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Introduction

Application at Cardiff WwTW

Results

The Advanced Anaerobic Digestion (AAD) of
sewage sludge most widely used consists of
Thermal Hydrolysis Process (THP) followed
by AD.
This work aims to pioneer AAD optimisation
by overcoming O&M problems inherent to
THP at Cardiff WwTW:
• Inhibition by ammonia and hard COD
(suboptimal biogas yields).
• Excess of dissolved compounds in
digestate (dewaterability with high polymer
usage).

Sonication applied on the recirculation of
digestate allows a double objective.
Unbalancing positively the rate C/N and
promoting microbial activity to transform
more VS into biogas and degrade hard COD.

Process performance variables measured included
biogas flow, TS, VS , COD, pH, alkalinity, VFAs,
proteins, fats, carbohydrates, metals, nutrients,
microbial profile and dewaterability.
The optimum results were reached for low to
medium sonication doses (2.5 to 5.0 kWh/m3) and
low digestate flow (50%) of the THP sludge.
Improvement in biogas production and sludge
dewaterability were among the two more important
process variables.
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Project Aim
Evaluate the impact on digestion and
dewatering performances at Cardiff WwTW
when implementing ultrasound treatment on
the digestate (simulated by the pilot trial on
digestate recirculation)

Methodology
5 digesters were used; 2 reference digesters
using non sonicated digestate and 3
digesters receiving sonicated digestate at
different sonication energy. All digesters
were fed with THP sludge (2 flowrates were
used throughout the trial).

Ultrawaves technology

Ultrasound is applied to complement the
solubilizing effect from THP. Whilst THP
hydrolyses sludge before AD, ultrasound
stimulates a fraction of digestate recirculated
back into digestion (as part of a typical
recirculation used for mixing the digester)

Sketch of test rigs and operating conditions,
which at trial scale mimicked the sonication
treatment applied to the digestate in
recirculation so that trial could inform
sonication integration on the digestate
recirculation line at full scale.

A Digester 1 – medium sonication; B Digester 2 – non
sonication; showing that a nearly doubling of biogas
was possible in the pilot trials towards steady state
conditions and when sonicated digestate was only
50% of the daily input. Intermittent sonication is also
a possibility that requires further evaluations; C batch
tests showing the fast hydrolysis aided by sonication,
with improvements in biogas over 30%

Other process variables were measured:
• Ammonia levels remained almost identical in the 5 AADs
(unsonicated & sonicated) meaning that ultrasound did
not impact negatively on the ammonia levels.
• More bio-availability of macroelements (Mg, Phosphate,
Ca, etc.) as co-factors for better microbial activities after
sonication.
• Ultrasound was able to increase the abundance of
bacteria as well as Methanosaeta sp.
• Floc strength increase during dewatering in sonicated
digesters with a lower polymer requirement
• Considering AAD as a system, ultrasound was able to
generate 17 units of energy per unit of energy consumed
providing with an ERoEI of 17 kWhout/kWhin which is
critical to optimise the overall OPEX.

Final conclusions
The integration of Ultrasound into AAD is
viable and feasible to optimise the process.
THP may be run up to its maximum with a
minimum impact of inhibitory factors.

Process operated during 3 months
Digesters used in the
evaluations at Cardiff
WwTW:
• Cardiff WwTW
digestate as inoculum.
• Same Ultrawaves unit
as used in full scale
projects.

Stimulation of digestate. The first effect
is floc deagglomeration and further
sonication modifies biomass structures
and releases metals and enzymes.

• 2.5, 5.0 and 7.5
kWh/m3 used as
sonication doses for
the 3 digesters fed with
sonicated digestate.
• Sonicated digestate
flow varied from 50 to
70% of the total
including THP sludge

The synergistic effect of ultrasound and THP
working together have been scientifically
evidenced:
• More biogas production.
• Better dewatering properties.
• Healthier digesters.

