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ABSTRACT The Waste Framework Directive requires the Member States to respond 
appropriately to promote the separately collected bio-waste for fermentation and 
composting. In Germany, the separately collected bio-waste is usually used for energy 
purposes in fermentation plants, and then for materials reuse in composting plant. At the 
same time, the capacities of fermentation tank in existing sewage treatment plants (STP) 
are not fully used. The separate energetic utilization of the liquid and solid components 
of bio-waste represents an innovative concept to use bio-waste economically with the 
existing capacities in fermentation tank in STP.  

By pressing, the easily degradable organic constituents are concentrated in the press 
water from the bio-waste, which is ideally suited to use as a co-substrate with sewage 
sludge in the fermentation tank of STP for demand-oriented biogas production. Due to 
the significantly higher energy content and the rapid degradation kinetics compared to 
sewage sludge, relatively high performance gradients could achieve in biogas production. 
Through a targeted co-fermentation of press water, it can significantly increase the biogas 
production to cover its own energy requirements of the STP. Additionally, a demand-
oriented flexible biogas production to adapt of the varying power requirements of the 
STP and to the power grid is possible. The hard-to-decompose solid components of the 
pressed organic waste, being had been separated, can be treated more efficiently in 
existing composting plants. During the trial run, the general conditions of the process and 
the technical- and economic assessment are analyzed and validated.  
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INTRODUCTION  
 
The high-quality energetic utilization of biomass, in particular of biogenic residues for the 
efficient production of bioenergy, plays an important role in achieving the European and 
national energy and climate policy objectives. In less than ten years, the share of 
renewable energies in the provision of electricity is expected to be in the range of 40 to 
45 % and to be further expanded to 55 to 60 % by 2035. The integration of fluctuating 
power generation from wind energy and photovoltaics plays an important role in a 
targeted energy supply with a high share of renewable energies. In addition to a 
sustainable expansion of the use of renewable energies and increased resource efficiency, 
targeted demand-oriented energy recovery from biogenic residues can make an 
important contribution to the system integration of renewable energies and to balance  
fluctuating energy generation. Due to the flexible and adaptable operation of biogas-
fueled CHP units, electricity can be generated when other renewable energy sources are 
not available. Power generation is decentralized to existing plants, supporting the power 
supply and making grid operations more secure.  
 
High investment costs, lengthy permitting processes, and resistance from the public, 
among other factors, pose significant challenges to the rapid expansion of biowaste 
anaerobic digestion plants. Furthermore, existing composting plants cannot always be 
expanded with digestion stages in the context of cascade utilization, as factors such as 
plant size and biowaste quality play a decisive role. Against this background, the 
alternative recycling paths for biowaste to generate energy is increasing.  
 
Liquid emissions from composting plant have been identified as a known problem in 
composting plant. Hereby, process water, condensation water, wastewater from plant 
cleaning were not accurately distinguished from each other in practice due to mostly 
common discharge and collection systems  (Amlinger, et al., 2005). The amount of 
leachate (process water and other wastewater) is between 10-60 L/t waste and the 
amount of condensed water is between 5-300 L/t waste, depending on the process. The 
leachate generally has a high organic load and, in particular, a high ammonium content. 
The COD in the leachate is 20,000-100,000 mg/L, the BOD5 is 10,000-45,000 mg/L and the 
NH4-N content is 50-800 mg/L. Chloride content in leachate can be 1,000-5,000 mg/L. 
(Hupe, et al., 1998) 
 
At the same time, there are more than 1,200 sewage treatment plants (STP) in Germany 
that currently produce digester gas (Blesl, et al., 2010), but only cover about 50% of their 
own energy demand. Due to the specific energy density and limited dewaterability of 
sludge from wastewater treatment, it is not possible to realize the maximum technical 
space load in sludge digestion plants (ABWASSERTECHNISCHE VEREINIGUNG, 1996). Thus, 
co-digestion of sewage sludge with biowaste is a reasonable, efficient and cost-effective 
alternative.  
 
One possibility to comply with the legal framework and still exploit the major part of the 
energy potential of biowaste is the use of the liquid press water produced during pressing 
for preconditioning of biowaste for composting. This is process wastewater that is to be 
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fed into the wastewater treatment system. Due to the high proportion of dissolved, easily 
degradable organic matter and the resulting good accessibility of the nutrients for the 
microorganisms, it is expected that the press water is very well suited to be used as a co-
substrate in the fermentation tank of STP for demand-oriented biogas production. The 
energy produced can either be adapted to the varying electricity demand of the STP or 
fed into the grid for flexible use. This, in turn, saves the need for additional biogas storage 
facilities, which would be necessary for the desired flexible operation of the CHP unit. 
 

STAND VON WISSENSCHAFT UND TECHNIK 
 
Co-digestion of domestic biowaste with sewage sludge has only one practiced case in 
Germany, since STP fermentation tank would have to be additionally approved for this 
according to hygiene law, immission control law and according to waste law, and 
furthermore problems arise due to disturbance and foreign matter input via the 
heterogeneous biowaste (Milkowski, 2009). FRICKE, ET AL. (2012) showed that co-
digestion can be expected to increase electricity production in WWTP operations by more 
than 40%, but at the same time there is a need for research for implementation in practice 
(Fricke, et al., 2012). In Austria, especially in the province of Tyrol, continuous co-digestion 
of biowaste in STP is already widespread and an increasing trend can be observed. Studies 
at the University of Innsbruck showed advantages and disadvantages of different 
treatment technologies for separately collected biowaste and residual waste for co-
digestion in STP (Jank, et al., 2015) (Meirer, et al., 2017). In the project described in JANK, 
ET AL. 2015, the behavior of the interfering materials during the pressing of the biowaste 
was considered. However, the problem of impurities must still be taken into account and 
will not be solved by pressing alone. In the second project from Tyrol (Meirer, et al., 2017), 
co-digestion of pressed residual waste with sewage sludge is considered. The 
characterization and the determination of the biogas potential suggest that the substrate 
is suitable, but this must first be proven by further investigations. 
 
Various studies are available on the co-digestion of organic residues with sewage sludge 
and on individual issues of press water utilization for biogas production. The suitability of 
press water from different substrates for biogas production was demonstrated in the IFBB 
(Integrated Solid Fuel and Biogas Production from Biomass) process and the high 
availability of the extracted organics from the liquid residue was proven (Hensgen, et al., 
2011) (Bühle, et al., 2012) (Corton, et al., 2014). Studies on flexible biogas production 
using press water from agricultural substrates in fixed bed digesters have been conducted 
in the context of the Rebi process (Hahn, et al., 2014) (Hahn, et al., 2015). In own 
preliminary work and in the context of the project Wastewater Treatment Plant of the 
Future – EsiTI, the demand-driven biogas production by co-fermentation of separately 
collected food waste with sewage sludge has already been investigated and 
demonstrated (Maurer, 2014) (Schaum, et al., 2015). 
 
SÄNGER ET AL. (2011) and BRUNSTERMANN ET AL. (2015) have, in addition to the 
methane generation potential from press water, also investigated the effects of solid part 
of bio-waste on composting (Sänger, et al.) (Brunstermann, et al., 2015). The results show 
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that for the composting process, both throughput and capacity increase, as well as the 
overall energy efficiency of the plant. For the press water, large-scale use in a 
continuously mixed digester as well as in a biofilm reactor was investigated. The 
application in the stirred tank fermenter had to be canceled due to sand deposits. The use 
in biofilm reactors gave better results and promises lower investment as well as reduced 
operating costs compared to dry fermentation.  
 
Co-digestion of biowaste press water with sewage sludge with a focus on demand-driven 
energy production and thus the option for joint demand-driven energy recovery has not 
been investigated so far. 
 
MATERIAL AND METHOD 
 

 
Figure 1: Diagram of co-fermentation concept  

 
As showed in Figure 1, in the co-fermentation concept, the pressed liquid components of 
biowaste are to be utilized energetically in the fermentation tank of a STP, and the solid 
pressed components of biowaste are to be utilized materially in a high-quality composting 
plant. Through the pressing, the easily available organic components reach the 
fermentation and through an appropriate feeding of the fermentation tank, it is to be 
examined to what extent a demand-oriented provision of biogas is possible and thus the 
own energy demand of a STP can be covered. By treating the solid organic fractions during 
composting, a consistent high-quality utilization of the organic fractions that are difficult 
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to ferment is to be ensured. The compost produced from composting plant can be used 
as fertilizer in agriculture and horticulture.  
 
Prior to the pressing tests, screening was carried out to determine the mass balance. For 
this purpose, biowaste was screened with an 80 mm sieve, since the 0/80 fraction of the 
waste is used for the production of press water. The pressing test was carried out with 
the screw press, so that the result is liquid press water and the solid residue is the pressed 
biowaste. 
 
A technical challenge to be investigated at the STP is whether the anaerobic sludge in the 
fermentation tank is flushed out by the aqueous solution, i.e. the press water. For this 
reason, among others, tests are necessary to characterize the press water in order to 
determine the maximum hydraulic feed. 
 
Batch investigations with Eudiometer to determine the biogas yield of press water are 
carried out. Press water and digested sludge from the teaching and research sewage plant 
of the University of Stuttgart are used as substrates. These investigations of the substrates 
are carried out in batch tests in the mesophilic range at 35 +/- 2°C with a test duration of 
21 days. The biogas volume and the CO2 and CH4 concentrations are measured and 
documented daily. 
 
The operating logs of the digester of the STP from the last 3 years were also evaluated. 
Based on operational data (substrate amounts and composition) and measured values 
from the laboratory tests, a strategy for demand-based control of the biogas process in 
the digester was developed. To test the strategy on a semi-industrial scale, continuous 
trials were started with a 250L digester for flexible biogas production. These are 
conducted in the mesophilic range (35°C), with a residence time of 21 days. Press water 
is added as a co-substrate for demand-oriented flexible biogas production as needed. 
 
RESULTS 
 
The results of batch studies show that the biogas yield of laboratory-scale pressed water 
(685 lN/kg oTS) is higher compared to biowaste (BA) and pressed biowaste (aBA). 
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Figure 2: Specific biogas yield of the different substrates 

 
First results of semi-technical investigations show that by adding the co-substrate - press 
water - an increase in biogas production can be achieved in terms of gas quantity. The 
higher the proportion of press water in the total feed quantity, the more biogas is 
produced. When adding 2.5 l of press water with a COD of 0.38 kg, the highest biogas 
yield (237 l/kg COD) is achieved (as shown in Table 1).  
 

Table 1: Specific biogas yield with addition of press water 

Press water 
[l/day] 

COD in 
[kg/day] 

Biogas 
[Nl/20h] 

Specific biogas yield with 
addition of press water 

[Nl/kg COD] 

1,50 0,35 43,1 123,14 

2,00 0,37 84,1 227,29 

2,50 0,38 90,3 237,63 

3,00 0,43 79,8 185,58 

3,50 0,45 83,7 186,00 

 
The biogas production rate increases very quickly after feeding and at the same time the 
methane content also increases slowly. The maximum biogas production rate occurs 
approx. 2h after feeding, which decrease to the basic line and after 24h. This means that 
almost all easily degradable substrates of the fed substrates are converted to biogas 
within 24h and do not accumulate daily inside the reactor. 
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Figure 3: Biogas formation rate and methane content of co-fermentation of press water 
and sludge 

 

The addition of press water does not have a negative effect on methane production. The 
methane content of the total biogas volume in the experiment without press water is on 
average 62 vol.% CH4. With the changes in the operating settings towards intermittent 
circulation and heating of the substrates to reactor operating temperature, an increase in 
the methane content to 70 vol.% can be achieved. In addition, the added press water was 
completely degraded on the same day at low dry matter content, thus an accumulation 
of easily degradable components in the reactor was also avoided. 

 
The pilot plant tests showed that the mixing process in the reactor has a major impact on 
biogas production and the degree of degradation in the digester. If the circulation volume 
flows are too high, the sludge flocs are discharged from the reactor with the digested 
sludge. To ensure sludge retention in the reactor, the lowest possible circulation volume 
flow should be selected, which nevertheless ensures stable circulation. It can be seen that, 
a mixing mode with an intermittent mixing (2 hours break and 5 minutes running) has 
positive effects at the biogas and methane yield. Due to the possible positive effect of the 
intermittent circulation on the sludge stratification, less substrates are washed out, thus 
their residence time in the reactor is prolonged, and the longer the substrates are in the 
reactor, the more methane is produced. 
 
CONCLUSION AND OUTLOOK 

The separate energetic utilization of the liquid and solid components of bio-waste 
represents an innovative concept to use bio-waste economically with the existing 
capacities in fermentation tank in STP. Based on the tests with press water, the effects of 
feeding a low-solids co-substrate on fermentation tank could be determined. Low 
amounts of added load and high proportions of press water produced more biogas per 
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unit time and amount of COD. The addition of press water has also a positive effect on 
methane production. Intermittent circulation in fermentation tank can improve the biogas 
yield. 
 
Furthermore, the test series will be continued on a semi-industrial scale for stable biogas 
production and flexible biogas production. The test reactor is operated according to the 
real conditions of the fermentation tank and fed several times a day according to the real 
power demand of the STP, whereby different operating conditions (circulation, room load 
and preheating) are investigated.  
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