EFFECTS OF THE CENTRE FOR THE OVER-
ARCHING GOAL OF THE FME PROGRAMME

The Centre has worked steadily towards it’s targets and the overarching objectives of the
Norwegian Parliaments climate agreement in 2008 by:

Providing new tools and models for assessing

CO, storage capacity and qualification in close
co-operation with the industry. This will enable
more widespread carbon dioxide storage at the
Norwegian Continental shelf. This is a key element
in decarbonising the industrial sector in Norway to
start a transport and storage business by also allowing
for foreign CO, being received. This will be key in
addressing emission reductions for the petroleum
sector and the industry. These are major emission
contributors in the Norwegian climate budget.

Creating a basis for innovations and important
spin-out projects that are contributing to lower

cost and new value chains for petroleum in a

low emission society. Examples of such spin-off
projects are new solvent systems and processes and
membrane separation of hydrogen. The latter is an
element in new business models for natural gas- to
sell decarbonised fuels on the global market. New
burner concepts have also been conceived to enable
combustion of hydrogen rich fuels in gas-turbines

with controlled nitrous oxide emissions and high
efficiency. These are key enabling technologies for
achieving reduced GHG emissions in Norway and on
a global scale. It may also be applicable for offshore
installations, which else are hard to curb emissions
from.

Pioneering new knowledge and processes for
transport of CO, by ships and pipelines by optimising
the process in the interfaces of capture, transport
and storage. By finding matching conditions along
the value chain and make use of these to optimise the
solution with regards to cost, efficiency, footprint and
operability.

Initiating and promoting international co-operation
to secure uptake of the results and to make benefit
of new impulses at a global scale. This also includes
the establishment of research infrastructure at
European scale through ESFRI. This will enable fast
tracking CCS as research infrastructures are key for
technological development and understanding.

I European Strategy Forum for Research Infrastructures- in this context ECCSEL — European CCS Labs- a landmark project of
ESFRI hosted by Norway through NTNU in close collaboration with SINTEF.
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EFFECTS FOR THE HOST INSTITUTION
AND THE RESEARCH PARTNERS

SINTEF’s CCS research strategy from the early 2000s had an ambitious targets to set up a
completely new research field. Mission accomplished!

CCS on the research agenda

During the 1980s and 1990s, it became increasingly
evident that the rising CO, levels in the atmosphere
could pose a serious threat to the global environment.
On this basis, SINTEF included CCS in the strategic
research plan around the turn of the century. This was
a logical consequence of SINTEF’s vision: “Technology
for a better society”.

The plans for the BIGCCS Centre represented a
significant ramp-up in SINTEF’s activity level in CCS.
With the goal of enabling full-scale CCS implementa-
tion, it was clear that more people, more projects and
more infrastructure was needed. The mission was

to develop the necessary knowledge base and new
technologies throughout the CO, chain, for capture,
transport, and storage.

Beyond expectations

The BIGCCS Centre has made it possible for SINTEF to
not only fulfil, but also over-achieve on its goals for the
CCS research strategy developed in the early 2000s:

o Highly competent research groups have been
established within the fields of CO, capture,
transport, storage, and value chains. Whereas ten
years ago specific research areas were non-existent
or staffed with just a few researchers, most of the
crucial areas have functioning groups today.

e A new generation of capable CCS researchers,
both at the doctorate and the master level, has
been educated to ensure excellent recruitment
opportunities for research groups at SINTEF and
NTNU. As intended, candidates are also finding
employment with the BIGCCS industrial partners.

e The possibility to “prove theories in practice”
is crucial on the way towards full-scale CCS
implementation. For this purpose, advanced research
infrastructure has been added to laboratories, and
laboratories have been upgraded. Relevant infrastruc-
ture plays an important role in innovation activities.

e Together, SINTEF and NTNU have spearheaded the
Norwegian node of ECCSEL. This activity is expected
to foster increased researcher exchange, future
cooperation, and more efficient exploitation of
European research infrastructure.

¢ SINTEF’s current portfolio of CCS projects is

significant. National and EU projects have been

added to the portfolio in numbers larger than hoped
ten years ago. Some of these projects have been an
integral part of BIGCCS, while others are operated
independently.

Strong and enduring networks have been built

between industry and research partners. These

networks will play a crucial role in the next phase of

CCS deployment.

The research partners have, in general, expressed
great satisfaction with BIGCCS. Especially, this is true
when it comes to the duration of the project, and the
fact that BIGCCS covered the whole value chain.

In the 2012 BIGCCS annual report, Professor May-Britt
Hagg, NTNU, said this about BIGCCS: "A lot of good
work has already been done, and I am particularly
keen on the academic programme, with its PhD train-
ing and the publication scheme", and "Even though the
EU does a lot of research on CCS, BIGCCS is different.
The programme is a good opportunity to look at the
whole value chain. I am sure that many scientists all
over Europe would like to join if they had the chance.

Professor Truls Gundersen, NTNU, adds that "BIGCCS
has been an important funding source for PhD
students and Post.docs, and the Centre has given the
candidates access to a large network of researchers
and industrial representatives. BIGCCS has also given
NTNU an opportunity to collaborate across faculties
and departments".
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Ready to face the future

SINTEF’s CCS research strategy has been revised
based on the experiences from BIGCCS. The
Norwegian CCS Research Centre (NCCS) is the new
cornerstone to realize this strategy. Central elements
are deployment and innovation.

BIGCCS has made possible the establishment of a
new and competitive research field in Norway. The
Norwegian CCS research community now possesses
the people, infrastructure, and knowledge crucial

in continuing its CCS leadership. We are proud and
prepared to face the challenges of the deployment
phase.

What research partners say about
BIGCCS ...

Andy Chadwick,

BGS (UK)

- The benefits to BGS of
partnering in the BIGCCS
FME have been very
significant. Our involve-
ment in the Centre has
enabled us to maintain
close collaborative
contact with leading CCS
researchers in Norway
and Denmark, and to share experience and knowledge
with technical and scientific specialists at SINTEFE,
NTNU and GEUS. We have also, through BIGCCS,
maintained contact with key industry players such as
Statoil with whom we have had a good relationship

in terms of research discussions, project development
and access to the key monitoring datasets. This has
been of huge benefit in furthering our research into
understanding fundamental CO, storage processes and
the collaborations developed in BIGCCS have resulted
in a number of high profile joint papers with both
industry and academic partners. The wider context
and influence of BIGCCS have also been of great help
in retaining a wider European network of partners
(particularly following the Brexit vote) and developing
new research initiatives with the BIGCCS partners and
other European organisations. So, for BGS, partnership
in BIBCCS has been an unqualified success.

Peter Kutne, DLR
(Germany)

- The wide range of
international and inter-
disciplinary research
partners contributing

to BIGCCS have fostered
fruitful discussions and
created new ideas (such
as distributed hydrogen
injection), which will be
pursued. The open exchange of experiences and know-
ledge promoted our daily experimental research as well
as opened up new perspectives for possible technical
applications of results from the more fundamental
research topics. The participation of industrial partners
was very important because it helped to highlight
technical relevant solutions and to evaluate the
feasibility from an economic point of view.

Peter Frykman, GEUS
(Denmark)

- GEUS gained extra-
ordinary benefits from
participation in BIGCCS
activities. Right from the
beginning, the project
meetings gave rise to
new ideas that were to be
challenged by laboratory
experiments or other
methods. These discussions led to activities that we

never otherwise would have had the resources to
perform, and which in many cases led to conclusions
we had not anticipated. The flexibility in the work
programme also allowed us to stop activities at early
stages based on lack of interesting results, and then
quickly reallocate resources to other more interesting
problems. The very broad range of expertise in the
whole project group and the spirit of cooperation also
resulted in co-authorships of a number of publications,
which are now widely cited in the CCS community. The
BIGCCS participation has contributed significantly to
GEUS’s technical and scientific profile in the field of
geological storage.
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EFFECTS OF THE CENTRE
FOR THE COMPANY PARTNERS

The close working relationship between industry partners and researchers
was key to the number of successful innovations.

BY DAVID NIKEL

Bringing several multinational corporations into

an academic research group was not without its
challenges, but the overall feedback from both sides
has been positive.

“The past 8 years have been a journey we have taken
together with industry,” says Centre Director Mona

J. Mglnvik. “In the latter years of the Centre, many

of our industrial partners told us they are much
better positioned to do feasibility studies of full-scale
projects due to the efforts of the Centre.”

“Being able to do strategic research over the long-term
brought real focus onto specific CCS challenges. This
enabled us to develop a deep knowledge base and
innovation platforms, which helped to attract vendors
for other related activities.”

Shell

Cato Christensen from Shell was involved in creating
some of the early links between his firm and the
research centre. He says there are many reasons

why a major energy company would want to be
involved in such research, despite the obvious risks to
competition.

“Joining a research

centre is attractive to us
when we seek general
progress in a field rather
than working to build

up our own intellectual
properties. This is very
much the case for CCS

as the technology is not
easy to progress on your
own. We need industry,
academia, research institutes and governments to pull
this together. Also, it goes without saying that we look
for the quality of the centre before we get involved.”

Getting involved in such a centre poses an interesting
conundrum for industrial partners. The world of
academia is built around the open sharing of
information, something that doesn’t always fit with
corporate strategy. Cato says it’s about striking the
right balance.

“We of course have IP in many areas, including areas
where we also might get involved in such open
research. In such cases, we must decide whether it is
the best strategy to keep our own IP separated from
the open research or if we believe we will gain more
by revealing our own IP to progress the research,
even if this means disclosing it to the other industrial
partners.”

In the BIGCCS 2014 annual report, Dr. Per Ivar
Karstad, Statoil ASA, said this: "The energy industry
needs to develop low carbon solutions as a response
to the climate challenges. Statoil will be part of the
solutions to this challenge. Fossil energy resources
will be the dominant energy source in the future
energy mix for many decades to come. CCS is the
only technical solution to significantly reduce CO,
emissions from these energy sources. CCS and BIGCCS
is important to Statoil in being part of the solution to
the climate change".

The work goes on

Centre Director Mona ]. Mglnvik believes it was

worth all the hard work to overcome the initial
challenges: “It takes time to develop such strong
personal relationships as the dynamic within industry
is different from the research community. It’s not
possible to bring together a complex consortium and
expect effective working relationships from day one.
We needed to learn to adapt to remain relevant over a
longer period.”
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“Many of the industrial experts are located overseas, In a similar vein, these successful industry partner-

so over time we discovered the most effective way ships have paved the way for the creation of the

to communicate was to build strong relationships to Norwegian CCS Research Centre (NCCS), designed

the Norwegian branches of the companies, then use to help Norway meet its obligations under the

webinars to make the results easier to access for the Paris Climate Agreement. “Our participation in and

rest of the company.” experience from BIGCCS was an important basis
for us supporting and joining NCCS,” says Gassco’s

“We can be proud of what we achieved within the Gudmundur Kristjansson.

time-frame of BIGCCS, but I know there will be many

more benefits to come thanks to these relationships

made within the work of the centre.”

View from the partners

“Being a partner in BIGCCS has given me the feeling of belonging to a very important
CCS community. All major aspects of CCS have been dealt with and combined with high
competence research, it has given us a very valuable and useful increase in knowledge
to contribute to TOTAL's policy to be an active actor in the reduction of GHG emissions.”

- Arve Erga, Research & Development, Production Technology Lead,
TOTAL E&P NORGE AS

“Our participation in BIGCCS has supported Gassco personnel with CO, knowledge
when leading and participating in technical CO, studies. Gassco considers the centre
model to be an efficient way of doing research on broad topics like CCS, where all
major stakeholders are represented. Although our particular interest was in CO, trans-
port, we supported BIGCCS as a full-chain project to get confidence that important
interfaces and boundaries for CO, capture and storage are sufficiently developed.”

- Gudmundur Kristjansson, Manager R&D, Gassco

BIGCCS was a privileged place where we have been able to tackle both short-mid
term operational issues and long-term knowledge building concerns. BIGCCS is also

exemplary in the way the project has smoothly managed and encouraged positive
collaborative interaction between academic, industry and state representatives work- i
ing together on a common target. The most beneficial aspect for us was the access to a

ht

professional network of international talented experts along the whole CCS chain and I

we saw how technology improvements and breakthroughs can be decisive triggers in
the context of a voluntary leading country in this domain.

- Remi Dreux, R&D Coordinator, Engie.

“Too often the focus of industry is on immediate results. The long-term focus of BIGCCS
combined with a consistent flow of innovations and publications meant this was an
FME that hit its goals while keeping industry engaged. In particular, the well-integrity
lab work has been a good stimulant for industry and we see potential in the coupled
fluid-flow models.”

- Philip Ringrose, Geoscience Specialist, Statoil
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THE ROLE OF THE CENTRE

CCS has experienced turbulent times during the
lifespan of BIGCCS. From optimism at the very start to
a situation where support for CCS became scattered
and hitting rock bottom around the mid-term review
of the Centre. Since then, support for CCS has been
growing and the latest IPCC reports and the Paris
Agreement were important in the sense that they both
essentially state that we cannot curb global warming
to two degrees or lower without widespread use of
CCS. BIOCCS is a fundamental condition to achieve
these targets and that comes on top of massive CCS in
industry, power and the fuel sector.

BIGGCS has been a stronghold for CCS R&D during
these times and thus been instrumental in the
progress of the topic during varying support for

the concept of CCS. This shows the importance of
thematic centres that can maintain such an activity
regardless of the political and economic turmoils
thus maintaining momentum and progress. Now CCS
is much needed and BIGCCS has developed capacity
and knowledge ready to be deployed for the national
projects initiated for full scale CCS plants.
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FUTURE PROSPECTS

Eight years of rewarding R&D activities is now over, but that does not mean we are slowing
down. The results, experiences gained, and a new FME form the basis for new efforts.

The Norwegian CCS Research Centre

Through BIGCCS, a significant pool of knowledge,
experience and resources — both people and infra-
structure - was built. Eight years of meaningful
activities has left us able to attack future challenges
better prepared than ever before. Therefore, it was
with great enthusiasm we received the news on May
26, 2016, that the proposed successor to BIGCCS, the
Norwegian CCS Research Centre (NCCS), had been
granted funding from the Research Council of Norway.
This means that the CCS books will not be closed.
Instead, new chapters will be added.

The plan is for NCCS to build on the knowledge and
results developed in BIGCCS. However, the focus of
NCCS is to fast-track CCS deployment in a dynamic
and forward-looking approach that will capitalize on
current and new knowledge to make CCS happen in
time to meet the EU climate targets.

CO, CAPTURE

|T:|:|\E'L7

WA N

CO, TRANSPORT

The NCCS network is significantly expanded compared
to BIGCCS. While only one BIGCCS partner has

decided not to continue in NCCS, several new partners
have joined. It is especially motivating that several
technology providers are among them. With a few still
on the waiting list, the following industry companies
and research institutes have joined NCCS:

Companies:

Aker Solutions AS, ANSALDO Energia, A/S Norske
Shell, CoorsTek Membrane Sciences AS, Gassco AS,
GE Energy, Norcem, Krohne Ltd, Larvik Shipping AS,
Norwegian Oil and Gas, Municipality of Oslo, Quad
Geometrics Norway AS, Statoil ASA, and TOTAL E&P
Norge AS.

Research Institutes:

British Geological Survey, Norwegian Geotechnical
Institute, Norwegian University of Science and
Technology, Ruhr-Universitat Bochum, SINTEF, TNO,

CO, STORAGE
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DEPLOYMENT CASE 1: The Norwegian full-scale CCS chain
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DEPLOYMENT CASE 2: Storing Europe’s CO, in the North Sea Basin
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Technische Universitat Miinchen, University Centre
at Svalbard, University of Oslo, University of Western
Australia, and Universitat Ziirich.

Expansive Plans

With an annual budget of NOK 50 million, FME

NCCS will have the resources to tackle the problem
head-on, but the ambition is so much bigger. There

is a clear strategy to expand NCCS activities with
spin-off projects, especially EU-funded projects. The
NCCS consortium has already applied for several EU
projects under the Horizon 2020 programme, and new
possibilities will be sought out in the years to come.

More innovation focus

With deployment as the central issue in NCCS, the
focus on innovation will be stronger. NCCS industry
partners will assume an even more hands-on role to

ensure return on investments. The new Centre will
promote open innovation processes and encourage
bi-lateral cooperation with each partner on their ideas
and areas of interest.

The innovations developed in BIGCCS also represent
great opportunities for continued activities. Many

of the innovations are excellent candidates for
product development that could reach the market
and contribute in CCS deployment. The intention is
to continue development of the innovations together
with the BIGCCS partners, with the aim of bringing
them to market.

On behalf of SINTEF and NTNU, the Norwegian
CCS Research Centre will assume responsibility
as organizer of the TCCS conference series. The
conference will ensure visibility for the Centre,
and will play an important role in maintaining the
networking activities initiated by BIGCCS.
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CONCLUSIONS

BIGCCS kept us busy, happy, concerned, optimistic, worried, on our toes, troubled,
enthusiastic, sceptic, and passionate. But in conclusion, we are very satisfied!

No conflict in thinking wide

In terms of scope, FME BIGCCS came with a twofold
challenge: Results were expected both in terms of new
and basic knowledge, and in terms of innovation. We
took this challenge, and we enjoyed it.

In summing up BIGCCS, Dr. Per Ivar Karstad (Statoil)
said at the final Board meeting that the Norwegian
full-scale project would not have been possible with-
out the contributions of BIGCCS. He elaborated that
the knowledge developed during the last eight years
has been crucial in establishing the full-scale project,
and that it will be essential in carrying out the project
with proper quality.

A dual focus on excellence in science and on innovation
might at first sound conflicting, but our experience is
the opposite. By focusing on new and basic research,
ideas for innovative products or processes often occur.
BIGCCS has documented 46 such ideas (see page 33).
The trick is to think about potential applications from
the beginning. The innovations are at various stages
on the TRL scale. Researchers will develop some of
them further, while others are already at the disposal
of the industry partners. Ultimately, it is up to the
industry to take them to market.

It helps to be BIG

The long duration of an FME gives several advantages.
The project is an excellent foundation from which new
projects can be spun off and become part of the Centre
activity. BIGCCS took this opportunity and added to its
operation nine competence building projects (KPNs).
The research partners were also granted several EU
projects related to Centre activities. In this way, the
BIGCCS umbrella of projects has increased from NOK
378 million to NOK 505 million during the Centre
period, and returned to the partners more than they
could have expected at the beginning.
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The creation of strong and lasting networks - both
nationally and internationally - is another upside.
With projects lasting this long, individuals and
organisations are willing to invest more time and
resources to develop lasting relations that in the end
can foster new opportunities and generate closer
project cooperation.

BIGCCS organized the TCCS Conference three times,
and was the single largest project contributor to
the last three GHGT conferences. One effect of such
visibility is that the Centre partners have become
increasingly popular as partners in new project
applications. Managed with shrewdness, this is a
valuable asset for the future.

BIGCCS work was set up with three diciplinary
sub-projects (capture, transport and storage) and
one cross-disciplinary value chain project. To avoid
becoming a group of silos, we actively encouraged
cross-disciplinary activities and created arenas
where researchers from all disciplines could meet.
Consortium days, workshops and seminars were all
successfully used to increase interaction between the
disciplines. A positive effect is a shorter road to the
optimal results.

A key element in the operations of the Centre was
a forward leaning and dedicated management
group. The CMG kept a close eye on operations and
developments, and acted as an effective decision-
making body. With just a handful of exceptions, the
CMG met every two weeks throughout the eight
years of the Centre. We believe that this ‘hands-on’
philosophy of continuity was an important success
factor.



... and some learning

Except for a reorganization of activities resulting from
the midway evaluation in 2014, Centre activities were
carried out in accordance with the research plan as
presented in the application. An advantage of this was
predictability in terms of planning for the researchers.
On the other side, we see in the aftermath that it could
also have been an advantage to build in a little more
flexibility to adjust the plans during the Centre. This is
learning we will take forward into the FME NCCS.

BIGCCS has enjoyed and greatly benefitted from a high
degree of involvement from the industry partners.
Partners took an active role in developing plans and
came together to discuss their applications and their
results. We found it extremely useful to use webinars
as a means to involve individuals from all levels in
partner organizations. This is a cheap and efficient
way of connecting with people, who will generate
enthusiasm and engagement within the partner
organizations. NCCS will continue to exploit the
benefits from hosting such webinars.

Kristin Jordal, David Berstad and Petter Neksd inspecting laboratory experiments.
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APPENDIX

Cost
NTNU
Samfunns-
Sub-program SINTEF ER BGS CICERO NGU GEUS forskning NTNU
CO, Capture (SP1) 56 032 986
CO, Transport (SP2) 25800 000
CO, Storage (SP3) 13799 404 2359 360 17 827 264
CO, Value Chain (SP4) 14 417 600 3335991
Academia 68 422 050
Equipment 1446 875
Management 32 010 379 3911637
& Centre buidling
Sum 129 707 840 13 799 404 3335991 2 359 360 17 827 264 3911637 68 422 050
Stiftelsen
SINTEF
Sub-program DLR (SINTEF M&C) SINTEF PR DNV uio TUM Total
CO, Capture (SP1) 52 052 389 108 085 375
CO, Transport (SP2) 15 200 000 41000 000
CO, Storage (SP3) 53 060 993 87 047 021
CO, Value Chain (SP4) 1793 994 19 547 585
Academia 4 507 646 5431020 5427 566 83788 283
Equipment 1446 875
Management 35922 016
& Centre buidling
Sum 4 507 646 67 252 389 53 060 993 5431020 5427 566 375 043 161
Funding
Contributor Cash In-kind Total
ConocoPhillips 12 750 000 12 750 000
Gassco AS 20 000 000 20 000 000
ENGIE (former GDF SUEZ) 20 000 000 20 000 000
Shell Technology Norway AS 17 750 000 17 750 000
Statoil Petroleum AS 17 750 000 17 750 000
TOTAL E&P Norge AS 17 750 000 17 750 000
Aker Solutions AS 4 500 000 4 500 000
Statkraft Development SF 3000 000 3000 000
Det Norske Veritas AS 2 000 000 1793 994 3793994
Hydro Aluminium AS 6 000 000 6 000 000
BGS 7 025 089 7 025 089
CICERO 686 715 686 715
DLR 2316 012 2316 012
GEUS 10 759 106 10 759 106
NGU 1181360 1181360
NTNU 11197 689 11197 689
NTNU Samfunnsforskning AS 561025 561025
SINTEF Energi AS 21441931 21441931
SINTEF Petroleumsforskning AS 13 643 560 13 643 560
Stiftelsen SINTEF (M&C) 17 992 631 17 992 631
TUM 1230670 1230670
uio 3713379 3713379
Research Council of Norway 160 000 000 160 000 000
375 043 161
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KPN projects (NFR/CLIMIT) amended to BIGCCS

Acronym Full project titles Financing (NOK)

CO,_Mix Experimental investigations of selected thermophysical properties of CO, relevant 26,000,000
for CCS

BIGCLC Phase Il Large-scale demonstration of pressurized Chemical Looping Technology (CLC) in 21,600,000
natural gas power generation with CO, capture — Phase |l

CAMPS Cross-Atlantic combustion modeling, programing and simulation 12,000,000

FEFRock Fundamental effects of CO, on rock properties 9,600,000

BIGCLC Phase llI Large-scale demonstration of pressurized Chemical Looping Technology (CLC) in 14,500,000
natural gas power generation with CO, capture — Phase |ll

HyMemCOPI Novel hybrid membranes for post-combustion CO, capture in power plants and 7,000,000
industry

SINTERCAP Shaping of advanced materials for CO, capture processes 7,200,000

Well integrity Ensuring integrity during CO, injection 7,200,000

uniCQue Uncertainty reduction in monitoring methods for improved CO, quantity 6,400,000

Post doctoral researchers with financial support from the Centre budget

Name M/F | Country Scientific area Period Scientific topic Main contact

Anwar Bhuiyan M Bangladesh CO, storage 2010-20M Advanced geophysical monitoring Martin Landre, NTNU

Hassan Karimaie | M Iran CO, storage 2010-2012 Experimental studies of diffusion/ Ole Torsaeter, NTNU
convection of CO, in aquifers

Xiangping Zhang | F China CO, value chain | 2011-2013 Extended value chain analysis of Truls Gundersen, NTNU
CCs

Nousha F Iran CO, transport 2012-2013 | Coupled structure-fluid model Christian Thaulow, NTNU

Kheradmand for cracking in pipes

Chao Fu M China CO, capture 2012-2014 | Integrated assessment Truls Gundersen, NTNU
and oxy-combustion

Rahele F Iran CO, storage 2012-2014 | Effects of CO, on rock properties Ole Torsaeter, NTNU

Farokhpoor

Vincent M France CO, capture 2014-2016 Chemical Looping Combustion Kjell Wiik, NTNU

Thoréton Technologies

Nicolaine M Cameroon CO, storage 2015-2017 | Acoustic core measurements Rune Holt, NTNU

Agofack and two-phase flow
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PhDs with financial support from the Centre budget

Name M/F | Country Scientific area | Period Thesis title Main advisor
Alexandre Morin | M France CO, transport 2009-2012 | Mathematical modeling and numerical Inge Gran, NTNU
simulation of two-phase multi-component
flows of CO, mixtures in pipes
Andrew North M USA CO, capture 2010-2013 | Experimental investigations of partially Robert W. Dibble, UC
premixed hydrogen combustion in gas Berkeley
turbine envirnments
Don Frederick M USA CO, capture 2010-2013 | Numerical investigations of a hydrogen Jyh-Yuan Chen, UC
jet flame in a vitiated coflow Berkeley
Georg M Germany | CO, transport 2010-2014 | Experimental investigations of hydrogen Thomas Sattelmayer,
Baumgartner flashback behavior in turbulentboundary | TUM
layers
Rafael Antonio M Argentina | CO, capture 2010-2014 | Modeling and simulations of Atle Hugo Jakobsen,
Sanchez sorption-enhanced steam methane NTNU
reforming (SE-SMR) operated in
circulating fluidized bed reactors
Vajiheh Nafisi F Iran CO, capture 2010-2014 | Development of mixed matrix May-Britt Hagg, NTNU
membranes for carbon dioxide capture
Amir Taheri M Iran CO, storage 2010-2015 | Study of density-driven-natural- Ole Torsaeter, NTNU
convection (DDNC) mechanism in CO,
sequestration in heterogeneous and
anisotropic brine aquifer
Xinzhi Chen M China CO, capture 2010-2013 | Dense oxygen separation membrane Tor Grande, NTNU
materials - Thermal and chemical
expansion of La, Sr MO,  and tape
casting and mechanical properties of
La,NiO,
Sissel Grude F Norway CO, storage 2010-2014 | Geophysical monitoring of CO, storage in | Martin Landre, NTNU
the subsurface
Einar Vollestad M Norway CO, capture 2010-2014 | Mixed proton electron conducting oxides | Reidar Haurgsrud, UiO
as hydrogen transport membranes in
electrochemical potential gradients
Xiaoguang Ma F China CO, capture 2010-2014 | Precipitation in carbon dioxide capture Jens-Petter Andreassen,
processes NTNU
Mansour So- M Iran CO, storage 2010-2014 | Simulation and experimental Jon Kleppe, NTNU
roush investigation of different phenomena in
CO, storage in the saline aquifers
Robin Wegge M Germany | CO, transport 2010-2016 | Speed of sound and density measure- Roland Span, RUB
ments of binary, CO_-rich mixtures over a
wide temperature and pressure range
Nina Enaasen Flg | F Norway CO, capture 2011-2015 Modelling and analysis of process Magne Hillestad, NTNU
dynamics related to post-combustion
CO, capture
Rengarajan M India CO, capture 201-2015 Coal based power plants using oxy- Truls Gundersen, NTNU
Soundararajan combustion for CO, capture: Process
integration approach to reduce capture
penalty
Espen Birger M Norway CO, storage 201-2015 3D elastic time-lapse full waveform Borge Arntsen, NTNU
Raknes inversion
Marcin Dutka M Poland CO, capture 2012-2015 | Studies of low NO, burner technology Terese Lovas, NTNU
Snorre Foss M Norway CO, transport 2013-2016 | Experimental investigation of phase Ivar Stale Ertesvag,
Westman equilibria of CO, mixtures relevant for NTNU
CCs
Vera Hoferichter | F Germany | CO, capture 2013-2017 | Experimental investigations on the Thomas Sattelmayer,
influence of acoustic excitations on flame | TUM
flashback during premixed hydrogen
combustion in a model burner
Dawid Szewczyk | M Poland CO, storage 2012-2017 | Rock physics and geomechanical aspects | Rune Holt, NTNU
of seismic monitoring of CO, storage in
the subsurface
Gabriel Guerrero | M Mexico CO, capture 2014-2017 | Novel Hybrid Membranes for Post- May-Britt Hagg, NTNU
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PhDs without financial support from the Centre budget

Name M/F | Country | Source of Scientific area | Period Thesis title Main advisor
funding
Christian Eichler | M German | BIGCO2 CO, capture 2007-2011 | Flame flashback in wall boundary Thomas
project layers of premixed combustion Sattelmayer, TUM
systems
Szczepan P. M Poland BIGCO2 CO, storage 2007-2014 | Laboratory and numerical study Ole Torsaeter,
Polak project of scaling parameters used in NTNU
modeling of CO, storage in rocks
Camilla K. Vigen | F Norway | University CO, capture 2009-2014 | Novel mixed proton electron Reidat Haugsrud,
of Oslo conductors for hydrogen gas uUio
separation membranes

PhDs completing their project in 2017-2018

Name M/F | Country Scientific area Period Thesis title Main advisor
Sohrab Gheibi M Iran CO, storage 2013-2017 Geomechanical Modelling of CO, Injection Rune Holt, NTNU
and Storage
Christoph M Germany | CO, capture 2015-2018 | Investigation of scalability of low NOx Terese Lovas,
Meraner combution technology NTNU
MSc students with thesis related to CCS
CO, Capture (SP1)
Name M/F | Country Semester Full Title Supervisor
Helene @stby F Norway Spring 2010 | Dynamic modelling and simulation of a CO, capture plant Magne Hillestad
Matthieu M France Spring 2010 Energy Considerations around an amine CO, capture plant Magne Hillestad
Dreillard
Vidar Graff M Norway Spring 201 Degydration and compression of contaminated CO, rich gas Magne Hillestad
June Munkejord | F Spring 2011 CO, capture in solutions with simultaneous precipitation of solids | Jens-Petter
Andreassen
Henriette Naess F Norway Spring 2013 New process configurations for post-combustion CO, removal Magne Hillestad
Hilde Bratveit F Norway Spring 2013 Modeling and model identification of an equilibrium amine Hallvard
Ekrheim system - MEA and MDEA Svendsen
Elisabeth Berde | F Norway Spring 2014 | CO, Capture from cement production Magne Hillestad
Kine F Norway Spring 2014 Energy considerations around an amine CO, capture plant Magne Hillestad
Hammersland
Espen Tjonne- M Norway Spring 2011 Nano-structuring of oxygen permeable membrane by chemical Kjell Wiik
land Wefring etching techniques
Julia D. Meyer F Norway Spring 2011 Processing and mech. props. of tape casted films with Kjell Wiik
compositions La ,Sr, Fe  Ta ,O, as membranes for syngas
production
Runar Boen M Norway Spring 2012 An experimental investigation of co-sintering of oxygen Kjell Wiik
permeable asymmetric membranes with compositions
LaO,2sr0.8FeO 8T80.203
Petter Wibe M Norway Spring 2012 Optimisation of strength and permeability of tape castred poous | Kjell Wiik
substrates with composition La_,Sr, Fe  Ta, 0,
Nils Wagner M Norway Spring 2012 Stability and permeation properties of asymmetric Kjell Wiik
La,,Sr,Fe . Ta,,0, membranes for syngas production
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Name M/F | Country Semester Full Title Supervisor
Dan Lagergren M Sweden Fall 2012 Oxygen permation in optimized, asymmertric LSFAIl membrane Kjell Wiik
for syn-gas production
Frank Arne M Norway Spring 2013 Ceramic materials for oxygen separation membranes Tor Grande
Glimastad
Silje Kathrin F Norway Spring 2013 | Development of novel oxides for use in O, permeable Sverre M.
Nesdali membranes Selbach
Belma Talic F Serbia Spring 2013 Oxygen permation in optimized, asymmertric ceramic Kjell Wiik
membranes for syngas production
Birgitte F Spring 2010 Numerica studies of flame propagation in channel flow Terese Lovas
Johannessen
Jasmin Birkl F Germany | Spring 2011 Implementation and measurements on an exhaust gas analysing | Anja Marosky /
system Thomas Sattel-
mayer
Simon Bless M Germany | Fall 201 Study of Cooling Air Injection at Gas Turbine Combustors with Volker Seidel
Large Eddy Simulation / Thomas
Sattelmayer
Balbina Hampel F Germany | Spring 2012 Measurement of the Air Excess Ratio of an Auto-Igniting Flame Georg Tautschnig
by Means of Spectroscopy / Thomas
Sattelmayer
Kjartan Juul M Norway Spring 2013 Operation study of low Nox burner technology Terese Lovas
Skarbo
Nicolai M Norway Spring 2013 DNS simulations of acoustic instabilities in low emission Terese Lovas
Austarheim combustion systems
Tobias Hummer M Germany | Fall 2013 3D conjugate heat transfer analysis of engine cylinder heads Georg
Baumgartner/
Thomas Sattel-
mayer
Tore Hatleskog M Norway Fall 201 Process Integration Potentials in Coal-based Power Plants Truls Gundersen
Zeiner
Stian Tangen M Norway Spring 2011 On the solution of the pellet and reactor model for SMR process | Hugo A Jakobsen
using the methods of weighted residuals
Mohammad M Iran Spring 2013 Surrogatye Models for Integrated Reforming CC Optimization Rahul
Ostadi Anantharaman
Erik Lien M Spring 201 Optimization-based desigen of an IRCC process Truls Gundersen
Johnesen
Elmir Sisic M Croatia Fall 2012 Utilization of low temperature heat in coal-based power plants Truls Gundersen
with CO, capture
Katrin Finke F Germany | Fall 2014 Development and validation of a Matlab algorithm to detect Georg
flame front from OH-PLIF and PIV images of a turbulent, Baumgartner/
premixed hydrogen flame Thomas
Sattelmayer
Linn-Therese F Norway Spring 2015 | Simulation and model verification of the dynamic and steady Magne Hillestad
Forthun state behavior of the CO, capture plant at TCM
Severin M. Reiz M France Spring 2015 | CFD simulations of low Nox burner Terese Lovas
Kristin F Norway Spring 2015 New technologies for carbon capture in hydrogen production Truls Gundersen
Skrebergene from fossil fuels
Opeyemi M Nigeria Spring 2015 | A systematic degign methodology for multicomponent Truls Gundersen
Bamigbetan membrane systems
Gina Plathe F Norway Spring 2015 Options for carbon capture with storage or reuse in waste Truls Gundersen
Helsing incineration processes
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CO, Transport (SP2)

Name M/F | Country Semester Full Title Supervisor

Nicolas Morin M France Fall 2010 Coupled fluid-structure model used for modelling of running Hakon Ottar
fracture in ductile steel pipelines Nordhagen

Gjermund Haug M Norway Spring 2011 Running fracture in a H2 pressurized pipeline: From small scale Hakon Ottar
material testing to full scale experiments and simulations Nordhagen

Steffen Valheim M Norway Spring 201 Running fracture in a H2 pressurized pipeline: Characterization Hakon Ottar
and simulation of dynamic ductile fracture in two X65 pipeline Nordhagen
steels

Alexander M Germany | Spring 2014 Commissioning of a single-sinker densimeter and first Robin Wegge

Maurer measurements in CO, rich binary mixtures

Aleksander M Norway Spring 2015 Models and numerical methods for two-pase flow of CO, in Svend Tollak

Reinertsen pipes Munkejord

CO, Storage (SP3)

Name M/F | Country Semester Full Title Supervisor

Alberto Perez M Spain Spring 2010 Capture, transport and storage of CO,. Storage cap. study in Ole Torseeter

Garcia Spain

Alexander M Spring 201 Dissolution of CO, in aquifer due to natural convection Ole Torseeter

Eilertsen

Edyta Haziak F Poland Spring 201 Theoretical considerations of CO, storage capacity in aquifers Ole Torsaeter

Thibaut Forest M France Spring 2012 CO, as enhanced oil recovery method Ole Torseeter

Erik Andreas M Norway Spring 2013 Stability analysis of CO, - brine immiscible flow in homogeneous | Ole Torseeter

Westergaard core samples

Quentin P. J. M France Spring 2013 Study of non-local equilibrium options in reservoir simulation Ole Torsaeter

Pallotta

Hendrik Andre M Norway Spring 2014 Evaluation and comparison of various miscible CO_-EOR Ole Torseeter

Westervold methods

Jorgen M Norway Spring 2014 Generating a regression model proxy for CO, storage Ole Torsaeter

Stausland

Tone Trudeng F Norway Spring 2010 Sensitivity analysis on the detctability of fractures on 2-D Martin Landre
seismic: An early warning of CO, leakage

Sissel Grude F Norway spring 2010 Sea bed diffractions and impact on 4D seismic data Martin Landro

Hanne Hal- F Norway Spring 2012 Mapping of shallow tunnel valleys combining 2D and 3D seismic | Martin Landro

vorsen data

Ole Eiesland M Norway Spring 2012 Estimating sea bed velocities from normal modes Martin Landre
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