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Thermal hydrolysis process (THP)

Unique selling points:
v’ Release of soluble organic matter leading to higher degradation

during anaerobic digestion = enhancing biogas production
v’ Better dewaterability of digestate = reduction of disposal costs
v' Release of phosphate and ammonium from disintegrated
organic compounds

Description of the technology

The thermal hydrolysis process (THP) is used as a pre-treatment for anaerobic digestion
usually at wastewater treatment plants with a capacity for 100 000 population equivalents
and greater. Originally, THP was used to enhance the dewaterability of sludge (Zhen et al.
2017). However, in addition it was shown, that THP improves the solubilisation of the sludge,
reduces its viscosity (Bougrier et al. 2006, Higgins et al. 2017, Liu et al. 2019) and increases its
biogas yield (Neyens and Baeyens 2003).

Usually excess sludge only or sometimes even mixed sludge consisting of primary and excess
sludge are pretreated via THP and disintegrated at temperatures between 60 °C and 180 °C
(Zhou et al. 2021). The THP breaks down complex organic compounds and cell structures into
more soluble compounds and thus, increases the substrate availability for anaerobic
biodegradation.

As an example, the high temperature thermal hydrolysis process is described in detail here.
Typical high temperatures are between 140°C and 180 °C. In addition, the THP is operated at
high pressure conditions usually ranging between 5 and 8 bar. For the sludge disintegration,
first the sludge is tempered to 85 °C in a preheater for example by using excess heat from the
hydrolysate. Then, the sludge passes through three tanks: (1) the pressuriser, (2) the reactor
and the (3) economiser. In the pressuriser, the sludge is further heated to 105 °C and the
pressure is increased between 5 and 8 bar. In the reactor, the high pressure is maintained,
while the temperature is further increased to around 140 °C or more. In the economiser, the
pressure is decreased via a rapid decompression to 0.2 bar, forcing the sludge through a small
orifice. Due to high mechanical shear forces with this “flash”, the microbial cell walls are
destroyed and thus, soluble organic compounds are released.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement N°776541
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Flow scheme of the technology
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Example for a thermal hydrolysis process with high pressure

Pictures of the technology

Synergetic effects and motivation for the implementation of the technology
v Subsequent anaerobic digestion: increase in methane yield up to 25% due to THP

The THP breaks down complex organic carbon compounds such as microbial cells into soluble
compounds. In a subsequent anaerobic digester, microorganisms degrade those soluble
compounds resulting in an increase in the methane yield of about 15% — 25% compared to
anaerobic digestion without THP (DWA 2014).

v Reduction of the sludge disposal volume and correspondingly their disposal costs

Due to the higher degradation rate in a subsequent anaerobic digester to the THP, the volume
of the digestate decreases correspondingly. Furthermore, according to Neyens and Baeyens
(2003), the dewaterability is enhanced after THP. Hence, the volume of the dewatered sludge
can be reduced reaching a dry matter content of 30% and more due to the better
dewaterability and the higher degradation rate during anaerobic digestion (Metcalf et al.
2013, Neyens and Baeyens 2003). Thus, the disposal costs for the dewatered sludge decrease,
too. Phothilangka et al. (2008) saved 25% of their disposal costs.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement N°776541
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v THP enables the operation of the downstream digestion at higher dry solids (DS)
contents and with higher organic loading rates
THP leads to a lower viscosity (Higgins et al. 2017) enabling the operation of the downstream
digestion process at higher DS contents still achieving favourable mixing conditions.
Furthermore, the enhanced biodegradability leads to higher digestion rates and thus, to lower
required hydraulic retention times allowing for the operation at higher organic loading rates
(Pilli et al. 2015).

v Release of ammonium and phosphate for a subsequent nutrient recovery
The disintegration process in the THP enhances the performance of the anaerobic digestion
process also resulting in a higher ammonium and phosphate release into the liquid phase.
Due to the accumulation of ammonium and phosphate, the resulting liquor is very suitable for
a subsequent nutrient recovery such as ammonium stripping or struvite production.

v’ Sterilized sludge after high temperature THP
Due to high temperatures between 130 °C and 180 °C and the rapid decompression from 6
bar to 0.2 bar, microbial cell walls are destroyed (Pilli et al. 2015) and thus, pathogenic
organisms, too.

Requirements of the technology and operating conditions

Prior to the treatment, the excess sludge is digested in order to reduce its volume and then,
it is thickened usually to a total solids content of up to 20%. In order to disintegrate organic
compounds such as microbial cells, the sludge must be heated to a range between 60 °C and
180 °C. At temperatures until 100 °C, the process is operated at normal pressure conditions.
At high temperatures between >100 °C and 180 °C, the THP is maintained at high pressure
conditions between 2 and 9 bar. In detail, for the typical temperature range between 140 °C
and 180 °C, the pressure is usually operated between 5 and 6 bars (DWA 2014). The hydraulic
retention time (HRT) usually ranges between 15 and 60 min.

Parameter Units Min Max Reference

TS sludge feed % 12 20 DWA 2014, NextGen D1.4 (in
prep.)

Temperature °C 60 180 Zhou et al. 2021, DWA 2014;
Neyens and Baeyens 2003

High pressure bar 2 10 Zhou et al. 2021, Pilli et al. 2015,

conditions (T > 100°C) DWA 2014

HRT min 15 60 Zhou et al. 2021

Key performance indicators

Parameter Units Min Max Reference
Increase in biogas yield in % 15 25 DWA 2014, NextGen D1.4 (in
subsequent digestion prep.)

Degradation in subsequent % 60 65 DWA 2014, Barber 2016
digestion

Dry solids contents after % 30 52 Neyens and Baeyens 2003,
dewatering due to an increased Metcalf et al. 2013
dewaterability

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement N°776541
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Links to related topics and similar reference projects
Processes/ technologies Reference
Anaerobic digestion & THP Case study “Braunschweig” NextGen
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