


Why?

Mankind’s greatest challenge!
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Biomass one of the wedges/solutions

- but in a gigantic scale !!!




. Chinese have understood,
it huge coal resources
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A 500 MW Siemens Gasifier to China

5 installed in operation, 8 under construction, 24 ordered
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+ Industrially well proven (coal)

+ High Efficiency

+ High gas quality ! Large scale (costly)

+ Cost-efficient ! Fuel requirements higher
! High temperature
! Container material

ConocoPhillips
E-Gas(6)

Shell(52)
Siemens

Chemrec PEBG, ETC MEVA




PROCESSEN

GROT, bark, gallrings- och réjningsved Flisning

Produkter

.,

Bicsyntesgas

Kondensvatten

Anga Rékgas




Problems

» Large bulk volume

»~ Wet, high wettability

» Expensive grinding

»~ Non feedable

»~ Low energy content

~ Inhomogeneous

» Risk of bio contamination

low value heat via
process integration

Biomass

Solved

~High density, densification v
»Dry and hydrophobic 14
»Low grinding costs (red. of 90%) V
»Feedable (spherical particles) V
~Higher energy density — improved
logistics v

»Homogeneous
»No bio contamination
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further
= refinement

Torrefied biomass powder




Pilot (20 kg/h) since 2009

Totally 3 years
Spruce
Eucalyptus
Forest residues

Reed Canary grass
E TP ®
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Torrefaction temperature (°C

16 minutes

8 minutes




Atomic H:C ratio x10

Torrefied biomass

@ 240, 8-25 ‘ Raw biomass
X
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Torrefied biomass
@ 300, 25

0,4 0,6
Atomic O:C ratio
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Torrefied and densified
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- 10 tests, all successful.....




Consumed Energy of Production

Drying from 50% to

Drying (0.7ZkWh/kg H,0) | kWh,,.:/tonpg

Heating and torrefaction kWh,,.../tonpg

Milling to powder 0.25mm kWh/tonps

Milling to powder 1mm kWh_/tonpg

Pelleting (mass basis) kWh_/tonpg

Pelleting (energy basis) kWh_ /MWh

Total heat approximately kWh,,.../tonpg

Total power approximately kWh_/tongg

Total power approximately kWh_/MWh

Total approximately 8 kWh,ogy/toNnpg
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Challenges — Cost retalted
Analyze and optimize the whole supply chain!
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Solved

»High density, densification 14
»Dry and hydrophobic v
»Low grinding costs (red. of 90%) V
> Feedable (spherical particles) V
»Higher energy density — improved

)\
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logistics v
»Homogeneous v
»No bio contamination v

16
A Nordin, Torefaction workshop, Graz Jan 28, 2011




Preliminary Results
Effects on Energy Yield
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A Nordin, Torefaction workshop, Graz Jan 28, 2011



Total costs for a large scale plant

* Raw Material Cost
* Product Prize

* Investment Cost Effects on

* Reinvestment Cost

* Accessability * Net Present Value
* Operating Staff * Payback Year

* Torrefaction Degree * Profitability

* Service Costs
* Low Temperature Heat Costs
* High Temperature Heat Costs
* Capital Costs

A Nordin, Torefaction workshop, Graz Jan 28, 2011
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Net present value
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N=68 R2=0,988 RSD=9,185e+006
DF=53 Q2=0,979 Conf. lev.=0,95

MODDE 9 - 2011-01-27 09:22:48 (UTC+1)

A Nordin, Torefaction workshop, Graz Jan 28, 2011



total cost red

cradle

A Nordin, Torefaction workshop, Graz Jan 28, 2011



Final Composite Response with economic weights

- always end customer specific _

Total savings
(€/MWh

@ end el. customer)
240
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A Nordin, Torefaction \/\RﬁQ(sﬁop, Graz Jan 28, 2011



Some words (from Vattenfall,

RWE) on economy

Gigajoule
i 12578/GJ

Avoided cost by

using TP over WP at :
utility : 10.28 8/GJ

7.81 $/GJ
7.358/GJ

= Logistics :

= CAPEX

= Cost of Biomass

Wood Torrefied 2011 2020M
Pellet Pellet

UK co-firing subsidy of 0,5 ROC is equivalent to 4,5 $/GJ




Pellet Production Plants: 0 in 1990; f:’igh density, 4
in 2010

« Based on Compaction
« Decreased (end user)
pellet prize (-40%?7?)
« Initially

« Small plants

* Pellet plant retrofit
» Increasingly larger
dedicated plants
» Estimate extensive and
quick market penetration

SME 4 2012 2014 2016 2018 2020
St

Industrial Gasification S G o 0 .
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Development status (international)

¢ > 580 /nitiatives JorreFacts Online

© > 10nitiatives with industrial production 20710-2072

Roterande. trummor- (Andritz, Torkapparater, BioEndev/Metso...)
Moving bed (ECN..")

Fluid Bed (Stramproy....)

Fast dryers (Topell, Wyssmont...)

O S

© All different technologies have. their inherent pros and cons

@ Slower - faster than expected?




Rotary drum reactor
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Torbed reactor Oscillating belt reactor
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Development status - commercial plants

¢ Stramproy 2010-
¢ Topell 2011~ full capacity 2012-
¢ Black Pellets — Norge Vattentall (

¢ Torkapparater — Gotland Dec 2011- (4x25 ton)
¢ North America — Extensive interests (Georgia)

© BioEndev - Ovik 2 t/h 2012-
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Torrefaction is a mild pyrolysis process (250-350°C) in many'

aspects resembling the roasting of coffee

beans.
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