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CANADA 1



Explore the extent to which biomass can be
upgraded to bio-coal:

 Biologically stable

 Hydrophobic behavior

 Higher calorific value

 Friable for use in pulverized coal boilers
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 Create a database of biomass and products

characteristics

 Comparison of different torrefaction technologies

 Identify potential feedstocks for fuel production
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Torrefaction experiments:
• 260 ˚C and 300 ˚C 
• 15 minutes residence 
time 
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2D Graph 31

Sunflower Sorghum Olive residue Canola Willow

Y
ie

ld
, 

w
e
ig

h
t 

%

40

45

50

55

60

65

70

75

MFR 

TGA 

RTDU 

MFR 

TGA 

Rotary Drum



10

Sunflower Sorghum Olive Residue Canola Willow

E
n
e

rg
y
 r

e
c
o

v
e
ry

, 
%

70

75

80

85

90

95

100

Torrefaction 260 °C

Torrefaction 300 °C

Sunflower Sorghum Olive Residue Canola Willow

E
n
e

rg
y
 r

e
c
o

v
e
ry

, 
%

70

75

80

85

90

95

100

Torrefaction 260 °C

Torrefaction 300 °C



11

Sorghum seeds “pop” at higher 
temperatures        problems with 
the stirrer

Raw 
sorghum 
seeds

Torrefied
at 260°C

Torrefied
at 300°C
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2D Graph 1

Days

0 5 10 15 20 25

M
o
is

tu
re

 c
o
n
te

n
t,

 w
e
ig

h
t 

%

0

5

10

15

20

25

Raw willow 

Torrefaction 260 °C

Torrefaction 300 °C

2D Graph 1

Days

0 5 10 15 20 25

M
o

is
tu

re
 c

o
n

te
n

t,
 w

e
ig

h
t 

%

0

5

10

15

20

25

Raw willow 

Torrefaction 260 °C

Torrefaction 300 °C

47% reduction



13

Evaluated after 
21 days in a 
saturated 
atmosphere at 
15˚C

2D Graph 2
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Bacteriological activity after 21 days in a saturated
atmosphere:

• raw sunflower husks
• raw sorghum seeds

Prevented with torrefaction !
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Reduction up 
to 90% in the 
power 
consumption 
for grinding 
after 
torrefaction
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2D Graph 34
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Destruction of sunflower husks 
at higher temperature

no need for further grinding?
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 Suitability of the MFR for torrefaction

 Torrefaction for 15 minutes at 300 oC
 Upgrades biomass in terms of 

hygroscopicity, biological stability and 
grindability

 Removes the hemicellulose (confirmed by re-
hydrolyzing the sample and FT-IR spectra)



18

 Bio-coal:

 Comparison with bio-coal produced in
continuous MFR

 Production of large quantities of bio-coal for
combustion testing

 Predictive correlations in terms of product
performance

 Production and testing of bio-char for:

 Soil amendment

 Activated carbon
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