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verview  and  analysis  of  the  Dutch  CCS  program  as  a  knowledge  network
. Introduction

In 2007 the Intergovernmental Panel on Climate Change (IPCC)
ndicated in its fourth Assessment Report that a further rise in CO2
missions could lead to a temperature increase in the range of
–7 ◦C, with major impacts on the environment and human activity
IPCC, 2007). It was widely recognized that setting CO2 reduction
oals would be required to mitigate the anticipated climate effects
nd that carbon capture and storage (CCS) should be considered

 necessary measure to meet these reduction goals. Also in the
lobal Energy Assessment of 2012, CCS is considered an important
easure to reach climate targets (GEA, 2012). The International

nergy Agency foresees an important role for CCS in climate change
itigation (IEA, 2011 and IEA, 2012).
As a necessary step towards full deployment of CCS, the Euro-

ean Union proposed in 2007 to implement a range of large-scale
emonstration projects within a 10–15 years period (EC, 2007).
he Dutch government stated the ambition to realise one or two
f these large scale demonstration projects in the Netherlands
y 2015 and to become a CCS frontrunner in Europe (TK, 2009).
o this end a “National Taskforce CCS” was established in 2008
s a public/private initiative. At that time it was further con-
luded that continuation of the Dutch CCS R&D programme CATO1

2004–2009) would be essential in providing the necessary knowl-
dge and technical support for the Dutch demonstration projects.

In 2009 the CATO-2 programme was established with a mis-
ion to facilitate the integrated development of CCS demo sites in
he Netherlands, to work on innovation for new CCS generations,
nd to build a strong knowledge network around CCS. CATO-2 aims
o integrate the full CCS chain, including – in addition to capture,
ransport and storage – public perception and legislation. The pro-
ramme  covers both fundamental and applied research on all these
opics.

The aim of this special issue is to provide an overview of the work
one in the CATO-2 programme. This overview can by no means be
egarded as complete; the CATO-2 programme plan states some
00 formal deliverables and it is expected that around the same
umber of journal papers and presentations (both oral and poster)
ill become available.
In this editorial we  discuss three topics. First we give a short
verview of the full programme and show how the articles of this
ssue fit into the programme. Secondly we analyse the contribution

1 CATO is the Dutch acronym for carbon capture, transport and storage. Appendix
 presents some figures on the programme.

750-5836/$ – see front matter © 2012 Published by Elsevier Ltd.
ttp://dx.doi.org/10.1016/j.ijggc.2012.11.004
of CATO-2 to the global CCS scientific knowledge base. Does the
integrated focus of the CATO programs lead to a different type of
knowledge output than mono-disciplinary programs? We  will go
into some detail on the integrated nature of the CATO programmes
and explain which structures and procedures were used to realise
this. Furthermore, a quantitative analysis of the scientific output
of the CATO programme in relation to the total CCS field is used
to create insight in the contribution of CATO-2 to the global CCS
knowledge base. Finally we  analyse the contribution of CATO-2 to
Dutch society.

2. CCS research in the Netherlands

The Netherlands have seen a long tradition in CCS research. First
papers date back to the end of the 1980s. Since then, Dutch uni-
versities and research institutes have participated actively in both
national and international research programmes. Plans to set-up
a national R&D programme on CCS date back to 2000, resulting –
after four years of preparation - in the kick-off of the first CATO
programme in 2004. CATO-2 as the successor of the first CATO pro-
gramme  was launched in 2009 – after preparations had started in
2008 - and is expected to last until 2014.

The preparation time for the CATO-1 and CATO-2 programmes
can be seen as an indication of the political interest in CCS in the
Netherlands. Whereas in 2000 CCS did not play a significant role in
Dutch politics (despite the launch of the K12B storage pilot), the
“clean and efficient programme”, which included an announce-
ment of the Dutch government to participate in the European
demonstration programme, apparently changed the political land-
scape and allowed for a swift launch of the CATO-2 programme.
And whereas in 2004 only some 15 partners were attracted to par-
ticipate in CATO, in 2009 nearly 40 parties (including the power
sector) were prepared to join the CATO-2 programme.

For various reasons (among which its geographical location near
the North Sea and relatively large domestic natural gas resources)
power supply in the Netherlands is largely based on coal-fired and
gas-fired power plants. A situation that – in view of the number of
newly built fossil-fired plants – is expected to remain unchanged
for a significant amount of time. In particular for the Netherlands,
CCS can be a valuable means in the transition to a sustainable
society.

The conditions to set-up CATO-2 were quite favourable. The first

CATO programme established a CCS network and developed part of
the skills and knowledge base necessary to implement CCS in the
Netherlands. In the meantime, the interest from the Dutch govern-
ment in CCS increased. External experts therefore regarded CATO-1

dx.doi.org/10.1016/j.ijggc.2012.11.004
http://www.sciencedirect.com/science/journal/17505836
http://www.elsevier.com/locate/ijggc
dx.doi.org/10.1016/j.ijggc.2012.11.004
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Table 1
Number of registrations for the bi-annual Dutch CCS conferences.

Ocassion Date # of Subscribers

1st Dutch CCS conference November-2005 196
2nd Dutch CCS conference December-2006 304
3rd Dutch CCS conference April-2008 440
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Table 2
Organisation structure of the CATO-2 programme as a programme matrix.

Sub-programs Fundamental General applied Location specific

L1 L2 L3 L4

Capture x x x x
Transport x x x x x
Storage x x x x
Legislation x x x x
Public perception x x x x

*L = location of a demonstration project

Capture

Transpo rt

Storag e

Legisla�o n

Publi c perce p�on

Discover Develo p Depl oy
Academ ia
Research Ins�tutes
Indus try-S ME
Gover nment
NGO
4th  Dutch CCS conference April-2009 353
5th  Dutch CCS conference June-2010 213
6th  Dutch CCS conference May-2012 147

s a welcome gift to the government as CCS became an important
art of the new Dutch climate change policy (Thambimuthu, 2007).

At the time CATO-2 plans materialised, major industrial parties
n the Netherlands were engaged (or preparing to engage) in a num-
er of small scale CCS pilots as well as two integrated large scale
emos. In this respect the technology demand from industry was
lear and present. This is also reflected in the attendance records
f the Dutch CCS conference (see Table 1). The first conference was
eld in November 2005 with almost 200 participants; attendance

ncreased to 440 in 2008. The conference in 2008 coincided with the
eployment of the CATO CO2 catcher at the E.ON coal-fired power
lant on the Maasvlakte in the Rotterdam harbour area. After 2008,
he number of participants has gradually declined. One of the rea-
ons for this decline is the delay and cancellation of some of the
CS pilot- and demonstration projects in the Netherlands.

. The CATO-2 programme

CATO covers the entire CCS chain – including legislation, risk
nd public perception. The CATO-1 programme was more focussed
n fundamental research, whereas CATO-2 addresses the full inno-
ation loop from fundamental (discovery type of) activities to
evelopment and deployment activities. One of the objectives of
he programme is to integrate activities, both in relation to the
esearch themes (Fig. 1, vertical axis) and with the technology
eadiness level (Fig. 1, horizontal axis). In Fig. 1 the activities
n CATO are illustrated on both axes. The number of activities
ecreases when the technologies mature. For example several
undamental research projects on new generation capture tech-
ologies are included in the programme, whereas in the application
nly a few technologies are deployed. When the technology is in
he deployment phase the activities are linked to a concrete project
n a location. The red lines suggest knowledge accumulation.

The programme is structured to facilitate this approach and is
ased around a matrix with the research themes as the rows and
he locations of projects as columns see Table 2. In addition to the

ctual CCS sites where capture, storage and integrated technology
s deployed on Location 1, 2, 3, 4 et cetera, columns have been added
o the matrix for projects that have a general applied nature and for
rojects that should be regarded as strictly fundamental. Location

Capture

Transpo rt

Storag e

Legisla�o n

Public Pe rcep� on

Discover Develo p Depl oy

Dis�nct Ac�vit y

Fig. 1. Activities in CATO programme.
Fig. 2. Involvement of the different organisations in the CATO-2 programme.

specific activities, in particular those locations connected to inte-
grated demo projects, steer R&D activities in all research themes.
More importantly they also steer the interaction between these
research themes (see Table 2). In Section 6 we  will analyse whether
this integration is realised in practice.

Some 40 partners and around 400 persons participate in the
CATO-2 programme. The participants can be divided into 5 clusters:
Academia, Research Institutes2, Industry (+SME), NGO, and Govern-
ment. Fig. 2 gives an impression of the participation of the partners
in the various research themes and the technology development
phase. Whereas industry is involved in the full CCS chain, Govern-
ment and NGOs participate in a limited number of themes only. In
CATO-2 R&D activities in the fields of legislation, risk, and public
perception are of specific interest to NGOs and government. The
research themes are divided into separate work packages that can
be classified as discover, develop, or deploy. A group of stakeholders
has been assigned to each work package. Based on the classifica-
tion of these work packages and the stakeholders involved in each
of them, a global idea can be obtained of stakeholder involvement
as a function of research theme and technology readiness (Fig. 2).

The total budget of the programme is 60 MD , with equal private
and public contributions. From a budget point of view the research
focus of the programme lies on capture and storage (around 35%
and 20% respectively). The remaining budget is split between
transport, legislation and risk, and public perception. Programme
management and dissemination activities both take some 5% of the
budget. With respect to Technology Readiness levels the emphasis
is on development (>50%). Fundamental activities take some 25%
of the budget. Deployment activities are to a large extent carried
out in parallel to the programme by the industrial parties.

All parties were invited to participate in an iterative earmarking

process which allowed them to assign budget to the Work Packages
defined in the programme matrix. For those Work Packages (WPs)
that showed sufficient stakeholder support (and hence attracted

2 The Netherlands has several Research Institutes, like TNO and ECN. They are
partly government funded. Their focus is on applied research and technology devel-
opment rather than on fundamental research.
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Table  3
An overview of the locations that were included in the original programme plan.

Location Responsible party Description

CO2 Catcher Maasvlakte E.ON Capture pilot, post-combustion, small-scale
Barendrecht Shell Storage/transportation/legislation pilot, depleted gasfield, onshore
Delft  Aard-warmte Project TU Delft Injection/production pilot, (geo-thermal) aquifer, onshore
K12-B Gaz de France Injection/production pilot, producing gasfield, offshore
Q8-A Wintershall Storage pilot, depleted gasfield, offshore
Maasvlakte and P15/P18 ROAD (EON, GDF, TAQA) Integrated demo, post-combustion capture, storage in depleted

gasfield, offshore
Eemshaven RWE  Integrated demo, post-combustion,capture, storage in depleted

gasfield, onshore
Eemshaven NUON Integrated demo, post-combustion, capture, storage in depleted

gasfield, onshore
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ufficient budget) a detailed WP  description was drafted taking into
ccount input from those parties that explicitly earmarked these
Ps. WPs  that did not attract sufficient support were discarded

nd the assigned budget was re-allocated by the stakeholders.
The earmarking process was also used to assign stakeholder

roups to individual work-packages. These stakeholder groups still
erve as sounding boards for the individual WP  leaders (e.g., when
hanges to the WP  scope are considered) and are involved by the
anagement in the review and approval of all deliverables pre-

ared by the WP.  Special attention was given to the integration of
hD students- and post-doc projects in the programme. Over 40 of
uch projects are executed and it was ensured that for each of these
rojects a user group was formed that included stakeholders from
he deployment clusters (Industry, Government, NGOs).

As indicated, CATO-2 is built around CCS Locations and CCS
esearch Themes. Some of these locations address single themes

n the CCS chain, others address multiple themes, or are fully inte-
rated. Some of the fundamental work is not directly related to
pecific locations, whereas some of the more general applied work
ay  relate to multiple locations. An overview of CATO-2 locations

s given in Table 3. It should be noted that for several of the locations
ctivities have been discontinued. For example the Barendrecht
roject where CO2 storage was foreseen by Shell, with CO2 from a
efinery, was cancelled by the national government mainly due to
ocal resistance. Later the national government banned all onshore
torage, which resulted in the postponement of CCS at power plants
n the Northern Netherlands (Eemshaven RWE  and Eemshaven
UON).

able 4
ubprogramme lines in CATO.

Number of SP* Full name of subprogramme

SP0 Coordination & dissemination
SP1  Capture
SP2 Transport & chain integration
SP3 Storage & monitoring
SP4 Regulation & safety
SP5 Public perception

* SP = Subprogramme.

As presented in Table 4, the programme has five Subprogramme
ines (SPs) around respective Research Themes. A separate SP 0 on
oordination and dissemination has been defined.

. Articles in special issue
This special issue contains 13 articles, covering the whole CCS
hain and respective technology development phases. Two  articles
re directly related to demonstration projects (Arts et al., 2012;
Capture pilot, pre-combustion, small-scale
Storage pilot, aquifer, onshore

De Miguel Mercader et al., 2012). The other papers range from
fundamental to applied research.

Arts et al. (2012) describe some of the storage issues related
to the ROAD demonstration project, with particular attention to
pressure issues during injection of CO2 in the almost fully depleted
P18 gas field. The inability to properly describe the behaviour of
the CO2 near the well under specific P18 conditions using existing
well/reservoir models led to the fundamental research described
in the paper by ZiabakhshGanji and Kooi (2012) and is an example
of how issues in the deployment phase can influence fundamental
research.

Draganov et al. (2012) describe a new method of monitoring
stored CO2. Their work is fundamental but could be applied in
the near future. Other more fundamental work on the storage is
presented by Salimi et al. (2012):  they contribute towards a bet-
ter understanding of the reservoir modelling. Raoof et al. (2012)
propose a new model to predict the degradation of the wellbore
cement. As the leakage via the well is seen as one of the most impor-
tant potential risks their fundamental work may easily find its
way towards application. Another contribution to a better under-
standing of risks is the work of Samuelson and Spiers (2012).  They
modelled seismic activities in the subsurface due to CO2 injection
for a North Sea reservoir. The last paper on storage deals with the
interaction between water and coal (Shojai Kaveh et al., 2012). This
so- called wetting behaviour of the coal influences the CO2 storage
capacity in coal layers.

In the field of capture, De Miguel Mercader et al. (2012) present
a case study on post combustion capture at a coal fired power plant
(similar to the Eon plant in the ROAD project). They describe an
integral evaluation of the energy needed for the capture plant in
order to reduce the energy penalty. In the applied paper of Sanchez
Fernandez et al. (2012) a techno-economic evaluation is made of
the post-combustion process. Within the CATO programme pre-
combustion capture is examined as well. An example is the more
fundamental work of Boon et al. (2012) on the use of palladium
membranes to separate hydrogen.

As described before, the CATO programme not only deals with
technology related research but also with social issues like public
perceptions. Ter Mors et al. (2012) give an overview on compensa-
tion options for local communities. A survey on the general public
was held by De Best-Waldhober et al. (2012a,b).  They measured
the knowledge and perception of CCS and analysed to what extent
misconceptions influence the perception of CCS. Van Egmond and
Hekkert (2012) give an overview over the arguments pro and con
CCS and discuss their validity for the different CCS chains.

As indicated the selection of papers published in this special

issue by no means provides a full overview of the work done in the
CATO programme. Other high-quality papers have been recently
published – or will be published in future – regular issues of this
journal (and other journals).
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Table 5
Top 10 countries of publications with keywords Carbon and Capture and Storage,
where at least one author of that country contributes.

Rank Country Number of publications %

1 USA 791 54.5
2 England 232 16.0
3  Germany 135 9.3
4 France 131 9.0
5  Peoples R China 128 8.8
6  Australia 123 8.5
7  Netherlands 105 7.2
8 Canada 101 7.0

tion in the EU programmes is low. Twente University has the largest
share (5 times).
4 Editorial / International Journal of G

. Scientific impact of CATO

In this section we analyse the scientific output of CATO. The
esearch done in CATO is reported in deliverables (e.g., reports, PhD
hesis, conference papers, computer models). An overview of the
esults of CATO-1 is given in De Visser et al., 2009. It is expected
hat in CATO-2 over 500 deliverables will be produced. Since the
ype and size of the deliverables vary considerably, it is almost
mpossible to use these numbers as an indication for the qualitative
nd/or quantitative output of CATO. As an alternative we propose
hree methods to get an indication of the output. The first is CATO’s
ontribution to international literature, the second is the expert
pinion about the programme’s output. As a final indicator we  use
he participation of CATO partners in other (international) research
rojects.

.1. Contribution to international literature

.1.1. Methodology
There is a wealth of data available on knowledge generation as

rchived by the Web  of Science from Thomson Scientific in the form
f the Science Citation Index. In our literature search we  used key-
ords “carbon and capture and storage” for the time frame 1990

when these keywords first appeared) till November 2011. Please
ote that this search string represents the core of the field, but does
ot capture the entire field of CCS. However, using other keywords
ould introduce more ambiguity in the dataset making interpre-

ation more difficult. By taking a smaller sample, it is still possible
o compare the Dutch contribution with the rest of the world. All
ata found from the Web  of Science contain institutional addresses,
he papers provide keywords, cited references and Journal names.
he database thus enables us to specify the number of publica-
ions, the locations, cited references and their topics (as indicated
y keywords) of all research organizations over a period of time.
e assume that most Dutch publications in this field are made by

artners of CATO. In our analysis we therefore use the country of
he institute from the author(s) to define whether the research is
elated to CATO. We  will verify with the results if this assumption
s correct.

The number of published papers is a parameter for the produc-
ivity of the programme, but not necessarily for the impact of the
apers. We  therefore also analyse how often the papers are cited
y other scientific papers.

.1.2. Results
We  were able to retrieve 1451 publications from the Web  of

cience. Publications on CCS have appeared from the early 1990s
nwards, but the number rapidly increased in recent years, making
he number of papers from 2009 onwards the majority. As can be
een from Table 5, the US contributes more than half to the CCS
nowledge base. There were 105 publications with at least one
utch author. Based on this selection the Netherlands is ranked on

he 7th place. The Netherlands contributes to over 7% of the global
cientific output in CCS, which is about triple its share in the total
lobal scientific output (UNESCO, 2010). Note that the total number
f publications in Table 5 is more than 1451, due to the fact that
apers can have authors from more than one country.

apers by CATO partners versus Dutch knowledge base. Within the
etherlands, Utrecht University (29) and ECN (18) are the main
ontributors to the field. Utrecht University was the fifth institute
orldwide publishing on CCS, after 4 American institutes and one

ritish institute. In type of contributor, universities and knowledge

nstitutes take the lead, both for the Dutch selection as for the total
451 publications. Shell was the only industrial party in the Dutch
election.
9  Norway 84 5.8
10 Sweden 76 5.2

Of the 105 Dutch publications, 19 were published by institutes
that do not directly participate in CATO. Seven of these publica-
tions are from the European Union’s Joint Research Centre based in
Petten, the Netherlands. Being an EU centre, they do not (directly)
contribute to the Dutch knowledge base. Another 5 publications are
made by Dutch government bodies. They are no official partners of
CATO, but they do participate informally in CATO. This leaves 7
publications from Dutch institutes that do not participate in CATO.

5.1.3. Conclusion
Based on the publications, the Netherlands’ 7th position puts

them among the forerunners of knowledge production on CCS.
Since almost all publications are produced by partners of CATO, one
could indeed state that CATO is the core of the Dutch CCS knowledge
base.

5.2. CATO partners participating in EU programmes

Another indirect indicator of the quality of the research is par-
ticipation of the partners in international programmes. We  assume
that partners are able to participate in international research pro-
grammes because of their specific expertise and quality. On the
other hand participation in international programmes results in a
knowledge transfer towards the CATO programme. We used the
EU Cordis database3, which covers the research and development
programmes sponsored by the EU, to make an inventory of the CCS
related programmes (CORDIS, 2010). The data covered the so-called
fifth, sixth and seventh RTD Framework Programme (FP5, FP6 and
FP7). This spans the period 2000–2010, when the inventory was
made. The programmes varied from very specific CCS research,
like NANOGLOWA that focused on nanostructured membranes for
CO2 capture at power plants, to more general CO2 reduction pro-
grammes where CCS was  only one of the topics, e.g. ULCOS, which
focused on Ultra-Low CO2 steelmaking.

5.2.1. Results
We  identified 48 EU programmes. In 41 of these programmes

one or more CATO partners participated, with an average of almost
3 per programme. In 10 cases the CATO partner was the coordina-
tor. TNO participated most in EU programmes (24 times), followed
by several industrial partners such as Vattenvall, E.ON, Shell and
RWE. Whereas the scientific output of the universities in terms of
publications was highest among CATO participants, their participa-
3 Community Research and Development Information Service (CORDIS), is an
information space devoted to European research and development (R&D) activities
and technology transfer.
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to this day may  be seen as an indication for one’s interest in the
results and progress of the programme.

In Fig. 5 the subscriptions for CATO days are divided according
to the type of subscriber organisation. This figure illustrates that

Discover

Develop Depl oy

11
23

113

13
Fig. 3. Network visualisation in

.2.2. Conclusion
The CATO partners are very well represented in the EU research

n development programmes. Therefore, it is likely that CATO
nowledge is effectively dissiminated to other European knowl-
dge institutes through cooperation in European Framework
rogrammes.

. CATO as a knowledge integrating environment

In this section we describe the interaction within CATO, both
rom the horizontal and the vertical perspective.

.1. Horizontal interaction (between knowledge clusters)

Within CATO all the work is split into 5 research subprogrammes
nd these subprogrammes are divided into 53 work packages. We
nalysed the participation of the almost 40 partners in CATO-2 in
he work packages. We  defined participation in a specific work
ackage as paid activities that are done or planned. TNO participates

n the highest number of work packages (38 out of 53), followed
y ECN (19), Delft University (13) and Shell (12). On average a
ork package consists of almost 6 organisations. This network is

raphically presented in Fig. 3. The figure clearly shows the cen-
ral position of TNO in the programme. The other two knowledge
nstitutes, ECN and KEMA, play an important role as well. The focus
f these two organisations is on capture and system integration,
hereas TNO covers almost all topics. Shell is an important partner

s well; they participate in almost all of the main topics as well.
The size of the dots in Fig. 3 indicates the total number of work

ackages in which the institute participates. The thickness of the
ine indicates the number of joint participants in the work packages.

hen participation of parties in work packages is divided according
o type of research (Discover, Develop, Deploy), Fig. 4 can be made.

The numbers outside the triangle in Fig. 4 indicate the number of
ork packages in which both adjacent clusters participate. Hence

here are 11 work packages in which Discover and Deploy organi-

ations participate jointly. The numbers inside the figure give the
ame number, but only for those work packages without partici-
ation of the third cluster. So, there is only 1 work package with

oint participation by Discover and Deploy without a contribution
 package participation of CATO.

of the Develop cluster. This illustrates once again the importance
of the Develop cluster as an integrator in the programme. In ten
of the work packages all of the three clusters, Discover, Develop
and Deploy participate. In 16 of the work packages only one clus-
ter participates. This means that in those work packages knowledge
transfer between the different clusters is not integrated in the struc-
ture of the programme. This occurs mainly in the Develop cluster.
The industry may  often be interested in the work, but they do
not actively perform research themselves in those work packages.
Based on the formal relations in CATO one may conclude that the
cooperation between the clusters is good, as in 70% of the work
packages two or more clusters participate. Another conclusion is
that the Develop cluster is the focal point of the research in the
programme.

Beside the formal structure that supports the interaction within
CATO, the programme management pays a lot of attention to more
informal activities. These activities contribute to a better inte-
gration of the programme. A good example is the annual CATO
symposium, where the research is presented to CATO community.
This gathering is open only to CATO participants. The subscriptions
23

Fig. 4. Participation of different clusters in work packages. Based on paid activities
in  work packages, total work packages = 53.
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Table 6
Top 10 of countries publishing in IJGCC (at least one author of that country con-
tributing to a paper in IJGGC).

Rank Country Number of publications %

1 USA 216 22.3
2 Germany 89 9.2
3  Australia 84 8.7
4 Norway 75 7.8
5  England 67 6.9
6  Japan 61 6.3
7  Canada 52 5.4

TNO (6) and Shell (6). All Dutch contributions to IJGGC were made
as  open for electricity companies. However, these organizations only became offi-
ial members of CATO-2 in 2009, and they were not invited in 2008. They contributed
lmost 15% of the subscribers in 2007.

ll three clusters (Discover, Develop and Deploy) contribute to the
ATO community. At the start of the programme, in the CATO-1
hase, universities (Discover) were the main participants. The share
f the Development cluster gradually increased and they became
he largest contributor from 2008 onwards. The participation from
ndustry (Deploy) increased as well, however this peaked in 2009,
nd declined afterwards. The decrease of interest from industry
an be explained as most of the CCS demonstration projects were
topped or postponed.

.1.1. Conclusion
Within CATO the Deploy cluster plays a very important role: it

ransfers knowledge from the Discovery to the Deployment sector.
he interest of the industry is strongly related to the possibilities
f demonstration projects; however these opportunities have been
trongly reduced in the last year, resulting in a decline of interest
f industry.

.2. Vertical interaction CCS chain

.2.1. Methodology
In this section we analyse the knowledge integration in CATO-

 between the several disciplines of the CCS chain. For example
esearch on capture originated from disciplines like chemistry and
rocess and separation technology, whereas storage issues are
elated to geology fields such as reservoir engineering. On the other
and issues related to public acceptation have their roots in the
ocial sciences, at quite some distance from the natural sciences.
irst we carry out a general analysis of the disciplinary organization
f knowledge production in the CCS field.

Leydesdorff and Rafols (2011) have shown that journal-journal
itations can be used as an operational indicator for the disci-
linary organization of knowledge production. We  have used the
ethod for delineating specialties as described by Cozzens and

eydesdorff (1993).  This method is based on a factor analysis of
he journal-journal citations matrix of the core journal of a spe-
ialty, the ‘central tendency journal’. In this case, The International
ournal of Greenhouse Gas Control (IJGGC), publised by Elsevier,
rovides a starting point for the analysis. The International Journal
f Greenhouse Gas Control focuses on scientific and engineering
evelopments in greenhouse gas control through capture and stor-
ge at large stationary emitters in the power sector and in other

ajor resource, manufacturing and production industries. It com-

rises both technical and non-technical related literature in one
olume.
8 Netherlands 52 5.4
9  Peoples R China 45 4.7

10 France 41 4.2

For every year, we determine the relational citation environ-
ment of that journal, using a threshold of 1% in the citing dimension.
For the resulting set of journals we  can make the journal-journal
citation matrix, with the citing behavior as the variables. One
can expect strong citation relations within and between journals
belonging to a discipline, and (much) weaker relations with other
journals.

As the International Journal of Greenhouse Gas Control is now
becoming the core publication of the CCS field, we compare the
Dutch share in this journal with our sample based on the keywords
(See Section 6.1). As we  assume that the Dutch knowledge is more
oriented around the CCS topic, rather than organised via mono dis-
ciplines, we  expect that Dutch papers will be overrepresented in
the IJGGC, so more than 7%.

6.2.2. Results
Fig. 6 provides the wider journal environment in which IJGGC

is positioned. IJGGC is a central node in a very multidisciplinary
environment. Several clusters of journals (representing differ-
ent disciplines) are connected through the journal. Prominent
neighbouring disciplines include a cluster of geosciences journals,
environmental sciences, engineering journals and energy sciences.
The network visualization thus confirms the hypothesis of a very
dispersed multidisciplinary knowledge base.

6.2.2.1. Contribution of countries to IJGCC. We  found 471 papers in
the IJGCC. In Table 6 the top 10 of countries that contribute to this
journal is presented (note that almost the same countries as in
Table 4 are mentioned here). As in the generic sample on CCS, the
US again contributes most to the knowledge base. The Netherlands
is ranked on 8th place, one place lower than in the generic sample.
Also the relative contribution of Dutch papers is lower, from 7.2%
in the generic case to 5.4% in the IJGGC.

Another observation from Table 5 is that the distribution of
countries is more flat in the IJGGC than compared with the selec-
tion presented in Table 4. For example the contribution of the US,
number one on both rankings, more than halved from 55% to 22%.
Only Japan (4.7% to 6.3%) and Norway (5.8% to 7.8%) contributed
relatively more towards IJGGC.

If publication in IJGGC is seen as a proxy for the multi-
disciplinary character of a paper it cannot be generally concluded
that the Netherlands is more focused on the multi-disciplinary
IJGGC than on more mono-disciplinary journals when it comes to
CCS.

6.2.2.2. Dutch contribution to IJGGC. When we  look at the contrib-
utions of the CATO partners to IJGGC, as in the other sample Utrecht
University is leading with 13 publications, followed by ECN (10),
by CATO partners. In the generic sample the Dutch universities
scored relatively higher than in the IJGCC. Apparently IJGCC is rel-
atively more attractive for knowledge institutes like ECN and TNO
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Fig. 6. Network visualization of CCS publ

nd companies, suggesting that this journal is less focused on fun-
amental research.

.2.3. Examples of interaction in practice
The analysis above is based on quantitative data of written scien-

ific output. Beside this formal cooperation we also see interaction
n a more informal base.

At least twice a year meetings are organised for the whole
ATO community. Although part of the programme is reserved for
he exchange of in-depth knowledge among kindred spirits, we
trongly encourage sessions on general CCS issues and integration
f different disciplines. For instance, we invite experts on storage
o participate in discussions on public perception and encourage
he non-geologists to test and enhance their knowledge on storage
ssues.

Although these type of activities help to get a better understand-
ng of each other’s scientific field, joint projects are essential for
rue integration. As an example the full impact of CO2 impurities
nd flexible volumes of CO2 captured (for power plants not oper-
ting at full load) only became evident when capture, transport,
nd storage were jointly addressed in the discussion on the ROAD
roject.

.3. Conclusion

Although cross-disciplinary interaction is strongly encouraged
n CATO, especially around pilot plants and demonstration projects,

his is not (yet) reflected in the scientific output. To some extent this

ay  be due to the large number of CATO-1 papers incorporated in
he analysis (CATO-1 might be regarded as more fundamental and

ono-disciplinary).
s. Each yellow dot is a scientific journal.

7. CATO’s contribution to Dutch society

CATO-2 aims to facilitate the integrated development of CCS
demonstration sites in the Netherlands, to work on innovation for
new CCS generations, and to build a strong knowledge network for
CCS. In other words, the research programme has a clear focus on
knowledge development. However, a new technology cannot be
implemented unless it is accepted by society. The Subprogramme
on public acceptance has developed a strong knowledge bases on
this issue (e.g Terwel (2008), Ter Mors (2008),  Terwel and Daamen
(2012)). However, the responsibility of the consortium goes fur-
ther since it is (partly) financed by the tax payers. There have been
many discussions about what CATO-2 can and may do to prepare
Dutch society for CCS by other means than research. These opin-
ions have also changed in time. The principle that CATO adheres to
is that the programme should disseminate knowledge in a correct,
value-free and independent way. Although most scientists within
CATO are convinced that CCS is needed to mitigate climate change
and can be applied in a safe and acceptable way, they do not want
to become CCS advocates. Scientific papers clearly fall outside the
scope of advocacy, yet at the same time by their scientific nature
are almost inaccessible for Dutch society to influence their opin-
ion on CCS. However, it is important for society in general to have
access to proper knowledge in order to make a judgment whether
and how CCS can be implemented.

At the start of CATO-1, in 2004, the consortium restricted itself
to the realm of universities and knowledge institutes. Outside the

academic world, hardly any interest existed for CCS. The commu-
nication activities were more or less restricted to the scientific
community and aimed at network building within CATO. During
the programme the interest of industrial partners, policy makers,
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edia and local residents on CCS increased, mainly due to the
evelopment of CCS demonstration projects, e.g. the Shell Baren-
recht project. This resulted in an increase of media coverage and
ebates in parliament, among other things. As a consequence, the
eed arose for accessible and independent public information on
he pros and cons of CCS. At the same time the national government
as very reluctant to communicate on CCS towards the general
ublic. CATO stepped into this void and started being more proac-
ive in public communication by providing the necessary input for
n informed debate on CCS. The development of the relationship
etween CATO and the Dutch media, NGOs, scientists, local and
eneral public is described below.

.1. Media

The CATO programme management believes that an open
elationship with society, including journalists, is crucial for the
cceptance of a new technology like CCS. In some cases, however,
he media do not present the relevant information or, even worse,
resent wrong information. CATO-2 therefore created a team that
ctively follows the media and refutes misconceptions in the media
y giving the facts in a balanced way. An example of this approach

s the case around a possible CO2 leak at the Weyburn project in
anada in January 2011 (PTRC, 2011). CATO responded fast with
alanced statements to the journalists. The result: several infor-
ative articles in national newspapers e.g. NRC (2011).To build a
ore structural relation with journalists, CATO also invited science

ournalists of the main Dutch newspapers to participate in a geolog-
cal excursion to the Eiffel in Germany where natural CO2 release
ccurs. During this excursion scientists shared their insight in geol-
gy with the journalists and CO2 releases from the deep surface
ere put into perspective. An important result of the trip was that

he scientists and journalists got to know each other better. This
as necessary since, after some preceding biased media coverage,
ATO scientists had become very cautious about talking to jour-
alists. They were afraid that their words would be misinterpreted
nd misrepresented in the media.

Our impression is that the relationship between CATO and sci-
nce journalists is reasonable; they know where to find each other
hen necessary.

.2. Environmental NGOs

From the start of the programme a lot of effort has been devoted
o get organisations involved in CATO with different ideas on CCS.
n CATO-1 the environmental NGOs, for instance Greenpeace and

WF,  participated in the programme. The mission in CATO-1 was
o investigate whether CCS can contribute toward a sustainable
utch energy system and to build a knowledge network as a basis

or the implementation phase of CCS. This is more open than the
urrent mission which focuses on supporting the implementation.
lthough it is still highly encouraged and possible to participate

n the programme regardless of your opinion on CCS, some NGOs,
uch as Greenpeace and the North Sea Foundation decided to end
heir participation. It was no longer expedient for them to par-
icipate in the programme in an official capacity, co-operating
ith CCS project developers. As a consequence, opinion on CCS

n CATO has become less varied. The balance has moved slightly
owards a pro CCS attitude. This has been observed worldwide in
he CCS community by one of the CATO participants De Coninck
2010).

In order to counterbalance this development, the CATO pro-

ramme  office has encouraged the exchange of different opinions
bout CCS. One example is the production of the CCS Argument
ap, containing all pros and cons on CCS. Both advocates and crit-

cs were consulted when preparing this tool (Van Egmond and
ouse Gas Control 11S (2012) S1–S9

Hekkert, 2012). This map  was  printed in the one of our national
newspapers (Volkskrant) with a balanced comment.

Our impression is that the relationship between CATO and NGOs
is poor: they each travel their own  separate paths.

7.3. Critical external experts

As part of the dialogue CATO also wants to facilitate the debate
between critical scientists, within and outside CATO. For exam-
ple, a workshop was  organised on the safety of CO2 transport at
the Barendrecht project. In this workshop experts from within
and outside the CATO programme participated together with some
concerned inhabitants. Even though their initial ideas on the Baren-
drecht project were very different, this workshop bridged some of
the gaps between the different participants. A number of science
journalists participated in this workshop as observers.

7.4. Local residents

In the original CATO-2 programme plan a local dialogue pro-
cess was  foreseen. That should have been a test case of the ideas
developed at Leiden University in the CATO-1 programme. Unfor-
tunately, after cancellation of the Barendrecht pilot project – and in
view of the on-going public debate – all onshore storage projects in
the Netherlands have been postponed by the national government
(TK, 2011), making it but impossible to test the approach in reality.
The generic work on public perception, however is unaffected.

7.5. The general public

The initial CATO website on CCS was  written in English and
focused on the scientific community (www.co2-cato.org). Since
December 2011 – as it was difficult to find non-scientific informa-
tion on CCS – CATO hosts a Dutch website with general information
on CCS (www.co2-cato.nl). The website attracts about 500 visits
per month. This is larger than the current CCS community in the
Netherlands, but still only a tiny fraction of the general public.

The CATO programme has carried out several studies regarding
the knowledge and beliefs of the Dutch public (e.g De Best-
Waldhober et al. (2012a), De Best-Waldhober et al. (2012b). Those
studies provide a good insight in the public perception of CCS in the
Netherlands. The approach in these studies was  one of observation
rather than interaction, although a more active – dialogue type –
approach was foreseen for some local communities.

7.6. Policymakers

The government have commissioned the CATO programme.
Even though they do not participate directly in CATO (the rela-
tionship between policymakers and the programme is limited to
a sponsor-client relationship), they did influence the topics that
were to be researched and they have shown a keen interest in the
outcomes. The Ministry of Economic Affairs, Innovation and Agri-
culture often consults scientists in the programme for answers to
their questions. CATO does not have a lobbying strategy aimed at
policymakers for CCS implementation. Clearly the (industrial) part-
ners have their own  agenda outside CATO and they do approach
Members of Parliament and the government.

8. Conclusion
In this article we have described the CATO programme and how
this programme contributes towards the Dutch knowledge net-
work on CCS. We have shown that the Dutch knowledge base is
formed by the participants of CATO. This knowledge base is among

http://www.co2-cato.org/
http://www.co2-cato.nl/
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he frontrunners worldwide. The programme deals with the com-
lete CCS chain for different phases in technology development.
he cooperation between different areas of expertise is particu-
arly clear in demonstration projects, which makes demonstration
rojects crucial for integrated technology development.
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nnex A. Figures on CATO

CATO is the Dutch acronym for Carbon Capture, Transport and
torage.

Table A1.

able A1
igures on CATO-1 and CATO-2.

CATO-1 CATO-2

Number of partners 17 partners 40 partners
Focus Full CCS chain Full CCS chain
Type of research Fundamental research Fundamental and

applied research
Budget 25 Million Euro 60 Million Euro
Period 2004-2009 2009-2014

The CATO programme is a Dutch research programme on
CS. The first CATO programme, referred to as CATO-1 in this
aper, lasted from 2004 until 2009.The current CATO-2 programme
tarted in 2009. Although the scope, participants and size of the
rogramme changed, in practice there was an overlap. In some
ases it is not possible to attribute something to either of the two
rogrammes specifically: we will then use the generic term CATO.
able 0 gives the figures on both programmes.
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