
 

 

 

 

Supporting Document for the Application for a 

‘Part B’ permit with further details about the  

MWE199 Biomass Boiler and its operation. 

APPENDIX 2 
‘PART B’ PERMIT APPLICATION 

Date: Nov 2023 



BACKGROUND 

 
Established for over 100 years, Scotts of Thrapston manufacture a wide range of timber buildings and 

products. All timber products are uniquely designed to each customers’ requirements.  

 

As part of the production process waste wood off cuts and sawdust is produced. This is processed and 

used as a fuel in a highly efficient biomass boiler system, which has the advantage of cutting down on 

fossil fuel usage and disposal of waste to landfill. 

 

Scotts of Thrapston have a 199kWth biomass boiler installed to generate space heating for the factory. It 

has been determined that the plant falls below the 50kg/hr threshold that requires a Part B Permit. 

However, as it is a directly associated activity to their current Process Activity Permit, a variation is being 

applied. 

It is intended for the boiler to burn fuel as classified under EWC 03 01 05. All the waste wood is 

generated on site so there is full transparency of the fuel used.  According to EPR Technical Note 

PG5/1(21) it is below the threshold of 90kg/hr and therefore no monitoring or extractive testing is 

required, only the observation of daily smoke emissions.  

For the purposes of this permit application, we are referring to EPR Technical Note PG5/1(21). This is to 

ensure we are meeting any new/forthcoming legislative changes.  

 

KEY FEATURES OF MWE199 

The MWE199kWth biomass boiler range features include the following: 

BIOMASS COMBUSTION SYSTEM 

 Suitable for a wide range of fuel types:  

○ Wood chip 

○ Pellets  

○ Wood production factory residues (MDF / Chipboard) 

 

 Boiler protection: 

Protected by a mains fed cold water coil integrated within the boiler, in the event of a power failure, 

the system will automatically cool the boiler by dissipating the heat to a drain in order to prevent 

damage. 

 

 Two stage hybrid Combustion grate: 

○ First stage solid retort 

○ Second stage fuel burnout zone 

○ Independent two stage primary air control 

○ Sectional grate elements are made from a high temperature cast chromium alloy 

○ Water cooled grate support 



The regulated combustion air supply flows around the combustion chamber and under the grates, 

cooling the surfaces and returning the energy gained by pre-heating the air to four independently 

adjustable air stages within the combustion process, increasing efficiency. 

 Fuel is supplied by a variable speed air cooled stoker with burn back provision: 

o Fuel barrier 

o Controlled negative pressure inside the combustion chamber 

o Thermostatic prevention system 

o Direct acting thermostatic water dousing system 

o Rotary valve fire choke 

 

 Combustion chamber 

○ Stoichiometrically designed three stage system 

○ Completely lined with refractory brickwork 

○ Automatic ignition, automatic heat exchange cleaning and automatic de-ashing. This minimises 

downtime and increases boiler efficiency 

○ Fully modulating microprocessor-controlled combustion combined with Lambda O2 sensor 

○ Detects variations in fuel quality by automatically adjusting the air intake and/or fuel supply 

○ Provides optimal combustion efficiency with very low emissions 

○ Boiler fire tubes within the heat exchanger can be fitted with pneumatic air blast nozzles 

○ Gives and maintains optimum boiler efficiency whilst reducing the need for manual cleaning 

○ Combustion grate with vibrate assist 

 

 Controlled flue gas recirculation (FGR)  

○ Regulates combustion temperature and fuel-to-air ratio 

○ Prevents over temperature in the combustion chamber 

○ Increases the lifespan of the grate and ceramics 

○ Reduces risk of clinkering and deposit formation 

○ Lowers exhaust O2 level which improves boiler efficiency 

○ Lowers NOx emissions 

 Further description can be found in Operation Manual for MWE range Section 1.2. 

ABATEMENT  

 Highly Efficient Cyclone  

Removes particulates from the flue gas, ensuring compliance with Emission Limit Values in EPR 

Technical Note PG5/1(21). 

 

o Operation: The I/D Fan will draw the fumes and heat from the combusted material through the 

heat exchange then through the cyclone. The cyclone will then separate whatever ash particles 

remain depositing them in the grit bin underneath. The remaining fumes are then pulled 

through an intermediate flue system into the I/D Fan and then expelled out through the main 

flue and into atmosphere.  

 



 
 

CHIMNEY 

 Chimney 

o Double Skin Stainless Steel Flue designed for efficient dispersion of flue gasses.  

o Top Stub 

o Roof Sealing Kit and/or Wall Brackets 

o All necessary supports, parts & fixings 

 

KEY ACTIVITIES OF MWE199 

The key activities associated with the operation of the MWE199 biomass boiler are as follows: 

o Fuel reception, storage, and handling 

o Combustion of biomass fuel with associated recovery of heat for distribution to the factory  

o Flue gas clean-up to remove particulates  

o Emission to atmosphere via a chimney 

o Collection of bottom ash and fly ash for subsequent use or disposal  

 

The Talbott’s MWE199kWth biomass boiler has been designed to comply with the principles of Best 

Available Techniques (BAT) for the combustion of biomass fuels and incorporates a range of 

monitoring and control features to optimise combustion and the associated recovery of thermal 

energy from the biomass fuel, while minimising pollutant emissions and the generation of solid 

residues.  The appliance has been fully tested by an EN17025 test house and presented with an RHI 

emissions certificate reference P3617/C005(B) for a variety of biomass fuels. A copy of which is 

included with this document. The activities associated with the operation of the biomass boiler 

facility are shown schematically in the following Process Flow Diagram.    



 

 FUEL RECEPTION, STORAGE AND HANDLING 

Wood offcuts are shredded and automatically transferred to the fuel storage silo. Any sawdust produced 

is automatically extracted and fed into the biomass boiler plant.   

Fuel is metered into the combustion chamber of the MWE199 biomass boiler by means of a screw auger 

that is driven by an invertor-driven motor that modulates its speed according to the demand for heat 

from the biomass boiler control systems. Combustion air is delivered from beneath the grate in varying 

proportions, along the length of the grate by a series of dampers. The air to fuel ratio is varied along the 

length to provide optimum conditions for combustion of the biomass fuel. 

Flue gas recirculation (FGR) is incorporated into the design of the biomass combustion system and is 

introduced to maintain the combustion temperatures below critical values to avoid excess thermal NOX 

formation and to prevent ash fusion and clinkering. The flue gas recirculation is fully modulating to 

provide the correct response over the boiler control range without excessive loss in efficiency. 

Fuel is introduced to the top of the inclined grate where moisture is driven off and the temperature is 

raised to ~350ºC where devolatilisation of the biomass fuel begins to occur. The fuel continues to pass 

down the inclined grate and the volatiles that are released burn above the bed of fuel and pass into the 

secondary combustion chamber, while the resulting char passes on down the grate where it is exposed 

to higher concentrations of oxygen (higher air to fuel ratio) to promote complete combustion of the less 

reactive char. At the end of the grate the fully burnt-out, bottom ash residue falls into an ash quench 

chamber prior to being transferred to an ash collection bin by a screw feeder. Thermal energy associated 

with the hot combustion gases is recovered in the convective smoke tube section of the boilers to 



produce hot water at ~90ºC, which is then introduced into the heating circuit and returned to the boiler 

at a temperature of 70 ºC. 

The internal dimensions of the combustion chamber provide a residence time of more than two seconds 

based upon a volumetric flow rate of the flue gas generated by the combustion of the biomass fuel.  

Combustion gases exit the boiler and pass through a filter where most of the entrained particulates (fly 

ash) are removed prior to discharge of the flue gas to atmosphere via the chimney.   

Fly ash collected from the base of the filter falls into a hopper from where it is collected for subsequent 

disposal.  The chimney has been designed to provide effective dispersion of pollutant emissions 

produced by the combustion of the Grade B wood chip fuel. The height of the chimney has been 

confirmed by undertaking D1 flue height dispersion calculations, along with a H1 environmental 

assessment. Copies of the reports will be provided with this application.  

 

PROCESS CONTROL  

The boiler control system provides total combustion management ensuring high reliability and low 

emissions.  This is achieved by a lambda control loop (oxygen trim) through the PLC unit along with real 

time feedback of the furnace, post furnace and flue gas temperatures.  The primary and secondary fans 

are inverter driven allowing optimum combustion to be achieved for various load requirements, and 

variability in the proportions of sawdust in the fuel mixture.  

Further information about monitoring boiler performance, including lambda control loop can be found in 

section 2.5 of the Operation Manual for MWE Range. 

 

COMBUSTION MANAGEMENT  

All aspects of the combustion of the fuel are managed by the biomass boiler’s Programmable Logic 

Controllers (PLC).  Fuel is called for from the fuel store via demand to satisfy the temperature set within 

the PLC. 

Fuel is supplied via automated control, managed by a series of infra-red sensors mounted in the 

conveyor and fuel hopper. This provides a constant controlled supply of fuel to the hydraulic loading 

system. The rate of the fuel feed is governed by pre-set cycle times, programmed into the PLC control 

system. The hydraulic fuel feed 'pusher' loads the pre-determined quantity of fuel into the combustion 

chamber’s ‘loading plate’. This allows the process of pre-combustion drying/evaporation to start prior to 

the fuel being pushed onto the moving grate. The fuel is subsequently moved down the grate delivering 

it to the point of maximum pyrolysis/gasification, and the primary air addition first and second stages.  

The speed of the moving grate is governed by pre-set times programmed into the PLC, as is the primary 

air flow rate to the combustion chamber. A zirconia probe situated within the combustion chamber 

provides information to the PLC to “trim” the   oxygen concentration (excess air levels) to provide 

efficient combustion conditions at all times. Secondary and tertiary air speeds are controlled by the flue 

gas oxygen monitoring lambda probe. 

Combustion management is achieved through furnace and post furnace temperature monitoring. 



Further information about monitoring boiler performance, including the boiler’s PLC can be found in 

section 2.5 of the Operation Manual for MWE Range. 

 

POLLUTION CONTROL 

Flue gas recirculation provides additional control of emissions of oxides of nitrogen (NOX) from the 

combustion process and prevents excessive temperatures occurring on the grate which might cause 

damage to component parts, that could interfere with the combustion air flow through the grate and the 

bed of burning fuel. 

Further information about fuel settings, including re-circulation control can be found in section 2.6 of the 

Operation Manual for MWE Range. 

The MWE199 biomass boiler is equipped with a filter for abatement of particulate emissions emitted by 

the combustion of the biomass derived from waste wood fuel. Each stream is taken through the multi-

cyclone and ducted to the chimney. More info can be found in this document under the ‘Abatement’ 

section. 

The optimisation of combustion conditions by the MWE199 boiler’s PLC control system ensures that 

emissions of carbon monoxide and VOCs are minimized at all times. The formation of both pollutants is 

promoted by inefficient combustion conditions. 

 

ABNORMAL OPERATING CONDITIONS 

The operation of the MWE199 biomass boiler will be closely monitored and controlled and the likelihood 

of abnormal operating conditions arising, that might give rise to unintentional releases, is remote. The 

PLC system detects deviations from standard operating conditions and triggers a visible and audible 

alarm on the control panel. The boiler control system is able to indicate a low alarm condition for small 

deviations which would not have a significant impact on emissions, and a high alarm condition for large 

deviations which could impact significantly on emissions.  Under the low alarm condition, the PLC 

controller will alert the operator, but will continue operating.  In the event that the low alarm persists 

without an operator responding within a defined period (typically between 4 to 24 hours depending 

upon severity of the alarm), then the PLC controller will automatically shut down the boiler and lock-out 

to prevent automated restart. Under high alarm condition, the boiler will immediately shut down in a 

controlled manner as quickly as possible and will then lock-out to prevent automated restart. 

Both high and low alarm conditions operate independently of the operator notification, which is a 

secondary activity. Consideration is being given to setting up a system that will send an SMS message to 

operational staff in the unlikely event of abnormal operating conditions arising. Operational staff would 

be able to dial in remotely to the system to look at what the issue is and respond accordingly.  Under this 

highly unlikely scenario of abnormal operating conditions, higher than normal concentrations of carbon 

monoxide and VOCs may occur in the emissions to atmosphere, this is due to conditions of inefficient 

combustion on the grate (the most likely abnormal operating condition that could occur).  The impact of 

these elevated pollutant concentrations will be minimal in the vicinity of the site due to the height of the 

chimney and the effective dispersion that it provides.  



Abnormal conditions are only likely to occur for short periods of time as the high and low alarm 

shutdown sequences will ensure that the condition does not persist unnecessarily. Any short-term 

transient peaks in ground level pollutant concentrations that may arise during abnormal operating 

conditions are unlikely to be a significant threat to the health of people living and working nearby. 

More information on the alarms and resolutions can be found in section 2.7 of the Operations Manual 

for MWE Range. There is also a full fault list with descriptions in section 2.8 including the abnormal 

operating temperatures. 

 

FUGITIVE EMISSIONS 

The MWE199 biomass boiler is a fully enclosed unit and operates under slight negative pressure which 

eliminates the potential for fugitive emissions of combustion gases from the boiler. Accordingly, there 

are no sources of fugitive emissions associated with the operation of the MWE199 biomass boiler that 

are likely to affect neighboring properties. 

Minor quantities of dust that may be generated during the reception, storage, and handling of the wood 

waste fuel, will be contained primarily within the fuel storage area and the building housing the boiler. 

Any airborne dust that may migrate from the fuel reception area will be minimal and will not travel far 

due to its relatively coarse particle size, which will result in deposition being restricted to within the 

confines of the site boundary. 

 

PREVENTATIVE MAINTENANCE   

Scotts of Thrapston will operate a system of preventative maintenance on the MWE199 biomass boiler 

to ensure that its operation is optimized at all times, minimizing the potential for unintentional releases 

to occur.  As part of their normal duties, operational staff will undertake a daily inspection of the 

installation to look at obvious signs that maintenance of equipment is required.  Management 

procedures will be prepared to inform staff of their responsibilities and will also involve recording any 

findings from the daily inspection process.  The preventative maintenance procedures recommended by 

Talbott’s will be incorporated into the operation procedures of the MWE199 biomass boiler. A robust 

servicing contract with the manufacturers of the plant will also be put into place. A copy of the operating 

manual for the appliance is appended to this document. 

Any bottom ash, slag or dust will be handled and disposed of by an appropriate method or licensed 

carrier.  

Further information about servicing and maintenance can be found in section 3 of the Operation Manual 

for MWE Range.  

 

ENCLOSURES: 

RHI emissions certificate, Talbott MWE 199 Boiler Data Sheet, Operations manual for MWE Range



I%1%( 2 3 " %

 

K;8>73"=%#G"5:%:GHM%2:%,bX%2=A%HM;L672>AV%!":8>;H8:%#G>=2H"%8"<L">28G>":%87%:2#"%

5"["5:%

• XG55?%6>;HW%5;="A%H7<6G:8;7=%HM2<6">%"=:G>"%M;3M%8"<L">28G>"%6G>=%2=A%G58>2%57\%

"<;::;7=:E%"["=%\M"=%6G>=;=3%,bX%2=A%HM;L672>A%>":;AG":V%

• (>;<2>?%2=A%:"H7=A2>?%2;>%L>"dM"28;=3%%

• ];>%H775"A%H7<6G:8;7=%HM2<6">%\;8M%57\%:G>#2H"%8"<L">28G>":%<;=;<;:":%M"28%57::%

%

%

%

%

%

%

%

%

PQTB F.$/!S.*E$%!K$1-%(#'()*!
%

!"#$%&'(&)*+
4M"%6G=W">%2557\:%#7>%2%6G##">%6"8\""=%8M"%67;5">%2=A%8M"%[2>?;=3%L>7AGH8;7=%7#%8M"%#2H87>?V%

4M"%67;5">%:?:8"<%;:%A":;3="A%87%7L">28"%7=5?%\;8M%2A"TG28"%#G"5%;=%8M"%6G=W">V%F#%8M"%67;5">%

:M7\:%2%e#G"5%>"TG":8%8;<"%7G8f%#2G58%8M"%6G=W">%M2:%>G=%"<L8?E%2=A%8M"%7L">28;=3%>"3;<"%7#%

8M"%67;5">%=""A:%87%6"%258">"A%2HH7>A;=35?V%4M"%6G=W">%\;55%6"%A":;3="A%87%2HH"L8%?7G>%

<"8M7A%7#%#G"5%8>2=:L7>8%P"V3V%AG:8%"Y8>2H8;7=%7>%H7=["?">%6"58%:?:8"<QV%F8%\;55%6"%:;a"A%87%8M"%

:;8"%>"TG;>"<"=8:g%M7\"[">E%;8%;:%;<L7>82=8%87%=78"%8M28%8M"%#G55%8M"7>"8;H25%H2L2H;8?%7#%8M"%

6G=W">%H2=%="[">%6"%#G55?%G8;5;a"A%2:%;8%:M7G5A%="[">%6"%2557\"A%87%>G=%"<L8?%7>%6"%

7[">#;55"AV%4M"%23;828;=3%<"HM2=;:<%\;8M;=%8M"%6G=W">%#2H;5;828":%>"5;265"%#""A;=3%87%8M"%

67;5">V%`7\"[">%h%;8%H2==78%"<L8?%8M"%6G=W">%H7<L5"8"5?%2:%;8%7L">28":%;=%2%H;>HG52>%<78;7=E%

8M">"#7>"%8M"%H7>=">:%\;55%25\2?:%M2["%#G"5%>"<2;=;=3%\M"=%8M"%#""A%87%8M"%67;5">%>G=:%7G8V%

F8%;:%8M">"#7>"%>"H7<<"=A"A%87%W""L%8M"%6G=W">%28%5"2:8%C'D>A%#G55%28%255%8;<":V%%(5"2:"%=78"%

8M28%"##"H8;["%M"28;=3%H2L2H;8?%7#%8M"%6G=W">%\;55%A"L"=A%7=%#G"5%H7=#;3G>28;7=E%A"=:;8?E%"8HV%%

%

,'"%-(&)*++
4M"%#G"5%;:%8>2=:L7>8"A%;=87%8M"%6G=W">V%47%>"<7["%8M"%#G"5%#>7<%8M"%6G=W">%8M"%23;8287>%

A>;["%3"2>67Y%;:%6758"A%87%8M"%#2>%"=A%7#%8M"%6G=W">%:H>"\V%4M"%>28;7%3"2>67Yf:%:M2#8%:;8:%

\;8M;=%8M"%6G=W">%2=A%8G>=:%\M"=%8M"%6G=W">%:H>"\%3"2>%67Y%>G=:V%]882HM"A%87%8M"%:M2#8%

\;8M%8M"%6G=W">%2>"%8\7%:L>;=3%572A"A%2><:%\;8M%2%A;:H%6758"A%7=%87LV%

%

%

%

%

%

%

%

%

%

%

]:%8M"%6G=W">%#;55:%\;8M%#G"5%8M"%2><:%\;55%#75A%62HW%G=A">%8M"%L528"%87%82W"%<28">;25%#>7<%8M"%

H"=8">%7#%8M"%6G=W">V%]:%8M"%<28">;25%5"["5%A>7L:%8M"%2><:%\;55%3>2AG255?%>"2HM%2>7G=A%8M"%



Ck%1%( 2 3 " %

 

!
!
!

=$2#$%&'.%$!2&*&H$%!S)(/$%!).'#.'!>FMdQ!PAB!
%

• 4M"%(Fb%:"88;=3:%H7=8>75%M7\%233>"::;["5?%8M"%7G8LG8%L7\">%;:%258">"A%;=%>":L7=:"%87%

8M"%HG>>"=8%67;5">%8"<L">28G>"V%@7\%WL%2=A%M;3M%4;%[25G":%\;55%>":G58%;=%:57\%H7=8>75E%

\M;HM%H2=%H2G:"%7[">M"28;=3V%`;3M%WL%2=A%57\%4;%[25G":%\;55%>":G58%;=%[">?%>2L;A%

#5GH8G28;7=E%\M;HM%M2:%2%="328;["%"##"H8%7=%H7<6G:8;7=V%4M"%L2>2<"8">:%:M7G5A%6"%

:"8%:GHM%8M28%8M"%67;5">%<7AG528":%:<778M5?E%6G8%>2L;A5?%"=7G3M%=78%87%7[">M"28%

\M"=%8M"%572A%;:%:GAA"=5?%>"AGH"A%;=%>":L7=:"%87%M"28;=3%A"<2=AV%`"28;=3%:?:8"<:%

<G:8%25\2?:%6"%:"8%GL%87%"=:G>"%8M28%8M"%M"28;=3%572A%;:%=78%:87LL"A%:GAA"=5?E%2:%

8M;:%\;55%5;W"5?%>":G58%;=%7[">M"28;=3%7#%8M"%67;5">%2=A%2%57HW%7G8%7#%8M"%H7=8>75:V%F#%2%

M"28%AG<L%;:%=78%2[2;5265"E%8"<L">28G>"%82>3"8:%2=A%H7=8>75:%62=A:%P:""%XF&V%CCQ%

<G:8%6"%:"8%2HH7>A;=35?%87%L>"["=8%7[">M"28;=3V%!
• X57\%8"<L">28G>"%82>3"8%;:%572A"A%2G87<28;H255?g%7G8LG8%2=A%2H8G25%#57\%8"<L%2>"%

A;:L52?"A%#7>%;=#7><28;7=%7=5?V!
%

XF&V%CZ%

!
!

=$2#$%&'.%$!2&*&H$%!F(%$!9)?!).'#.'!
%

]2%(Fb%H7=8>75%7[">>;A":%8M"%=7><25%H7=8>75%7[">%67;5">%#;>;=3%>28"%P:""%X;3%CIQV%F#%8M"%

H7<6G:8;7=%8"<L">28G>"%"YH""A:%8M"%:"88;=3E%8M"%67;5">%\;55%<7AG528"%7G8LG8%87%<2;=82;=%

#;>"%8"<L">28G>"%28%8M"%:"8%[25G"V%%

%

• 4M"%(Fb%:"88;=3:%H7=8>75%M7\%233>"::;["5?%8M"%7G8LG8%L7\">%;:%258">"A%;=%>":L7=:"%87%

8M"%HG>>"=8%#;>"%67Y%8"<L">28G>"V%@7\%WL%2=A%M;3M%4;%[25G":%\;55%>":G58%;=%:57\%

XF&V%CI%



0J%1%( 2 3 " %

 

H7=8>75E%\M;HM%H2=%H2G:"%7[">M"28;=3V%`;3M%WL%2=A%57\%4;%[25G":%\;55%>":G58%;=%7[">d

H7<L"=:28;7=%87%HM2=3":V%%

• X;>"67Y%82>3"8%8"<L%;:%572A"A%;=%#>7<%#G"5%:"88;=3:%L23"%P:""%XF&V%YQ%

• +G>>"=8%7G8LG8%2=A%#;>"67Y%8"<L">28G>"%2>"%A;:L52?"A%#7>%;=#7><28;7=%7=5?V%

%

RQAB!,)*(')%(*H!9)(/$%!#$%G)%2&*-$3!
!
4M"%H7=A;8;7=:%"Y;:8;=3%;=%8M"%67;5">%28%2=?%<7<"=8%;=%8;<"%H2=%6"%<7=;87>"A%[;2%8M"%

^[">[;"\%:H>""=%PXF&VCRQ%

%

XF&V%CR%

%
%

&>""=%A78:%;=A;H28"%\M"=%"2HM%<787>%7>%:"=:7>%;:%2H8;[28"AV%!G==;=3%:L""A%7#%#2=:%;:%:M7\=%

;=%`aE%255%W"?%67;5">%L2>2<"8">:%;=H5GA;=3%#57\E%>"8G>=E%#5G"%2=A%H7<6G:8;7=%8"<L">28G>"E%

7Y?3"=%2=A%G=A">%L>"::G>"%2>"%A;:L52?"A%28%8M"%L7;=8%7#%<"2:G>"<"=8V%4M"%HG>>"=8%67;5">%

7G8LG8%L7\">%;:%A;:L52?"A%;=%8M"%87L%5"#8%7#%8M"%:H>""=E%2=A%8M"%7L">28;=3%LM2:"%;=%8M"%87L%

>;3M8V%

%

4M"%H7>>"H8%7L">28;7=%7#%8M"%67;5">%:?:8"<%H2=%8M">"#7>"%6"%2::"::"A%\;8M%2%TG;HW%352=H"%28%

8M"%:H>""=V%F8%;:%>"H7<<"=A"A%8M28%67;5">:%2>"%[;:G255?%HM"HW"A%;=%8M;:%\2?%28%5"2:8%A2;5?%6?%

2=%7L">287>%\M7%;:%8>2;="A%2=A%G=A">:82=A:%8M"%=7><25%>G==;=3%H7=A;8;7=:%7#%8M"%L52=8V%F#%

="H"::2>?E%8M;:%H2=%6"%[;2%8M"%>"<78"%H7=="H8;7=%P#2H;5;8?%L>7[;A"A%\;8M;=%8M"%L2="5%6G8%

>"TG;>":%2=%;=8">="8%H7=="H8;7=Q%

%

4M"%:"=:7>%>"2A;=3:%L23"%PXF&V%CkQ%3;[":%<7>"%A"82;5%7=%8M"%82>3"8:%2=A%5;<;8:%8M28%2>"%L>"d

A"#;="A%6?%[2>;7G:%:"88;=3:%"=8">"A%6?%?7G>%H7<<;::;7=;=3%"=3;="">V%(>"::%e:828G:%A;:L52?f%

2=A%8M"=%e:"=:7>%>"2A;=3:f%PXF&V%CSQ%87%:""%8M"%#""A62HW%#>7<%8M"%[2>;7G:%:"=:7>:%H7=8>755;=3%

8M"%67;5">V%%4M"%:H>""=%;:%G:"#G5%87%<7=;87>%67;5">%L">#7><2=H"%2=A%3;[":%;=A;H28;7=:%;#%8M">"%

2>"%2=?%;::G":%\;8M%8M"%67;5">%8M28%=""A%288"=8;7=V%





00%1%( 2 3 " %

 

7$*1)%!P%h%A;:L52?:%X5G"%.Y;8%4"<LE%H7=8>75:%X5G"%&2:%,;=;<G<E%H7=8>75:%*87L%X5G"%

57::%h%*823"%C%2=A%H7=8>75:%8M"%X;58">%6?L2::%[25["%

%%

7$*1)%!R%h%b;:L52?:%+?H57="%A;:HM2>3"'#2=%;=5"8%4"<LE%\;55%LG8%67;5">%;=%"<">3"=H?%

:MG8A7\=%;#%:"=:7>%0%;:%M;3M">%8M2=%:"=:7>%C%;=A;H28;=3%2%#;>"%\;8M;=%8M"%#;58">E%

H7=8>75:%*87L%#5G"%57::%h%*823"%0V%

%

• X57\%8"<L%d%A;:L52?:%8M"%HG>>"=8%\28">%8"<L">28G>"%;=%8M"%67;5">V%%4M"%82>3"8%

H7>>":L7=A:%87%8M"%e82>3"8%#57\%8"<L">28G>"f%;=%8M"%67;5">%2AcG:8<"=8%\;=A7\V%%4M"%

<;=;<G<%;:%=78%2AcG:8265"%2=A%8>;33">:%8M"%67;5">%L>;<2>?%LG<L%7G8LG8V%%4M"%

<2Y;<G<%H7>>":L7=A:%87%e67;5">%<2Y;<G<f%;=%8M"%67;5">%2AcG:8<"=8%\;=A7\V%F#%8M"%

67;5">%"YH""A:%8M"%<2Y;<G<E%;8%;=A;H28":%8M28%M"28%;:%=78%6";=3%2A"TG28"5?%>"<7["A%

#>7<%8M"%67;5">E%;=A;H28;=3%:7<"%;::G"%\;8M%8M"%M?A>2G5;H%:?:8"<%'%LG<L:%7>%M"28%

A;::;L28">V%

• ^0%h%b;:L52?:%8M"%HG>>"=8%7Y?3"=%>"2A;=3V%%4M"%82>3"8%H7>>":L7=A:%87%8M"%[25G"%;=%#G"5%

:"5"H8;7=%#7>%8M"%HG>>"=8%L7\">%7G8LG8V%%4M"%<;=%H7>>":L7=A:%87%e52<6A2%:87Lf%;=%8M"%

52<6A2%H7=8>75%\;=A7\V%F#%^0%37":%6"57\%52<6A2%:87LE%#G"5%#""A;=3%;:%8"<L7>2>;5?%

:G:L"=A"AV%%F#%8M"%^0%82>3"8%H2==78%6"%>"2HM"A%;8%;=A;H28":%2=%;::G"%\;8M%8M"%

H7<6G:8;7=V%@7\%[25G":%;=A;H28"%7[">#;55;=3E%\M;5"%M;3M%[25G":%;=A;H28"%2%52HW%7#%#G"5V%

F#%[25G":%2>"%H7=:;:8"=85?%M;3M%7>%57\%8M"%67;5">%:M7G5A%6"%:\;8HM"A%7#%2=A%8M"%

H7<6G:8;7=%HM2<6">%2=A%7Y?3"=%:"=:7>%;=:L"H8"A%2=A%H5"2="A%2:%="H"::2>?V!
• B=A">%L>"::G>"%h%A;:L52?:%8M"%HG>>"=8%G=A">%L>"::G>"%;=%8M"%H7<6G:8;7=%HM2<6">V%%

4M"%82>3"8%H7>>":L7=A:%87%8M"%[25G"%;=%#G"5%:"5"H8;7=%\;=A7\%#7>%8M"%HG>>"=8%

7L">28;=3%LM2:"V%%4M"%<;=;<G<%H7>>":L7=A:%87%eG=A">%L>"::G>"%<;=;<G<f%;=%eG=A">%

L>"::G>"%H7=8>75fV%B=A">%L>"::G>"%#2G58%;=A;H28":%2%657HW23"%7>%>":8>;H8;7=%;=%8M"%#5G"%

32:%L28MV%+M"HW%2=A%H5"2=%2:%="H"::2>?%8M"%67;5">%8G6":E%87L%7#%H">2<;H%2>HM":%;=%

H7<6G:8;7=%HM2<6">E%#5G"%67Y%7=%M"28%"YHM2=3">E%#5G"%AGH8;=3%2=A%>;:">E%2=A%

H?H57="V%+M"HW%255%5;A:%2=A%A77>:%2>"%:"HG>"5?%#2:8"="AV!
• ^0%2;>%d%:M7\:%8M"%2<7G=8%7#%H7>>"H8;7=%6";=3%2LL5;"A%87%8M"%:"H7=A2>?%2;>%#2=%:L""AV%

4M"%(@+%572A:%8M"%>"5"[2=8%[25G"%#>7<%8M"%#G"5%8265"%2HH7>A;=3%87%8M"%HG>>"=8%L7\">%

7G8LG8%7#%8M"%67;5">V%4M"%"YM2G:8%32:%^0%;:%H7=8;=G255?%H7<L2>"A%87%8M"%82>3"8%2=A%

8M"%A;##">"=H"%#"A%;=87%2%(Fb%H7=8>75%\M;HM%H25HG528":%8M"%="H"::2>?%2AcG:8<"=8%87%

6>;=3%8M"%^0%62HW%87%8M"%82>3"8V%XF&n%:M7\:%8M28%8M"%#2=%;:%HG>>"=85?%28%RCm%7#%8M"%:"8%

L7;=8%h%2%0km%>"AGH8;7=%;=%8M"%:"8%:L""AV%4M"%82>3"8%H75G<=%:M7\:%8M"%[25G"%572A"A%

#>7<%8M"%#G"5%8265"E%2=A%8M"%e<;=;<G<f%H75G<=%:M7\:%8M"%2H8G25%>G==;=3%:L""A%7#%

8M"%#2=V%(5"2:"%=78"%h%#5G"%32:%>"dH;>HG528;7=%25:7%2##"H8:%8M"%2H8G25%>G==;=3%:L""A%7#%

8M"%:"H7=A2>?%#2=%h%8M;:%H7>>"H8;7=%;:%2LL5;"A%L>;7>%87%8M"%^0%2;>%H7>>"H8;7=%2=A%\;55%

>":G58%;=%2%M;3M">%8M2=%"YL"H8"A%>G==;=3%:L""A%#7>%8M"%#2=V%F=%8M"%"Y2<L5"%PXF&nQ%8M"%

H7>>"H8;7=%;:%\7>W;=3E%2:%8M"%^0%;:%HG>>"=85?%[">?%:5;3M85?%6"57\%82>3"8E%8M"%#2=%:L""A%

\;55%;=H>"2:"%:5;3M85?%G=8;5%8M"%82>3"8%;:%<"8V%F#%255%;:%\"55E%8M"%^0%:M7G5A%6"%\;8M;=%N'd

0m%7#%8M"%82>3"8%[25G"!
%

%

%

%

%

%

%

%

%

%

%

XF&V%0J%







0Z%1%( 2 3 " %

 

G=8;5%8M"%:"8%H775%A7\=%H7<6G:8;7=%8"<L">28G>"%;:%>"2HM"A%P:""%#G"5%:"88;=3:%h%2AA;8;7=25%

L2>2<"8">:QV%F#%8M"%67;5">%;:%:MG8%A7\=%AG"%87%M;3M%\28">%8"<L">28G>"%P=7%M"28%A"<2=AQ%

6G>=7G8%\;55%>G=%#7>%8M"%8;<"%:"8%;=%e6G>=%7G8%=7%A"<2=AfV%

%

XF&V%0S%

%
%

F.$/!1$''(*H1!*)%2&/!)#$%&'()*!>FMdQRYB!
%

X""A%7=%P:Q% d% 4M"%>G==;=3%8;<"%7#%8M"%:87W">%:H>"\%

X""A%7##%P:Q% d% 4M"%L2G:"%8;<"%7#%8M"%:87W">%:H>"\%

4;<"%P,Q% d% 4M"%8;<"%;=%<;=G8":%#7>%\M;HM%8M"%67;5">%>G=:%;=%8M"%HG>>"=8%LM2:"%

^0%82>3"8% d% 4M"%7Y?3"=%5"["5%;=%8M"%#5G"%32:%8M28%8M"%67;5">%<G:8%8>?%87%2HM;"["%

(>;%];>%m% d% 4M"%>G==;=3%:L""A%7#%8M"%L>;<2>?%PG=A">%3>28"Q%2;>%#2=%;=%`aV%

*"H%Cm%% d% 4M"%>G==;=3%:L""A%7#%8M"%:"H7=A2>?%P7[">%3>28"Q%2;>%#2=%;=%`aV%

*"H%0m%% d% K7=d#G=H8;7=25%%

%

b"L"=A;=3%7=%8M"%HG>>"=8%L7\">%7G8LG8%7#%8M"%67;5">E%8M"%>"5"[2=8%>7\%\M;HM%;:%6";=3%

572A"A%;=87%8M"%(@+%\;55%6"%M;3M5;3M8"A%;=%3>""=%P;=%8M"%"Y2<L5"%8M"%67;5">%;:%>G==;=3%28%

CJJmQ%

%

%

%

XF&V%0k%



0S%1%( 2 3 " %

 

%
%

%

N++('()*&/!F.$/![&%&2$'$%1!R!>FMdQ!T:B!
%

• (>"d["=8;528;7=%8;<"%h%8M"%8;<"%8M28%;:%2557\"A%#7>%G=A">%L>"::G>"%82>3"8%87%6"%

7682;="A%\;8M%cG:8%8M"%#5G"%#2=%>G==;=3%\M"=%8M"%67;5">%;:%#;>:8%:82>8"AV%X2;5G>"%87%

>"2HM%8M"%82>3"8%\;55%>":G58%;=%2%#2G58%2=A%;<<"A;28"%:MG8A7\=V%4M;:%;:%A":;3="A%87%

A"8"H8%;#%8M"%HM;<="?%;:%657HW"A%7>%8M"%A77>%M2:%6""=%5"#8%7L"=%"8HV%

• b"d2:M;=3%;=8">[25%8;<"%h%8M"%%.**(*H!'(2$!(*!2(*.'$1!)G!'I$!1')E$%!1-%$V%6"#7>"%

8M"%2:M%:H>"\%;:%8>;33">"A%87%>G=V%)"H2G:"%;8%;:%5;=W"A%87%:87W">%8;<"%=78%>"25%8;<"E%8M"%

2:M%:H>"\%\;55%25\2?:%>G=%;=%L>7L7>8;7=%87%8M"%2<7G=8%7#%#G"5%;=:">8"A%>"32>A5"::%7#%

\M28%L7\">%8M"%67;5">%>G=:%28V%

• b"d2:M;=3%>G=%8;<"%h%2:M%:H>"\%>G==;=3%8;<"%;=%:"H7=A:%

• &>28"%H5"2=;=3%;=8">[25%8;<"%d%8M"%>G==;=3%8;<"%;=%:"H7=A:%7#%8M"%:87W">%:H>"\%6"#7>"%

8M"%<7[;=3%#577>%;:%8>;33">"A%87%>G=E%8M;:%;:%;=A"L"=A"=8%;=%;3=;8;7=V%

• &>28"%H5"2=;=3%>G=%8;<"%h%4M"%>G==;=3%8;<"%;=%:"H7=A:%7#%8M"%<7[;=3%#577>%

%

N++('()*&/!F.$/![&%&2$'$%1!T!O!K7="%7#%8M"%L2>2<"8">:%2>"%G:"AE%8M;:%:H>""=%;#%L>":"=8%;:%

>"AG=A2=8%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

XF&V%DJ%

XF&V%DC%



DI%1%( 2 3 " %

 

4M"%:"88;=3:%H7=8>75%8M"%2G87<28;H%H5"2=;=3%7#%8M"%M"28%"YHM2=3">E%=78"%8M"%8;<">%HM2=="5%I%

<G:8%6"%2H8;[28"A%#7>%8M"%H5"2=;=3%87%#G=H8;7=V%F#%=7;:"%:"=:;8;["E%8M"%[25[":%H2=%6"%A;:265"A%

28%H">82;=%8;<":%G:;=3%8;<"%HM2=="5%IV%

%

• +5"2=%[25["%H?H5"%8;<"%h%L2G:"%8;<"%6"8\""=%H5"2=;=3%H?H5":%

• F=8">[25%8;<"%6"8\""=%"2HM%[25["%7G8LG8%2H8;[28;=3%;=%2%H?H5"%%

• ^L"=;=3%8;<"%7#%8M"%:75"=7;A%[25["%

%

XF&V%OD%

%
!
F.$/!1$''(*H1!^!F.$/!7$''(*H1![&.1$!,)+$!>FMdQUTBQ!8"=5!^!*)'!L&/(+!G)%!&//!1D1'$21!

%

^=5?%[25;A%;#%L2G:"%<7A"%;:%:\;8HM"A%7=%;=%:?:8"<%:"8GL%'%:?:8"<%H7=#;3G>28;7=%<"=GV%

4M;:%;:%7=5?%="H"::2>?%;#%8M"%#G"5%;:%877%\"8%7>%AG:8?%#7>%>"5;265"%2G87<28;H%;3=;8;7=V%F#%

:\;8HM"A%7=E%8M"%67;5">%\;55%"=8">%L2G:"%<7A"%;#%8M"%8;<"%H57HW%:\;8HM":%7#%8M"%67;5">E%7#%

;#%8M"%\28">%8"<L">28G>"%"YH""A:%8M"%82>3"8%2=A%8M"%67;5">%;:%#7>H"A%7##%7=%8"<L">28G>"%

P=7%A"<2=AQV%4M"%67;5">%\;55%e6G>=%7G8f%G=8;5%8M"%^0%>"2HM":%8M"%:"8%^0%82>3"8V%4M"%67;5">%

\;55%8M"=%:87L%H7<L5"8"5?%2=A%8M"%;=8">[25%8;<">%PL2G:"%8;<"Q%\;55%:82>8V%-M"=%8M"%8;<"%

M2:%"52L:"A%2%:<255%L7>8;7=%7#%#G"5%\;55%6"%#""AE%2=A%8M"%#2=:%\;55%>G=%#7>%8M"%:"8%8;<"V%

4M"%;=8">[25%8;<">%6"3;=:%232;=V%4M"%H?H5"%H7=8;=G":%G=8;5%A"<2=A%>"8G>=:E%7>%8M"%8;<"%

H57HW%>":82>8:%8M"%67;5">V%

%

• (2G:"%8;<"%P<Q%h%8M"%8;<"%;=8">[25%6"8\""=%L2G:"%H?H5":V%4M"%H7G=8">%6"3;=:%

232;=%\M"=%2%H?H5"%;:%;=;8;28"AV%4M;:%H7=8;=G":%G=8;5%8M"%67;5">%"Y;8:%L2G:"%<7A"%

• X""A%7=%P:Q%h%8M"%:87W">%>G==;=3%8;<"%;=%:"H7=A:%2#8">%8M"%;=8">[25%8;<"%"52L:":%

• ^0%82>3"8%h%8M"%7Y?3"=%5"["5%87%\M;HM%6G>=%7G8%;:%H2>>;"A%7G8%L>;7>%87%"=8">;=3%

L2G:"%<7A"%2=A%:82>8;=3%8M"%;=8">[25%8;<">%

• X2=%8;<"%P:Q%h%8M"%>G==;=3%8;<"%7#%8M"%L>;<2>?%2=A%:"H7=A2>?%#2=:%2#8">%8M"%L2G:"%

8;<"%;=8">[25%

• (>;V%];>%m%d%4M"%:L""A%:"88;=3%#7>%8M"%L>;<2>?%2;>%#2=%

• *"HV%];>m%d%4M"%:L""A%:"88;=3%#7>%8M"%:"H7=A2>?%2;>%#2=%

• ^0%["=8%h%;#%8M"%7Y?3"=%A>7L:%6"57\%8M"%:"8%L7;=8%;=%2=%;=8">[25%8;<"E%8M"%#5G"%#2=%

\;55%:\;8HM%7=%87%["=8;528"%8M"%67;5">%#7>%:2#"8?%>"2:7=:%G=8;5%8M"%^0%>"2HM":%8M"%

^0%82>3"8V%

• (G<L%8>;33">%h%8M"%8"<L">28G>"%28%\M;HM%8M"%67;5">%H;>HG528;=3%LG<L%;:%2H8;[28"A%

\M"=%;=%L2G:"%<7A"%

!
RQXB!N/&%2!K(&H*)1(1!&*+!%$1)/.'()*3!



DZ%1%( 2 3 " %

 

!
4M"%67;5">%M2:%8\7%H28"37>;":%7#%#2G58V%%

%

• 4"><;=25%#2G58:%:87L%8M"%67;5">%2=A%2>"%A"=78"A%6?%2%A":H>;L8;7=%6"3;==;=3%X$%

4M"?%>":G58%;=%;<<"A;28"%:MG8A7\=%7#%8M"%67;5">E%\M;HM%\;55%37%87%e6G>=%7G8f%

<7A"%2=A%H7=8;=G"%#7>%8M"%:"8%8;<"%6"#7>"%:87LL;=3V%*7<"%:L"H;#;H%#2G58:%\;55%

:MG8%8M"%67;5">%A7\=%;<<"A;28"5?%\;8M7G8%6G>=%7G8%<7A"%7HHG>>;=3E%#7>%:2#"8?%

>"2:7=:V%

• -2>=;=3%#2G58:%A7%=78%:87L%8M"%67;5">%6G8%<2?%H2G:"%7L">28;7=25%L>765"<:%;#%

;3=7>"A%;=%8M"%57=3%8"><E%8M"?%:M7G5A%6"%;=[":8;328"A%2=A%>":75["A%;=%2%8;<"5?%

<2==">%

%

4M"%>"5"[2=8%#2G58%H7A"%\;55%25\2?:%6"%A;:L52?"A%;=%8M"%87L%5;="%7#%8M"%A;:L52?E%;=%2=?%:H>""=V%

+G>>"=8%#2G58:%2>"%A;:L52?"A%;=%>"A%8"Y8V%47%:""%<7>"%;=#7><28;7=%267G8%2%#2G58E%L>"::%8M"%

252><%6G887=V%%]%5;:8%7#%#2G58:%;:%:M7\=%;=%7>A">%7#%7HHG>>"=H"E%\;8M%8M"%<7:8%>"H"=8%28%8M"%

87L%PXF&%OOQV%%4M"%A28"%2=A%8;<"%7#%8M"%#2G58%H2=%6"%A;:L52?"A%6?%L>"::;=3%8M"%\28HM%:?<675V%

(>"::;=3%8M"%eFf%6G887=%3;[":%#2G58%>":75G8;7=%;=#7><28;7=%P:""%:"H8;7=%Y%#2G58%5;:8%2=A%

A":H>;L8;7=:QV%

%

XF&V%OO%

%
%

(5"2:"%=78"%h%;=%8M"%"["=8%7#%2%L7\">%#2;5G>"%7>%8M"%H7=8>75%L2="5%6";=3%L7\">"A%A7\=E%

:"[">25%8"><;=25%#2G58:%\;55%6"%>"3;:8">"A%AG"%87%8M"%"<">3"=H?%:87L%>"52?%A>7LL;=3%7G8V%%

%

^K+.%4`.%X]B@4%F*%!.*^@r.b%4`.%!.*.4%)B44^K%^K%4`.%X!^K4%^X%4`.%+^K4!^@%

(]K]@%^!%^K%4`.%,]FK%,.KB%)^44^,%!F&`4%,B*4%).%(!.**.b%).X^!.%4`.%)^F@.!%

+]K%).%!.*4]!4.bV%

 
M2#)%'&*'!8)'$1!

%

]=%MJK!G&*!O!,+)'FKr%X2G58%:M7G5A%:"=A%8M"%67;5">%;=87%2=%"<">3"=H?%:MG8A7\=E%8M;:%#2G58%\;55%

LG8%8M"%67;5">%;=87%2=%"<">3"=H?%:MG8A7\=%:H"=2>;7V%

%

]=%.*+$%O#%$11.%$%#2G58%\;55%H2>>?%7G8%8M"%#7557\;=3%2H8;7=:%

%

%

[%$OL$*'!^!!
CV ;#%8M"%G=A">%L>"::G>"%M2:=f8%6""=%<"8%#7>%8M"%:"8%L">;7A%8M"=%37%;=87%"<">3"=H?%:MG8%A7\=V%

MH*('()*!\!S.%*).'!



DR%1%( 2 3 " %

 

0V ;#%8M"%G=A">%L>"::G>"%M2:=f8%6""=%<"8%#7>%8M"%:"8%L">;7A%37%;=87%2%*$V%"<">3"=H?%:MG8%A7\=%

X2G58%:H"=2>;7%

CV _""L%F'b%#2=%>G==;=3%87%<2;=82;=%G=A">%L>"::G>"%#7>%2%<;=;<G<%DJ%<;=G8"%L">;7AV%

0V _""L%LG<L:%>G==;=3V%

,)+./&'()*!^!!
DV ;#%8M"%G=A">%L>"::G>"%M2:=f8%6""=%<"8E%#7557\;=3%1-&/$!9&-E!#%)-$+.%$1E%37%;=87%2%*$V%

"<">3"=H?%:MG8%A7\=%X2G58%:H"=2>;7%

DV _""L%F'b%#2=%>G==;=3%87%<2;=82;=%G=A">%L>"::G>"%#7>%2%<;=;<G<%DJ%<;=G8"%L">;7AV%

OV _""L%LG<L:%>G==;=3%

%

]=%)L$%O#%$11.%$!#2G58%\;55%H2>>?%7G8%8M"%#7557\;=3%2H8;7=:%

%

[%$OL$*'!^!!
OV ;#%8M"%7[">%L>"::G>"%:\;8HM%M2:%6""=%8>;33">"A%#7>%DJ%:"H7=A%AG>28;7=%8M"=%37%;=87%

"<">3"=H?%:MG8%A7\=V%

MH*('()*_!S.%*).'!\!,)+./&'()*!
IV ;#%8M"%7[">%L>"::G>"%:\;8HM%M2:%6""=%8>;33">"A%#7>%DJ%:"H7=A%AG>28;7=%8M"=%37%;=87%2%*$V%

"<">3"=H?%:MG8%A7\=%X2G58%:H"=2>;7%

IV _""L%F'b%#2=%>G==;=3%87%<2;=82;=%G=A">%L>"::G>"%#7>%2%<;=;<G<%DJ%<;=G8"%L">;7AV%

ZV _""L%LG<L:%>G==;=3V%

%

a*+$%!\!"L$%O#%$11.%$!252><:%\;55%6>;=3%7=%8M"%#52:M;=3%5;3M8:%2=A%2GA;65"%252><:E%;#%8M"%7[">%

L>"::G>"%:\;8HM%;:%8>;33">"A%8M;:%\;55%7[">>;A"%8M"%G=A">%L>"::G>"%>":L7=:"%2=A%:M7\%7=%:H>""=%87%

s5L&-.&'$!'I$!9)(/$%!I).1$!(22$+(&'$/D!/$&L(*H!&*D!+))%1!)#$*!&1!'I$%$!(1!&!/(E$/(I))+!)G!-&%9)*!
2)*)?(+$!#%$1$*'!V('I(*!'I$!#/&*'!%))2tE%4M"%H2>67=%<7=7Y;A"%A"8"H87>%87%8M"%A77>%7#%8M"%L2="5%

\;55%>2;:"%8M"%252><%;#%A"8"H8"A%G:;=3%8M"%L>"::G>"%:\;8HM%#2G58%:H"=2>;7%6G8%:\;8HM;=3%7##%8M"%:;>"=:%

2=A%252><:%\M"=%H2>67=%<7=7Y;A"%;:%28%:2#"%5"["5:uv%

%

8S!('!(1!(2#)%'&*'!')!G('!&'!/$&1'!)*$!&++('()*&/!-&%9)*!2)*)?(+$!+$'$-')%!V('I(*!'I$!#/&*'!%))2!
G)%!'I$!1&G$'D!)G!'I$!)#$%&')%_!#/$&1$!$*1.%$!'I(1!(1!-&%%($+!).'!9D!&!-)2#$'$*'!#$%1)*Q!
 
S.%*!9&-E!G&./'!1-$*&%()!>&//!-&1$1B!
 

RV F#%6G>=%62HW%;:%A"8"H8"A%:82>8%6G>=%62HW%#2G58%L>7H"::%2:%#7557\:$%d%

• *87L%6G=W">%:H>"\V%

• *87L%>782>?%[25["V%

• !G=%:87W">%:H>"\%87%"<L8?%#G"5%;=87%H7<6G:8;7=%HM2<6">V%

• *82>8%67;5">%:MG8%A7\=V%

%

8S!(G!'I$!9)(/$%!I&1!&/%$&+D!1I.'+)V*!&*+!&!9.%*!9&-E!I&1!9$$*!+$'$-'$+!'I$!G)//)V(*H!V(//!
I&##$*3!O!

• !G=%F'b%#2=%#7>%ZJ<;=:%

• !G=%:87W">%:H>"\%87%"<L8?%#G"5%;=87%H7<6G:8;7=%HM2<6">V%

%

F#%8M"%2&(*!+))%!(1!)#$*%28%8M"%8;<"%7#%9.%*!9&-E!+$'$-'()*%8M"%H7=8>75%L2="5%\;55$%d%

• F=:8;328"%2=%2GA;65"%252><%H'\%#52:M;=3%5;3M8%2=A%2%<"::23"%87%:MG8%8M"%<2;=%A77>V%

• !G=%F'b%#2=%#7>%ZJ<;=:%

• !G=%:87W">%:H>"\%87%"<L8?%#G"5%;=87%H7<6G:8;7=%HM2<6">V%

!
RQYB!G.//!G&./'!/(1'!V('I!+$1-%(#'()*1!
 

• Each terminal fault (F) must be resolved before restarting the boiler.   
• Warnings must be investigated and resolved in a timely manner, but will not prevent 

the boiler from firing. Ignoring warning faults can cause serious damage to the boiler, 
if the fault cannot be resolved contact the service department.  

• Resolve the faults shown in the list in order until the list of current faults is empty. 
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*BEFORE REMOVING ANY COVERS, ISOLATE THE BOILER* 

 
Fault  Code on Display  Possible causes Possible solutions  
F: Fuel request timeout • Bunker has run empty, or very 

low 
• Fuel has bridged over the extract 

auger 

• Refill – ensure the bunker is refiled 
early to avoid this fault. The extraction 
system cannot extract all fuel due to 
the nature of its construction 

• Use a suitable size of wood chips to 
allow reliable feeding 

F: ENDSWITSCH AUGER1 
Fault 001 
Terminal fault, the boiler will 
not fire 
 

End switch Auger 1  
• Blockage in area below auger 

inspection hatch 

 
• Open auger inspection hatch, remove 

blockage, replace inspection hatch  

F: ENDSWITSCH AUGER2 
Fault 002 
Terminal fault, the boiler will 
not fire 
 

End switch auger 2 
• Blockage in area below auger 

inspection hatch  

 
• Open auger inspection hatch, remove 

blockage, replace inspection hatch 

F:MCB AGITATOR 
Fault 003 
Terminal fault, the boiler will 
not fire 

Motor protection switch agitator 
• Agitator has a blockage 
• MCB incorrectly set 
• Fuel out of specification 

 
• Motor defect  
• Screw broken  

 

Reset motor protection switch 
• Remove blockage 
• Set to match motor 
• Use fuel that meets the required 

specification  
• Replace Motor  
• Replace screw 

F:MCB AUGER1 
Fault 004 
Terminal fault, the boiler will 
not fire 

Motor protection switch Auger 1 
• Auger 1 has a blockage 
• MCB incorrectly set 
• Fuel out of specification 

 
• Motor defect  
• Screw broken  

 

Reset motor protection switch 
• Remove blockage 
• Set to match motor 
• Use fuel that meets the required 

specification  
• Replace Motor  
• Replace screw 

F: MCB AUGER 2 
Fault 005 
Terminal fault, the boiler will 
not fire 

Motor protection switch convey screw 
2 
• Auger 2 has a blockage 
• MCB incorrectly set 
• Fuel out of specification 

 
• Motor defect  
• Screw broken  

 

Reset motor protection switch 
• Remove blockage 
• Set to match motor 
• Use fuel that meets the required 

specification  
• Replace Motor  
• Replace screw 
 
 
 

F: MCB ROTARY VALVE 
Fault  006 
Terminal fault, the boiler will 
not fire 

Motor protection switch rotary valve 
• Rotary valve has a blockage 
• MCB incorrectly set 
• Fuel out of specification 

Reset motor protection switch 
• Remove blockage 
• Set to match motor 
• Use fuel that meets the required 
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• Motor defect  

specification  
• Replace Motor  

F: MCB STOKER 
Fault 007 
Terminal fault, the boiler will 
not fire 

Motor protection switch stoker screw 
• Stoker screw has a blockage 
• MCB incorrectly set 
• Fuel out of specification 
 
• Motor defect  
• Screw broken 

Reset Motor protection switch 
• Remove blockage 
• Set to match motor 
• Use fuel that meets the required 

specification  
• Replace Motor  
• Replace screw 

F: MCB ASH SCREW 1 
Fault 008 
Warning fault, the boiler will 
continue 

Motor protection switch ash screw 1 
• MCB incorrectly set 
• Screw is blocked because fuel 

contains foreign objects, or is 
causing excessive clinker 
formation 

• Motor defect  
• Screw broken 

Reset motor protection switch 
• Set to match motor 
• Use fuel free of foreign objects, use a 

fuel that does not cause excessive 
clinker formation 

• Replace motor 
• Replace screw 
• Resolve swiftly or stop boiler! 

F: MCB ASH SCREW 2 
Fault 009 
Terminal fault, the boiler will 
not fire 

Motor protection switch ash screw 2 
• MCB incorrectly set 
• Screw is blocked because fuel 

contains foreign objects, or is 
causing excessive clinker 
formation 

• Motor defect  
• Screw broken 

Reset motor protection switch 
• Set to match motor 
• Use fuel free of foreign objects, use a 

fuel that does not cause excessive 
clinker formation 

• Replace motor 
• Replace screw 

W: MCB FLYASH 
Fault 010 
Warning fault, the boiler will 
not fire 

Motor protection switch fly ash 
• MCB incorrectly set 
• Motor defect  
• Screw broken 

Reset motor protection switch 
• Set to match motor 
• Replace motor 
• Replace screw 

F:MCB WALKING FLOOR 1 
Fault 011 
Terminal fault, the boiler will 
not fire 

Motor protection switch walking floor 
1 
• MCB incorrectly set 
• Motor defect  
• Excessive clinker prevents the 

grate from moving 

Reset motor protection switch 
• Set to match motor 
• Replace motor 
• Switch of the boiler and clean the 

combustion chamber 

F:MCB WALKING FLOOR 2 
Fault 012 
Terminal fault, the boiler will 
not fire 

Motor protection walking floor 2 
• MCB incorrectly set 
• Motor defect  
• Excessive clinker prevents the 

grate from moving 

Reset motor protection switch 
• Set to match motor 
• Replace motor 
• Switch of the boiler and clean the 

combustion chamber 
F:MCB SHUNT PUMP 
Fault 013 
Terminal fault, the boiler will 
not fire 

Motor protection switch primary pump 
• MCB incorrectly set 
• Motor defect  
• The pump has a dead end 

Reset motor protection switch 
• Set to match motor 
• Replace motor 
• Check valves, strainers/bleed air 

F: FLOAT SWITCH 
Fault 014 
Terminal fault, the boiler will 
not fire 

Low level in fire safety water tanks 
• Water level not sufficient to float 

switches 

 
• Top up tank 
• Replace cable 
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• Cable defect 
• The water has been used to 

douse a burn back 

• Investigate the cause of the burn back 
(see 010 / 011) 

W: STOKER TEMP 1 
Fault 015 
Warning fault, the boiler will 
continue 

The safe stoker temperature was 
exceeded whilst the boiler was firing 
• Boiler has an air leak 

 
• Fuel store has run empty 
• Rotary valve has an air leak 

Investigate the cause of the fault 
 
• Check all removable panels and seals 

for air tightness 
• Refill storage room 
• Check condition of rubber flaps and 

replace as necessary 
F: STOKER TEMP 2 
Fault 016 
Terminal fault, the boiler will 
not fire 

The safe stoker temperature was 
exceeded whilst the boiler was 
inactive 
• Boiler has an air leak 

 
• Fuel store has run empty  
• Rotary valve has an air leak  

Switch the boiler off, contact service 
department 
• Check all removable panels and seals 

for air tightness 
• Refill storage room 
• Check condition of rubber flaps and 

replace as necessary 
F: PRIMARY FAN 
Fault 017 
Terminal fault, the boiler will 
not fire 
 
 
 

Inverter for primary air fan reports a 
fault 
• Fan is isolated  
• Inverter has a fault 

• Check the isolator is in the on position 
• Obtain the fault code from the inverter 

and refer to the inverter manual 
 

F: SECONDARY FAN 1 
Fault 018 
Terminal fault, the boiler will 
not fire 
 
 
 

Inverter for secondary 1 air fan 
reports a fault 
• Fan is isolated  

 
• Inverter has a fault 
• E.rHn 

• Check the isolator is in the on position 
• Obtain the fault code from the inverter 

and refer to the inverter manual 
• Over Current 
 

F: SECONDARY FAN 2 
Fault 019 
Terminal fault, the boiler will 
not fire 
 
 
 

Inverter for secondary 2 air fan 
reports a fault 
• Fan is isolated  
• Inverter has a fault 

• Check the isolator is in the on position 
• Obtain the fault code from the inverter 

and refer to the inverter manual 
 

F: ID FAN 
Fault 020 
Terminal fault, the boiler will 
not fire 
 
 
 

Inverter for ID (cyclone) fan reports a 
fault 
• Fan is isolated  
• Inverter has a fault 
• E.0U2 

• Check the isolator is in the on position 
• Obtain the fault code from the inverter 

and refer to the inverter manual 
• Re-Gen or voltage surge, set invertor 

parameter 882 to 1 

F:IGNITION 
Fault 101 
Terminal fault, the boiler will 
not fire 

Automatic ignition failed twice 
 
• No fuel 
 
 
• Fuel is too wet or dusty, or does 

not flow through the augers 
• Ignition element is broken 

Remove excess fuel from the combustion 
chamber 
• Fill silo if empty or very low. Ensure 

the augers are pre-filled before 
starting the boiler 

• Use a fuel that meets the fuel 
specification 

• Replace the ignition gun  
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W:NO FIRE 
Fault 102 
Warning fault, the boiler will 
continue 

Flame monitoring reports that the fire 
went out .The fire room temperature 
or flue gas temperature are too low, 
the boiler has been forced to reignite 
automatically. 
• Fuel used is too wet or of poor 

quality 
 

• Fuel values are adjusted 
incorrectly 

Check fuel level in store, refill as 
necessary. 

 
 

• Check fuel moisture and size meet the 
specification 

• Re-commissioning required 

W:FLUE GAS LOW 
Fault 103 
Fault is terminal 
boiler will stop 

The flue gas temperature has 
dropped below the minimum  
• Fuel used is too wet or of poor 

quality 
• Tube cleaning valves are 

adjusted incorrectly  
• Boiler Fire out 

Check fuel level in store, refill as 
necessary. 
• Check fuel moisture and size meet the 

specification 
• Re-commissioning required  

 
• Check and re-start 

W:FLUE GAS HIGH 
Fault 104 
Warning fault, the boiler will 
continue 

The flue gas temperature is too high, 
and the output has been reduced. 
• The heat exchanger is dirty or 

obstructed 
• Tube cleaning valves are 

adjusted incorrectly 

Check fuel level in store, refill as 
necessary. 
• Stop the boiler and manually clean the 

heat exchanger 
• Re-commissioning of cleaning system 

required  
F:UNDERPRESSURE 
Fault 105 
Fault is terminal 
boiler will stop 

Under pressure was below the 
minimum for more than 30 seconds. 
• Ash bin left uncoupled 
 
• Door or lid left unsealed 
 
• Chimney system obstructed 

 
• Fault with boiler ID fan or inverter 

(unique fault code will be 
generated see above) 

• Detachment / blockage of sample 
tube  

 
 
• Securely clamp the ash bin in position 
• Check doors and all removable flaps 

for air tightness 
• Check and clean chimney as required 
• Check for occurrence of fault 020.  
• Check the sample tube is connected 

to the test point. / check for blockage 
by blowing through in direction of 
boiler. DON NOT BLOW INTO THE 
SENSOR 

F:FUEL STORE TEMP 
Fault 106 
Fault is terminal 
boiler will stop 

The sensor on the fuel store auger 
has reported an elevated 
temperature. 
• The auger thermostat is faulty or 

wired incorrectly 
• Burn back has reached the fuel 

store auger 

• Replace auger thermostat 
• Isolate equipment. If safe to do so, 

check if the water tanks have emptied. 
Check the fuel store. Call the fire 
department if necessary. 

F:STB TRIP 
Fault 107 
Fault is terminal 
boiler will stop 
 
 

The safety temperature breaker has 
been activated. Boiler water 
temperature has exceeded 95°C 
 
• Insufficient circulation 

 
• Insufficient load (for equipment 

without buffer tanks) 
 

Let the boiler cool to 70°C and reset the 
STB (unscrew black plastic cap and 
depress with pointed object) 
• Check pumps, valves and strainers 

allow circulation 
• Avoid running the boiler if loading is 

minimal and a buffer tank is not 
installed. 

• See fault 110 / 111 



O0%1%( 2 3 " %

 

• Fault with the mains supply 
• Fuel settings are incorrect  

• Re-commissioning required 

F:ASH BOX   
Fault 108 
Fault is terminal 
boiler will stop 

The ash can door is open or ash can 
is removed 
• Ash can lid / outer door opened 
• Ash bin removed 

 
• Replace lid / close door, ensure the 

switch is activated 
• Replace the ash can  

F:FIRE CHAMBER DOOR   
Fault 109 
Fault is terminal 
boiler will stop 

The combustion chamber door has 
been opened 
 

• Close combustion chamber door and 
secure tightly 

• Clear the fault and restart the boiler 
W:POWER OUTAGE 
Fault 110 
Warning fault, the boiler will 
continue 

The boiler has recovered from a 
power outage. Avoided running the 
boiler if regular outages are 
anticipated 
 

• Always shut the boiler down manually 
before any planned power outages 

F:PHASE FAULT 
Fault 111 
Fault is terminal 
boiler will stop 

Fault with the mains electrical supply 
 
• Power cut has caused voltage 

spike 
 

• Phase in the power supply was 
temporarily interrupted or 
unbalanced 

 
• Phase in the power supply is cut 

off or unbalanced 

 
 
• Reboot the boiler and clear the fault 
• Reboot the boiler and clear the fault. 

Avoid excessive loading of a single 
phase 

• Only qualified personnel can check 
the mains supply 

F:WATER PRESSURE 
Fault 112 
Fault is terminal 
boiler will stop 

Low / high water pressure in the 
heating system. External system is 
giving a stop signal to the boiler for 
safety reasons 
• Pressure unit (or switch) reports 

low or high water pressure 

• Check pressurisation unit or BMS for 
fault light. Rectify the pressure fault 
and then clear the fault on the boiler 
before restarting 

W:O2 REGULATION 
Fault 113 
Warning fault, the boiler will 
continue 

Fault with oxygen regulation. Target 
O2 level could not be reached within 
the set time. Lambda correction is 
deactivated. 
• Lambda probe is blocked with 

dust  
 
 

• Fuel has changed from 
commissioning fuel. 

• Lambda probe defective 

Check the following and clear the fault to 
restart lambda correction.  
 
• Remove probe and clean by blowing. 

Do not poke anything inside the probe 
• Re-commissioning is required. Raise 

O2 set point 
• Replace the probe (yearly 

replacement recommend) 

W:Lambda learning 
Fault 114 
Warning fault, the boiler will 
continue 
 
 
 

The control system has automatically 
adjusted the fuel settings. 
• The system has recently been 

commissioned 
• The fuel has changed significantly 
 
 
• The oxygen reading is not correct 

 
 
• The system is fine tuning itself and the 

fault can be cleared 
• Observe operation of the boiler in all 

phases. Ensure the fire bed is the 
correct size 

• Remove probe and clean by blowing. 
Do not poke anything inside the probe 
 

F:RECIRCULATION FLAP The recirculation flap is not closing  
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Fault 115 
Fault is terminal 
boiler will stop 

• Wiring fault 
• Actuator defective 

• Check the wiring  
• Replace the actuator if required 

 
F:PUMP FLOW FAILURE 
Fault 116 
Fault is terminal 
boiler will stop 
 
 
 

The primary pump DPS reports no 
flow when the pump is activated 
• Pump isolated 
• Valve closed or strainer blocked 
• Pump failed 

 
 
• Check the isolator is on 
• Check all valves and strainers 
• Test the pump / replace 

F:WALKING FLOOR 1 
Fault 117 
Fault is terminal 
boiler will stop 
 
 

Stage 1 of the walking floor is not 
moving to the end position 
• Sensor not positioned correctly 
• The walking floor is jammed by a 

foreign object 

 
 
• Re-position the sensor 
• Shut the boiler down and clean the 

combustion grate 
F:WALKING FLOOR 1 
Fault 118 
Fault is terminal 
boiler will stop 
 
 

Stage 1 of the walking floor is not 
moving to the end position 
• Sensor not positioned correctly 
• The walking floor is jammed by a 

foreign object 

 
 
• Re-position the sensor 
• Shut the boiler down and clean the 

combustion grate 
F:BOILER TEMP 
Fault 201 
Fault is terminal 
boiler will stop 

Boiler temperature probe broken • Check electrical connection 
• Replace boiler temperature probe  

F:BUFFER TOP 
Fault 202 
Fault is terminal 
boiler will stop 

Buffer temperature probe broken 
(top) • Check electrical connection 

• Replace buffer temperature up probe  

W:BUFFER BOTTOM 
Fault 203 
Warning fault, the boiler will 
continue 

Buffer temperature probe broken 
(bottom) • Check electrical connection 

• Replace buffer temperature down 
probe  

F:BACKFLOW TEMP 
Fault 204 
Fault is terminal 
boiler will stop 

Return temperature probe broken • Check electrical connection 
• Replace return temperature probe  

F:STOKER TEMP  
Fault  205 
Fault is terminal 
boiler will stop 

Stoker screw probe broken • Check electrical connection 
• Replace stoker screw probe.  
 

F:FIRE TEMP 
Fault 207 
Fault is terminal 
boiler will stop 

Fire temperature probe broken • Check electrical connection 
• Replace fire temperature  

probe  
W:FLUEGASTEMP 
Fault 208 
Warning fault, the boiler will 
continue 

Flue gas temperature probe broken • Check electrical connection 
• Replace flue gas temperature probe  

F:UNDERPRESSCELL 
Fault 209 
Fault is terminal 
boiler will stop 

Under pressure sensor defective • Check electrical connection 
• Replace under pressure sensor if 

required  
F:LAMBDA DEFECTIVE 
Fault 210 
Fault is terminal 
boiler will stop 

Lambda sensor defective • Check electrical connection 
• Replace lambda sensor  

W:BACK END PROTECTION Required return water temperature • Check correct function of 3-port 
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Fault 211 
Warning fault, the boiler will 
continue 

could not be attained during 
operation of the boiler 

motorised mixing valve. 
• Check position of return sensor to 

ensure accurate reading 
 

F:OVERTEMP 
Fault 302 
Fault is terminal 
boiler will stop 

Boiler temperature over 95 °C  
• Low water pressure 

 
• Circulation problem 
 
• 3 port return mixing valve defect 
 
• Control hysteresis set too high 
• Boiler maximum set too low 

 
• Check water pressure. Fill if required 
• Check all valves pumps and strainers, 

bleed air 
• Check function of return mixing valve 
• Reduce control hysteresis 
• Increase boiler maximum 

W:FROST STAGE 1  
Fault 303 
Warning fault, the boiler will 
continue 

The controller has initiated stage 1 
frost protection and has started the 
shunt pump 
• Any connected temperature 

sensor reads below 4oC  

 

W :FROST STAGE 2 
Fault 304 
Warning fault, the boiler will 
continue 

The controller has initiated stage 2 
frost protection and has released the 
boiler to fire 
• Boiler temperature sensor reads 

< 2oC  

  

Emergency Stop Operated 
Flt.305  • Emergency Initiated, everything 

will stop giving rise to a potentially 
dangerous scenario with all safety 
functions disabled. 

• Inspect installation for reasons the 
stop was pressed. 

• Release the stop button & reset to 
enable burnout. 

Door Open Fault 
Flt.306  • The combustion chamber door 

has been opened 
 

• Close combustion chamber door and 
secure tightly 

• Clear the fault and restart the boiler 
External Pump 1 Fault 
Flt.307  • External Pump 1 has a fault Fault • Inspect pump 1 to determine fault 

• Clear the fault and restart the boiler  
External Pump 2 Fault 
Flt.308  • External Pump 2 has a fault Fault • Inspect pump 2 to determine fault 

• Clear the fault and restart the boiler 
External Pump 3 Fault 
Flt.309  • External Pump 3 has a fault Fault • Inspect pump 3 to determine fault 

• Clear the fault and restart the boiler 
Fuel Request Time Out 
Flt.310  • The boiler has run out of fuel and 

has needed to shutdown 
• Inspect fuel delivery system 
• Clear the fault and restart the boiler 

Flue Gas Ex-High Alarm 
Flt.311  

  

Ceramic Filter Damper FTC 
Flt.312  

  

Ceramic Filter Blocked 
Flt.313  

  

Bunker Vibrator Fault 
Flt.314  

  

Filter Fire 
Flt.315 • Boiler will bypass filter and put the 

boiler into an emergency 
shutdown 

• Inspect filter for damage when safe to 
do so. 

!
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On the 5th November 2012 the Health and Safety Executive issued a notice:  Bulletin number 
OPSTD 3-2012      “Risk of carbon monoxide release during the storage of wood pellets”  
Please see to follow details of this notice or follow link:  
http://www.hse.gov.uk/safetybulletins/co-wood-pellets.htm 
Introduction: 
The HSE is issuing this notice to those who use, install, maintain or distribute wood pellet 
boilers or manufacture/store/distribute wood pellets. Since 2002 there have been at least nine 
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fatalities in Europe caused by carbon monoxide poisoning following entry into wood pellet 
storage areas. Although there have not been any incidents so far in the UK the use of wood 
pellets is increasing and awareness of this danger is required. Wood pellet boilers are used in 
homes and businesses as an alternative to oil or gas fired boilers. They are also being 
installed to replace coal-fired boilers, particularly in schools. 

Carbon monoxide can kill quickly without warning. It is a colourless, odourless and tasteless 
gas that is highly toxic. When carbon monoxide enters the body, it prevents the blood from 
bringing oxygen to cells, tissues, and organs. 

 

Background 
Wood pellets are made from dried and milled sawdust and wood shavings that have been 
compressed into pellets, typically 10-20mm long and 3-12mm in diameter. They do not 
typically contain any additives or binders. 

They are classed as a biofuel, a non-fossil heating fuel. The main countries of manufacture 
are Canada, North America and the Scandinavian countries within Europe. In 2000, the 
annual production of wood pellets in Europe and North America was about 1.5 million tons. 
This was expected to increase to around 16 million tons by 20111. Some wood pellet 
manufacture is now taking place in the UK. 
 

Fatality details 
Fatalities caused by the release of carbon monoxide from wood pellets have previously been 
reported2 in Europe following personnel entering ships cargo holds (four) or storage silos 
(two). 
Since 2010 there have also been three deaths caused by entry into wood pellet storage 
facilities in domestic sites3. Two were associated with a work activity and the other was a 
householder. In each case, the entry had been to resolve a technical problem. Details: 

• In January 2010, a 43-year-old engineer died in Germany after he opened a pellet bunker 
door. A second worker who was standing right behind him was also affected but still able 
to call the emergency services. The pellet bunker had a storage capacity of approximately 
155 tonnes of pellets, supplying about 700 households. 

• In November 2010 a 38-year-old male householder in Ireland died after entering the 7 
tonne wood pellet storage room for his boiler. His wife and another man were treated in 
hospital after trying to pull him to safety. 

• In February 2011, the 28-year-old pregnant wife of a caretaker, acting on his behalf, died 
in Switzerland after entering an 82m3 pellet store room that supplied 60 households. 

Factors affecting the amount of carbon monoxide released from wood pellets 
Wood pellets for boilers are normally stored in a large sealed hopper/tank or a storage room 
that has a screw feeder (auger) connected to the boiler. Alternatively, the hopper/tank can be 
mounted over the boiler for gravity feeding. Due to the enclosed nature of these 
hoppers/tanks/rooms, the atmosphere inside can become oxygen depleted and a toxic 
atmosphere containing carbon monoxide can accumulate. The chemical reactions responsible 
for carbon monoxide production from wood pellets are assumed to be an auto-oxidation 
process, especially oxidation of the fatty acids to be found in wood4. 
Experimentation has shown3 that small quantities of wood pellets can produce life-
threatening quantities of carbon monoxide in a confined space and that there are various 
factors that will affect the amount of carbon monoxide produced: 



IS%1%( 2 3 " %

 

• Age - pellets will produce more carbon monoxide within the first six weeks of being 
manufactured. 

• Temperature - more carbon monoxide is produced at higher temperatures. 
• Wood type - pellets made from pine contain more unsaturated fatty acids than spruce 

so produce more carbon monoxide. 
• Other factors - carbon monoxide levels will also increase with the amount of available 

oxygen present, exposed pellet surface area and amount of mechanical abrasion of the 
pellets that has taken place. 

Note: In addition to the risk of carbon monoxide from wood pellets there is also a possibility 
of carbon monoxide being present because of a back-flow of flue gases via the fuel supply 
mechanism from the boiler. Causes for this include inadequate equipment being installed or a 
poorly designed flue. 

Action required: 
The HSE is advising all those who use, install, maintain or distribute wood pellet boilers 
and/or manufacture/store/distribute wood pellets to consider the following: 

• Wood pellet hoppers/tanks/storage rooms and boilers should always be installed and 
commissioned by a competent person, normally approved by the manufacturer/supplier. 
This is particularly important if the installation involves the replacement of a coal-fired 
boiler, where existing boiler room and storerooms are often utilised. 
• Do not enter the pellet storage area or place your head into a wood pellet hopper as 
they can contain toxic gases. No personnel should enter the hopper/tank unless fully 
trained and competent in confined space entry procedures. Controls should be put in place 
to ensure safe entry as per the HSE's Code of Practice for Working in Confined Spaces5. 
This should include adequately ventilating the storage area and checking carbon monoxide 
and oxygen levels with an appropriate device prior to entry. It is recommended that the 
store room is ventilated at all times, either mechanically or by being designed to have a 
through draft. 
• Ensure that the boiler and pellet feed mechanism etc. is cleaned and serviced by a 
competent person as specified by the manufacturers' instructions. 
• If any problems are encountered with the unit, such as the system not heating 
correctly or flue gas is flowing into the boiler room, turn the unit off and contact the 
supplier and/or manufacturer and request assistance. 
• Duty holders who store wood pellets, particularly in bulk should have a suitable risk 
assessment and safe system of work in place. 
• Manufacturers, suppliers and distributors of wood pellets should provide adequate 
health and safety information to the user in their materials safety data sheet. 
• Warning signs should be placed on the pellet storage area access door, ideally on both 
sides so it can be seen when the door is open. The warning sign should include the 
following information:  

 

o DANGER - RISK OF CARBON MONOXIDE POISONING - There is a danger to life 
from odourless carbon monoxide and lack of oxygen. Check atmosphere before entry with 
an appropriate device. No entry for unauthorised persons. Keep children away from the 
storeroom. 
o No smoking, fires or naked flames. 
o     The room should be adequately ventilated before entering. Keep the door open 
whilst     inside. 
o There is a danger of injury from movable parts. 
o Filling procedures should be carried out accordance to the instructions of the heating 
installation company and the pellet suppliers!
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Gear Box Ref Plate Type Oil Ltr 
TH RV CLP 220 1.0 
TH 17 CLP 220 1.6 
TH 18 CLP PG 680 6.3 
TH 21   
TH 23   
TH 24 CLP 220 2.3 
TH 25 CLP PG 680 1.1 


