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ZEERA

EERA Bioenergy

A Align (public) research activities and research infrastructure

A Have an advisory role to the SPTan and to the industrial
sector about biomass and bioenergy research priorities for
the middle to long term

A Boost collaborative research

A Promote infrastructures sharing and scientist mobility i
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Focus on Advanced biofuels
AChanging role of biomass

AEU policy on bioenergy/biofuels (R&D)
AThermochemical & chemical conversion biofuels value chains
ABiochemical & chemical conversion biofuels value chains

AMain R&D challenges (focus on gasificatiased biofuels production)

ATime is of the essence!

Presentation partly based on: Lars Waldheim & Francisco Girio,

Bioenergy and biofuels conversion technology developments, = |
ETIP Bioenergy 2018 ' .




Changing role biomass towards 2050

Use biomass predominantly in sectors, that cannot be covered (entirely) by other sustainable sources

S — European Energy Research Alliance

A Production of chemicals and materials
A Connectagroand chemistry sectors

A Aviation

A Shipping

A Heavy duty road transport

A Hightemperature heat

A Residential heating (e.g. gas in old cities)

A Backup power supply and to cover intermittency
problems —

An combination with CCS enable negative GHG

emissions (CQ sink) Source: NiBlofNylundIMECHE Future
Fuels, 2016 /
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Need for liquid fuels
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14 % RES in transport
by 2030

v = K

]
O3
Oz

EU policy on bioenergy/biofuels (R&D)

32 % overall RES

ARenewable Energy Directive Il (RED II)
target by 2030

A Target for renewable transport fuels (14% in 2030, of which 3.5%
advanced biofuels = 3800 plants)
1.3 pp annual

increase forRES in
heating and cooling

ASET plan and Action 8 Implementation Plan

A 2030 targets on cost reduction, efficiency increase and GHG savings,

for advanced biofuels production:
A Net process efficiency improvement for biomass conversion t
end biofuels products of at least 30%
A At least 60% GHG savings from the use of advanced biofuels
(including biomass feedstock contribution)

ACost reduction for ad
and <35 O/ MWh i n 2030
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Action 8: Bioenergy and Renewable Fuels for Sustainable -
Transport
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Renewable liquid

Synthetic fuels / hydrocarbons from transport fuels -
biomass via GASIFICATION

Lignocellulosic
feedstocks

Substituting
natural gas and 3
other gaseous

b
fuels ™ »

Bio-methane from biomass via
GASIFICATION

High efficiency power generation via
GASIFICATION of biomass

Power and heat

Intermediate Bioenergy Intermediates for
upgrading into transport

carriers via ot.her fuels, or fuels for heating
thermochemical and ount

processes power generatior?
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Thermal biomass gasificatidrstate of the art

ABiomass gasification commercially available K¥@® up to 100- 300 MWth scale)
AMarketimplementation limited mainly to relatively simple power and heat applicatic

A Biomassyasificatiorbased production of transportation fuels or chemicals has not y
had commercial breakthrough

AThis is due to both technical challenges and-texhnical issues:

A Syngas cleaning/upgrading/synthesis processes are complex and require rather large scale in order to ac
positive economics

A Technical uncertainties and availability risks

A Difficulties in financing the firstf-a-kind industrial plants

A Binding targets for renewable fuels missing

AMany possibilities for improvement in terms of overall biomass conversion efficienc

complexity, availabllity, reliability, CAPEX and OPEX A
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- EERA
Thermal gasification to biofuels T oG

Ambigo NL LC biomass 4 SNG Demo Plan.
Bioliq (KIT) DE PO+char 2013 5feed Demo Op.
BioTFueL DE/FR Torr. agri resid. 2017 15feed Demo Com.
Enerkem CA RDF 2014 30 EtOH 1stind. Com.
NL Plastiovaste 220MeOH Comm. Plan.
EON Bio2G SE LC biomass 200 SNG 1stind. Plan.?
Fulcrum USA RDF 50 BTL 1stind. Plan.
Gobigas SE LC biomass 2013 20 SNG 1stind. Idle
GoGreenGas UK RDF 2018 4 SNG Demo Consitr.
GTI USA+ LC biomass 2009 2BTL Demo Op. Source: Lars Waldheim ¢
KaidiAjos FI/CN LC biomass 300 BTL 1stind. Plan. Fioenergy 2018
LTU GreenFuels  SE Blackliqguor, PO 2009 1 DME Demo Idle
Red Rock USA LCbiomass 75 BTL 1stind. Plan. —

——__ Sekisullanzatech JP/NZ MSW 2013 EtOH Pilot A201 7//



30 MWth biomass input
20 MW bio-methane, 5 MW heat output
TUW/RepotecValmetHaldorTopsoeSNG
Operation 2014, 201-2018 highlights:
A MCR capacity reached

A 1800 uninterrupted hours
Mothballing decision taken

Edmonton

100 000 tons of RDF input
38 000 n¥ of methanol/ethanol
Univ. Sherbrookdinerkemtechnology

Operation 2014, 201-2018 highlights:

A MeOH to EtOH conv. installed
A Plans for project in Rotterdam
A ~220 M$US from investors

Source: Lars Waldheim ¢
Francisco Girio, ETIP
Bioenergy 2018
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Shortterm operating & planned gasification to SNG plants, EU

Refuse
. Crude Cracked Raw /
Derived wpp- —
Fuel Syngas Syngas 1 e I-n.rlm SNG (A%
]
Serew Feed e
Hopper - —p Grid
Quality
SNG

NELh
Fluidized Gas Cleaning Water-Gas = : uf‘gmf‘:a ng
Bed Gasifie Equipment ift B Ui
4 I | Cleaned
Syngas

Startup 2018 RDF feedstock
4 MW bio-methane output
Outotec gasifier, APP plasma
AMEC FWVESTA SNG

27 M£E cost, 11+5 M£ support
Cadent (8.7 M£), APBarbotech

rogressive Energy, AMEC FW

B
Zlomass | M.IL.ENA ] Cooling |— OLGA [—*] Cooling
gasification tar removal
- } i
______ Heavytars ; Water
|
q Steam
H.S l Low-p
6 bar HDS removal Prereformer methanation T
~30 bar High-p Water Bio-SNG
ﬁ methanation removal
—] o, Water
rrrrrr | ?
| co, QmMmbDi q O

Biomass feedstock (demolition wood)

4 MW bio-methane output

ECN Milena gasifier, OLGA, ESME SNG 2o - eam ¢
25 MO, cost, 6.5 MO ®%YPpo

EngieGasunieECN p/o TNO,Dahiman
Renewable TechnologiésynovaPM
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RED ROCK e
BIOFUELS

18 QVELOCYS

150 000 tonnes/year biomass input
57 000 ni/year of BTL products

TC Global gasifier
Velocysmicrochannel FT

~ 200 M$, 74 M$ DPA funding (DoD)
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160 000 tones/year MSW (before MTP) input

40 OOO rﬁ/yeal’ Of BTL pI’OdUCtS Source: Lars Waldheim &
- Francisco Girio, ETIP
ThermochemRecovery Int. gasifier Bioenergy 2018

Emerging Fuels Technology FT
~ 280 M$, 70 M$ DPA funding W
and UA invested 30 M$ each

11




ZEERA

Pyrolysis, catalytic pyrolysis ahgdropyrolysigo biooils ™

Empyro (BTG) |NL Wood resid. 2015 20 1stind. |Op.
Ensyn CA Wood resid. | 2006, 15 20 Com. |Op.
Fortum FI Wood resid. 2014 50 1stind. |Op.
Biolig (KIT) DE Agriresid 2010 2 Demo
Metsa 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 | 5tpd feed |Demo |[Com Francisco Orio, ETIP
G4 Insights USA Wood resid. | 2017 | 0.1 tpd feedPilot |Op. ploeneray 2018




Fast pyrolysis (~2 s, 45@550°C) operational plants EU‘

@fortum

Hgh pressure steam

Hw

SAND

o5 30 MW
MWth L_smoscur LG FPO N
—— - - Valmelt 4 Source: Lars Waldheim ¢
Flidized bed boller Pyrolysis unt Bio-ol Francisco Girio, ETIP
Bioenergy 2018
120 tonnes/d woody biomass input 100 000 tonnes/y woody biomass input
20 000 n¥ly FPO +steam+0.MWe 50 000 n3/y of FPO products 1
' ' VTT/Valmet CFB process. 200Wth

Univ. Twente/BTG rotating cone process :
19 0 u ort from RPY MG (excl . ' r pl a
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Catalytic pyrolysis andydropyrolysignstallations

Thermo-Catalytic Reforming I 7\ 2
(TCR®) technology H

RENEW. REFINE. REFUEL.
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COMPRESSOR

Source: Lars Waldheim ¢

Slow pyrolysis,4.0 min, at ~ 450C, Catalytichydropyrolysidn hydrogen at 400 [arese oo
catalytic (char) reforming at ~ 78Q 550°C, 2-3 MPapressure.

80 kg/h pilot operating, 300 kg/h commis. Demo in India 5 tonnes/d feed ZW
H2020 projects 2SynFuelandFlexJeto Developed by GTI and licensed

establi 00 kg/hr units Studies for ¥ ind.plants in NO and IN
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