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Key Indicators 
 

• Availability (clustered) large CO2 point sources (> 60%) 
• Large storage capacity (1500 Mt in gas fields, excl. 

Slochteren and aquifers) 
• Relatively short transport distances 
• Extensive knowledge of gas and CCS (technology, 

infrastructure etc.) 
• Long academic tradition (research since 1990; > 25 

master programs that include CCS) 
• Serious business interests and commitment of relevant 

parties  
 

 CCS in the Netherlands 
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CCS Implementation Plan (2009)  
 

• Phase 1 (done): Research and small experiments (CATO)  
• 2004-2009,  
• ~26 Meuro,  
• ~10 parties (Shell + R&D institutes) 

• Phase 2 (on-going): Additional Research (CATO-2) and 
small demonstrations 
 

• Phase 3 (planned): Large demonstrations (2015-2020) 
– Ambition: 2 large scale demo’s in 2015 

 
• Phase 4 (anticipated): Commercial deployment (2020 -) 
 

 CCS in the Netherlands 
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Timeline 
 
• Starting ~1990 CCS research was executed in a number 

of dedicated (mono-disciplinary) National and European 
R&D projects 
 

• As of 2004, National research was conducted in 
programs CATO and CATO2, covering the full CCS 
chain and addressing both fundamental and applied 
topics 

CCS R&D 
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CATO and CATO-2 programs, had the objective:  
 
• To build a strong knowledge network for CCS 
• To facilitate the integrated development of CCS demo 

sites in The Netherlands 
• To work on innovation for new CCS generations 

CCS R&D 
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• Applied and Fundamental research 
• Complete CCS Chain 
• Demand driven & flexible program 
• ~65 M€ (30 M€ government) 
• Duration 2009-2014 
• 40 Partners from industry, SME, university, NGO 

CATO-2 In a Glance 

CATO-2 In a Glance 
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CATO-2 Parties 
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SP Sub-Programs 

0 Coordination, dissemination, cooperation 

1 Capture 

2 Transport and chain integration 

3 Storage & monitoring 

4 Regulation and safety 

5 Public perception 

Research Themes 
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Original Locations 

Research Locations 
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Key performance Indicators 
 
• 500+ deliverables 
• 500+ papers  
• 40+ PhD students 
• Network of 400 people 
•   

  Highlights of the program 
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User group interaction 

Highlights of the program 



www.co2-cato.nl 14 

Joint Reports 

Highlights of the program 
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Joint Publications 

Highlights of the program 
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Developing a new low-cost capture technology 

• Calculations predict that using the current state-of-the art technology in 
CO2 capture and storage at power plants results in a 35-80% increase 
in the production costs (part of the market price) of electricity.  

• This increase is mainly attributed to the high costs of CO2 capture.  

• Therefore, the development of a 
more cost-effective capture 
technology is a main objective of 
CO2 capture research.  

• CATO showed that applying 
newly developed solid sorbents 
may offer a low-cost capture 
technology. 

Highlights of the program 
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Chemical looping combustion:  
power production and CO2 capture 

• Conventional technologies for CO2 capture in 
power production substantially reduce the 
efficiency of the power plant (~25 %), driving 
up CCS costs.   

• Chemical-looping combustion (CLC) has the 
potential to reduce the energy penalty 
substantially.  

• CATO2 investigated CLC as applied in an 
integrated gasification-combined cycle coal 
power plant, using a solid oxygen carrier for 
fuel combustion and directly obtaining a 
highly concentrated CO2 stream.  
 

Highlights of the program 
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Post-combustion capture: 
from lab towards implementation 

• At the start of CATO2, it was envisaged that 
in 2015 the first demonstration projects 
related to large scale post-combustion 
capture would start.  

• Post-combustion capture is quite often seen 
as the most mature capture technology 
available for retrofitting to existing power 
plants.  

• CATO2 research lifted this technology up to a 
technological level where demonstration is a 
logical next step. 

• In this work particular attention was given to 
nitrosamines and Aerosols. 
 

Highlights of the program 
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Costs, design and safety of CO2 pipeline transport 

• For the purpose of designing CO2 infrastructure, CATO2 supplies a 
new model for CO2 pipeline transport, based on the physical 
properties of CO2 and material and construction costs.  

• This model serves as 
input for a risk and 
safety analysis, which 
reveals that gaseous 
CO2 transport leads to 
higher safety risks than 
pipelines transporting 
liquid CO2. 

Highlights of the program 
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Designing cost-optimal CCS configurations for 
industry 

• Costs are a major issue in CCS, also when applied to industrial 
processes. An optimal CO2 capture configuration is needed to reduce 
costs.  

• A techno-economic feasibility 
study modelled different CO2 
capture configurations for a 
cluster of 16 industrial plants in 
the industrial Botlek area.  

• In general, centralized 
configurations prove to be cost-
effective, which is particularly 
interesting for the smaller 
emitters. 

Highlights of the program 
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Implementation Plan as a guidance 
to the future of CCS development 

• In close collaboration with the CCS community and based on 
research, CATO2 created the ‘CCS Implementation Plan’. This plan 
sketches historical developments and the current situation in CCS.  

• By providing a vision and 
a Roadmap towards 
2050, the Implementation 
Plan offers guidance for 
future strategies by policy 
makers and other 
stakeholders. 

Highlights of the program 
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A natural lab for long-term CO2 behaviour: 
Werkendam 

• EU regulations for CO2 storage require an assessment of the long-
term fate of CO2 in the reservoir. Assuming that CO2 has been 
successfully contained, the longterm effects depend on the gas-
water-rock reactions within the storage reservoir.  

• One way to investigate these 
long-term effects is provided 
by the natural gas field of 
Werkendam, which contains 
over 70% of CO2. 

• Investigations into this ‘natural 
lab’ supplied much insight on 
the long-term fate of CO2. 

Highlights of the program 



www.co2-cato.nl 

Assessing risks posed by faults 

• Geologically stored CO2 will mainly reside in the pores 
of the reservoir rock as a highly compressed or 
‘supercritical’ phase, with some dissolving in the pore 
water.  

• The natural sealing capacity of overlying ‘cap rocks’ and 
cross-cutting faults must be maintained. A key risk here 
is that of fault activation and its potential for causing 
both leakage and induced seismicity.  

• CATO2 research has evaluated these risks and 
indicates that CO2 storage will have little to no effect on 
fault strength or stability for most rock types on the 
timescale of 10 to 100 years. Reassuringly, in the long-
term, carbonate precipitation within faults will tend to 
increase fault strength and inhibit reactivation. 

Highlights of the program 
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Improving seismic monitoring of CO2 storage 

• One of the main challenges during and after the injection is to verify 
that CO2 is behaving according to expectations.  

• Obviously, any monitoring method 
at the surface has some benefits 
compared to methods that need 
(expensive) drilling.  
 

• CATO2 research supplied some 
innovative ideas for improving 
seismic methods and 
demonstrated their feasibility, both 
in the laboratory and at the field 
pilot in Ketzin (Germany). 

Highlights of the program 
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Overcoming the risks of climate 
liability for CO2 storage 

• ‘Climate liability’ refers to the financial risk associated with 
geologically storing CO2 in regions where CO2 emissions have a 
market price.  

Highlights of the program 

• In the EU, potential CCS storage 
operators have underlined climate 
liability as a significant and 
internally unmanageable risk.  
 

• CATO2 investigated the issue in 
detail, and provided solutions to 
overcome the risks of climate 
liability to CCS operators. 
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Environmental performance tool 
for CCS chains 

• A strategic tool that assesses the environmental performance of 
CCS chains over their life cycle was developed. 

• The tool offers stakeholders the ability to build, adapt and compare 
CCS chains.  

• The tool is a means for both knowledge sharing and stakeholder 
engagement. 

Highlights of the program 
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Safeguarding the carbon dioxide transport network 

• CO2 release experiments have helped to validate release models 
and have significantly upgraded the quality of Quantitative Risk 
Assessments (QRA’s).  
 

Highlights of the program 

• The substantial 
reduction in model 
uncertainties provides 
more confidence in 
safeguarding CO2 
transport. 
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Pitfalls in the communication about CCS  

• Irrelevant details in communications dilute the 
persuasiveness of a relevant message.  
 

• Emphasis on either advantages or 
disadvantages of CCS is perceived as 
manipulative. 
 

• CCS stakeholders should best cite a credible 
motive for their involvement to avoid being 
perceived as dishonest. 

Highlights of the program 

NO! I just 
don’t like it 
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Investigating the rationale behind 
people’s opinions on CCS 

• The combination CCS and biomass proves to be regarded as 
somewhat positive, while most people are not in favor of CCS 
combined with coal and gas power stations.  

Highlights of the program 

• Factually incorrect beliefs can 
be debunked, but this does 
not change opinions. 
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Community compensation for hosting a CCS site 

• An extensive research program 
has provided insights into why 
and when host community 
compensation has the potential to 
solve (CCS) facility siting 
controversies. 

• Public acceptance is a major challenge for the siting of CCS facilities. 
The offering of compensation to communities potentially helps to 
create a fairer distribution of local risks and benefits, which may 
increase public acceptance. 

Highlights of the program 
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CCS Implementation Plan (2009)  
 

• Phase 1 (done): Research and small experiments (CATO)  
• 2004-2009,  
• ~26 Meuro,  
• ~10 parties (Shell + R&D institutes) 

• Phase 2 (on-going): Additional Research (CATO-2) and 
small demonstrations 
 

• Phase 3 (planned): Large demonstrations (2015-2020) 
– Ambition: 2 large scale demo’s in 2015 

 
• Phase 4 (anticipated): Commercial deployment (2020 -) 
 

 CCS in the Netherlands 
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CCS Implementation Plan (2014)  
 

• “Energy Treaty” (2013) between major stakeholders 
(Government, Industry, Unions, NGO’s …)  
– Includes CCS 
– No “hard” commitments  

  
• CCS vision document to be completed fall 2014 

– Two scenario’s 
• “ROAD” 
• “MOTHBALLING” 

 
• Future for ROAD still uncertain 

 CCS beyond 2014 
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Topsector Energy 

EU (Horizon2020) 
Research Council 

CCS R&D beyond 2014 
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CATO-3:  CCUS SUB-PROGRAMME ELEMENTS 
Work Programme Theme Discovery Development Deployment 

WP1:  CO2 capture Fundamental research to reduce capture costs, 
aimed at: 
 chemical looping 
 advanced and novel absorption concepts 
 advanced pre-combustion capture 

Development of 3rd generation capture 
technology focused on: 
 gas-fired power plants 
 robust, high performance/low cost 

coal-fired generation 
 chemical industry and refineries 
 iron and steel plants  

Facilitation of the ROAD project: 
 plant/project optimisation 
 demonstration plant extension 
 operational technical support 

WP2:  CO2 utilisation Opportunities for CO2 reuse through research 
focused on: 
 biological conversion and bio-refineries 
 mineralisation 
 chemical conversion 
 fuels from renewables combined with 

CO2 

Development opportunities for: 
 enhanced hydrocarbon production 
 bio/chemical conversion of CO2 
 multi-fuel/multi-product facilities 

Enhanced hydrocarbon recovery (EHR) 
deployment: 
 CO2 enhanced gas recovery 
 CO2 enhanced oil recovery and 

monitoring. 
Enabler of large share of variable renewables 

WP3:  Storage (aquifer 
and depleted reservoirs), 
verification, monitoring 
and safety 

Improving storage economics by fundamental 
research on: 
 combining CO2 storage with 

underground coal gasification (UCG) and 
enhanced coal bed methane (ECBM) 

 CO2 usage in deep geothermal energy 
production 

Development of safe and reliable storage 
opportunities including: 
 proving up the Q1 aquifer 
 investigation of near depleted gas fields 
 strategies for combining EHR and 

storage 
 development of MMV approaches for 

Dutch application 

Deployment opportunities including: 
 facilitation of the ROAD project storage 
 field tests in depleting oil and gas fields 

and aquifers (linkages to WP2) 

WP4:  Transport and CCUS 
chain integration 

Integrating CCUS in the energy sector  by 
improving the understanding of: 
 interfaces/interactions across the whole 

chain 
 optimising the transport network 
 integration of power plants, CO2 use and 

renewables 

Solutions for full chain design including: 
 ‘future proofing’ to enable subsequent 

3rd party access 
 increasing tolerance around CO2 purity  
 accounting for CCUS plant operating and 

grid flexibility 

Address technical issues associated with: 
 injection from fixed platforms and/or 

ships (eg K12-B pilot) 
 interconnectivity issues between chains 
 ship based transport 

WP5:  Policy, legal and 
regulatory frameworks  

Advancing policy considerations for CCUS  through work on policy/legal/regulatory drivers as they effect The Netherlands in relation to: 
 policy and regulatory options for CO2 use and to address storage liability pressures 
 the development of policy levers to assist with CCUS deployment and project financing including the EU ETS and other options (ie feed-in tariffs, 

emissions performance standards); and inputs into EC policy considerations (ie 2015 CCS Directive evaluation) 
 options for ‘light-handed’ regulatory regimes to facilitate EHR; permitting guidelines for high pressure CO2 pipelines; Dutch input into ISO 

standardisation development  
 trans-boundary movement regulatory issues; unitisation; and transnational storage issues 

WP6:  Public Outreach, 
communications and 
awareness 

Development of: 
 best practice guidance in relation to the practical engagement with local communities and development of communication strategies  
 continued monitoring of public awareness, knowledge and perception 
 evidence based communication strategies and organisational/non-technical learning tools 
 benefit sharing tools and understanding the importance of local preferences/conditions 
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• CO2 capture - 2nd and 3rd generation capture 
technology; industrial applications & Gas  

• Utilisation – improving the business case for CCUS 
through CO2 use and enabling large scale 
implementation of variable sustainable energy sources 
through storage of electricity in chemicals and fuels  

• Storage, verification, monitoring and (long term) 
safety – with emphasis on monitoring, measurement 
and verification; aquifers and depleted oil/gas reservoirs  
 

CCS R&D beyond 2014: Scope 
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• Transport and CCUS chain integration – common 
user infrastructure; full CCUS chain integration and scale 
up  

• Policy, legal and regulatory frameworks – EU and 
national policy frameworks; regulatory issues; trans-
boundary CO2 transport  

• Public Outreach, communications and awareness – 
community acceptance; CCUS safety  
 

CCS R&D beyond 2014: Scope 
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