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Opportunities For InnovationOpportunities For Innovation
That Will Make A DifferenceThat Will Make A Difference
Multiple value streams from Multiple value streams from ForestForest
BioRefineriesBioRefineries

Sustainable process technologySustainable process technology

Industrial symbiosisIndustrial symbiosis
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Multiple Value Multiple Value 
StreamsStreams

FuelsFuels
SyngasSyngas

EthanolEthanol

HemicelluloseHemicellulose

FiberFiber PowerPower

BiomassBiomass
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Multiple Value Multiple Value 
StreamsStreams

FuelsFuelsSyngasSyngas

EthanolEthanol

HemicelluloseHemicellulose

FiberFiber PowerPower

Pharmaceuticals 
Flavorings 
Polymers 
Chemicals 
Solvents       
Etc…

BiomassBiomass
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Industrial Complexes: AdvantagesIndustrial Complexes: Advantages
of Process and Energy Integrationof Process and Energy Integration

FiberFiber
2000 MT/d2000 MT/dBiomassBiomass

4446 MT/d4446 MT/d
(1148 MW(1148 MWtt))

Kraft Pulp MillKraft Pulp Mill PowerPower
71 MW71 MWee

DME PlantDME Plant

BiomassBiomass
525 MT/d525 MT/d
(117 MW(117 MWtt))

DMEDME
35 MW35 MWee

Energy at lowEnergy at low
availabilityavailability
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Industrial Complexes: AdvantagesIndustrial Complexes: Advantages
of Process and Energy Integrationof Process and Energy Integration

FiberFiber
2000 MT/d2000 MT/d

BiomassBiomass
4971 MT/d4971 MT/d

DME PlantDME Plant

Kraft Pulp MillKraft Pulp Mill
Power
69 MWe

DMEDME
68 MW68 MWtt

MassMass EnergyEnergy

Benefits of Process & Energy Integration: Benefits of Process & Energy Integration: 

•• 29% increase in fuel & power production29% increase in fuel & power production

•• 2020--30% reduction in capital cost30% reduction in capital cost
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Demonstration of TechnologyDemonstration of Technology
Biomass gasifier and Biomass gasifier and 
IGCC power plant in IGCC power plant in 
VVäärnamo, Swedenrnamo, Sweden
Fluidized bed gasifier,  Fluidized bed gasifier,  
18 bar, 95018 bar, 950ooC C 
18 MW fuel consumption18 MW fuel consumption
6 MW6 MWee to grid andto grid and 9 9 
MWMWthth to district heatingto district heating
Facility is being Facility is being 
converted to a biofuels converted to a biofuels 
demonstration plantdemonstration plant
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Norampac (Trenton, ON)

Weyerhaeuser (New Bern, NC)

Demonstration of Demonstration of 
TechnologyTechnology

Commercial black liquor Commercial black liquor 
gasifiers are operatinggasifiers are operating

Pressurized BL gasifier Pressurized BL gasifier 
under developmentunder development

Not yet directly  coupled Not yet directly  coupled 
with power or fuels with power or fuels 
plantsplants
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Demonstration of TechnologyDemonstration of Technology

Gasification of mixed fuelsGasification of mixed fuels
Possible feedstocks: wood residue, black Possible feedstocks: wood residue, black 
liquor, biosludges, agricultural wastes, sorted liquor, biosludges, agricultural wastes, sorted 
municipal refuse, etc.municipal refuse, etc.
Could eliminate biomass supply limitationsCould eliminate biomass supply limitations
Technical issuesTechnical issues

Mixed feedstocks or separate?Mixed feedstocks or separate?
Control of problematic contaminantsControl of problematic contaminants
Recovery of pulping chemicals (black liquor)Recovery of pulping chemicals (black liquor)



1010

Industrial SymbiosisIndustrial Symbiosis

Symbiosis:Symbiosis:
coco--existence between diverse organisms in which existence between diverse organisms in which 
each may benefit from the other.each may benefit from the other.

Industrial Symbiosis:Industrial Symbiosis:
industrial coindustrial co--operation taking place between a operation taking place between a 
number of companies, all of which exploit each number of companies, all of which exploit each 
otherother’’s residual or bys residual or by--products mutually.products mutually.
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Industrial SymbiosisIndustrial Symbiosis
ObjectivesObjectives

CrossCross--integration of manufacturing facilities integration of manufacturing facilities 
to exchange residuals and energyto exchange residuals and energy

Utilize completely raw materialsUtilize completely raw materials
Produce no wastesProduce no wastes
Discharge energy only at near zero availabilityDischarge energy only at near zero availability

StatusStatus
Kalundborg, DenmarkKalundborg, Denmark
A few others in early stages worldA few others in early stages world--widewide
none in FPnone in FP
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Allen & Shonnard, 2000
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Industrial Symbiosis 
in Forest Products

FiberFiber
ProcessingProcessing

PlantPlant
WoodWood

FiberFiber

NonNon--fiberfiber
OtherOther
BiomassBiomass

SynSyn--
gasgas

LiquidLiquid
FuelsFuels

Fuels PlantFuels Plant

Power

Residue
Agro/Bio ProductsAgro/BioAgro/Bio

ProductionProduction

High Value Chemicals, Etc.High Value Chemicals, Etc.

Fiber, Paper,Fiber, Paper,

NanoNano--
ProcessingProcessing

High Value
Materials

EnergyEnergy
ComplexComplex

MassMass

Hi EnergyHi Energy

Lo EnergyLo Energy

Wood
Fractions BioconversionBioconversion Plastics

ExtractionExtraction
PlantPlant
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Concluding RemarksConcluding Remarks

Unique opportunities to increase profitability Unique opportunities to increase profitability 
by broadening product spectrum of FP by broadening product spectrum of FP 
industryindustry

Increasing energy prices put FP Increasing energy prices put FP 
industry/resources in a strong positionindustry/resources in a strong position
Take advantage of need for Take advantage of need for ““greengreen”” fuels, fuels, 
chemicals, materialschemicals, materials
Utilize mass and energy integration Utilize mass and energy integration 
Some capital investment will be requiredSome capital investment will be required

Order of $10 billion for all U.S. P&P mills in Order of $10 billion for all U.S. P&P mills in 
addition to recovery boiler replacement costaddition to recovery boiler replacement cost
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