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Biomass ï a difficult energy source 

ÅIn view of: 

ςLogistics (handling, transport and feeding) 

ςEnd-use (production of power, heat, biofuels and /or chemicals) 

 

ÅDifficult properties are: 

Low energy density (LHVar = 10-17 MJ/kg) 

Hydrophilic 

Vulnerable to biodegradation  

Tenacious and fibrous (grinding difficult) 

tƻƻǊ άflowabilityέ 

Heterogeneous 
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ÅGasification converts solid fuel to gaseous fuel 

ÅOpens the door to existing energy systems: 

ςBoilers 

ςEngines 

ςTurbines 

ςChemistry 

ςFuels 

ςRefineries 

ςSteel industry 

 

 

 

Gasification wood, agricultural residues, 
sewage sludge, waste, coal, Χ 

H2, CO, 
CH4, Χ 
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Gasification for Power 
Efficiency benefit on small-scale (and large-scale) 
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50% more power 
than combustion 
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Gasification for Chemistry  
Two options 

chemicals by synthesis 

chemicals by synthesis 

chemicals by separation 

Like naphtha cracking (to 
ŜǘƘȅƭŜƴŜΣ ǇǊƻǇȅƭŜƴŜΣ .¢·Σ Χύ 

[ƛƪŜ Ƴƻǎǘ ƳŜǘƘŀƴƻƭ Ǉƭŀƴǘǎ όƴŀǘǳǊŀƭ Ǝŀǎ άƎŀǎƛŦƛŎŀǘƛƻƴέ ǘƻ 
syngas) and many coal-to-chemicals plants in China 

όƳŜǘƘŀƴƻƭΣ 5a9Σ bIоΣ {bDΣ Χ MtO) 



Gasification plants in Europe  
Existing  

1 10 100 1000 

Scale (MW input capacity) 
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Gasification plants in Europe 
Existing ï feedstock 

Wood pellets ς Waste wood ς Black liquor ς Straw ς SRF ς MSW ς Coal (plus wood) 

Scale (MW input capacity) 

1 10 100 1000 
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Biomass under debate 
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Biomass use ï markets and preferred 

options 

ÅShift from focus on bioenergy to                                                                                
focus on biobased economy 

ÅUse C and molecular capital 

ÅAim for maximum added value 

 

ÅBut: 

ςEnergy sector more than an order of magnitude larger than chemical sector 
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ςWe need all renewable energy options, we cannot exclude major ones 

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

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

ςNot all biomass qualifies for high-value applications (e.g., heterogeneous and/or 
contaminated streams)  

 



Renewables cost comparison 
For bioenergy, feedstock cost is a major cost factor 

VGB survey 2012, 
Investment and 
operation cost figures, 
September 2012 
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More attractive business cases? 
(from a bioenergy perspective) 

ÅMore attractive in view of cost, sustainability, and public acceptance  

ÅOptions to reduce cost / develop more attractive business cases: 

ςReduce CAPEX (e.g., scaling up) 

ςMaximise energy efficiency / heat utilisation (CHP) 

ςUse less expensive biomass (residues) 

ςCo-produce high added value products 

ςΧΧΦ 
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Circulating fluidised -bed gasifiers 
Carbon conversion of CFB gasifier plants (2002) 
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In average, 10% of carbon remains 
unconverted and ends up in (fly) ash 
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Fluidised-bed gasification 
Generations 

First generation 
 

Å50% N2 in gas  

ÅIncomplete carbon conversion 

ÅAcceptable conversion (>90%) 
requires high temperature, much 
steam, small fuel size, large 
residence time 

 

 

Second generation 
 

ÅN2-free gas without ASU 

ÅComplete carbon conversion 

ÅAdditional degree of freedom: 
temperature, steam, fuel size, 
residence time 

 

 
 

fuel 

gas 

air 

gasifier 

char 

 

fuel 

gas 

air 

flue gas 

fuel 

energy 
pyrolysis combustion 
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2G Fluidised-bed gasification 
Coupled fluidized beds 

ÅEnergy production and energy consumption 
processes in separate reactors 

ÅAlso called indirect gasifiers 

ÅChar serves as fuel for combustion reactor 

ÅComplete conversion 

ÅAir-blown, yet essentially N2-free gas 

Å5-200 MWth  

ÅMedium tar (10-50 g/Nm3) 

ÅExamples: Batelle/Rentech/SilvaGas (US), 
FICFB/Repotec (A), ECN/MILENA (NL) 
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2G Fluidised-bed gasification 
FICFB concept (Repotec) 

ÅFirst plant 2 MWe in Güssing (Austria) 

ÅSince 2001 

ÅOlivine bed material for catalytic tar reduction 

ÅOther plants (wood input capacity): Oberwart 
(8 MW), Senden (9 MW), Göteborg (32 MW) 
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