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Abstract
Factorial experiments were carried out to determine the potential of microwaves (MWs) for improving characteristics of
aerobic sequencing batch reactor (SBR) sludge to enhance mesophilic anaerobic digestion. Effects of pretreatment temperature, MW irradiation intensity and solids concentration on sludge characterisation parameters were monitored. Increasing
pretreatment temperature in the 45 to 85ºC range increased the soluble COD/total COD (chemical oxygen demand) ratio.
MW intensity and sludge concentration in the 1 to 5% (w/v) had minimal effects on solubilisation of COD. Biochemical
methane potential (BMP) tests at 35oC used to investigate effects of MW temperature, number of MW cycles and partial SBR
sludge pretreatment showed that partial MW pretreatment of sludge and increased MW exposure cycles does not significantly
improve overall methane production. In general, BMP tests demonstrated that 100% of SBR sludge irradiated once to 85ºC
produced the greatest improvement in VS destruction (12%) and overall methane production (16%). Generally improved
biogas production via MW pretreatment was not accompanied by any potential improvement in sludge dewaterability.
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Introduction
Economically feasible treatment and disposal of municipal
sludge is one of the most complex problems facing the environmental engineer (Droste, 1997). Primary sludge consists of
settleable organic and inorganic matter and is readily degradable. Waste activated sludge (WAS) on the other hand consists
of microbial biomass, extracellular polysaccharide substance
(EPS) and inorganic material that is difficult to degrade due to
the stability of the floc structure and microbial cell walls. (Eskicioglu et al.,2005). These two sludge types are typically mixed
together and stabilised via anaerobic digestion (AD). As a large
portion of the organic material is bound within the floc structure
and cell walls in WAS, greater solids stabilisation and concomitant methane production may be obtained by pretreating WAS
prior to digestion (Kim, 2003).
Pretreatment processes which aim to disrupt the WAS floc
structure and bacterial cell walls in order to increase the organic
material available for digestion include chemical (Woodard and
Wukasch, 1994), electron beam (Shin and Kang, 2003), mechanical (Nah et al., 2000), ozonation (Weemaes et al., 2000; Yeom,
2002), thermal (Haug and Stuckey, 1978); ultrasound (Brown
et al., 2003; Tiehm et al., 2001), steam explosion (Dereix et al.,
2005) and combinations such as Microsludge (Stephenson
et al., 2004) and Cambi processes (Abraham and Kepp, 2003).
Other potential advantages of pretreatment are significant reduction in pathogens and improved sludge dewaterability. While
rate and extent of enhanced digestion varies with the type and
extent of pretreatment there is a consensus that sludge pretreatment will eventually become the norm in treatment facilities.
Mild thermal pretreatment at temperatures of less than 100oC
(Gavala., 2003) has been reported to be particularly successful
at improving both AD and reducing pathogens. An innovative
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thermal sludge pretreatment option is microwave (MW) irradiation. MW technology is capable of rapid and more uniform heating of polar molecules (such as water) while using less energy
than conventional heating.
In small communities, wastewater treatment in complex
plants which include primary and secondary treatment trains is
not feasible and simpler processes such as the aerobic sequencing batch reactor (SBR) are used to treat screened and de-gritted
wastewater at a long solids retention time (SRT). WAS accumulating during the settling phase is typically transferred to
a drying pond then transported to a landfill for disposal. With
implementation of the Kyoto Accord, small municipalities may
be required to reduce CO2 emissions and recover the energy content of the sludge through AD.
Hydrolysis, which involves enzymatic degradation of large
and complex molecules into sugars, amino acids, and peptides
is widely regarded as the rate-limiting step of WAS digestion
(Palmowski and Muller, 2003). Depending on the pretreatment
method, particle size reduction is typically accompanied by
release of floc and cellular material due to cell rupture and modification of the cell/floc structure (Muller et al., 2004) enhancing
hydrolysis. These mechanisms are responsible for improvements
in the rate and/or extent of AD of pretreated sludge. Hong (2002)
investigated use of MW irradiation to enhance AD of anaerobically digested, primary sludge and WAS (SRT not given) and
to destroy pathogens. Heating to 70ºC, the soluble chemical
oxygen demand/total chemical oxygen demand (sCOD/tCOD)
ratio of the primary sludge increased slightly from 12 up to 13%
whereas the sCOD/tCOD ratio of the WAS increased from 8 up
to 18%. Primary sludge MW to 85 and 100ºC resulted in 11.9 and
22.7% increases in biogas production, respectively while WAS
irradiated to 85 and 100ºC produced 11.4% and 15% improvements, respectively. Similarly, Park et al. (2004) demonstrated
that MW irradiation of WAS (SRT not given) to 91ºC increased
sCOD/tCOD from 2 up to 19%. Comparison of semi-continuous (35ºC) AD control and pretreated sludge reactors at 10 d
SRT showed a 36.6% improvement in biogas production with
concomitant increase in volatile solids (VS) destruction from
23.2 up to 25.5%. Eskicioglu et al. (2005) working with 3% (w/v)
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