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Wastewater Treatment & Sewerage

Knostrop Sludge Treatment Facility

commissioning of a new 48,000tds/year anaerobic digestion plant and
liquor treatment by the DEMON® process for Yorkshire Water
by Martin Jolly

O

ver the last two decades the concept of municipal sewage being an expensive to treat waste stream has slowly
become surpassed by renewable and sustainable opportunities that re-label wastewater treatment works as
water resource recovery facilities (WRRF), sludge recycling centres (SRC) or sludge treatment facilities (STF) to
name but a few. Incentivised by UK Government, the privatised water industry has predominantly been engaged in
renewable schemes to recover energy from waste sludge that has traditionally been disposed of by spreading onto
agricultural land. In parallel with renewable obligations, the water industry has been challenged to improve quality
as well as reduce nutrient levels in effluent discharged to receiving watercourses, whilst reducing treatment costs
through efficiency savings.

New sludge treatment facility - Courtesy of Black & Veatch

Background
The predominant technology adopted by all the UK water utilities
for energy recovery from waste sludge is anaerobic digestion (AD)
to produce biogas and the subsequent burning of the biogas as a
fuel in combined heat and power (CHP) engines. Over the last 10
years Yorkshire Water have decided to move away from sewage
sludge incineration.
Following a strategy review, Yorkshire Water Services (YWS) decided
to progress with conventional mesophilic anaerobic digestion
(MAD) plant at Knostrop STW serving the Leeds catchment. The
change in treatment direction brings the benefit of renewable
generation from biogas production and increased reliability and
performance. The total cost for the project is £73m.
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Project scope
Black & Veatch Ltd were selected by YWS to design, construct and
commission the new Knostrop Sludge Treatment Facility in Leeds.
The anaerobic digestion plant treats all the indigenous sludge
(primary & SAS) from Knostrop WwTW. In addition, the site is a
regional sludge treatment facility and receives imported sludge in
both liquid and dewatered cake forms. The digested sludge is then
lime sanitised to pH 9 and dewatered on site before being recycled
as a soil conditioner.
At the time of writing (May 2019), the construction of the new plant
is complete, and it has passed into the commissioning phase where
the plant is currently undergoing performance testing and being
prepared for hand-over from Black & Veatch to Yorkshire Water.
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Industrial electrical contractors, specialists in clean and wastewater projects,
biomass plants and waste to energy projects. Providing a complete 3D design,
project management, supervision and full installation service.
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BIM and 3D modelling
Power and control cables to all drives and instruments
Cabling to control stations and emergency stops
Main, equipotential and supplementary earth bonding
Telemetry and fibre optic networks
Supply and cable from generator and sub-station cabling
High voltage cabling
Profibus cabling
Trace heating supplies
Supply and install cable, junction boxes, isolators, free
issue instruments
Installation of building services to new and existing
buildings
Structural lightning protection

Davyhulme Inlet, PSTs, FSTs & Aeration Lanes - United Utilities
Knostrop WwTW Sludge Scheme - Yorkshire Water
Inverurie WwTW - Scottish Water
Frankley WwTW - Veolia
Dewsbury WwTW - Yorkshire Water
Beverley WwTW - Yorkshire Water
Blackpool WwTW - United Utilities
Irton WwTW - Yorkshire Water
Deephams STW - Thames Water
Hull WwTW - Yorkshire Water
Liverpool WwTW -  United Utilities
Long Reach STW - Thames Water
Oxford STW - Thames Water
Rushmoor STW - Severn Trent Water
Failsworth WwTW - United Utilities

Interface Contracts Ltd, Argent House, Shaw Road, Oldham, OL1 4AW
Tel: 0161 620 0698
E-mail: info@interfacecontracts.com

www.interfacecontracts.com
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Knostrop STF utilises conventional mesophilic AD to treat
indigenous and imported municipal sludges to produce biogas for
2 (No.) 2MW combined heat and power (CHP) engines. The heat
from the engines (hot water cooling and exhaust heat) pass through
heat exchangers to heat the sludge in the digesters to maintain an
operating temperature of 36°C in the anaerobic treatment plant.
One consequence of AD biogas production is that proteinaceous
nitrogen converts to soluble ammonium within the digestion
process. This results in high ammonium loads being returned in
liquors from downstream digestate dewatering processes, which
adds to the ammonium treatment load received by adjacent
wastewater treatment works (WwTW).
Liquor treatment plant
At Knostrop, following feasibility studies, it was decided to treat the
concentrated ammonia liquors in a stand-alone liquor treatment
plant (LTP). Liquor treatment plants have been commonly used
to reduce the loads returning to the WwTW by using an aerated
activated sludge process within a sequencing batch reactor (SBR)
arrangement.

4MW CHP engines (installed capacity) - Courtesy of Black & Veatch

Improved understanding of the biological processes within the
nitrogen cycle has resulted in processes that short-circuit the
conventional nitrification/de-nitrification route using alternative
bacterial cultures such as anammox (anaerobic ammonium
oxidation). The short-circuit reduces oxygen and carbon demands
for the treatment of ammonium and therefore leads to a more
efficient and cost effective LTP process.
The Demon® de-ammonification process, which was developed
by researchers at the University of Innsbruck, was selected as the
preferred process by Yorkshire Water at Knostrop STF for treatment
of liquors from the anaerobic digestion thickening and dewatering
plants prior to returning treated effluent back to the adjacent
wastewater treatment works.

Digesters under construction - Courtesy of Black & Veatch

Black and Veatch (B&V) alongside SWECO (the exclusive UK licensee
for the Demon® process) have designed, delivered, commissioned
and operated the Knostrop Demon® LTP prior to take-over by
Yorkshire Water.
Demon® is a two-step process where oxygen is used to convert part
of the ammonia into nitrite during the nitrification stages. This is
followed by de-ammonification to convert the remaining ammonia
and nitrite to nitrogen gas. The process is predominantly controlled
by regulating the pH to control the reactions that bypass the denitification stage of the process.
The Demon® process is based on a biological process of nitritation
and autotrophic de-nitrification. It uses small changes in pH to
measure nitritation rate and feed of alkalinity. Aeration is stopped
when sufficient NO2- has been produced for the de-ammonification
process. Aeration is restarted when sufficient alkalinity has been fed
into the system to recover pH.
Aerated period

Cake imports to site - Courtesy of Black & Veatch

1.25 NH4+ + 1.25 O2 125 NO2-

2.25 NH4+
Anoxic period

NH4+ + 1.25 NO2- N2 + 0.25 NO3- + 2 H2O

Figure showing the reactions occurring in the Demon® reactor

Mixed liquors in the reactor overflow to a settlement tank (design
up-flow rate 3m/h). Returned activated sludge (RAS) is returned to
the reactor tank. Surplus sludge is taken via a cyclone directly from
the reactor.
UK Water Projects 2019 - Virtual Edition
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Cyclone removing excess anammox bacteria - Courtesy of Black & Veatch
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Design, manufacture, install, aftercare:
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Sludge cake reception bunkers
Sludge cake storage silos
Shaftless and shafted screw conveyors
Fixed and Radial conveyors
Live bottom bins
Dried sludge cooling screws
Screenings handling conveyors
Troughed belt conveyors
Continuous mixers/blenders

CTM Systems Ltd
Units 7-8
Arkwright Road Industrial Estate
Cambridge Road
Bedford
United Kingdom
MK42 0LQ
Tel: 01234 355700
Email: sales@ctm-systems.co.uk
Web: www.ctm-systems.co.uk
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As alkalinity feed is proportional to liquor feed the aeration
frequency is adjusted automatically to flow. As a result, the system
reacts automatically to large variations in flow, or even interruption
of flow, without the need for operator intervention. The system
can run automatically and unattended with minimal supervision
requirements.
The design characteristics of the Demon® plant at Knostrop, the
UK’s biggest Demon® reactor are shown in Tables 1 and 2.
Parameter

Units

Maximum

Daily flow

3

m /d

3315

Ammonia load

kg/d

3150

BOD load

kg/d

1176

Suspended solids load

kg/d

2614

pH

n/a

10

Figures showing the anammox nitrogen conversion route and the red
bead like annamox bacteria - Courtesy of Black & Veatch

Table 1 – Knostrop Demon® design influent characteristics
Units
Reactor size

Demon®
2 (No.) 19m dia 6.5m water depth
3600

Total volume of reactors

m3

Max ammonia loading rate

kg/m

Retention time at max flow

hours

26.1

Aeration system

n/a

Fine bubble diffused air

Air flow

Nm3/h

7000

Final settlement area

m2

24

3

were seeded from another plant and ramped up to full throughput.
All the sludge from Knostrop site was diverted from incineration
and temporary treatment by the start of 2019 and sludge liquid
tankers and sludge cake lorries are being received at the site.
Since January 2019, the site has generated 6.28 Gwh of electricity
and over the last month (March-April 2019) the average production
has been 3.23 Mw (equivalent electricity used to supply to 6200
households). These are figures in excess of the design average and
approaching the peak design. The ammonia treatment plant is
removing ammonia to the levels required and overall the project
has been a successful example of client and contractor working
together to achieve a common goal.

0.88

Table 2 – Knostrop Demon® design parameters

Progress
Sludge flow to the plant started in October 2018 and there has
been a commissioning period of 6 months where the digesters

The editor and publishers would like to thank Martin Jolly,
Technical Director with Black & Veatch, for providing the above
article for publication.

Knostrop LTP undergoing aeration testing - Courtesy of Black & Veatch
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see us,
YOU MAY NOT

AND WE’RE OK WITH THAT.
In fact, we take pride in it.
We work with our clients to design, build and optimize the things that deliver
energy, water and communications services to you every day.
We stand by what makes us stand out – safety, sustainability and innovative
solutions that offer long-term value.
So, when you turn on a light, the tap or use your smart phone, chances are we’re
behind it. And everything will work just like we planned and how you expect.
Visit bv.com.

