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� Bio fuels are fuels derived from wood or other 
plants.

� Facilities that burn biomass emit only the CO2 that 
trees and plants absorb while they were growing.

� Forest industry waste products are excellent fuels 
in some applications but are difficult to handle.

� Favorable natural gas pricing during the recent 
recession has reduced the urgency to shift from 
natural gas and oil as primary fuels in lime kilns.
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� Raw Wood is difficult to use in industrial 
applications because
� High and variable moisture content
� Variable heat value
� Variable size affects rate of combustion
� Unpredictable Flow characteristics
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� Has successfully been used as a fuel in vertical 
pebble lime kilns and cement kilns.

� One lime company buys furniture manufacturing 
scraps, saw dust, laminates for pulverization.  

� Equipment vendors of vertical lime kilns have 
established saw dust specifications and indicate 
quality and quantity specifications must be met.

� Moisture levels >3-3.5% usually result in non-
uniform flow in pneumatic conveying systems.
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� Variable sizes and moisture content.
� Poses a pneumatic conveying challenge.
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� 11 installations with 14 total hammer mills, 
many not currently operating.  Three for 
wood or wood chips, two for wood waste, 

� Limited moisture reduction in grinding mill. 
Product moisture levels reported from 
facilities ranged from 12% to 45%.

� Larger particle size (~10-18 mesh, ~1-1.75 
mm) with elevated moisture levels is a 
pneumatic conveying concern.



��

��������
� Torrefaction is the mild pyrolysis of wood 

carried out at 225°C to 300°C.
� Hemicellulose is decomposed with a 

subsequent reaction of cellulose 
decomposition and secondary charring of 
the hemicellulose fragments.

� Raw wood converted into dry (<3% H20 
friable product.  Heat value is higher than 
raw wood (increased energy density).

� Torrefied wood has favorable properties for 
application as a fuel.  It can be ground to a 
fine powder and is hydrophobic.
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� Devolatilization and Carbonization of 
hemicellulose.

� Depolymerization and 
Devolatilization/Softening of lignin.

� Depolymerization and Devolatilization of 
cellulose.
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65------HGI

0.03%------Sulfur

107009760-103006010-8900HHV

46%27.5-31%---F.C.

50%69-72%---Volatiles

1.7%.35-1.35%.25-1%Ash

1.8%<3%35-45%Moisture

Vendor 
Torr Wood

Torrified
Wood (lit.)

Raw WoodItem
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� Process control is important.
� Most literature recommends a heating rate of <50°C per minute.
� Torrefaction usually takes <30 minutes at T>200°C.
� Self ignition is not a concern with a cooled product (hydrophobic and 

absence of organics).

� Products are tar, gases and char or volatiles and char.
� Work in France in the 1980’s indicated each given 

combination of temperature, processing time and wood 
species resulted in a given product, a repeatable process.
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� A torrefaction unit is a roaster.
� Rotating fluid beds, screw ovens, fixed beds, rotary 

kilns, belts.
� Equipment selection considerations:

� Number of mechanical parts.
� Upsizing capability.
� Mixing of bed
� Ease of system cleanout.
� Residence time control.

� Research literature mostly favors a staged process 
(drying and roasting).



��

����� �����		



Initial Evaluation - Net Heat Basis (Corrected H2O only)

FEDCBA

5380 BTU/lb 
raw wood

5930 BTU/lb 
raw wood

5620 BTU/lb 
raw wood

BTU’s (Net) 
from 1 lb raw 

Wood
E=C x D

1869310 BTU/lb 
torrefied

wood

57.8%~3%Torrefied 
Wood

1698210 BTU/lb 
dried wood

72.2%10%Dried Wood

1785620 BTU/lb 
raw wood

100%35%Raw Wood

Lb Wood/ 
MMBTU

(Net)
F=(1/E)*10^6

Heat Value
BTU/lb (Net)

Mass of 
Material
(Yield)

MoistureFuel 
Condition
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� ~ 90% of original heat energy (increased energy 

density)
� Lower moisture content than flash dried wood and 

sawdust
� Can be stored outside – hydrophobic, stable well 

defined compound
� Easy to handle
� Low ash content
� Pulverizes easier than raw wood at significantly 

less energy.  Can be fired as a pulverized fuel.
� Fine particle size not difficult to achieve
� Low risk of organic breakdown and self ignition
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� Torrefied Wood, if ground to >50% passing 200 mesh, is a 

fuel.  Volatiles exceed 8%.
� NFPA standards apply.
� Storage bins for other solid fuels will not necessarily meet 

the NFPA explosion venting requirements for torrefied wood
� Need  to determine Pmax and kst for torrefied

wood/biomass.

?136236”
Explosion 

Vents 

6240 cf6240 cf6240 cf6240 cfBin Volume

14’14’14’14’Bin Diam.

Torr. WoodLigninSaw DustPet Coke
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� NFPA standards also apply to sawdust, 
which is not finer than 50% passing 200 
mesh.
� Combustible dust: a combustible particulate solid 

that presents a fire or deflagration hazard when 
suspended in air or some other oxidizing medium 
over a range of concentrations, regardless of 
particle size or shape.
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� Planning Study.
� Includes actual testing at potential vendor 

facilities (direct or indirect fired dryer, 
indirect fired calciner, grinder, etc.)

� Compare/evaluate vendor complete 
available packages to engineering a 
system (least amount of commitment, 
possibly lowest cost).
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� Engineering Experience in:
� Material Handling
� Pyro processing (Dryers and Roasters)
� Fuel handling and Storage systems
� Fuel grinding
� NFPA regulations
� EPA regulations and capture of pollutants.
� Capital and Operating Cost Analysis
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� Combustion of carbon biomass has been 

acknowledged to be carbon neutral
� Demand for biomass will increase in the coming 

years
� Local and federal governments will be involved in 

promoting an increased usage of renewable 
energy and the gradual transition from fossil fuels.

� Torrefied wood and other biomass fuels can be a 
replacement for fossil fuels with a properly 
designed and properly operated system.

� There are a lot of good documents available for 
free. 


