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Non-Technical Summary 

Introduction 
1. The Knoxbridge Farm Waste-to-Value plant uses anaerobic digestion to produce biogas 

from a poultry manure feedstock.  The biogas produced by the anaerobic digester will 

be utilised in a gas engine, to generate electricity and heat for on-site consumption, and 

for upgrading to biomethane using membranes for export to the national grid.  The 

feedstock consists of 100% poultry manure that has been sourced from laying chickens.  

The plant will process 57,500 tonnes of manure annually.  The plant will also produce three 

by-products; ammonium sulphate, a pasteurised organic-rich liquid fertiliser/soil 

conditioner and a pasteurised solid organic fertiliser/soil conditioner. 

Feed Handling  
2. The Waste-to-Value plant is located on the site of one of the existing Friday’s Poultry 

Farms.  The poultry manure will be received using two different sources and delivery 

methods.    Manure from the onsite farm will be received twice a week via an existing 

conveyor system which is used to transport the manure out of the chicken houses and 

through the roof of the Waste-to-Value plant’s indoor solids handling and processing 

building.    

3. Manure from the off-site farms will be received via road transport on tractor-trailers.  The 

tractors will drive into the building and tip the manure into the storage area and leave 

via the same entrance.  

Manure handling  

4. Poultry manure received from both the on-site conveyor system and the off-site tractor-

trailers is combined and delivered into two manure storage lanes that are 5m wide, 35m 

long and 3.5m high.  The manure stock in the storage lanes will be managed by a top 

loader system.  The top loader system is a mechanical scraper that travels the length of 

the manure storage lanes on a track.  The scraper, a bucket/blade mechanism, flattens 

and moves the manure in the lane.  The scraper system uses proximity and load sensors 

to build and monitor the profile of the stockpile.  This profile is used to calculate the 

volume of the manure in the lane.  

5. The scraper system is used to move the manure to the discharge end of the storage lane 

where the manure is pulled over a ramp and onto a belt conveyor.  Each top loader lane 

has a belt conveyor that transports the manure to a common discharge point.  

Manure conveying and grinding  

6. Manure discharged from the top loader’s conveyor belts is conveyed by two inclined 

belts to a manure grinder.  The function of the grinder is to break-up any manure clumps 

that have formed from compaction of the manure.  The ground manure is discharged 

on to a third belt conveyor which transfers it into the blending tank.  

Blending  

7. The blending tank, TK-1001, is used to adjust the solids concentration of the manure and 

create a homogenous manure slurry which can be fed to the anaerobic digesters.  The 

raw manure is received at a dry solids concentration of approximately 27% which needs 

to be reduced to a dry solids concentration of approximately 10%.  The solids 

concentration is reduced by adding recycled digestate which has been through the 

solids removal/sludge dewatering process.  The blending tank is mixed to keep all solids 

in suspension and to ensure there is good contact between the liquid and manure solids.  
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8. From the blending tank the manure slurry is transferred to the grit removal stage by PU-

1001.   PU-1001 has a macerator on the suction of the pump to further ensure all solids are 

broken down and of a suitable particle size to maximise the surface area in the anaerobic 

digester.  

Degritt ing  

9. Grit is removed from the feed slurry by two grit settlers which operate in series.  Feed enters 

the settlers tangentially; grit settles at a much faster rate than the organic solids and 

collects in the conical sections of the settlers while the organics are removed via a pump 

suction in the centre of each tank.  The discharge from the first grit settler, TK-1010, is 

transferred to the second grit settler, TK-1020, by transfer pump, PU-1011.  

10. Settled grit is pumped out of the grit settlers conical bottom and transferred to the Sand 

Washer, TK-1030, which separates the grit from the remaining organics and the liquid 

fraction.  Grit is discharged from the sand washer via an auger and dropped into a waste 

skip for offsite removal.  

11. The liquid and organic overflow from the sand washer is collected in a transfer tank, TK-

1040, from which it is pumped back (PU-1040) to the grit settlers.  

12. The discharge from the second grit settler is fed to the anaerobic digesters by two 

separate pumps, PU-1021 and PU-1022, which each feed one digester.  

Anaerobic Digestion  
13. There are two anaerobic digesters operating in parallel, TK-1210 and TK-1220.  In the 

digesters, the organic fraction of the manure is broken down by anaerobic bacteria and 

converted into biogas containing methane, carbon dioxide and hydrogen sulphide. The 

biological break down of the organic material also results in the release of the 

macronutrients nitrogen, phosphates and sulphur.    

14. The feed enters the digesters which uses a long flow path to generate a semi-plug flow 

regime.  This ensures all the feed stays in the reactor for the same duration (approximately 

20 days) which increases organic reduction achieved.  The optimum operating 

temperature for the anaerobic bacteria is 38°C.  The temperature in the digester is 

maintained by several pipe heat exchangers arranged vertically along the internal wall 

at even intervals along the flow the path of the digester.  The heat exchangers use hot 

water generated by a natural gas boiler as their heat source.  

15. The digester content is mixed axially along the flow path using compressed biogas to 

create lift and movement.  Mixing helps release trapped generated biogas and ensures 

good contact between the organic substrate and the bacteria.  

16. Biogas generated by the bacteria is collected and removed from the headspace of the 

digester for further processing in the gas train.  

17. The discharge from the anaerobic digester is called “digestate” and overflows out of the 

digester into a common tank called the effluent pit, TK-1230.  The digestate is pumped 

out of the effluent pit to the ammonia removal system by PU-1231.  

Ammonia Recovery  
18. The anaerobic process releases and converts organic nitrogen present in the manure, 

into ammonia.  The ammonia concentration in the digesters needs to be controlled.  If 

the ammonia concentration in the digester gets too high (approximately 5000mg/l) it 

can become toxic to the anaerobic bacteria.  The ammonia, therefore, needs to be 

removed before the liquid fraction of the digestate can be recycled for dilution water.    

19. Ammonia is removed from the digestate by heating it to 72°C and using air to strip it 

out.  The digestate spends up to five hours in the ammonia stripping unit.  The ammonia 

is then scrubbed out of the stripping air using a nitric acid or sulphuric acid solution to 
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generate an ammonium salt (either ammonium nitrate or ammonium sulphate).  The low 

ammonia digestate is pumped to the decanter centrifuge for the removal of residual 

organic solids. 

20. The ammonia recovery process will act as a pasteurisation step.  

Ammonia Stripper  

21. To improve the efficiency of the ammonia stripping process the digestate is heated up 

to 65°C.  This reduces the solubility of the ammonia in the liquid and increases the vapour 

pressure in the gas phase.  The heating is done in two stages, heat is initially recovered 

from the discharge of the ammonia stripper in HX-1501 and the remaining heat 

requirement is provided by a hot water heat exchanger, HX-1502.  

22. The heated digestate is passed through five chambers, counter-current to the flow of air.  

The digestate is distributed into the top of each chamber via several spray nozzles.  The 

stripping air enters the bottom of the chamber and ammonia is stripped from the 

digestate by the air as the digestate falls and air moves up and out of the chamber.  The 

digestate is recirculated and transferred to the next chamber in the process via a series 

of pumps.    

23. The stripped digestate is discharged from the 5th and final chamber, TK-1550, and 

pumped to the dewatering stage via the heat recovery heat exchanger, HX-1501, where 

it is cooled by heating the feed stream.  

24. Stripping air is discharged from chamber 1, TK-1510, of the ammonia stripper to the 

ammonia scrubber.  

Ammonia Scrubber  

25. The ammonia-rich air stream exits the ammonia stripper and enters the primary scrubber, 

which is a horizontal packed bed scrubber, VK-1501.  As the air passes horizontally across 

the packing it is washed with a sulphuric acid solution.  The sulphuric acid reacts with the 

ammonia to form ammonium sulphate (NH4)2SO4.  Additional acid and water are added 

to the scrubber as ammonium sulphate is generated.  The ammonium sulphate 

concentration is controlled by purging a portion of the scrubbing solution.  The purged 

ammonium sulphate is discharged into a transfer tank, TK-1560, from which it is pumped, 

by PU-1514, to a storage tank, TK-3220.  

26. The ammonium sulphate generated is a by-product that is sold as a liquid fertiliser.  

27. The scrubbed air from the primary stage is then compressed using two blowers; KB-1503 

and KB-1504.  The compressed air is split with a fraction going to a polishing scrubber, VK-

1502, before being discharged to the atmosphere at an ammonia concentration of less 

than 15ppm.  The majority of the compressed air from the primary scrubbing stage is 

recycled back to the ammonia stripper for reuse as stripping air.  

Digestate dewatering  
28. After removal of the ammonia, the digestate from chamber 5 of the ammonia stripper, 

is dewatered by the decanter centrifuge, DC-1710.  The decanter centrifuge has a 

rotating bowl which generates a centrifugal force pushing the solids laterally out against 

the bowl’s wall.  The solids are extracted out the bowl using a scroll which operates on 

an opposite rotation to the bowl.      

29. The decanter centrifuge recovers approximately 50% of the solids. The solid fraction or 

sludge generated by the decanter centrifuge (dewatered digestate) has a dry solids 

content of approximately 25-30% DS.  The dewatered solids are transferred, from the 

decanter centrifuge using a progressive cavity pump with a screw feeder, to the 

digestate storage area.    
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30. The liquid fraction or centrate from the dewatering process, is discharged into a transfer 

tank, TK-1710, where it is pumped (PU-1711) to either the centrate buffer tank, TK-1720, or 

to the site’s bulk liquid storage lagoon, TK-1730. 

31. Centrate from the centrate buffer tank is recycled back to the blending tank, TK-1001, 

for manure dilution water, by PU-1721.  

32. As the site has a positive water balance, a portion of the decanter centrate is taken off-

site and used as liquid organic fertiliser and soil conditioner, this is taken out of the bulk 

storage lagoon, TK-1730.   

Gas train  
33. Biogas generated by the anaerobic digester is beneficiated either by generating 

Combined Heat and Power (CHP) using a gas engine, or by upgrading the biogas to 

biomethane, by reducing the CO2 content, to make it suitable for export to the national 

grid.  

34. The biogas system has some storage capacity, in the form of a double membrane cover, 

which has been installed over the bulk liquid storage lagoon.  The outer weather cover is 

kept inflated by an air blower while the inner membrane inflates/deflates, depending on 

the volume of gas that is being stored.  

Biogas Upgrading Plant (BUP)  

35. Moisture is removed from the biogas received from the biogas header in a gas dryer 

which cools the gas down reducing the absolute saturation concentration of the water 

in the gas.  This causes the moisture to condense out of the gas.  The gas is then heated 

when compressed by the blowers feeding the carbon filters, causing the saturation 

concentration to increase and thereby decreasing the relative humidity of the biogas.   

36. The carbon filters are used to reduce the sulphur/H2S concentration of the biogas through 

a process of adsorption.   

37. The dry, low sulphur biogas is then compressed before it is passed over a two-stage 

membrane process, where the methane is the permeate and the CO2 is the retentate, 

to increase the methane concentration.  A third membrane stage is used to recover 

additional methane which remains in the retentate.  

38. The upgraded biomethane is then transferred to the Grid Entry Unit (GEU) for transfer into 

the National Gird.  

Grid Entry Unit (GEU)  

39. The GEU receives biomethane from the BUP and uses Liquified Propane Gas (LPG) to 

increase the calorific value of the gas to meet the minimum calorific requirement, for 

export to the National Grid.  The gas is analysed inline to ensure the quality achieved 

before it is metered and released to the National Grid.  If the gas does not meet the 

calorific and analytical requirements it is recycled back to the anaerobic digester 

headspace where it re-enters the gas train.  

Combined Heat and Power (CHP)  

40. Raw biogas fed to the CHP is pressurised, dried and de-sulphurised using similar processes 

to the BUP before it is supplied to the gas engines.  The gas engine turns an alternator 

which generates electricity at 400V which is used on-site to supplement the electrical 

requirement of the Waste-to-Value plant.     

41. Waste heat is recovered from the engines in two places; the engine block and the 

exhaust gas.  The engine block needs to be cooled to prevent it from overheating as a 

result of the internal combustion taking place.  This is achieved by running water through 

the engine block as a cooling medium.  The hot water generated by cooling the engine 
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and the heat recovered from the exhaust gas is then used to pre-heat the hot water 

system before the balance of the heat required, is made-up using a natural gas boiler.  

Flare  

42. The biogas supply header and system are protected from overpressure by a shrouded 

ground flare which oxidizes the biogas when the pressure gets too high before it is vented 

to atmosphere. 

 

Drainage  

Process Drainage 

43. All areas where there is a potential spillage from the process and equipment, as indicated 

in the associated drawing, are suitably isolated from the stormwater catchment system 

and are channelled to the process drain sump.  The contents of the process drain sump 

is transferred via pumps (and above-ground pipework) to the bulk liquid storage lagoon 

(combi-bag).  The liquid contents of the bulk liquid storage lagoon are either used as 

dilution water in the blending tank, or the excess liquid is removed from site via road 

tankers and used as liquid organic fertiliser and soil conditioner (as described above 

under section ‘Digestate Dewatering’). 

Stormwater Drainage 

44. All stormwater drainage areas (as indicated in the associated drawing) are collected 

and channelled to the pond via an oil interceptor.  Included at the inlet and outlet of the 

oil interceptor are isolation valves that can effectively be used to isolate the oil 

interceptor for maintenance, and in an emergency to prevent spillages on the 

stormwater catchment areas from entering the pond (under exceptional 

circumstances). 

Tanker loading/offloading area 

45. Drainage from the tanker loading/offloading area is controlled via a valve.  During 

normal operations, the valve is open and any stormwater that collects in the tanker 

loading area will be directed into the stormwater system.  During loading/offloading of 

road-tankers, the drain valve will be closed so that any spillage will be isolated from the 

stormwater system and can be disposed of in a suitable manner. 

Foul sewer 

46. Sewage from the office building is pumped directly (via the ‘mini-compacta’ system from 

KSB) to the blending tank where it will join the poultry manure and will ultimately enter the 

anaerobic digester. 

Bunded areas 

47. Any stormwater that may collect in outdoor, uncovered bunded areas will be tested 

before being discharged (via a portable pneumatic pump) into the stormwater system. 

If the bunded water is found to be contaminated it will not be pumped into the 

stormwater system but instead will be disposed of in a suitable manner. 

 

 


