The BHSL on farm
Fluidised Bed
Technology
How it works
using poultry manure as a fuel
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1. Introduction
Over 10 years BHSL have developed and patented Fluidised
Bed Combustion (FBC) Technology to reliably convert poultry
manure into heat and electricity for use on the poultry farm.
Immediately after birds are depopulated, poultry manure
from the poultry rearing sheds is transferred to a bio-secure
building which is completely sealed once the doors are closed.
Over the next flock the manure is automatically transferred to
the BHSL plant which converts the manure into heat or heat
and electricity. The process is overseen by the BHSL Remote
Operations Centre, and meets strict European emissions limits.

Manure
Air
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There are numerous benefits from using manure as a fuel,
including;
•

Replacing fossil fuels

•

Providing abundant heat to improve conditions for birds

•

Enhanced welfare and reduced use of antibiotics

•

Savings from improved feed conversion

•

Increased production throughput

•

Increased yield in the processing plant

•

Reduced manure transportation

•

Improved biosecurity

•

Renewable energy incentives

•

Environmental benefits such as reduced potential for
acidification and eutrophication

This document describes how this process works, and why FBC
is a unique technology for using a difficult material like poultry
manure as a fuel in combustion.
If you find this document is helpful, then you may also
be interested in our guides to Regulation and Remote
Operations & Maintenance. Please contact sales@bhsl.
com for more information.
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2. What is Poultry Manure?
All biomass projects start with a description of the fuel. For instance, if you use
pellets or woodchip in a boiler then the manufacturer will specify the quality of
fuel that will work. There are quality marks and standards that describe the energy
content, moisture content, particle size distribution, bulk density, abrasion, levels of
dust or spores and ash content.
But what is the standard for poultry manure? Based on the EU Regulations EU ABPR
Reg 592/2014 untreated poultry manure used for combustion must be sourced
on the farm where the combustion takes place. The process must also meet strict
emissions limits as part of an annual emission test carried out by an independent
certified body. The manure from different flocks of chickens will vary in moisture
content but, because the feed for poultry is consistent and regulated, the byproduct of the growing process will also have this consistency.
Because the moisture content in manure can vary for many different reasons the
fuel handling equipment must be capable of dealing with material that can vary
from dry and powdery to wet, sticky or caked.
The bedding material used when day old birds are placed are typically wood
shavings or chopped straw. This material will make up just 5% of the total material
generated in a six week cycle. Different bedding materials will require modified fuel
handling and emission control systems.

Poultry manure is a byproduct of a biogenetic
process at an industrial
scale. Growing chickens can
present the farmer with
many challenges and while
good practice does monitor
and manage the litter
the primary concern will
always be the production
of chickens, not the
production of manure.

A farmer cannot guarantee
what the moisture content
of the manure will be from
batch to batch.

A reliable solution is only
possible if the process
can automatically adjust
for variations in manure
moisture content.
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Manure handling must be
automated and capable of
conveying the fuel which
can vary between dry, wet,
sticky or caked.

3. Manure Handling
BHSL use a Toploader fuel handling mechanism in a bio-secure manure storage
area which moves manure reliably to conveyors that are located at the end of the
storage area. These conveyors convey the manure to an automatic screw feeding
mechanism attached to the side of the furnace.

The BHSL Toploader is
energy efficient and easily
maintained as all the
moving parts are above the
fuel.

3.1 Bio-secure Storage of Manure on Farm
The storage area is a separate sealed area. Once filled at the end of a flock of birds,
the manure handling is automated to minimise the need for human intervention in
the fuel feed process and prevent cross contamination between the energy centre
and growing sheds.
Furthermore, the air for the combustion process is ‘pulled’ from the manure
storage area. By maintaining the storage area under negative pressure odours and
pathogens are completely negated.
Typically, the storage area is located within a purpose built energy centre which also
houses the BHSL plant and ancillary equipment.

After being loaded into
the bio-secure storage
area, BHSL 24/7 operators
oversee the material
handling process and can
remotely observe and
overcome problems if
required.
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The fuel scraper blade
starts to rise to maintain
a fixed tension or drag
between the blade and
the fuel.
3.2 BHSL Toploader
The BHSL Toploader is a fuel handling unit comprising a wheeled carriage mounted
on elevated tracks which in turn form part of the side walls of the fuel bay. The
carriage movement and precise position are monitored by inbuilt sensors. Initially
and following offloading of new fuel, the carriage travels to its maximum limit; at
this point the scraper blade is lowered down to the floor or until the lower level
sensor registers fuel.
The fuel handling Programmable Logic Controller (PLC) records the fuel ‘found
at’ location and then drives the carriage back towards the discharge end. The fuel
scraper blade starts to rise to maintain a fixed tension or drag between the blade
and the fuel. This tension control ensures that the blade, whilst dragging fuel, does
not dig in to the fuel but maintains a steady scrape along the surface.
The carriage continues to scrape fuel towards the discharge edge and collection
conveyor. Sensors above the collection conveyor monitor whether fuel is already
on the belt, if so the carriage remains stationary. If the conveyor is empty then the
carriage moves forward, pulling fuel with the blade and into the conveyor. Forward
movement ceases if the belt fuel sensors register fuel; if the sensors continue to
call for fuel after the discharge then the fuel handling system returns the ‘fuel
found’ location and repeats the extraction and scrape process.
A fuel demand signal is triggered by level sensors in the fuel buffer hopper. Remote
Operators can also view the storage area through a camera, and manually operate
the Toploader or Conveyor should the need arise.

3.3 Conveyors
Depending on the layout of the site two or more covered conveyors transfer
the manure to the fuel buffer hopper. The manure on the conveyors adds to the
quantity in the buffer hopper increasing the time permitted to add fuel without
impacting on the combustion process.
The conveyors are designed to transfer the manure cleanly without it becoming
caked or building up over time.

3.4 Fuel Buffer Hopper
The fuel buffer hopper, mounted at the front of the combustion unit, is sized to
ensure continuous operation. Fuel is transferred into the furnace using a metering
screw system.
The operation of this is controlled through a reduction gear-motor and panel
mounted variable speed drive. The speed rate is dictated by the system PLC.

The conveyors are
designed to transfer the
manure cleanly without
it becoming caked or
building up over time.
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4. BHSL Fluidised
Bed Combustion
Fluidised Bed Combustion is a technology developed for low value, variable
moisture content fuels. It’s typically used in large power plants, but BHSL have
developed it for on farm applications.

From day one BHSL have
developed technology
that can reliably process
poultry manure in all its
different forms. It is not
practical to ‘cherry pick’
suitable manure from the
floor of the houses, and
mixing manure with other
fuels is not allowed by
the regulations. Using a
drying process purposely
to prepare the manure
for combustion is also not
permitted.

4.1 How It Works
A normal diesel burner raises the combustion chamber up to operating
temperature, then the manure is dropped onto a bed of sand and combustion
starts. The diesel is no longer needed after start-up – the plant can operate using
only manure.

Poultry manure
is added. Start up burner
no longer needed.

Diesel burner raises
bed temperature

Air
Recirculation

Hot gas used
for heating

Bed of Sand
Air and
biomass
quantities
control heat
output

Primary
Air

1. How ﬂuidised bed
combustion works

2. Start up

FBC technology is
recognised for its ability
to minimise unwanted and
harmful emissions, such
as SO2, NOx or HCL and
to maximise combustion
efficiency.

Fluidised Sand

BHSL provide a guarantee
that we can process your
manure and we manage
the ongoing maintenance
needs of the site too.

3. Continuous
combustion

The BHSL fluidised bed has been proven to accept a wide range of forest and
agricultural biomass fuels. To aid combustion maximum air recirculation is used.
The combustion chamber (furnace) is equipped with a gas oil burner used for
start-up purposes and to support combustion in the event of abnormal or upset
conditions.

Traditional boiler
designs that use higher
temperatures than FBC
can create more NOx gases
which may need abatement
by urea injection to ensure
they remain under the
200mg/nm3 limit.

If used, this abatement
technology has to be
continuously monitored.
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The furnace has been designed to ensure that the fuel conversion to heat energy is
complete and with a minimum of undesirable emissions. The furnace is lined with
refractory designed to withstand the operating temperatures.

Poultry manure
is added.
Air
Recirculation

Air and
biomass
quantities
control heat
output

Hot gas used
for heating

Fluidised Sand

Primary air is released into the sand bed through a system of nozzles. In order to
achieve clean combustion and ensure minimal harmful flue gas emissions BHSL’s
furnace and bed design targets an energy release that ensures bed temperature
stability and good flue gas residence times.
Poultry manure is directed from the buffer hopper down a chute and falls by gravity
onto the fluidised bed. The larger and heavier particles of the fuel are absorbed
into the bed and combusted. Lighter fractions tend to dry and combust above the
bed.
Combustion temperatures above the bed and in the upper furnace zone
(freeboard) are constantly monitored and the results are utilised for combustion
control programming inputs as well as ensuring that minimum combustion
temperatures are maintained for destruction of pathogens that may arise from the
biomass fuel.

The furnace has been
designed to ensure that
the fuel conversion to
heat energy is complete
and with a minimum of
undesirable emissions.
The furnace is lined with
refractory designed to
withstand the operating
temperatures.
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The ‘seething’ mass of hot sand has excellent thermal properties. If manure is
presented which is particularly wet, then this can be broken up and the ‘thermal
shock’ can be spread within the sand very quickly. The combustion is reliable, even
when the quality of the fuel is not.
There are limits to every process of course, and broiler manure must typically have a
Moisture Content of less than 45% (it can be higher for short periods) to be reliably
processed. Improved growing conditions on BHSL sites result in average moisture
content lower that 45%.

4.2 Sand Recycling
An important element of fluidised bed combustion operations - particularly when
operating with biomass fuels with high mineral content - is to maintain a standard
sand specification and bed depth.
To achieve this, it is necessary to remove from the bed all sand particles that may
have increased dimensions through agglomeration. A simple sieving and recycling
mechanism maintains the nominal sand specification.
The larger particles are removed and stored in a standard bag system.

4.3 What sets FBC apart from traditional boiler designs?
BHSL fluidised bed technology has been uniquely designed to combust poultry
litter. Industrial ‘wet woodchip’ boilers have been available for many years, and
these use a ‘grate’ system rather than a bed of sand. As these systems are based
on fuels that follow known woody biomass specifications, they may not readily
combust poultry manure with the considerable variations in moisture content
present.
The floor of a traditional furnace chamber uses mechanical ‘fingers’ or ‘chains’ to
move the fuel through the combustion process. Often these arrangements must be
water cooled to stop the mechanisms overheating.
By contrast the only moving part in the BHSL furnace chamber is sand. This abrades
the manure and handles slag and clinkers without the need for complicated moving
parts.
Clinkers and slag can occur if molten minerals quickly cool down as a result
of a variable moisture content fuel. A fluidised bed of sand operates at lower
temperatures, so minerals do not melt in the first place, and the rapid movement
within the bed helps spread wet fuel among the sand without it cooling specific
sections too much. The sand is automatically reconditioned and any clinkers that do
form are removed so they do not cause problems.
By contrast, grate based systems often use higher temperatures to support
combustion, so when wet fuel is presented it can quickly turn into clinker, requiring
a full shutdown to permit manual cleaning of the furnace.

5. Heat Exchange Design
5.1 Flue gas to Hot Water (or Steam) Exchange
The derived hot flue gas, at >850°C, travels through a number of heat exchanger
flue gas to hot water (or steam) tubes.
The heat exchanger section comprises a refractory wall enclosure providing a gas
tight atmosphere surrounding the module banks.
The design of the non-drainable heat exchangers is crucial in terms of alkali deposit
formation on tube surfaces and minimising the risk of de-novo dioxin formation.
Independent tests have shown that Dioxin reformation does not take place due to
the residence period and gas velocities.
Heat exchanger surfaces are prone, where high alkali biomass fuels are the primary
fuel, to severe fouling from ash deposits.
The BHSL heat exchange is designed to continuously remove ash and prevent it
from building up. This maintains the ongoing efficiency of the process.
Ash from the heat exchange area is removed by a horizontal screw conveyor.

5.2 Flue Gas to Primary Air Exchange
In order to maximise the efficiency of the process the air used for primary
combustion is pre-heated using an air to air heat exchange.
The flue gas temperature at the exit of the primary air heater is controlled to
ensure that stack exit temperatures are well above dew point temperatures of the
main gas constituents and to minimise flue gas heat losses.
Instrumentation within the flue gas path is mainly focused on flue gas
temperatures; other instruments on the water path are designed to monitor flow
and thermal gain.
The BHSL heat exchange uses alloys specifically selected for their performance on
the flue gasses from manure combustion.
The Life Cycle of these parts has been proven over many years of operation.

The BHSL heat exchange
uses alloys specifically
selected for their
performance on the flue
gasses from manure
combustion.

The Life Cycle of these
parts has been proven over
many years of operation.
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BHSL have conducted
exhaustive emissions
tests over many years of
operation.

6. Emissions Management
6.1 Designed for Low Emissions
BHSL have recognised that in certain regions of the world the energy centre and
combustion plant may be subject to strict environment emission limits.
The BHSL plant has been designed to meet the highest standards in emission
control and will easily comply with the European limits set out in Regulation
592/2014.

Pollutant

Emission limit value
(mg/Nm3)

Sulphur dioxide
Nitrogen oxides (as NO2)
Particulate matter

50
200
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Carbon Monoxide (CO) and Oxides of Nitrogen (NOx) are functions of combustion
control and can thus be controlled by changes within the furnace; however, the
generation of Sulphur Dioxide (SO2) and Hydrochloride (HCL) resulting from
combustion are also related to the chemical composition of the fuel.
The selection, by BHSL, of fluidised bed combustion technology has ensured that
SO2 and HCL gaseous emissions are significantly lower than those achievable by
other technologies such as a moving grate system or suspension firing. The action
of sand and ash particles during fuel combustion in low stoichiometric zones
enhances capture of acid compounds, thus reducing harmful acid gases.

6.2 Particulate Removal
To abate the particulate (fine ash or dust) burden to a level of less than 10 mg/Nm3
(PM10), a Reverse Pulse Jet Fabric Filter is used.
An instrument measures the pressure difference across the filters, signalling the
requirement for the pneumatic pulse jet system to operate. The shock pulses,
passing down through each bag, are sufficient to dislodge ash accumulated on the
cloth media.

We recommend purchasers
considering alternative
systems insist on
contractual obligations for
maximum emissions levels
at normal operation.
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7. ID Fan and Chimney Stack
The Induced Draft (ID) fan is designed to produce a balanced draft condition, within
the furnace, conducive to good combustion conditions and to ensure a flow of hot
flue gases through and across heat exchange surfaces.
The ID Fan exhaust is directed, via a duct into the chimney stack. The stack
dimensions, 1.5m high above roof level and 250mm in diameter have been selected
to ensure that the exhaust flue gas from the stack exit is at an acceptable efflux
velocity.
The stack has threaded ports available for any extractive emissions analysis
required.

8. Ash Collection
The ash from poultry manure, which contains Phosphorus (P) and Potassium (K) is
approx. 8%-10% of the weight of the manure. This is twenty times more ash than a
traditional woodchip boiler.
The BHSL plant is designed to remove the ash at various points in the combustion
process. – the sand recycling, the heat exchangers and the bag filters.
Horizontal and inclined screw conveyors deposit the ash into bags which can be
transferred off site for nutrient recycling.

9. Electricity Generation
Combined Heat and Power (CHP) designs are available by integrating electricity
generation models with the Combustion Plant. Depending on the needs of the
application BHSL can produce steam and use a steam engine or produce hot water
and generate electricity through an Organic Rankine Cycle (ORC). The best solution
will be site specific.

The ash is high in P & K and
is a valuable fertiliser.

Please contact sales@bhsl.
com for more information
on CHP.
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Please contact sales to
request a site survey,
and find out how BHSL
would use your manure
to transform poultry
production on your farm.

10. Bespoke Design
BHSL analyse the manure that is available - including the calorific value and
moisture content - to provide a system design that matches the potential of the
fuel with the heating and electricity demands of a site.
This includes modelling the poultry house environment based on the farm
operations, the local climate and target internal humidity levels that maximise bird
performance. BHSL provides poultry farms with abundant heat to support, fresher,
cleaner conditions for birds through greater ventilation.
BHSL can deliver solutions for broiler and layer farms that include either heating or
combined heat and power.
We can provide integrated solutions from manure storage and combustion to heat
delivery in poultry houses.
Benefits include; a known use for manure, enhanced bird welfare, additional bird
throughput, significantly improved feed conversion, heating and electricity savings
as well as renewable energy incentives. The left over ash is a valuable fertiliser and
BHSL can manage the ash recycling if required.

11. Securing Lasting Returns
from Manure
The combustion gases from manure are corrosive so it’s important that any
exposed metal surfaces - such as in a heat exchange - use alloys that are designed,
tested and proven to work with poultry manure.
BHSL have over 115,000 operating hours on our plant. The technology has been
optimised and fine-tuned so customers can be sure their system will be working in
20 years’ time.
The BHSL Remote Operations Centre monitors plant 24/7 and schedules
preventative maintenance service visits. We perform 3 minor services and 1 major
service each year as part of a long term service contract.
Our regular servicing ensures emissions tests are passed year after year.

We recommend all our
plants are operated and
maintained by BHSL on
behalf of the customer.

Contacts and further information
Head office:
Kantoher Business Park
Killeedy, Ballagh
Co. Limerick
Ireland

Ireland: +353 698 5336
UK Locall: 0844 5447727
USA: +1 443 603 0316
Email: sales@bhsl.com
Website: www.bhsl.com

