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Indicative fuel properties

Moisture content

Calorific value (N

Volatiles (% db)

Fixed carbon (%

Bulk density (kg/%

Volumetric energ¢

Dust

Hydroscopic pro

Biological degrac

Milling requireme

Handling propert

Product Consiste

1.8

1.6-

Coal

10-15

T A o

=08 el

0.6

041{®

0.2

TW(250)
TW(260)
TW(270)
TW(2753)
TW(280)

o TW(285)

© Wood (dry)
A Charcoal

® Coal/peat

23-28

15-30

50 — 55

0.8-0.85

18.4 —23.8

Limited

hydrophobic

0 1 T T T

0.0 0.2 0.4 0.6

(O/C)

No

Classic

Easy

High

Transport cost

Van Krevelen diagram of different fuels

Low




The added value of torrefaction

Higher co-firing Torrefied product can be directly milled and co-fired with the
coals. Product is dry (< 5%) and has a calorific value of 20 —
22 MJ/kg. The product is brittle and easily breaks down in

percentages

Cost savings Iong The volumetric energy density of torrefaction pellets is 16
GJ/m3 compared to 10 GJ/m? for wood pellets. This implies

significant cost savings
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Market potential of torrefied biomass
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Torrefaction technologies
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Torrefaction value chain
at the biomass source or at the power plant?

Co-firing route 1a & 1b

A: Local transport of chips
Local Standalone Coal-fired power
Biomass transport torrefaction plant plant
B: Long distance transport of pellets

Co-firing route 2

Integrated
torrefaction plant

] Local
Biomass

transport Coal-fired power

plant

Torrefaction plant

chipping




Product samples of torrefaction

Wood chips

Torrefied wood pellets Milled torrefied wood




First batch of CoolCoal (Stramproy Green Energy)
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European torrefaction initiatives

. . Production | Starting
Developer Technology T. Supplier Location(s) capacity (t/a) | operation
Topell Energy B.V. (NL) Torbed Torftech Inc (UK) Duiven (NL) 60,000 Q4 2010

25,000 -

BioEndev (SE) / ETPC (SE) |Rotary drum Unknown O-vik (SE) 30.000 2011/ 2012
EBES AG (AT) Rotary drum Andritz (AT) Frohnleiten (Austria) 10,000 2011
Atmosclear SA (CH) Rotary drum Airless Systems (UK) Ez\fve;:lgﬁ;tvﬁg 50,000 Q4 2010

* This is not the full list and figures are based on statements of developers




Construction of Topell's 60 kton/year torrefaction
plant
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North American torrefaction initiatives

Production Starting

Technology Supplier Location(s)

Group’s Vikoma | Terrace, British
(UK) Columbia (CA)

* This is not the full list and figures are based on statements of developers KEMA =’{

Rotawave, Ltd. (UK) Mircowave 110,000 Q4 2011




The major technical challenges of torrefaction

Feedstock

flexibility

Currently torrefaction technologies are mainly processing
wood chips for a narrow bandwidth of particle size.
Agricultural residues are still a challenge, because it ignites
easily, has a low bulk density and has long fibers

Process validation

Although some experience has been gained with pilot plant
testing, real operational data will reveal the performance of
the torrefaction process. Important is the trade-off between
energy yield, product quality and production cost.

Product validation

Although the pilot plant test results were promising, the
product needs to be validated by large co-firing trials. Are
torrefaction suppliers able to commercially provide a product
which meets the specifications of an utility? And is the

product really sustainable?
=
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The major business challenges of torrefaction

Financing

Most torrefaction developers are small companies with a
limited financial base. Convincing investors to finance the
necessary R&D and up-scaling efforts is a real challenge

Market maturity

A dominant torrefaction concept will emerge out of a large
variety of technologies and initiatives. But have torrefaction
suppliers enough development power to optimize and scale-
up their torrefaction concept? A product standardization is
needed to make the market more transparent and reliable

Availability

of product

The urgency and quantity of demand is significantly higher
than the supply. Torrefaction suppliers are facing the
challenge to scale-up their first commercial demonstration

plants in a rapid pace
='/
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KEMA as partner in torrefaction business

Torrefaction N _
opportunities \ Nlm / KEMA services

e Product validation ey o e Coordination of co-firing trials

o e (Calculate sustainability of biovalue
oEtneco /
o chains

e Biomass certification e D F

e Product standardization
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