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6.1 Small-scale tests to characterise logistics performance
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6.2 Outdoor storage and handling tests (ECN, ECN, VTT, OFI, RWE, Topell, Vattenfall)
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WP 7 End-use (USTUTT)

7.1 Milling and feeding (USTUTT, ECN, UmU, DB)

7.2 Cofiring in pulverized-fuel boilers (Procede, USTUTT, EON, Vattenfall, RWE, IEN, ECN)
7.3 (Co-)gasification in entrained-flow gasifiers (UmU, Vattenfall, ECN)

7.4 Small-to-medium scale pellet boilers (BIOS, TFZ, BE2020)
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WP 10 Cooperation and Dissemination of project results (DBFZ)
__ 10.1 Workshops with members of the advisory board and other stakeholders (DEFZ)
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~ |and sustainability
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"~ 10.2 Dissemination of results to standardisation committees of CEN and 1SO as well as IEA Bioenergy platforms and EERA Bioenergy (Procede, ECN, VTT, DBEFZ, DTI, OFI,

EON, IEN, TFZ, BIOS, BE2020, TU Wien)
10.3 Integration of analysis results into the public BIODAT-database (ECN)
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Characterization of torrefied material |

Fuel characterization of torrefied materials and
corresponding raw materials (62 samples - chips and
pellets)

Parameter

Graz, 17.01.2014

Moisture content (ar)

Volatile content
Net calorific value
Carbon content
Hydrogen content
Nitrogen content
Sulfur content
Chlorine content
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Characterization of torrefied material Il

= Round Robin test

 Applicability of biomass standards

* 43 Participants

* 18 Countries

* 11 Parameter

* 19-41 participants per
Parameter

(http://www.sector-project.eu - Results)

Parameter

Method/ Standard

Bulk density

acc. EN 15103

Mechanical durability

acc. EN 15210-1

Moisture content

acc.EN 14774-10r2

Ash content

acc. EN 14775

Calorific value

acc. EN 14918

Content of chlorine and sulphur

acc. EN 15289

Content of volatile matter

acc. EN 15148

Content of carbon, hydrogen, nitrogen

acc. EN 15104

Content of major elements

acc. EN 15290

Content of minor elements

acc. EN 15297

Ash melting behaviour

acc. CEN/TS 15370
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Material - data

= Raw material

Moisture, Ash, Net calorific Volatile Matter, Carbon, Hydrogen, Nitrogen, Sulfur, Chlorine,

M., A value, Q. VM C H N S Cl

w-%,. w-%, Ml/kg, w-% w-%, wW-%, w-%, W-%, W-%,
Spruce 14,8 0,3 18,7 85,0 49,5 6,8 0,2 0,005 0,005
Willow 14,9 1,5 18,0 83,3 47,9 6,3 0,3 0,022 0,002
Pine (a) 10,4 0,6 18,4 86,8 49,2 6,9 0,2 0,008 0,008
Pine (b) 10,7 0,3 19,1 84,6 49,8 6,3 0,1 0,011 0,009
Poplar (a) 12,0 0,8 18,0 84,4 47,4 6,5 0,1 0,016 0,008
Poplar (b) 10,7 0,9 18,2 84,0 48,1 6,7 0,1 0,013 0,024
Beech 12,3 0,8 18,1 83,4 48,1 6,1 0,2 0,011 0,004

= Material raw and at different torrefication temperatures
Spruce-raw Spruce 240° C Spruce 260° C Spruce 280° C
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Material - experimental matrix

= Torrefication temperature

= Different wood types - different origins

Torrefication

Temperature Poplar (a)
(° C)
240 X
260 X
270 X X X
280 X X X

290 X X

Pellet diameter
(mm)

L The research leading to these results has received funding from the European Union Seventh Framework Programme FP7/2007-2013 under grant
- agreement n® 282826
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Volatile Matter, w-%,

84,0 + Spruce
+ Willow
82,0 * ©-Pine (a)
* Pine (b)
80,0 “ + Poplar (a)
X 4 Poplar(b)
78,0 ¢ . + Beech
R [
76,0 . -
¢ A
74,0 N
72,0 "y
70,0 \ | | \ | \ \ | \ |
220 230 240 250 260 270 280 290 300 310 320
Torrefication temperature, °C
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Degree of torrefication
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= Degree of torrefication = 100 —

VM torr

Mraw

VMo - Volatile matter torrefied material [%]; VM,,,, ... Volatile matter raw material [%]

X 100

Net calorific value, MJ/kg,

21,5

21,0

[N
o
(]

20,0

19,5

19,0

18,5

+ Spruce

4 Poplar (b)

« Beech

6 8 10
Degree of torrefication, %

12

14

16
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Further methods

= Different behavior of torrefied pellets

* Grindability,
» Leaching behavior,
« Hardness

- Water absorption (Method (a); Method (b))
« Storage (Exposure tests)

= Within SECTOR project - second Round Robin with new
developed methods

z The research leading to these results has received funding from the European Union Seventh Framework Programme FP7/2007-2013 under grant

=t agreement n® 282826 10
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Water absorption (a)

= Water immersion test with torrefied pellets (280° C
torrefication temperature)

15 g sample 140% —
Ine

Container . mSorace

with mesh = Poplar (b)

inset 100% 1
R
-g 80%
?, 60%
S
Triplicates 40% 1
in water
20%
(15 min)
D ra | n | ng 0% Torrefication temperature 280° C
10 min
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Water absorption (b)

Immersion in water
for1 h/2 h

Sample draining 1 h
Drying 105° C
Mechanical durability

= Water immersion test with mechanical durability tests
: =N Metall sample box

100

90

80

70

60

50 -

40

30 -

20 -

Water absorption, %; Mechanical durability, %

10 -

0 _

Beech (270° C)

B Water absorption, 1h %
Mechanical durability, 1 h %

Poplar (a) (270° C)
Water absorption, 2h %
e Mechanical durability, 2 h %

Spruce (260° C)

A Mechanical durability %
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Exposure test

= Defined climatic properties - saturated K,50, solution;
app. 95,5 % rel. Hu (at 23° C) - exposure for 14 days

16,0 96
14,0 94
’ L ]
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4,0 84
+ Beech (270° C)
2,0 82
® Mechanical durability
0,0 T T T T T T T 80
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time, h
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Conclusion & outlook

Ana IYSIS * Applicable for torrefied material (RR 1)
methods e Planned RR Il for new developed methods

De pen dencies e Increasing degree of torrefication — increase net calorific
value

on p rocess e Higher torrefication temperature — lower volatile matter
con d |t|0 ns e Difference between wood origin and types
F u rth er e Three different methods for the water behavior of
torrefied pellets considered
met h Od S e \Water absorption reduces the mechanical durability
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