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EERA Bioenergy

ÅEuropean Energy Research Alliance (EERA) is the 
public research pillar of the Strategic Energy 
Technology Plan (SET-Plan)

ÅEERA Bioenergy ð37 EU research organisations

ÅMain objectives
ÅAlign (public) research activities and research infrastructure

ÅHave an advisory role to the SET-Plan and to the industrial 
sector about biomass and bioenergy research priorities for 
the middle to long term

ÅBoost collaborative research

ÅPromote infrastructures sharing and scientist mobility
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www.eera-bioenergy.eu



Outline

ÅChanging role of biomass 

ÅEU policy on bioenergy/biofuels (R&D)

ÅThermochemical & chemical conversion biofuels value chains

ÅBiochemical & chemical conversion biofuels value chains

ÅMain R&D challenges (focus on gasification-based biofuels production)

ÅTime is of the essence!
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Presentation partly based on: Lars Waldheim & Francisco Girio, 

Bioenergy and biofuels conversion technology developments, 

ETIP Bioenergy 2018

Focus on Advanced biofuels



Changing role biomass towards 2050
Use biomass predominantly in sectors, that cannot be covered (entirely) by other sustainable sources
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ÅHigh value feedstock for the biobasedeconomy 
ÅProduction of chemicals and materials

ÅConnect agroand chemistry sectors

ÅSustainable fuel
ÅAviation
ÅShipping
ÅHeavy duty road transport
ÅHigh-temperature heat
ÅResidential heating (e.g.  gas in old cities)
ÅBack-up power supply and to cover intermittency 

problems
ÅIn combination with CCS enable negative GHG 

emissions (CO2 sink) Source: Nils-Olof Nylund, IMECHE Future 

Fuels, 2016



EU policy on bioenergy/biofuels (R&D)
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ÅRenewable Energy Directive II (RED II) 

ÅTarget for renewable transport fuels (14% in 2030, of which 3.5% 
advanced biofuels = 300-400 plants)

ÅSET plan and Action 8 Implementation Plan

Å2030 targets on cost reduction, efficiency increase and GHG savings, 
for advanced biofuels production:

ÅNet process efficiency improvement for biomass conversion to 
end biofuels products of at least 30%

ÅAt least 60% GHG savings from the use of advanced biofuels 
(including biomass feedstock contribution)

ÅCost reduction for advanced biofuels to <50 û/MWh in 2020 
and <35 û/MWh in 2030, excluding taxes and feedstock cost



Thermochemical & chemical conversion value chains
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Thermal biomass gasification ðstate of the art
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ÅBiomass gasification commercially available (100 kWth up to 100 - 300 MWth scale)

ÅMarket implementation limited mainly to relatively simple power and heat applications

ÅBiomass-gasification-based production of transportation fuels or chemicals has not yet 
had commercial breakthrough

ÅThis is due to both technical challenges and non-technical issues:
ÅSyngas cleaning/upgrading/synthesis processes are complex and require rather large scale in order to achieve 

positive economics

ÅTechnical uncertainties and availability risks

ÅDifficulties in financing the first-of-a-kind industrial plants

ÅBinding targets for renewable fuels missing

ÅMany possibilities for improvement in terms of overall biomass conversion efficiency, 
complexity, availability, reliability, CAPEX and OPEX



Thermal gasification to biofuels

Developer /project Feed Year Cap. 

MWth

Type Status 

Ambigo NL LC biomass 4 SNG Demo Plan.

Bioliq (KIT) DE PO+char 2013 5 feed Demo Op.

BioTFueL DE/FR Torr. agri resid. 2017 15 feed Demo Com.

Enerkem CA

NL

RDF

Plastic waste

2014 30 EtOH

220 MeOH

1st ind.

Comm.

Com.

Plan.

EON Bio2G SE LC biomass 200 SNG 1st ind. Plan.?

Fulcrum USA RDF 50 BTL 1st ind. Plan.

Gobigas SE LC biomass 2013 20 SNG 1st ind. Idle

GoGreenGas UK RDF 2018 4 SNG Demo Constr.

GTI USA+ LC biomass 2009 2 BTL Demo Op.

KaidiAjos FI/CN LC biomass 300 BTL 1st ind. Plan.

LTU Green Fuels SE Black liquor, PO 2009 1 DME Demo Idle

Red Rock USA LC biomass 75 BTL 1st ind. Plan.

Sekisui/Lanzatech JP/NZ MSW 2013 EtOH Pilot À2017
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Source: Lars Waldheim & 

Francisco Girio, ETIP 

Bioenergy 2018



Operating gasification to biofuel plants

30 MWth biomass input

20 MW bio-methane, 5 MW heat output

TUW/Repotec/Valmet, HaldorTopsoeSNG

Operation 2014, 2017-2018 highlights: 

ÅMCR capacity reached 

Å1800 uninterrupted hours

Mothballing decision taken

GoBiGas

100 000 tons of RDF input

38 000 m3 of methanol/ethanol 

Univ. Sherbrooke/Enerkemtechnology

Operation 2014, 2017-2018 highlights: 

ÅMeOH to EtOH conv. installed

ÅPlans for project in Rotterdam

Å~220 M$US from investors

Edmonton
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Source: Lars Waldheim & 

Francisco Girio, ETIP 

Bioenergy 2018



Short-term operating & planned gasification to SNG plants, EU

Start-up 2018 RDF feedstock

4 MW bio-methane output

Outotec gasifier, APP plasma

AMEC FW VESTA SNG

27 M£ cost, 11+5 M£ support

Cadent (8.7 M£), APP, Carbotech, 

Progressive Energy, AMEC FW
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Source: Lars Waldheim & 

Francisco Girio, ETIP 

Bioenergy 2018

Biomass feedstock (demolition wood)

4 MW bio-methane output

ECN Milena gasifier, OLGA, ESME SNG

25 Mû, cost, 6.5 Mû support

Engie, Gasunie, ECN p/o TNO, Dahlman

Renewable Technologies, Synova, PDENH



Short-term planned gasification to biofuel plants, USA

150 000 tonnes/year biomass input

57 000 m3/year of BTL products

TC Global gasifier

Velocysmicrochannel FT

~ 200  M$, 74 M$ DPA funding (DoD) 

160 000 tones/year MSW (before MTP) input

40 000 m3/year of BTL products

ThermochemRecovery Int. gasifier

Emerging Fuels Technology FT

~ 280  M$, 70 M$ DPA funding (DoD), Air BP 

and UA invested 30 M$ each
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Source: Lars Waldheim & 

Francisco Girio, ETIP 

Bioenergy 2018



Pyrolysis, catalytic pyrolysis and hydropyrolysisto biooils

Company Site Feed Year Cap. 

ML/yr 

Type Status 

Empyro (BTG) NL Wood resid. 2015 20 1st ind. Op.

Ensyn CA Wood resid. 2006, 15 20 Com. Op.

Fortum FI Wood resid. 2014 50 1st ind. Op.

Bioliq(KIT) DE Agri resid. 2010 2 Demo

Metsä SE Wood resid. 2022 22 Com. Plan

Catalytic pyrolysis

Anellotech USA Wood resid. 2018 n.a. Pilot Op.

Fraunhofer Inst. DE, UK Various 2015 7 tpd feed Pilot Op.

Hydropyrolysis

IH2 USA, IN Wood resid. 2017 5 tpd feed Demo Com.

G4 Insights USA Wood resid. 2017 0.1 tpd feedPilot Op.
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Source: Lars Waldheim & 

Francisco Girio, ETIP 

Bioenergy 2018



Fast pyrolysis (~1-2 s, 450ð550°C) operational plants, EU

200 

MWth

50 MWe

30 MW 

FPO

100 000 tonnes/y woody biomass input

50 000 m3/y of FPO products

VTT/Valmet CFB process. 200 MWth

~ 32  Mû (excl. boiler plant), 8 Mû support

120 tonnes/d woody biomass input

20 000 m3/y FPO +steam+0.5 MWe

Univ. Twente/BTG rotating cone process

19 Mû, support from FP7

25 

MWth

15 MW 

FPO

6 MW 

steam 
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Source: Lars Waldheim & 

Francisco Girio, ETIP 

Bioenergy 2018



Catalytic pyrolysis and hydropyrolysisinstallations

Catalytic hydropyrolysisin hydrogen at 400ð

550°C, 2-3 MPapressure. 

Demo in India 5 tonnes/d feed 2017

Developed by GTI and licensed to CRI

Studies for 1st ind.plants in NO and IN

Slow pyrolysis, 4-10 min, at ~ 450°C, 

catalytic (char) reforming at ~ 750°C     

80 kg/h pilot operating, 300 kg/h commis.

H2020 projects 2 SynFuelsand FlexJetto 

establish 500 kg/hr units
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Source: Lars Waldheim & 

Francisco Girio, ETIP 

Bioenergy 2018


