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Energy Balance Processing W&P
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Study carried out by ECN, UMEA university and CENER
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Logistics in WP Full Supply Chain 
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Products and supply chains
compared (LLC)
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White Wood Pellets Torrefied/Carbonized Wood Pellets
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Carbonisation Reaction under Heat W&P



reactor and process

temperature: ~ 300°C

residence time: ~ 30 min 

INPUT: OUTPUT :

Mass 100%
Energy 100%

Mass 70%
Energy 85%

Mass 30%
Energy 15%

Principle and Simplified Mass Balance 
Torrefaction/light Carbonization

Processing

W&P
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Energy Density

Dry 
Biomass
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Wood Steam Exploded Torrefied Carbonised

Black Coal Pellets Pellets Pellets Pellets

Energy Content GJ/tonne 25,13 17,5 19 21 30

Bulk Density kg/m
3 800 650 650 700 700

Energy Density GJ/m3 20,10 11,38 12,35 14,70 20,70



Energy Balance Comparison W&P
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Study carried out by ECN, UMEA university and CENER
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Advantages in Logistics
example Indonesia-Japan

W&P
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W&PWWP versus ca. 30GJ TP  -

Energy consumed in MJ per GJ energy

delivered to Consumer stockpile
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GHG Comparison W&P

Source: D. Thrän, DBFZ



Source ANDRITZ AG, Design W&P

DRYING

PREPARATION(milling)

of torrefied material

DENSIFICATION

of torrefied material 

Fresh biomass

Dried biomass
95% DS

Torrefied 
biomass

Syn gas
T=280°C

Torrefied 
biomass

Torrefied Fuel

Fresh biomass fuel
Dryer offgas
T=80°C

Flue gas
T=4-600°C

TORREFACTION

Flue gas
T=280°C

ENERGY SUPPLY

Biomass + 

lean gas incineration

Fresh biomass

The torrefaction process (example ACB) W&P
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Source: Andritz,  BioCarbonPower LLC

DRYING

PREPARATION(milling)

of carbonized material

DENSIFICATION

of carbonized material 

Fresh biomass

Dried biomass
95% DSSyn gas

T=350°C

Carbonized
biomass

Carbonized Fuel

Fresh biomass fuel
(backup only)

Dryer offgas
T=80°C

Flue gas
T=5-700°C

CARBONIZATION

Flue gas
T=280°C

POWER GENERATION

+ ENERGY SUPPLY

Fresh biomass

The Co-carbonization Process W&P

Carbonized
biomass

BioChar



The Co-carbonization Process W&P

Source: BioCarbonPower LLC
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Understanding the Fuel Product

Dry 
Biomass

• Torrefaction pre-processes and upgrades the biomass feedstock

• Number of technology Suppliers - FUNGIBLE PRODUCT

• Shapes of pellets or briquettes for storage and transport

• Well defined within ISO Technical Specification ISO 17225-8

• Immediate biomass blending into coal stream in existing coal fired

plants –grindability, water resistance, storability, morphology....

• Almost 0 biodegradation of product when stored

• Combusts cleaner, gasifies easier and cleaner

• NCV highest of all solid biofuels and best adjustable

• Reduces carbon footprint of supply chain substantially

W&P



Product Form Factors W&P



©Wild&Partner

W&P
Quality - Standardisation

ISO 17225 

Solid biofuels -Fuel specifications 
and classes 

ISO TS 17225 - 8: 

Part 8: Graded thermally treated
and densified biomass fuels

Different Classes 
Wood-Non Woody;NCV, Durability, 
Bulk Density, Volatile Matter etc.

Parameters yet to be defined:
Grindability
Water resistance
Energy balance



Small-scale outdoor storage

After 12 days
After 28 days

• High pellet durability essential for improved weather 
resistance in time

• Slight degradation outer surface; inner content pile 
intact Source: SECTOR, ECN

W&P



Pellets stored 20 days at 20°C at 95% relative humidity

• Dry matter losses significantly higher for white wood 
pellets, compared with torrefied wood pellets

• Also after uncovered outdoor exposure for 3 months

Source: Carbo et al. “Fuel pre-processing, pre-treatment and storage for co-firing of biomass and coal” in “Fuel Flexible Energy Generation” ed. J. Oakey, 2015

Biological Degradation
W&P



Minimum Ignition Energy (MIE)

• Clear link between MIE torrefied pellets with MIE raw material
• Native dust has high MIE’s
• Dust from handling low durability pellets (< 93%) is more ignitable → aim for 

pellet durability ≥ 95%
• Handling dust from torrefied wood pellets is equally ignitable as handling 

dusts from white wood pellets

Source: Carbo et al. “Fuel pre-processing, pre-treatment and storage for co-firing of biomass and coal” in “Fuel Flexible Energy Generation” ed. J. Oakey, 2015

Pulverised torrefied pellets vs. pulverised raw biomass chips (ind. off)

W&P



Fuel Morphology

Source: ECN

W&PSphericity of ground Fuels and 
Pneumatic transport



Positive Experience in co-firing

Many positive examples in 
co-firing 5-100%:

Vattenfall
Essent - RWE
GDF Suez - ENGIE
Dong
Portland General Electric

W&P
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Feedstock Flexibility
W&P

The thermal treatment of the biomass during the torrefaction 

process can reduce the organically bound chlorine up to 90%

By this Torrefaction is the processing that does open up the 

energy market for Agricultural by products, grassy crops and 

other unused biomasses with unacceptable high Chlorine content

The effect is a significant: reduction in the feedstock costs 

Side effect: no sustainability concerns

Source and Copyright: IBTC, www.Biomasstorrefction.org



Diversity of Products  
W&P

Volume Product: Fuel for Pulverized Coal Power Plants

Value Products: Fuel for Heating

Fuel for Process Energy Needs

Feedstock for Gasification

Soil enhancer

Carbon provider for Plastics industry

Activated Carbon

Products for new (niche) markets

Source and Copyright: IBTC, www.Biomasstorrefction.org



Messages to take home
W&P

➢ Integrated Torrefaction Process Technology mature, available, happening

➢ Feedstock Flexibility

➢ Fungible Standard (ISO) Product with adjustment possibilities

➢ Superior behaviour to all other solid biomasses

➢ Lowest CO2 footprint 

➢ Ships like coal, stores like coal, mills like coal and combusts like coals 

➢ Reduced sensitivity to changes in cost factors along the supply chain

➢ Torrefaction is happening in industrial plants

➢ Product supply available: Project pipelines in Asia and Globally

Source and Copyright: IBTC, www.Biomasstorrefction.org

Not many reasons using the intermediate products from wood, 

go for the final products and capitalize on the advantages



IBTC Full Members

IBTC Associated Members

CAWES
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Thank you for paying attention

Contact

Michael Wild
Wild & Partner LLC
michael@wild.or.at

Rohrbacherstrasse 9
A-1130 Vienna

T +43 676 6117622
Skype: wildwien

IBTC – International Biomass Torrefaction Council
Place du Champ de Mars 2, 1050 Brussels

michael@wild.or.at; calderon@aebiom.org; 
http://www.biomasstorrefaction.org
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