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•• Chartered Engineer FI Chartered Engineer FI MechMech EE
•• Marine, Mechanical, Electrical Marine, Mechanical, Electrical 

backgroundbackground
•• Significant plant management Significant plant management 

experienceexperience
•• Co founder of Fibrowatt 1990 (now Co founder of Fibrowatt 1990 (now 

EPRL)EPRL)
•• Futurbio Limited from 2003Futurbio Limited from 2003



�

�)�L�E�U�R�S�R�Z�H�U�)�L�E�U�R�S�R�Z�H�U�)�L�E�U�R�S�R�Z�H�U�)�L�E�U�R�S�R�Z�H�U�)�L�E�U�R�S�R�Z�H�U�)�L�E�U�R�S�R�Z�H�U�)�L�E�U�R�S�R�Z�H�U�)�L�E�U�R�S�R�Z�H�U

•• DevelopmentDevelopment

•• ConstructionConstruction

•• OperationOperation

•• Subsequent projectsSubsequent projects
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•• The Worlds First Commercial Power The Worlds First Commercial Power 
Plant fuelled by Poultry LitterPlant fuelled by Poultry Litter

•• Mass burn  Mass burn  -- operational  Jul 1992operational  Jul 1992
Output 12.7MWOutput 12.7MW

•• Burns 150,000 t/yr of poultry litter & Burns 150,000 t/yr of poultry litter & 
other biomassother biomass

•• Pioneering blend of existing Pioneering blend of existing 
technologies technologies -- many teething problemsmany teething problems

•• Funded by nonFunded by non--recourse project financerecourse project finance
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•• Entrepreneur  Entrepreneur  -- Simon Fraser , Simon Fraser , 

•• FibroheatFibroheat –– 1MW thermal on wood, at 1MW thermal on wood, at TormoreTormore
distillery Scotland.  distillery Scotland.  

•• Idea of poultry litter as a fuel and trialsIdea of poultry litter as a fuel and trials

Mover and shakerMover and shaker
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Trials at Trials at TormoreTormore
distillerydistillery
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•• New Company 3 people in totalNew Company 3 people in total

•• Power Sale  Power Sale  -- eventually NFFO1eventually NFFO1

•• Novel fuel Novel fuel –– plant guarantees neededplant guarantees needed

•• Turnkey contract required by lendersTurnkey contract required by lenders

•• Address risks Address risks -- limited perception at startlimited perception at start

•• Plan recruitment and training of crewPlan recruitment and training of crew

•• HMIP consent under chimney height HMIP consent under chimney height regsregs
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ContaminationContamination
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Screening TrialsScreening Trials



	�

����
�����

���������
����
�������
�����

���������
����
���

• UK Production approx 1.2 Mte/yr

• 3 main types  - broiler - layer, breeder        

• Only broiler is suitable for combustion as the 
others are too high in ash (40%) 

• Litter comprises straw base with droppings 

• Litter typically 35 ~ 50% moist and seasonably 
variable

• Typical as received CV 7~10 MJ/kg
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• Difficult fuel to handle and combust

• Compressibility / compaction a major 
problem causing blockage / bridging

• High calcium in ash combats high theoretical 
SO2 & HCl content in flue gas. Approx 80 
~85% self-absorption

• High fouling potential due to high K in flue 
gas
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• Requirement to shut boiler down for 
cleaning every 60 days despite elaborate 
tube cleaning systems

• Steam sootblowing regime itself promotes 
tube leaks via steam erosion mechanism

• Bottom ash highly abrasive

• Bag ash light, compressible, and very 
alkaline



	�

Eye fuel mixing shed Eye fuel mixing shed 
constructed in operating year 4constructed in operating year 4
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High angle of reposeHigh angle of repose
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Early trial fuel Early trial fuel -- High sawdust contentHigh sawdust content
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Construction ContractConstruction Contract

•• AalborgAalborg Boilers DenmarkBoilers Denmark
•• Lump sum turnkey  approx Lump sum turnkey  approx ££18m18m
•• 22 months construction22 months construction
•• AllensAllens TurbineTurbine
•• 1 year availability guarantee1 year availability guarantee
•• 1 year O&M support contract1 year O&M support contract
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Start Up PhaseStart Up Phase–– about 9 monthsabout 9 months

•• Procedures for key team communications Procedures for key team communications 
•• Organisation Organisation –– challenges of new processchallenges of new process
•• Training     Training     -- North London WasteNorth London Waste
•• Initial focus on quick fixesInitial focus on quick fixes
•• Challenges with visibility of  Challenges with visibility of  ““frigsfrigs””
•• Production Production –– after 9 months 40% after 9 months 40% availabiltyavailabilty
•• Long term boiler and emissions problems Long term boiler and emissions problems 

evidentevident
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Furnace Furnace –– large slag formations,  each 100large slag formations,  each 100’’s of kgs of kg



��

Upsetting of grate barsUpsetting of grate bars
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Furnace fouling resulting in higher back end Furnace fouling resulting in higher back end 
temperaturestemperatures



��

Higher back end temperatures caused Higher back end temperatures caused 
superheatersuperheater foulingfouling
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•• Boiler problemsBoiler problems

–– Fouling , learning nature of the fuelFouling , learning nature of the fuel
–– Shot cleaning / Shot cleaning / SootblowersSootblowers
–– Surface adjustments more evaporator Surface adjustments more evaporator 
–– Fuel presentation to furnaceFuel presentation to furnace

•• Fuel HandlingFuel Handling
–– Cranes and conveyors Cranes and conveyors -- strengthen strengthen 
–– Compaction Compaction –– programming and railsprogramming and rails

Mixing requirement Mixing requirement 
•• O&MO&M

Turbine failure lost 6 months operationTurbine failure lost 6 months operation
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Developing  Developing  FibrophosFibrophos.  0:24:14 slow release .  0:24:14 slow release 
fertiliser, fertiliser, -- quality control , marketing, national quality control , marketing, national 

sales teamsales team
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Commitment   Commitment   
24 24 -- 77
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•• Building commitmentBuilding commitment

•• Developing management systems Developing management systems 

•• Encouraging an open & learning cultureEncouraging an open & learning culture

•• Maintenance systems Maintenance systems -- RCM techniquesRCM techniques

•• Focus on production and rapid reaction to Focus on production and rapid reaction to 
breakdowns breakdowns -- 91% availability.91% availability.

•• Pushing the margins, solving pinch pointsPushing the margins, solving pinch points

•• Local liaison with community and EALocal liaison with community and EA
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EncouragingEncouraging an open & learning culturean open & learning culture
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The worlds commercial power plantThe worlds commercial power plant
1515thth operating yearoperating year
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•• Plant design fuel moisture 28%  actual Plant design fuel moisture 28%  actual 
38% 38% 

•• Wet fuel, handling equipment under Wet fuel, handling equipment under 
designed.  Major rebuilds.designed.  Major rebuilds.

•• Highly volatile wet fuelHighly volatile wet fuel
•• Moisture reduces CV, increases gas Moisture reduces CV, increases gas 

volumes, increases fuel densityvolumes, increases fuel density
•• Furnace Furnace –– large fuel mass on grate large fuel mass on grate 

serious combustion instability .serious combustion instability .

ChallengesChallenges
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Combustion ControlCombustion Control

••Fuel and air flows controlled originally on Fuel and air flows controlled originally on 
steam flow rate.  steam flow rate.  

••Long residence time on grate, long duration Long residence time on grate, long duration 
feedback loop, load hunting. feedback loop, load hunting. 

••Volatile wet fuel dried slowly, combusted Volatile wet fuel dried slowly, combusted 
rapidly rapidly 

••Very large ramps in steam production Very large ramps in steam production 

••Furnace instability Furnace instability 

••Remedy control changed to constant fuel feed Remedy control changed to constant fuel feed 
rate. turbine governed to manage  steam rate. turbine governed to manage  steam 
pressure pressure 
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•• FlixboroughFlixborough ((FibrogenFibrogen) 13 MW) 13 MW

•• ThetfordThetford ((FibrothetfordFibrothetford) 38MW) 38MW



��

FibrogenFibrogen 13 MW 85ktpa 13 MW 85ktpa 
1993 poultry litter 1993 poultry litter 
From 1998 Meat and bone mealFrom 1998 Meat and bone meal
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MBM silosMBM silos

Fuel Fuel 
characteristicscharacteristics

DensityDensity

CVCV

Volatile contentVolatile content

AshAsh

very different to very different to 
poultry litterpoultry litter
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ThetfordThetford -- suspension firingsuspension firing-- 38.5 MW    38.5 MW    
70 trucks of fuel a day70 trucks of fuel a day

Start up 1995Start up 1995
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ThetfordThetford BoilerBoiler
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ThetfordThetford Control RoomControl Room
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ThetfordThetford
condenser, stack, bag filtercondenser, stack, bag filter
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Typical  Daily MWh Availability
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Averages for the six month period:     MWh Availabi lity:  92.4%     Time Availability:  94.6%


