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BioSNG@Glefinition
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In this presentationbioSNQefersto a synthetic gasf natural
gasquality (typicallyCH, > 95%)producedby thermal
gasificationof feedstockof renewableorigin



Indirect gasification

Indirectgasificationopensup the possibilityto producenitrogen
free syngadrom biomassn small and mediunscaleplants(<100
MW,). TypicalbioSNGefficiency~60-70%.
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Indirect gasificationand methanation

Highefficiencydueto
- Lowagasificationtemperature(typically ~ 850°C)
- Methaneformation in thegasifier(up to ~ 1612 vol-%)

CO + 3 k+> CH+ HO + heat (206 kJ/mol)
12.53 kWh (CO och,H> 9.97 kWh (CPi+ 2.57 kWh heat

- Highcarbonconversion
- Thesimplestsynthesisstep
No needfor an ASU> canbe built in smallerscales

BioSNGhroughindirectgasificatiortick allboxes Q}



Indirectgasification BioSNGelated

Location/
Technology

Petten, NL
MILENA

TU Vienna, AUT
G-Volution, FICFB

California, US
FICFB
Lyon, FR
FICFB
Gothenburg, SWE
Dual bed
Koping, SWE
WoodRoll®

Sundsvall, SWE
Dual bed

pilot plants

R&D

ECN - R&D

Improved design,
tar reduction

R&D fluidized bed
methanation

GAYA project -
R&D platform

Chalmers
R&D

Ultraclean syngas
I R&D
Tar reforming and
BioSNG R&D

FICFB = Falstternally CirculatingFluidised Bed
MILENA MultipurposelntegratedLab-unit for Explorative andnnovativeAchievementsn biomassgasification

Capacity
800 kW,
100 kW,
1 MWiel
500 kKW,
2 MW
500 kW,

150 KW,

Start up

2008
2015
2013
2017
2009
2014/5

2007

Status

Operational
Operational
Commissioning
Under
construction
Operational

Operational

Operational



Indirectgasificationc industrialscale
plants

Location/ Usage or Fuel/Product  Start up Status
Technology product MW/MW
Gussing, AUT Gas engine/ ST N 2002 Operational
FICFB BioSNG demo 1 MWgq\g 2009 Finished
Oberwart, AUT Gas engine/ORC 8.5¢,0 / 2.8 2008 Operational
FICFB
Senden, DE Gas engine/ORC 14,0 ! Sq 2011 Operational
FICFB
Burgeis, IT Gas engine 2:e1 | 0.5¢ 2012 Operational
FICFB
Gothenburg, SWE BioSNG 3261 | 2050 2013 Operational
FICFB
Alkmaar, NL BioSNG 4 o | 2.85c 20177 Planned
MILENA

FICFB = Falstternally CirculatingFluidised Bed

MILENA MultipurposelntegratedLab-unit for Explorative andnnovativeAchievementsn biomassgasification



TheGoBiGagroject

GoBiGas, industrialscaledemo plant, 20MWg, g Www.gobigas.se
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http://www.gobigas.se/

Milstones

FirstbioSNGnjectedon the gagridin 2014 (CEP96.5%)
Reachedontinuousoperation in December 2015

Switchedfrom wood pelletsto wood chips inFebruaryMarch
2016

Remarks

GoBiGas is atechnicaldemonstrationaimingat 65%conversion
efficiencyfrom biomasgo bioSNGand an overaléfficiencyof
90%. The totgbrojectcostso far ~17Meuro.




BioProGReSs

BioProGReSsa 5.3Meuro Europearproject on advancedsyngas
cleaningbasedon chemicaloopingreforming

Project partners(Gothenburg Energydgordinator), Chalmers, TU
Berlin andRenewtecAB

Objective:

- 30% reduction in overall investment cost

- 10% reduction in variable cost

- 10% increase of thamount of biofuel produced in thprocess

BioProGReS6l & NB OSA PGSR Fdzy RAYy 3 T NJ
Seventlprogrammefor research, technological development and
demonstration under grant agreement 321477



SmallscalebioSNQroduction

Heresmallscalerefersto plants ~10 MW or less

A Lowerfinancialriskdueto alower investmentcost

A Easietto securethe feedstocksupply
A Easielogisticsincelessfeedstockis needed
A Easietto match excess heatith localheat orsteamdemand

A Possiblesynergieswith existing biogas plants

Arethere anyavailabletechnologiesandwhat aboutthe costs?



Technologystudy

Studyon small and mediuracale
A R ble E Technol : :
e P /Mt Il hioSNQoroduction

Existtechnologiesadoptedfor small

and mediumscale(5-30 MW,,)

Specifianvestmentcostfor a small
Small and medium scale bioSNG production Scaleplant (5 : GMWth) Iower than for
technology GOBlGa$!
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http://www.renewtec.se/Report_001.2013.pdf
http://www.stockholmgas.se/
http://www.energimyndigheten.se/

Market study ¢ productioncost

ThebioSNGoroductioncostbasedon
International AB gasificationof wood chips in the 5.84W,,
scaleis in an intervabf commercial
Interest
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TheSmaRTGaanitiative

SmaRTGasSmal scaleRenewablemethaneTechnologiedased
on Gagfication. Investigatethe conditionsto start an innovation
clusterwithin smallscalebioSNGoroduction

¢ Renewable Energy Technology
‘ International AB

M AB Gas & Varmeteknik \
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TheSmaRTGaasitiative

Theldeaisto connectinternational and nationaspearneadr&D
with stakeholdersnterestedin biomethane market
opportunitiesincludingthe Swedish biomethane market,
regionalactorsandlocallyavailablefeedstock(woodybiomass
and differenttypesof waste).

So far 38 leadingniversities researchnstitutes, companiesand
organisationswvithin the field of bioSNGhavesignedLOlsor
expressed amterestto participateand co-financethe initiative.



TheSmaRTGaNetwork

Prof. Hermann Hofbauer, Vienna University of Technology
Prof. Thomas Kienberger, Montanuniversitat Leoben

Prof. HartmutSpliethoffand Dipl.IngSebastian Fendt, Institute for Energy Systefeshnische
UniversitatMinchen

Dr. ReinhardSeiserDept. of Mechanical and Aerospace Engineering, University of California, San
Diego

Dr. Stefan Ronsckeamleadersyngadechnologies Deutsches Biomasseforschungszentrum,
DBFZ.

Prof. Henrik Thunman, Department of Energy and Environment, Chalmers University of
Technology.

Dr. Pekka Simell, Principal Scientist, VTT Technical Research Centre of Finland Ltd.

Dipl-Ing. TimSchulzkeGroup ManagefhermochemicaProcesses andydrocarbons
FraunhofetUMSICHT.

Prof. MarcusOhman Head of Division of Energy ScierdagdedUniversity of Technology.

Prof. JaapKiel, Program Development Manager Biomass, Energy Research Centre of the
Netherlands (ECN)

Dr. Serge Biollaz, Head of Thermal Process Engineering GroufcRauknnstitute.



TheSmaRTGaNetwork

Dr. York Neubauer, Head of research group TCKON, Department of Energy Engifedrimigche
UniversitatBerlin

Prof. Klas Engvall, Department of Chemical Engineering and Technology, Royal Institute of
Technology.

CEO Rolf Ljunggre@prtusEnergy AB.

Dr. JarStambaskyPresident European Biogas Association.

Dr. Ulo Kask Head of the Board, Estonian Biomass Association.

Edson Ng, Principal, G4 Insights Inc. Canada.

Dr. SigitasRimkeviciusDirectorof LithuanianEnergy Institute.

TeaVarrak ViceRector for Innovation and Internationalization, Tallinn University of Technology
Dr. Niels Bjarne Rasmussen, Danish Gas Technology Centre

Fredrik Olrog, CEO OX2 Bio AB

Prof. JacekVankowicz Director of Institute of Power Engineering, Poland

Prof. Jirgen Karl, the Chair for Energy Process Engineering, University of ENangmaberg
TorbjornNilsson, CEO AB Gas & Varmeteknik

Anders Persson, CEO SYSAV Utveckling AB



TheSmaRTGaNetwork

Prof. Frank Scholwin, Institute for Biogas, Waste Management & Energy
Prof. XueSong Bai, Lund University

Dr. Jorgen Held, CER2newtecAB

Associate Prof. Wennan Zhang, Leader of the Bioenergy Research Group, Mid Sweden Uni
Prof. Mohsen Assadi, Stavanger University

Dr. Michal Jeremia&;ranfieldUniversity

Dr. Valerie Dupont, Leeds University

Prof. Gunther Scheffknecht, Stuttgativersity

KetilStoknesLindumAS

Dr. SmailKalla,UniversitéLaval

Prof. SotirioKarellas, NationalechnicalUniversityof Athens

Dr. LorenzdVaggionj Consorzidtaliano Biogas &assificazione

Prof. DieterStapf Karlsruhe Institute®f Technology



Discussiorand conclusions

Indirectgasificationand methanationtick allboxed E/

A multitude of ongoingbioSNGactivitiesin the world

Snall scalegasificatiorand methanationof woody biomasshasa
greatpotentialto bridge the gap from demonstraticio
commerciablants (FOAK> NOAK)
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TheSmaRTGadnitiative ¢ the ¢ 2 NJaige3tetwork
on smallscalerenewablemethanetechnologies

www.smartgas.se
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http://www.bioprogress.se/
http://lignosys.renewtec.se/
http://www.smartgas.se/
http://www.regatec.org/

w 39 biennial Conference on bioga& syngas &iomethane
from AD and gasification
w Keynote speakers from the European institutions and
the industry
w Call for papers and presentations

w 200+ participants in 2014

www.biogasconference.eu



