Comparison of accelerated anaerobic granulation obtained
with a bench-scale rotating bioreactor vs. a stationary
container for three different substrates
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Abstract
Anaerobic digestion is a very efficient technology for the treatment of wastewater from the food industries. The upflow sludge
blanket reactor (UASB) is used to convert carbon in waste streams to CO2 and CH4. The risk of a shortage of anaerobic granules in a situation that requires a replacement granule charge for the UASB is a barrier to implementation of anaerobic technology in countries without UASB reactors, producing a surplus of granules to provide for an adequate inventory of granules.
Accelerated granulation provides a means to reduce this risk. Peach cannery effluent (PCE), sucrose and lactate were tested
as possible substrates for accelerated granulation inducement for un-granulated sewage sludge. Six experimental runs of
20 d each were done to explore granule growth. Each substrate was seeded with sewage sludge in a 5.4 ℓ bioreactor rotating at
2 r/min, as well as in a stationary container. A rapid drop in pH occurred during the first few days of every run. A lower overall
pH in the bioreactor indicates a higher bacterial activity relative to the stationary container. The big drop in pH initially with
PCE and sucrose inhibited methanogenic activity and granule growth for these substrates.
The settleability of the final effluent from the reactor is superior to that of the stationary container. The total suspended
solids analysis showed that the reactor produced a marked increase in the larger particulate sizes, indicating the positive
contribution of the rolling action towards growth of granules.
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Introduction
Anaerobic digestion is commonly used to treat wastewater from
the food industry. These effluents have a high organic content
and few toxic minerals are present. The nature of these effluents
is such that it is often ideal for anaerobic digestion. The upflow
anaerobic sludge blanket (UASB) reactor is used extensively for
these applications as it is simple to operate, has a small footprint
and a high hydraulic throughput. The UASB reactor converts
waste carbon to gaseous products, of which CO2 and CH4 are the
primary components (Gerardi, 2003).
The biogranules are the active ingredients in the reactor.
A granule consists of different layers of micro-organisms. The
digestion process by the different symbiotic layers in the granule
can be explained by a staged organic digestion process (Britz et
al., 1999):
• Exo-enzymes are secreted by the outer-layer micro-organisms
• These enzymes degrade complex carbohydrates into simple
sugars which are absorbed and digested by the outer-layer
organisms
• Digestion products from these species diffuse deeper into
the granules where they are consumed by the acidogenic
species
• The digestion products of these species then form the primary food source of the microbes populating the core of the
granule, the methanogens
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The digestion products produced by these species exit the
granule via the biogas vent.

A fraction of the carbon digested is converted into biomass,
resulting in an increase in granule size. It can take up to 12
months to form granules of sufficient size to avoid washout from
an upflow bioreactor (Agrawal et al., 1997).
Chen and Lun (1993) suggested that anaerobic sludge granulation starts with the formation of nuclei. The bacteria involved
in the nucleus formation are Methanosarcina and Methanothrix.
The methanogens must grow syntrophically with a wide spectrum of other bacteria, and these also play a very important part
during the 2nd step, which is the process of a nucleus growing
into a granule.
Fang (2000) investigated biogranules sampled from various UASB reactors. He found that the microbes were packed
together. According to this researcher, the microbial distribution inside a UASB reactor is dependent on the degradation
thermodynamics and kinetics of individual substrates. This
researcher noticed that granulated degrading carbohydrates
typically exhibit a layered distribution. The surface layer is
populated with hydrolytic/fermentative acidogens, a mid-layer
comprising syntrophic colonies and an interior layer comprising acetothrophic methanogens. Fang (2000) concluded from his
observations that biogranules should be less vulnerable to the
changes of the mixed liquor condition, because the large majority of microbes inside the biogranules are shielded from the
mixed liquor environment. Methanogens are very fragile organisms that occur in the centre of the granules.
Hydrogen is an inhibitor to the granulation process. The
pH level plays a vital role in the biogranulation process, as at
a pH of lower than 6.5 a decrease in activity starts to occur in
the methanogenic species, which plays a vital role in granula-
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