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Changes in substrate composition as a means to achieve a more efficient utilization of existing biogas facilities may induce shifts in viscosity of
the process liquid and, consequently, problems with inadequate mixing, heat transfer, breakdown of stirrers, or foaming, leading to deteriorations
in overall process performance (Nordberg and Edström, 2005; Lindmark et al., 2014).
Currently the total solids (TS) content is considered to be the most important process parameter affecting viscosity and is also used to predict it
(Tang & Zhang, 2014). Despite this, there have been some indications that the relationship between TS and viscosity cannot be applied generally
(Björn et al., 2012b, Šafarič et al., 2015). The obvious question then is: which other parameters have a significant impact on anaerobic sludge
viscosity and how can we control it through them? This project aims to answer these questions.
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1. Effect of substrate type and general operational and process parameters on sludge viscosity
Sludge from 28 laboratory-scale CSTR reactors digesting a range of substrates was rheologically
characterized in order to determine whether or not the substrate type affects sludge viscosity and if
any of the commonly monitored process and performance parameters show a correlation to it.
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Figure 1: Viscosity (mPa*s-1) of the studied laboratory-scale biogas reactors at shear rate 800 s-1.
Cases where data was available for more than one point in time for the same reactor are marked with
lowercase letters in the order of sampling. The colour signifies substrate type (see legend).

 No specific substrate type could be connected to increased viscosity
 Only total solids were found be significantly correlated to viscosity, but with relatively low Pearson
correlation coefficients
 Specific cases where total solids cannot be used to explain viscosity differences between reactors
were identified, highlighting the need to identify other important components and parameters

Figure 2: Effect of total solids content (%) on limit viscosity of anaerobic
sludge of laboratory-scale CSTR anaerobic digestion systems. The dots
are colored by substrate type (see legend).

2. Effect of different sludge components on its viscosity characteristics
Effects of concentration and type of several common sludge components on viscosity
will be evaluated. This will be done for each component individually as well as their
combinations. The most relevant components will be identified and classified by
importance.
Potential candidate components to be tested:
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Figure 3: Limit viscosity (at
shear rate 800s-1) as affected
by cell density (expressed in
total solids %). Sludge was
concentrated by centrifugation
or diluted in order to obtain a
range of cell densities. The
red dotted line corresponds to
normal cell density in the
studied lab-scale reactors (i.e.
no concentration or dilution).
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3. Provocation of CSTR systems in order to highlight viscosity shift mechanisms and identifying ways of controlling it
Laboratory-scale CSTR will be provoked in different ways in order to achieve sludge viscosity shifts. This will be based on results from the previous stage.
Highly controlled model anaerobic digestion systems, fed with a chemically defined medium, will be used, allowing for accurate control of many parameters.
Possible ways of recovering normal sludge viscosity will be identified. In the end the recorded findings can be confirmed by sampling a range of full-scale anaerobic
digestion systems and looking for the same correlations between the critical parameters and sludge viscosity.
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