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ABSTRACT

Thermal Hydrolysis Process (THP) is a well-established technology for efficient pre-treatment
of Wastewater Treatment Plant (WWTP) sludges prior to Anaerobic Digestion (AD) (Newman
etal., 2011; Williams et al., 2018; and Nicholson et al., 2020). THP carries out hydrolysis, the
rate limiting step in AD, prior to the digester (Shana et al., 2013).

In the last decade, several configurations of AD with THP have been trialled (Shana et al.,
2012; Shana et al., 2013; and Higgins et al.,2020). The Intermediate Thermal Hydrolysis
process (ITHP) is one of those configurations. It consists of a first stage AD followed by THP
and a second stage advanced AD. This configuration has proven to be very successful for
optimising biogas yields, enhancing Volatile Solids Reduction (VSR), increasing dewaterability
and reducing overall carbon emissions (Shana et al., 2013; Mills et al., 2011; and Rus et al.,
2017). An ITHP arrangement allows for an initial conventional digestion which reduces the
required THP capacity with about one third. Furthermore, the second stage advanced AD can
handle a high Organic Loading Rate (OLR), increasing the throughput of the system.

Rus et al., (2017) carried out a one-year ITHP trial at a medium sized pilot plant with a total
digester volume of 40m®. Results showed that ITHP increased biogas yield and VSR by up to
15% compared to full THP followed by advanced AD. Furthermore, ITHP helped to further
increase the dryness of the final cake with 18%. Both the increase in biogas yield and decreased
THP capacity requirement can help to improve the overall energy balance.

The successful lab and pilot tests motivated the full-scale application of the ITHP process at
one of the large wastewater treatment plants in Poland.

The plant has two 8,000 m® digesters and one 7,500 m? digester. The two larger digesters are
used for the first stage conventional AD of mixed Primary Sludge (PS) and Waste Activated
Sludge (WAS). After about 20 days Hydraulic Retention Time (HRT) with 4 kgVS/(m®xd) OLR,
digestate is dewatered to 16.5% Dry Solids (%DS) prior to treatment in the THP. The THP
plant is a Cambi B2-4 unit with four reactors designed to treat 20 tons of Dry Solids (DS) per
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day. After hydrolysis, sludge is transferred to the smaller digester for second stage advanced
AD. The OLR in the second stage is 6 kgVS/m?d with a HRT of 30 days. Finally, digestate from
the 2" stage AD is dewatered with centrifuges.

The plant started to process sludge in the I-THP mode in October 2023. Initial results show a
good performance of the I-THP process, with an average 510 Nm*/tDS biogas yield, 70 %VSR,
and an increase in dewatering efficiency of 7 percentual points so far (from 18%DS to 25%DS).
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ABSTRACT

Thermal Hydrolysis Process (THP) is a well-established technology for efficient pre-treatment of Wastewater
Treatment Plant (WWTP) sludges prior to Anaerobic Digestion (AD) (Newman et al., 2011; Williams et al.,
2018; and Nicholson et al., 2020). THP carries out hydrolysis, the rate limiting step in AD, prior to the digester
(Shana et al., 2013).

In the last decade, several configurations of AD with THP have been trialled (Shana et al., 2012; Shana et al.,
2013; and Higgins et al.,2020). The Intermediate Thermal Hydrolysis process (ITHP) is one of those
configurations. It consists of a first stage AD followed by THP and a second stage advanced AD. This
configuration has proven to be very successful for optimising biogas yields, enhancing Volatile Solids
Reduction (VSR), increasing dewaterability and reducing overall carbon emissions (Shana et al., 2013; Mills
et al., 2011; and Rus et al., 2017). An ITHP arrangement allows for an initial conventional digestion which
reduces the required THP capacity with about one third. Furthermore, the second stage advanced AD can
handle a high Organic Loading Rate (OLR), increasing the throughput of the system.

Rus et al., (2017) carried out a one-year ITHP trial at a medium sized pilot plant with a total digester volume
of 40m3. Results showed that ITHP increased biogas yield and VSR by up to 15% compared to full THP
followed by advanced AD. Furthermore, ITHP helped to further increase the dryness of the final cake with
18%. Both the increase in biogas yield and decreased THP capacity requirement can help to improve the
overall energy balance.

The successful lab and pilot tests motivated the full-scale application of the ITHP process at one of the large
wastewater treatment plants in Poland.

The plant has two 8,000 m? digesters and one 7,500 m® digester. The two larger digesters are used for the first
stage conventional AD of mixed Primary Sludge (PS) and Waste Activated Sludge (WAS). After about 20 days
Hydraulic Retention Time (HRT) with 4 kgVS/(m®xd) OLR, digestate is dewatered to 16.5% Dry Solids (%DS)
prior to treatment in the THP. The THP plant is a Cambi B2-4 unit with four reactors designed to treat 20
tons of Dry Solids (DS) per day. After hydrolysis, sludge is transferred to the smaller digester for second stage
advanced AD. The OLR in the second stage is 6 kgVS/m?/d with a HRT of 30 days. Finally, digestate from the
2" stage AD is dewatered with centrifuges.

The plant started to process sludge in the I-THP mode in October 2023. Initial results show a good
performance of the I-THP process, with an average 510 Nm3/tDS biogas yield, 70 %VSR, and an increase in
dewatering efficiency of 7 percentual points so far (from 18%DS to 25%DS).
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INTRODUCTION

Thermal hydrolysis process (THP) has proven to be an efficient pre-treatment for sludge before anaerobic
digestion (AD), by thermally enhancing hydrolysis, the rate limiting step in AD (Shana et al., 2013). It is now
the global leading technology in advanced AD treatment. Early research (Shana et al., 2012, Mills et al., 2014)
showed that a new configuration of THP and AD technology can further enhance the efficiency of THP in the
biosolids line. This configuration is called Intermediate THP (ITHP) which maximises biogas generation and
volatile solids reduction (VSR), improves final dewatering performance, and makes the energy usage in the
biosolids line the most efficient yet, helping the Wastewater Treatment Plant (WWTP) with their net zero
ambitions. The higher dryness in final cake improves the efficiency of thermal treatments such as sludge
incineration and opens doors to more advanced energy recovery routes (i.e. drying followed by pyrolysis or
gasification) (Rus et al., 2015).

The Intermediate THP (ITHP) configuration discussed in this paper consists of two digestion stages and
THP in between. The arrangement allows for an initial digestion of the available organic matter, with a
resulting reduction in the sludge to be hydrolysed. This means that the THP unit size would be 2/3 of a Full
THP configuration. Furthermore, 2nd stage digestion can cope with high organic loading rates (OLR),
increasing the throughput of the system. There is both an increase in biogas generation efficiency and decrease
in the steam consumption required by the THP for the same throughput treated in the biosolids line, which
results in an energy self-sufficient process (Mills et al., 2014). This process was trialled at lab scale and the
positive results found led to the construction of the ITHP pilot plant at Basingstoke STW to evaluate its
viability at a more realistic scale.

The success at the large pilot plant took this process one step further, with several full-scale options being
considered by the water industry. In 2020, one of the municipal wastewater treatment plant decided ITHP was
the best option for their site and the concept has now been implemented there. This paper covers the initial
phases of commissioning and preliminary results obtained.

THE PLANT

The company needed to develop a new biosolids strategy for their wastewater treatment plant. The sludge
design throughput was to be 11,729 tonnes of dry solids per year (tDS/y) or 32tDS/d, with an average of
23tDS/d going into the site at the time (2021). The site already had two 8,000m? digesters and one 7,500m3
(total digestion capacity of 23,500m?), which were operated in series (2 digesters in parallel in a first stage
digestion and a 3 digestion in series). Figure 1 shows the location of the existing digesters.
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Figure 1. Aerial view of the plant.

The municipality was interested in maximizing biogas generation for electrical energy production and heat
and improving dewaterability of the final digestate to minimise final cake haulage costs to incineration. Since
they already had the sequential AD process set up, ITHP was a very good option for them to enhance process
performance.

In 2021, the municipality started their process of construction of an ITHP facility which included design,
execution, completion, pre-commissioning, remedying defects, and staff training.

THE ITHP BIOSOLIDS PROCESS LINE

In ITHP configuration the THP treatment is placed in between a first conventional digestion stage and a second
(advanced) digestion stage. Raw sludge, especially primary sludge, has organic material readily available for
anaerobic bacteria to use as a food source. In ITHP, this soluble organic material is converted into biogas in
the 1% stage digestion, leaving the more complex organic molecules such as extra-polymeric substances (EPS),
cell wall material, etc. in the digestate out of the 1% digestion stage. Digestate out 1% stage digestion is
dewatered to 16.5%DS and hydrolysed in the THP plant. Hydrolysis at 6.5barg pressure or 165°C temperature
for 30 min in the THP reactors followed by a rapid biosolids expansion as the pressure is released into the
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flash tank (what has been called steam explosion), solubilizes the complex organic material, making it readily
available for bacteria in second stage digestion. Figure 2 shows the Cambi B2 — 4 system being installed at the
plant.

Figure 2. B2 — 4 Cambi THP being installed at the plant.

Hydrolysed sludge comes out of the THP at circa 108°C and an approximate 14% dry solids (DS) which is
diluted to 9-10%DS and cooled down prior to entering the second stage (advanced) digestion. Here, the organic
material made soluble during hydrolysis in the THP is used by anaerobic bacteria as fuel and further biogas is
produced. Digestate from second stage digestion is then sent for final dewatering and can be sent to agriculture
as class A product or sent to thermal treatments, as in that case. Figure 3 shows the high-level process flow
diagram (PFD) of the ITHP Biosolids line proposed for the plant of interest.
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Figure 3. High level PFD.
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The plant has as a key driver maximising electricity generation from biogas, therefore it was proposed to
use all the generated biogas in a combined heat and power (CHP) unit. The option of using the high-grade heat
(HGH) or flue gas from the CHP in the boiler for steam generation was discussed, nevertheless the location of
the CHPs was considered too far away from the THP boiler house, making it very difficult to use the HGH
that way.

METHODS

The company had historical data from 2021 where site performance was collected prior to the installation of
the Cambi THP system in the spring of 2023. This data gathered information on flows and loads into the site
and 1% stage AD (2 digesters) and 2" stage AD, final dewatering dry solids, biogas generation and CHP
electrical output was collected. Biogas yields and volatile solids reduction (VSR) was calculated. Ammonia
levels, alkalinity, pH, FOS/TAC, methane concentration in biogas, and pathogen kill data was also collected
as part of digester health checks. In June 2023, the THP plant was commissioned, and a guarantee period
started later in 2024. The same data was collected for this period.

RESULTS DURING COMMISSIONING

Figures 4 and 5 show the overall VSR percentage and gas yields in terms of m? biogas per Volatile solids in
the feed (m®/tVS). The green line shows the point in time where the THP started to operate. There was a period
where it was ramped up and then steady state was reached (March 2024, as highlighted in yellow in the graphs).
The hard blue lines are the average for the periods delimitated by the green line (introduction of the THP). The
light blue shadow is the standard deviation (SD) for that same period. It was important to highlight the high
SD observed during the commissioning of ITHP as this is to be expected during the ramp up of the plant, not
being at steady state to begin with. Steady state has been reached recently (March 2024).
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Figure 4. Overall VSR % before and after ITHP introduction.
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Biogas Yield (m3/tVS)
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Figure 5. Overall biogas yield (m3/tVS)

During the ramp up of the ITHP plant, the 2" stage digester reacted very well, with a steady increase in
performance both in terms of VSR and associated biogas yields. The transition from a conventional AD to an
enhanced AD (i.e. preceded by THP) was smooth.

Once steady state was reached, the guarantee period started. We can observe the average VSR during this
period was 60% and gas yields stabilized around 550m?/tVS fed. This was what Cambi expected to obtain
given the initial conditions of 40%VSR and 400m?®/tVS fed.

Figure 6 shows the site throughput during the same period as depicted in figures 4 and 5.
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Figure 6. Sludge throughput (tDS/d) into the plant.

Throughput right after the implementation of the ITHP process did not drop for some months. It was in
December 2023 when a drop to 15tDS/d was observed lasting a month. That was caused by the trials of the
new predewatering centrifuges and testing several types of polyelectrolytes. Site started the ramp up in January
2024 and managed to stabilise at the desired loads in March 2024.. The average throughput during steady state
was 22.8tDS/d or 8322 tDS/year, similar to the previous 2 years.

Final dewatering also is showing signs of improvement. Figure 7 shows preliminary results, with most
recent data showing 25%DS from 17.7%DS average prior to ITHP. Since the plant requires several retention
times for the process to stabilise, we expect dewatering to reach steady state in the coming months.
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Final Dewatering — DS%
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Figure 7. Dewatering data from dewatering units 1, 2 and 3 (in blue, grey and orange respectively).

DISCUSSION AND CONCLUSIONS

Overall, the results obtained from commissioning of the ITHP have been very encouraging. Table 1
summarises preliminary results.

Table 1: Summary of preliminary results (commissioning and steady state period).

Conventional AD ITHP (including ramp up) Comparison

Ave Standard Dev | Ave Standard Dev % Increase
Biogas Yield (m3/tVS) 402 73 575 164 43%
VSR(%) 40.64% 7.0% 59.27% 9.5% 46%
Dewatering (%) 17.60% 25%* N/A 42%

*|atest results in dewatering performances.

Nevertheless, these are initial results. Data will continue to be gathered and presented in future papers to
give an update of steady state ITHP performances at the plant.
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