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CCS In SINTEF and NTNU
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BIGCCS Centre Objectives

» The BIGCCS Centre will enable sustainable power
generation from fossil fuels based on cost-effectiv e
CO, capture, and safe transport and underground
storage of CO ..

» This will be achieved by building expertise and closing
critical knowledge gaps of the CO , chain, and
developing novel technologies in an extensive
collaborative research effort.

» International co-operation, global CCS R&D provider
and partner
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BIGCCS In the innovation chain

‘IP,JIF) JJ
| Novel technu-
BIGCCS Centre (FME) I

Test, Pilots
and Demos

@ SINTEF

Bchcs International CCS Research Centre




CO, capture routes

Post-combustion capture N5, 05, H;0
Fl
— CO5 separation D
I l
Fue| =———-p - |
Air Power & Heat
- __J
Pre-combustion capture
N5, O5, H70 CO, COs
Gasification or | Hy | [ | v
Fuel—p  partial oxidation | Power & Heat
shift + CO, separation = Air—p ‘ CO, dehydration,
compression,
Toz transport and
Air —p| Air separation [——» N, storage
___________________________________________________________ CO; (H20)

02/CO2 recycle (oxyfuel) Fuel———) Power & Heat
combustion capture | J

t Recycle (CO3, H;0)
0, J

Air ——p| Air separation

Blﬁccs International CCS Research Centre




Post-combustion capture
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Academia__
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BIGCCS Centre structure

SP1: CO, Capture SP2: CO, SP3: CO, Storage
Transport

Task 1.1: CO, separation Task 2.1: Task 3.1: Qualification and

Task 1.2: High temperature membranes CO, pipeline management of storage
Task 1.3: Hydrogen combustion integrity resources

Task 1.4: Oxy-fuel and FGR Combustion Task 3.2: Storage behavior
Task 1.5: Appl. to ind. and offshore Task 3.3: Monitoring,
Task 1.6: Integrated assessment Jezlazy enol remieteiton

SP4: CO, chain

Task 4.1: CO2 chain analysis, and assessment of env  ironmental impacts and safety

Task 4.2: Economic and policy incentives for the CO 2 chain
e e e

SP5: Academia
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BIGCCS Centre Phase 1 Phase 2 Phase 3
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 |Title- short 11
SP1 CO2 Capture
Task 1.1 CO2 separation
PhD Absorption in precipitating systems, Prof. J-P Aeaisen
PhD Dyn. mod. of the absorption process, Prof. M. ikl
Task 1.2 High temperature membranes
PhD Char. of mixed proton conducting materials, ProfNerby (UiO)
qu Membrane materials stability in relevant proc. coRdof. T. Grande
Task 1.3 Hydrogen combustiop |
PhD Efficient chemistry implementation in hybrid comkios model, Prof. I. Gran
Post-doc Val. hybrid model against hydrogen flames, ProGian/Dr. M.Ditaranto
PhD Prevention of flame stabilization at syngas fu@dtors, Prof. Th. Sattelmayer

~ee O U SO S-S PR ROt S X 3 n-“-n__.iyer

Tsk! Comprehensive PhD and Post Doc Programme

Gran
Task 1 ]
18 PhD’s MBHag |
Task 1
8 Post Doc positions fobsenlo. Bolleny
SP2 COZ | ransport
Task 2.1 CO2 pipeline integrit)
PhD Thermo- and fluid dynamical modeling of {, decompression, Prof. I. Gt
PhD Modelling of fracture resistance in pipelines, Pf Thaulow
Post-doc  |Coupled structural-fluid models for crack arresfPC.Thaulow/Dr. S.Munkejol
SP3 CO2 Storage
Task 3.1 Q&M of storage resaurces
PhD Numerical screening tool for analysis of fractur@giation, Prof. R.M. Holt
Task 3.2 Storage behaviour
PhD Basic mechanisms for behaviour of , in porous media, Prof. O. Torsa
PhD CO, displ. and storage in a water-saturated por. foProf. D. W-Berg,/J. Kleppe

Post-doc  [Optimal design of CQinjection operations (reservoir engineering), PdoKleppe

Task 3.3 Monitoring, leakage and remediation

PhD Geophysical meth. for CGstorage and early detection of leakage, Prof. #dra
PhD Detailed imaging of gas chimneys and various lealzghs, Prof. B. Arntsen
Post-doc Advanced geophysical monitoring methods, Prof. khdrg
PhD Rock-physical properties for monitoring of t, in the subsurface, Prof. R.M. H
Post-doc Acoustic core measurements of two-phase flow 0, and wate
SP4 value chain
Task 4.1 C(, chain analys
Post-doc Calue chain analysis of CCS based energy systeawis,| Bran/Dr. J.P. Jakobsen

Task 4.2 Economic and policy incentives
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BIGCCS Partners and Funding — 8 year programme  *

» Co-ordinator SINTEF Energy Research NTNU
» R&D providers S I N I EF |
= SINTEF, NTNU o
= CICERO &
= University of Oslo @ g:'gf(‘;g ical Survey
= Technische Universitat Minchen-TUM NATURAL ENVIRONMENT RESEARCH COUNCIL TI.I“
= DLR (Deutsche Zentrum fur Luft und Raumfahrt)
=  British Geological Survey f UNIVERSITY
= GEUS 5 OF OSLO '
= NGU RESOURCE NG U National
= RFF FOR THE FUTURE Laboratories
» Funding
= 20 mill NOK/year — The Research Council of Norway .
© 15 mill NOKvear — Industry <X The Research Council of Norway

= 10 mill NOK/year — R&D providers

» Industrial consortium

=  Aker Solutions -
Statkraft ks AkerSolutions
StatoilHydro
SHELL
ConocoPhillips
TOTAL
Gassco
DNV

Statkraft

i

StatoilHydro

Conocglshillips @
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Labs

» Already secured approx 2M€ additional funding for
strengthening key areas (combustion, membranes,

storage)

» Will make use of new extensive lab infrastructure that is
under construction — Tiller Labs — 5M€

» Extend to a Pan-Europan CCS Lab Infrastructure through
the ECCSEL initiative (European CCS Labs) — 81M€
= Key partners in Denmark, Germany, France and Netherlands
= ECCSEL is lead by NTNU in co-operation with SINTEF
= Will be operational by 2013

= Open access for researchers to ECCSEL labs, defragment lab
infrastructure

= 81ME envisaged investment, www.ntnu.no/eccsel
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Tiller CCS Labs
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International Orientation

» Through our partners
= USA, Germany, Denmark, Uk, Switzerland, France

» By liasing with key CCS stakeholder bodies
= GCCSI (Aus)
= ZEP

» Open minded for extended international co-operation

» Use BIGCCS for spawning new projects on the international
scene

» BIGCCS will seek to develop a designated international Sub
project to make true our ambitions of international presence

» BIGCCS is open for new partners during the operation of the
centre
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Summary

» BIGCCS will contribute to close critical knowledge gaps
of the CO , chain, and developing novel technologies in
an extensive collaborative research effort.

» BIGCCS is among the largest CCS R&D centres on a
global scale

» It covers the whole CO, value chain
» BIGCCS targets to be a global player in CCS issues

» We welcome more international co-operation actions and
would like to liase with other major R&D programmes and
iIndustrial partners

» BIG is beautiful
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