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The Norwegian University of Science & Technology (NTNU)
- and The SINTEF Group

Number of employees (2007):

NTNU 4.800
(Scientific 2.500)
SINTEF 2.000

(Scientific 1.350)

Students:  20.000
10.000 in Engineering & Science

Total externally financed
research: 3.300 Mill NOK

research, innovations and business developments
- of large importance for Norway

A technological cluster with education, basic & applied g
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The Gas Technology Centre: Our mission

B Act as a common portal towards the market within R&D
In the gas technology field
B Ensure top quality education, R & D, and solutions for
the gas sector
B Promote large(r) research initiatives:
— National Research Councill
— EU-projects
— Laboratories
— Strategic industrial research contracts

B External visibility
— Influence the national agenda

B Recruitment of students & researchers

® Co-ordinate the gas technology R&D within the two
organisations

B Ensure efficiency in our operations by working as a truly
virtual organisation
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Gas Technology Center NTNU - SINTEF

Researchers Students

NTNU * Award 75% of all M.Sc. in Norway’s

- 50 professors gas-related industry

134 Ph.D.
researchers Cooperation

- 15 post.doc. » Virtual organisation
researchers « Tight links to industry

SINTEF * International ties

* 100 research &
scientists |

_ Infrastructure
Funding . 14 gas-related R&D laboratories g
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Disciplines around Gas Technology Centre
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Gas value chain R&D

® Industrial gas processing and gas products

B LNG and gas to liquids (GTL) for the world
market

B Gas engines and turbines
B CO,-management and value chain

B Gas transport infrastructure and techno-
economic optimisation

® Fossil fuel hydrogen production, storage and
usage -

52
;
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Laboratory facilities

® Multiphase flow transportation of oil and gas
¥ Liquefied gas technology

® Combustion of hydrogen and hythane
® Absorption of CO,, H,S and NO,

® Catalysts and absorbents

B Membranes for hydrogen and CO,
separation

B Conversion of hydrocarbons to hydrogen
B Fuel cell technology W
® Hydrogen production and storage

SINTEF



Gas technology —the
whole chain
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Oil and gas - a Norwegian perspective

hhhhhhhh

Main oil and gas regions
® The Barents Sea province
- virtually undeveloped

® The Norwegian Sea province
- partially developed

® The North Sea province
- mature region

/WWW.atIapedia.conﬁ



Oil and gas - a Norwegian perspective (2)

Total Norwegian Petroleum Production ;i%
B The oil and (as of May 2003) UPD
gas sectoris | &, . e
vital for y
Norway — L .
accounts for
21% of GDP :
B The fairy tale g™
started g
35years ago
B Gas will N

dominate from | -
2010 onwards
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How does Norway manage its natural gas ?

Opportunities |
_ The consumption of produced gas - 2003
B Substitute
natural gas
O Export
¥ Increase
domestic N B Domestic consumption

value creation

— "Clean” power
production

— New
downstream

chemical
products -

%
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Gas production of the future

One integrated production chain

Onshore Plant — LNG, GTL, methanol, etc.

Multiphase Flow Line

//
Subsea Installation

\ Drivers:

B Harsher environments —
deeper and farther north

Safety

Cost reduction

Reservoir Sensitive environment
Zero harmful-emission goal

Smait Well
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Gas production of the future - the Snghvit field

Key factors

B Subsea
development .

B Multiphase %
transport —

® Proprietary LNG —
technology

B CO, separation
and storage

¥ Integrated and T
remote operations AT o St

3 \ Albatross:

Askeladd

www.Statoil.com/snohvit/ %




Gas production of the future - Ormen Lange field

This represents
cutting edge
technology

Key factors

B Subsea
development

W Subsea processing

® Multiphase
transport

¥ Integrated and
remote operations

/Hydro/
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Development perspectives for value creation
from the Norwegian CS and petroleum industry

Coordinated
National
R&D efforts

Export of
technology

Annual Value Creation

2002 2010
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Acid gas removal: Background
General classification of technologies

Typical for CO, and/or H,S removal Suitable for
<10%CQO, > _~ >10%CO,?
Solid phase \ Liquid phase Membranes Cryogenic/extractive /Hybrid
adsorption, absorption distillation Processes

Bulk + Amine

scavenger and <<
others | ME&L, DGA, DEA, DIPA - )
é Strong chemical solvents P < Ryan-Holmes

\/

/
I
|

Molecular Sieves, Controlled
| PSA, TSA, lran BASF-MDEA, Dow Gas Spec, 1 Freeze Zone || Membrane +
Dxide - — SHEA-MDEA UCARSOL — Amine
Regenerative Weak chemical solutions
L - ysica
<alliis Ir_c:dn sgoﬂcge, Benfield, Catacarh, Flexsorh HP, Amine
— ZInC OxIfe, Ul ] Glammarco-“etricoke — Hot

Treat .
carbonate solutions Bulk + Physical
Liguids: Sulfa-

Scrub, Caustic

Non regenerative Sulfinaol, Amisol, Flexsorh PS/SE, Arming +
Hybrizol — Hybrid solvents —  MolSieve +
Physical

Liguid oxidation: X X
| LO-CAT, SulFerox, Selexsol, Rectisal, Purisol,

Marphysorb, Flour Solvent, fpexal
— Physical solvents

Shell-Pargues —

S LEEETLRY

Sulphur recovery » ')

Acid Gas Injection

LO-CAT, SulFerox, Perax, Ferrox, Shel-Fargues

Selectox

Source: StatoilHydro

Claus Process

* 000 &
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The Role of CCS
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Figure 2.1 P Global CO, emissions in the Baseline, ACT Map and BLUE Map scenarios

70

8“ B Buildings
¥ 60 — B Industry
% 50 — M Transport
.é 40 — B Upstream
g B Power sector
L 30 —

20 —

10 —

0 —
2005 Baseline Baseline ACT Map BLUE Map
2030 2050 2050 2050

ACT Map implies deep emission cuts in power generation and the fuel transformation sector; BLUE Map implies
deep emission cuts across all sectors.

Source: IEA Energy Technology Perspectives 2008
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Power Generation Mix

m Other TECHNOLOGY
- 60,000 - renewables PERSPECTIVES
= H Solar 2008
E 50,000 - 46% EWind
c
S . Renewables . ass+cCS
Q 40,000 - ) Scenarios &
_g EBiomass Strategies
E . = to 2050
;30’000 | B Hydro
:§ Nuclear
5 20,000 | Gas + CCS
Q
[iT) mGas
E 10,000 A .
o mQil
o 0 mCoal + CCS
2005 Baseline Baseline ACT Map BLUE Map mCoal '
2030 2050 2050 2050 RAIESHATIONAL
ENERGY [lcA
[ |7
AGENCY i-1i
In support of the G8 Plan of Action %
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A New Energy Revolution: Cutting
Energy Related CO, Emissions

ENERGY
70 - CCS industry TECHNOLOGY

— and transformation 9% PERSPECTIVES
- ) .. 2008

N 60 - Baseline Emissions 62 Gt —= /

O CCS power generation 10%

2 50 = Nuclear 6%

g _~Renewables 21% Scenarios &
24 40 - Power generation efficienc e ehies
c g Y ~— o 2050
(@] & fuel switching 7%

g 30 - ™~ End-use fuel switching 11%
e — End use electricity
GE} efficiency 12%
. 20 -
(@) End use fuel
O BLUE Map Emissions 14 Gt efficiency 24%
WEO02007 450 ppm case ETP2008 BLUE Map scenario
0 T ] L] L] L) T ] L 1

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
INTERNATIONAL

ENERGY IG_]

i
_ AGENCY LRI
In support of the G8 Plan of Action
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SINTEFs international position
iIn CCS R&D
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European R&D — Our Involvement in CCS
/ l‘\

FP6 — |
SINTEF and NTNU ~24M€/195MNOK
20 B SINTEF and NTNU effort
15 | FP7
(¢TH]
S
S 10
5 _|
0 y
0 A 2 S X a A ]

Our partners: Vattenfall, RWE, Statoil, Hydro BP, Rohoel, Siemens, Alstom, Lurgi. L’Air liquide, Linde, Progressive Energy N \!
Mitsui-Babcock, DLR, DONG Energy, Elsam, PPC, E.ON, SNSK, ENEL, ENDESA, E.ON, Schlumberger, IFP, TNO, RF, NIVA, S
ISFTA, Fraunhofer, IEA-GHG, GEUS, ARCELOR, Corus, BGS, BGR, BRGM, ECOFYS, JRC, Societe Generale, Universities o%

Twente-Ulster-Chalmers-Stuttgart-Delft, TU- Sofia, KTH, Corning, EDP, ECN, TIPS...
Gas Technolog s SINTEF




SINTEF and NTNU CO, project portfolio

18 :
ONTNU- MiT-
CCert-PhD++
16 0O SOLVit
14 | B EU FP7 1st call
O EUFP6
12
B Other Ind.
w CO2 projects
= 10 ] ] ) | O Industry
= funding "BIG"
s 8 | @ Own strategic
programme
B BIGH2
6 | ||
B BIGCO2
4
2
O |

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year
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ECCO: CO2 value chain 1. Scenario - “predicting” future CO, world

3. Economic analysis — profit vs. costs

4. Case study — evaluating ety ons RE L
options & recommendations % I_q

N
I
by | Power i | Platiorm e
{" plart - s ] EOREGR | |
0 I : e T ‘|: i
[ A N i 5 ]
[ 1 P
) o, } o, F o, ' coy, i
r
[ i
i

| h
I

] : capture conditioning || transpart injection I :

(e B Pttty ety | et SN T | CE P T TP I
Gas CAPEX/OPEX

J. P. Jakobsen @ SINTEF
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DECARBIt — Integration of the tasks

SP1 System integration and optimisation
including application to other industries

SP2/Pre-combusti

O, separation

Coal co
Gasifier [P CO, CO 2
—> : | 2
> Reformer Shift separation compression >
Natural
gas
nabling
I ologies for
pre-gombustion
Air G Electricity @
Separation as Steam Cycle —p>
Uni "%J 4 |
SP3 Advanced oxygen _ _ g
separation technologies -~ |SPS Pre-combustion pilots

DEC DARBit %
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DYNAMIS Case Studies: outlines and locations

Case Study A B C D
EON PEL STATOIL VATTENFALL
Location East England North East England Mongstad Hamburg
Norway Germany
ASU Generic Air Liquide - Air Liquide
Feedstock Eon - El SNSK coal Natural Gas Vattenfall coal
Cerrejon
Gasifier Siemens Siemens - Shell (dry)
Shift/ 2-stage shift 2-stage shift 2-stage shift
Conversion
Sulphur Claus unit Claus unit Claus unit
Removal
Acid Gas Rectisol - Selexol Amine Selexol
Remaoval Linde/Lurgi (or generic DEPG)
H, Separation / PSA from SMR PSA
Production UOP /Air Liquide (Air Liquide)
Gas Turbine MHI 701F4 GE 9FA GE MHI 701F4
2*MS9001E
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Host for CCS laboratory infrastructures

B Affordable CCS Technologies

— Through making available the right “tools”

W Accelerate CCS through providing the
missing link between infrastructure and
research on an European level

® Contribute to global infrastructure network
development

® Provide us with the right resources to e
tackle the world’s most worrying issue: global warming

Provide a virtual infrastructure of excellence within CCS
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NTNU and SINTEF to ho
the European CCS test
labs

Officially put on the
ESFRI Roadmap 8 Dec.
2008 - Versallles

81 M€ investment

Pan-European research
Infrastructure for CCS

Open access for
researchers

www.ntnu.no/eccsel

Gas Technolog

ECCSEL - European Carbon Dioxide Capture and Storage

Laboratory Infrastructure

The facility:

The ECCSEL fadility combines three approaches to capture (pre
and post combustion and 0,/C0, -oxyfuel- recycle combustion
capture) and three approaches to carbon storage (aguifers,
depleted oil/gasfields, coal bed methane). Theprojectincludes

L
i ) PR

theupg g ucturest

level, The upgraded facility is composed of distributed parts in
different countries and a coordination centre in Norway.

Background.

Carbon diovide capture and storage (CCS) is identified a5 a key
technology for reducing emissions from fossil energy use in the future.
The demand for itis globally large, in particular in emerging economies.
Europe lacks presently a large research infrastructure in this field. There
is a very strong need for activities in this field and this topic is highly
relevant for the EU Strategic Energy Technalogy (SET) plan. The core
consortium of the upgraded facility consists of 10 European partners,
but the network behind CCS is much broader.

What's new? Impact foreseen?

The ECCSEL infrastructure will be unique world-wide in its
comprehensiveness for research in CC5 and will be open ta researchers
through a joint management structure. It builds up on developments of
the partners’ specialised labs in course of national and EU programmes.
The core hub of ECCSEL will be in Norway with partner institutions in
Germany, the Netherlands, France, Denmark (including Greenland),
Poland, Hungary, Switzerland and Croatia. The planned research
infrastructure meets the different needs from basic research to
experimental activities. In particular it will enable more advanced
levels of research in post combustion absarption (needed to address
the more near term options), new materials and processes [needed
to reduce the cost and reliability of next generation CC5 processes),
combustion facilities (to enable oxy-fuel (CS processes and efficient
hydrogen combustion) and storage facilities (needed for improving the
knowledge of storage in aquifers and to develop qualification methods
and mitigation strategies). These are all highly relevant to reduce the
costs of CCS, improve the reliability of the various concepts and in
particular to improve the knowledge of (O, storage and to develop
qualification methods and mitigation strategies.

By fadilitating international research and development ECCSEL will
contribute substantiallyta the targets brought forward in the Road Map
for EU Zero Emission Fossil Fuel Power Plants (ZEF) Technology Platform
1o achieve 0, reduction costs of less than 20€/ton, reduce efficiency
loss to less than 6% and to help develop and implement competitive
and sustainable CC5 technologies.

sTimeline.

The facility will be in operation in 2011 and will meet the urgent needsin this field.

Total construction costs:

sEstimated cos

o f1ME

Operation ¢ 6 MEfyear,

Decommissianing IME.

S\Website: wwwntnnoeccss)




National R&D Activities at SINTEF

SINTEF toatmosphere

POST-COMBUSTION
CO, CAPTURE BY
AMINE ABSORPTION

Flue Gas
Cooler )

2
Rebailer

| Richsolution  Lean solution %



BIGCO, National CCS

R&D Platform

Absorption and
desorption studies

Membrages
()
—® VO g “ ® A ke 1Y
- - 25 Million€
SINTEF 8 year programme @ 9 o
() ez %
H2 ang De_N2 ﬁ & TI.ITI Generator
combpustion nalysis
Z The Research Council of Norway *
N GASSNOVA
AKERKVERNER =~ — — ~oteran @
ALST@M | .
| StatoilHydro -
Chemical
- T
Looping AL uw.uy.w. O
Combustion 5

storage


http://www.conocophillips.com/
http://www.dlr.de/
http://www.statoilhydro.com/en/

Chemical Looping Combustion

00 ® Nitrogen

Air recator
Oxygen carrier

Q Oaeygen
Cyclone Mickel

Ni + O, =>NiO

.

@ FueNReactor !
'.

Air Meﬁane by Jovs Wolf, KTH

CH, +4NiO =>4Ni + CO, +
® NTNU Gas Technolog e
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Build-up of the BIGCO2 R&D Platform

-~
BIGCOZ Implementation
o _ Industrial take-up phase (IIl) ARIAELTUAE]
g 4 50% Cost reduction
= &o“
& 5
> 090'
S &
£ & B\
S BIGCO2 S 9?'@\
= KMB (1l N ®
© & ¢
Q Q.‘? o
-8‘ ¢ 4 Qb \‘b“
S N ©
& -00“0
5 BIGCO2 & e
8 KMB (1) o g
S — 0 A
m ‘.)0‘\! eﬁgﬂ
2
SIP & KMB %Q@“ ‘\“o\oﬁ‘
‘[Capture +Sturaqu' o a\‘?‘s

m 2001 2004 2005 2006 2011 Vear
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BIGCO2 Organisational structure

8 BIGCO2

c Steering Committee

®

c

O Task G (BIGCLC) BIGCO?2 Task F (Eocr & storage
> $cientific advisory Coordination and Scientific advisory
8 commltt.ee Management C?mmlttee

QO ‘ ‘

o

D: merging
Techn.

BIGCO2 Industrial Consortium O

@)
=

e R\
L% [ Research Council of Norway Gassnova } O

CLIMIT Programme
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-

BIGCCS Centre 0
Centre coordinator: Nils A. Rgkke g
6 mill EURO/year in 8 years g
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The SOLVit Programme © &fcareon

@ SINTEF

Solvent development for next generation
Post combustion systems
8 yrs, 317 MNOK (~40M<£)

iy
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Recent and ongoing efforts - Storage

® Projects
— CO,ReMoVe, CASTOR, ULCOS, DYNAMIS, CO,GeoNet, BIGCOZ2,

B Reproduction of CO, from Utsira, including experimental imbibition rel.
perm and simulations (Statoil)

g
| =i

L]
| A

® Feasibility study on use of
Groothusen depleted gas field for
permanent storage of CO2 (Phase
| finished, Phase Il on going,
Statoil) Picture: Initial gas
saturation in the field

®@NTNU Gas Technolog




Recent and ongoing efforts - Storage

B Feasibility study on Johansen
formation as sink for Mongstad CO,
(NPD)

(Picture: Distribution of CO, after
injection of 300 million tonne CO,_ year 2119)

B Feasibility study on Utsira South
as sink for Karsta CO, (NPD)
(Picture: exploring various injection sites)

® NTNU Gas Technolc



Recent and ongoing efforts - Storage

ldea: Inject CO, in a onshore location for studying migration paths and
monitoring techniques in a location prone to cause migration.

B Field laboratory for monitoring of CO, (StatoilHydro, Gassnova etc.)
B Location discussed at Svelvik- south of Norway
B Open for new entrants

@ NTNU Gas Technolog



CO, transport

The link between CO, capture and storage

Challenges:

To perform design and safety

calculations for transport
systems for CO, with
Impurities

® Transient, multi-component, two-

phase flow
® Flow models

W ulation
= E e ey gy Fil Simulate  About
aaaaaaaaaaaaaaaaaaaaaaaaaaaa Toles)| Wil mee| B
C |Ier|IIOdyﬂaIIIIC models for CODZ, | o] D] g )
52 flow (ka/z) o o 0.2 01
B 1000 0z [iN]
Exl 1000 nz n1

mixtures

B Cost-effective solutions for
pipeline- and ship transport

s R s
! Lo SALEATHOSS .
e ¥ T s
% T '_'" _i!_"": o PV o B,
[ Azitel Apges=8 =% e

------

uuuuuuuuuuuuuuuu

Component Patz [ [ e | Laer? | Laym2 | Oulside
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e
CO, transport — projects with .~~~ = [l
I = A = 4
SINTEF involvement = - T
TTETLR <t SR
® Dynamis - CO, quality recommendations = N
B CO,thermodynamics - CCP project/Statoil AN et \";:“3
B Transport and operation — pipeline design and operation ) 5 L'?T;
studies (Statoil projects) W ‘U':
B Snghvit CO, pipeline (CO2 ventilation) (StatoilHydro) A\ j{‘r',;f_' 4 ;/
®  Ship transport of CO, (Statoil, Teekay, Vigor and SINTEF) =t
m CO, Halten project: Capture, transport and value chain : & "’;—f— R
analysis (Shell, StatoilHydro, Aker Kveerner) Jk ,: ;
®m CO,value chain (BIGCO2) Tr_”]l_——' r\f
m ECCO H~—/ 4
M Large scale CO, transport in the North Sea = i}-:j-l-l \:; 1:,1
B CO2ITIS (BIP, StatoilHydro) L =/ QI
® CO, Dynamics (SINTEF) 7 \
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The 5th Trondheim Conference of CCS, 16-17 June 2009

NTNU The 5" Trondheim Conference on

CO, Capture, Transport and Storage
@ SINTEF 16-17 June, 2009, Trondheim Norway SUTEE Eneray Resesreh

Homepage

L x ND (1,0 ] Cco ERE | =
4 Scope and

Conference
Target

A Call for
Abstracts

4 Committees

€0: CAPTURE, TRANSPORT AND STORAGE

The Trondheim CCS conference series have grown to become a

py leading scientific CCS technology conference. The 4th Trondheim
Conference on CCS held in 2007 was successful in attracting over 60
- abstracts of which 46 were presented in 10 oral sessions.
> The contributors at the conference were invited to submit a paper for a
a4 Special Issue of the Journal of Greenhouse Gas Control Technologies
which is currently online (Issue 2, 2008).
- A total of 215 delegates from 19 countries attended the 2-day TCC54 |
conference.
The 4th Trondheim Building on this success, the TCCS5-5 is now planned for June 2009, and
sz as targets an even wider international participation.
Capture, Transport and
Storage
Arranged by:
Gas Technology Center NTNU — SINTEF
webmaster

Ewww.ntnu.no/tccss

\
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Market Drivers and Projects

i
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Project Timeline — R&D, Demo and Full Scale

Budget (ME) Dinshore
Dperational Yitshare
Planned
Research
Operational T Size (MW)
e }il -
Gas [
Coal e

2005

°
SINTEF



CCS by 2020 and beyond

High
190 ’ Likely to see 10’s of
/ plants by 2020 in
operation.

100 ~

® R&D projects leely to see 50-

m Piot/Demo Extrapolated 150 plants by 2030
80 Full scale

A Accumulated full scale

— Expon. (Accumulated full scale) G8 20
60 1 ZEP: 10-12

IEA: 400 GW in
2030~400 plants

/

) S
% o

20 1 By 2100: 5000 §
05

plants?

A
O—J__H‘— ‘A

1995 2000 2005 2010 2015 2020 2025 2030 2035
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Participation in SINTEF Projects
- Benefits and Terms

i
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Benefits and terms ()

W Possibility to get access to a world leading CCS
R&D environment and team up with leading
iIndustrial players within CCS

B Recruitment opportunities
— Connection/exchange of PhD students

— People with high competence within CCS
M Give direction to research through Board
participation, active partners can influence the
contents of the sub projects, topics and work

packages g
®
® NTNU Gas Technolog e SINTEF




Benefits and terms (lI)

B Deliverables and results

— Access to project results

— Rights, regulated through;
« Consortium Agreement (CA)
* |IPR and dissemination level of work/results is regulated by CA

B Spin-offs can be generated for the industry
partner’s own technology needs and interests

B Access to world class R&D labs

53
:
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Benefits and terms (lll)

B Opportunity to include own work within the projects as in-
kind contribution in addition to cash/IPR sharing/data
sharing- joint development and use of R&D facilities

® Contribution varies between 50-500k€/yr dependent on
type of project, duration, topics etc.

® Favourable terms
— Leverage ~1:30 (typically)
— Opportunity to influence research topics, priorities and organization

53
:
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Summary

B Norway is promoting CCS as a key carbon abatement
option

B SINTEF is a major CCS R&D provider in Europe and on a
global scale

® Our portfolio of active projects exceeds 125 M€

B International partners are invited to join in our existing and

new initiatives within CCS on a broad basis utilising:
— Bilateral funding schemes k
— European funding agencies (FP’s)
— Industrial lead consortia (JIP)
— University co-operation and exchange __
®
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Thank you!

Contact information:
Gas Technology Centre NTNU-SINTEF
Maria.Barrio@sintef.no

www.sintef.no/gass g
©

+47 735942 75
Sem Saelands vei 11, NO-7465, Trondheim, Norway
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CO, capture, transport and storage — main routes

Post-combustion capture N2, O3, H0

?
POSt'C ;Iueﬁb CO; separation N

Fuel|——p
Air Power & Heat
Pre-combustion capture
Gasification or Hp ’ v
Power & Heat

ZE I GCC Fuel —p partial oxidation

shift + CO, separation = Air—p CO, dehydration,
ZEIRCC compression,
Toz transport and
storage

Air —p| Air separation » No

___________________________________________________________ Jcoz(ﬂzo)
0O2/CO3 recycle (oxyfuel) Fuel——— Power & Heat

combustion capture !
‘[‘ t Recycle (CO, H0) J N2
02
Oxy-fu J

Air —p| Air separation
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