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Total biomass supply and refinement chain
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Total fuel costs at end customer is significantly
influenced by both direct and indirect 
effects of several variables 
for each operation
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Complexity need Systematic Approaches

X1

X2

X2

Y



4

X1

X3

Three Variables

X2



5X4

X5

X6

5-6 Variables
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Reduced Factorial Designs - save lot of time



BioEndev’s Pilot Plant (30 kg/h)
-dedicated for parametric studies
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All Analyzed
Responses

Content of Lignin, cellulose, hemicellulose
Xylose
Mannose 
Lignin 
Hemicellulose 
Glukose
Galaktose
Arabinose
Acetone extracts 

Extractives
Carbohydrate fragments
4-OH-3-methoxycinnamaldehyde
C16:0 acid
C18:2 acid
C18:1 acid
C18:0 acid
Pimaric acid
Isopimaric acid
Dehydroabietic
Abietic acid
Glycerol

Extractives
Carbohydrate fragments
4-OH-3-methoxycinnamaldehyde
C16:0 acid
C18:2 acid
C18:1 acid
C18:0 acid
Pimaric acid
Isopimaric acid
Dehydroabietic acid
Abietic acid
Glycerol

Content of Lignin, cellulose, hemicellulose
Xylose
Mannose 
Lignin 
Hemicellulose 
Glukose
Galaktose
Arabinose
Acetone extracts 



⇒Design Criteria for the

Torrefaction IDU, Ö-vik (25 MW, 4.5t/h)

⇒So What are the

CAPEX, OPEX and Minimal Costs? 



Totally 12 Studied Variables

• Raw Material Cost
• Product Prize
• Investment Cost
• Reinvestment Cost
• Accessability
• Operating Staff
• Torrefaction Degree
• Service Costs
• Low Temperature Heat Costs
• High Temperature Heat Costs
• Capital Costs

Effects on

• Net Present Value
• Payback Year
• Profitability
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N=68         R2=0,988     RSD=9,185e+006  

DF=53        Q2=0,979     Conf. lev.=0,95

MODDE 9 - 2011-01-27 09:22:48 (UTC+1) 

Effects of process variables Economy

Payback
Time



∑total cost reduction

grave

cradle



Illustration of Final Composite Response with 
economic weights  - always end customer specific

Total savings 
(€/MWh 
@ end el. customer)
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Design Criteria of the 

Torrefaction Technology

Technology should be:

Robust & Simple

Well Proven & Cost-efficient

With High 

• Reliablility & Availability

• Flexibility (RD&D, parametric studies)

• Controlability

• Product Yield

• Energy & Exergy Efficiency

• Good HSE performance

i.e. two separate processes

• Drying based on LT bed dryer

• Torrefaction based on indirectly 

flue gas heated rotary drum

http://www.metso.com/corporation/home_eng.nsf/WebFrontPage/$First?OpenDocument


Design Data of the Bioendev Torrefaction-IDU

(Industrial Development Unit)

Fuel handling & Integration with new CHP

Fuel capacity 

in: 24 MW (4.9 ton/h)

out: 23-19 MW (4.3-3.3 ton/h)

Gas thermal power 0.8-4.2 MW (LHV)

Gas heat. value: 2.2-8.7 MJ/Nm3
wet (67-87%)

Multi fuel: moisture 30-55%

Operation: 250-300C, 25-10 min

http://www.metso.com/corporation/home_eng.nsf/WebFrontPage/$First?OpenDocument


Design Data of the Bioendev Torrefaction-IDU

(Industrial Development Unit)

Fuel handling & Integration with new CHP

Fuel capacity 

in: 24 MW (4.9 ton/h)

out: 23-19 MW (4.3-3.3 ton/h)

Gas thermal power 0.8-4.2 MW (LHV)

Gas heat. value: 2.2-8.7 MJ/Nm3
wet (67-87%)

Multi fuel: moisture 30-55%

Operation: 250-300C, 25-10 min

Products: Torrefied chips + densified biocoal

Costs: ca 110 MSEK (11 MEuro) 

http://www.metso.com/corporation/home_eng.nsf/WebFrontPage/$First?OpenDocument


Status for the IDU

Project start

Construction

Commissioning

Proc & prod verif

RD&D

Commercial prod

Customer Test Runs
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