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Biomass|1 a difficult energy source

A In view of:
¢ Logistics (handling, transport and feeding)
¢ Enduse (production of power, heat, biofuels and /or chemicals)

A Difficult properties are:
— Low energy densityt{H\,, = 1617 MJ/kg)
— Hydrophilic
— Vulnerable to biodegradation
— Tenacious and fibrous (grinding difficult)
—t 2 2fledakilityé
— Heterogeneous
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Gasification wood, agricultural residues,

sewage sludge, wasteoal,X

A Gasification converts solid fuel to gaseou
A Opens the door to existing energy systems:

Boilers

Engines
Turbines
Chemistry
Fuels
Refineries
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Gasification for Power

Efficiency benefit on small-scale (and large scale)

Electric Efficiency

gasifier/engine/ORC
60% - gasifier/engine
gasifier/turbine
500, - === gasifier/gas turbine/steam turbine (IGCC)
es=mm combustion/steam turbine

50% more power
than combustion

10 100 1000
Power Output [MWe]



Gasification for Chemistry Z ECN

Two options Like naphtha cracking (to
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chemicals by separation

Flgl:glf?::ﬁt;id "instant" chemicals é chemicals by synthesis
Entrained

flow == chemicals by synthesis
gasification
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Energy% in the gas

W Hydrocarbons
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Gasification plants in Europe

Existing T feedstock

Scale (MW input capacity)

1000

100
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Wood pellets¢ Waste woodc Black liqguorg Straw¢ SR, MSW¢ Coal (plus wood)
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Biomass under debate
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£ Biofuels 'crime against humanity

Dirtier than coal?

Why Govemnment plans to subsidise buming
trees are bad news for the planet

By Grant Ferrett
EBC News
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Trees, Trash, and Toxics:
How Buomnass Energy Has Become the
New Coal
- : M&MM
. Pamenkip for Policy Inteprity
21 Ageil 2, 2014
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= W Can Biofuels Save Sub-Saharan Africa?

By JOANNA M. FOSTER  June 23, 2011 10:51 am
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Biomass usei markets and preferred 2ZECN
options

A Shift from focus on bioenergy to
focus onbiobasedeconomy

A Use C and molecular capital
A Aim for maximum added value

Foo
Fgeg Nutrition

Pharmaceuticals Healthcare and
Fine Chemicals Lifestyle

awin|oA

Bulk chemicals
Performance materials
Fertilizers

Chemicals and
Materials

Added Value

Transportation fuels -
Power and Heat Y

A But
¢ Energy sectomore than an ordepf magnitude larger than chemical sector

¢ We need all renewable energy options, we cannot exclude major ones

¢ There is enough sustainable biomass to make biomass a major renewable energy
option (1/4 ¢ 1/3 of future global energy use)

¢ Some parts of the energy sector difficult to cover with other renewables (e.g., HT
process heat, biofuels for heavy venhicles, aviation and marine applications)

¢ Not all biomass qualifies for higlalue applications (e.g., heterogeneous and/or

contaminated streams) ?
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Renewables cost comparison

For bioenergy, feedstock cost is a major cost factor
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VGB survey 2012,

Investment and

operation cost figures,

September 2012
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More attractive business cases?

(from a bioenergy perspective)

A More attractive in view of cost, sustainability, and public acceptance

A Options to reduce cost / develop more attractive business cases:
¢ Reduce CAPEX (e.g., scaling up)
¢ Maximise energy efficiency / heat utilisation (QHP
¢ Use less expensive biomass (residues
¢ Coproduce high added value products
¢ XXO




0
§=
©
S
Q
S
C
o
®)
S
®
&)
Y
o
=
)
—i
)
(@)
®©
| -
nVu
©
=

unconverted and ends up in (fly) ash
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Fluidised-bed gasification

Generations
First generation Second generation
A 50% Nin gas A N,-free gas withoutASU

A Incomplete carbon conversion A Complete carbon conversion
A Acceptable conversion (>90%) A Additional degree of freedom:
requires high temperature, much  temperature, steam, fuel size,
steam, small fuel size, large residence time
residence time

gas gas flue gas
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fuel air fuel air 13
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2G Fluidised-bed gasification

Coupled fluidized beds

A Energy pro_duction and energy consumption — raw
processes in separate reactors producer

A Also called indirect gasifiers =

A Char serves as fuel for combustion reactor

A Complete conversion

A Air-blown, yet essentially Nree gas

A 5-200 MWh pYrolysis ="

A Medium tar(10-50 g/Nmd)

A ExamplesBatelld RentectiSilvaGagus), — cmustorn
FICFBRepoteqA), ECN/MILENAIL) biomass

—» flue gas

steamorCOz or ...

www.milenatechnology.com 14



2G Fluidised-bed gasification

FICFB concept (Repoteo

A First plant 2 MWin GlssingAustria)

A Since 2001
A Olivine bed material for catalytic tar reduction

A Other plants (wood input capacityberwart
(8 MW),Senden(9 MW), Goéteborg (32 MW)
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