixer pump at the top of reactor 1 got stuck in fibre and stopped working because of a
thermal fault for the first time in week 29. However, the plant continued to run without this
pump until the Monday in week 33 when the pump was removed, cleaned and placed back in
operation. On Tuesday in week 33, the mixer pump stopped working again and the plant was
at a standstill until Thursday when the plant was once again started without mixer pump 1.
In week 34 the set point temperature in the reactor was not maintained and a software error
was rectified on Wednesday in week 34 after which the temperature reached the set point
again.

In the final testing period with swine manure, 1,500 kg of material was added daily.
The figure below shows the temperature sequence in the Expo-Net reactor:

Temperaturforløb
40
38

Temperatur (oC)

36
34
32
30
28
26
24
22
20
10.7.14

30.7.14

19.8.14

Figure 1: Temperature sequence in the Expo-Net reactor
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The figure shows that there was a drop in the temperature due to a software error. Once the software
error was rectified, the temperature was very stable with variations of 1–2°C.
Biomass and gas production
The average composition of the swine manure that was used in the test is shown in the table below. It
appears that the organic content in the manure was very low.
Table: Composition of manure.

Swine manure
Dry matter (%)
Organic dry matter (%)
Ash (%)
pH
Acetic acid (g/litre)
Propionic acid (g/litre)
Total volatile fatty acids (VFA)
g/litre
Total ammonium (g/l)

1.38 ± 0.13
0.82 ± 0.12
0.56 ± 0.03
6.9
3.35 ± 0.26
1.18 ± 0.08
6.59 ± 0.45
1.5 ± 0.22

The figure illustrates the conversion of VFA. On average 60% of the organic acids were converted,
corresponding to approx. 60% of the dissolved COD being converted, as it was assessed that almost all
dissolved COD was present in VFA form. In the final part of the testing period, the conversion rate was
approx. 75%.

Figure 2: Content of volatile fatty acids (VFA) in inlet and outlet of reactor with Expo-Net.
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The figure shows the gas production. It appears that the gas production in the first 20 days was over 4
m³/tonne, after which there was a gradual fall. The fall in gas production coincided with the problems
with the temperature control, which resulted in temperatures that were too low in both the hydrolysis
and Expo-Net reactors. This meant that the production of VFA began to fall, which in turn resulted in a
fall in the gas production. The results indicate that the vast majority of the gas production is derived
from the conversion of VFA and it is therefore important that a hydrolysis tank is connected which
effectively turns organic matter into VFA.

Figure 1: Gas production in the testing period with swine manure
The gas quality from the reactor was high at 70.2% CH4 on average and the sulphur content was 45
ppm. Concurrently with the Expo-Net test, another test was performed with the same swine manure in
a continuous reactor under thermophilic conditions (53oC) and a holding time of 20 days. In this
reactor, outputs of 2–8 m³/tons were achieved with a methane content of 70.8% and 2,849 ppm of
sulpfur. This suggests that the Expo-Net reactor connected to a hydrolysis tank can produce almost the
same when the temperature in the hydrolysis tank and the Expo-Net reactor is maintained constantly
at a minimum of 32oC with a holding time which is only 20% of a traditional biogas system. Similarly,
this suggests that the gas is produced with a much lower sulphur content compared with a traditional
system.

Conclusion and perspectives
The test showed that fixed bio block media could provide increased gas output per volume of biogas
reactor compared with traditional reactors without fixed media. The conversion of VFA was 60–75%
and it is thought that it could potentially increase further during longer periods of operation and
higher bacterial density in the filter material. The output in four days was in the same order of
magnitude as in a traditional reactor with a holding time of 20 days. The technology could have major
implications for farms that separate manure for the purpose of delivering the solid part to central
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biogas plants. The liquid part could be converted locally in an anaerobic filter reactor to supply gas and
heat to the farm in a plant with low investment and high efficiency. Excellent economic opportunities
will therefore arise to establish many on-farm biogas plants. This allows for the possibility of activating
the last part of the biomass which would otherwise not be activated. This will provide environmental
benefits for agriculture. Only initial research was carried out in the test performed and the process
will be documented further and optimised in years to come at Aarhus University. Among other things,
attempts will be made to use manure with a higher dry matter content and to optimise the hydrolysis.

Appendix: Drawing of reactors
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Appendix: Picture of filter media
____________________________________________________________

8

