
ENABLING INDUSTRIAL SCALE 

CARBON CAPTURE & STORAGE

MARTIN JAGGER

8th November 2016

Previously General Manager Carbon Capture & Storage Center of Excellence – Shell 



AGENDA

Enabling Industrial Scale Carbon Capture & Storage

A Step Change In Project Size

Building a consensus on regulation

Project Management

CO2 Safety



INDUSTRIAL SCALE - A STEP CHANGE FOR INDUSTRY
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Emerging projects involve a step-change in scale compared to combined industry experience

There is no industry experience with very large storage schemes over extended containment periods



WHERE ARE WE NOW?

Source: Global Carbon Capture & Storage Institute – Project Database (2016)
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WHERE DO WE NEED TO BE?

 By 2030, CCS is routinely used to 
reduce emissions in power generation 
and industry, having been successfully 
demonstrated in industrial 
applications including cement 
manufacture, iron and steel blast 
furnaces, pulp and paper production, 
second-generation biofuels and 
heaters and crackers at refining and 
chemical sites. This level of activity 
will lead to the storage of over 2 000 
MtCO2/yr.

 By 2050, CCS is routinely used to 
reduce emissions from all applicable 
processes in power generation and 
industrial applications at sites around 
the world, with over 7 000 MtCO2 
annually stored in the process.

Source: IEA Technology Roadmap carbon Capture & Storage (2013)

HOW ARE WE GOING TO GET THERE?
By 2030 we need 50-100 projects globally, each capable of storing 20-40 mtpa CO2.

Each of these projects should be multi-source to single sink through common infrastructure.



DEVELOP REGULATIONS & GUIDELINES

Consistent Focused Support to Develop Emerging Regulation

Develop robust internal standards incorporating emerging best practices (2006/7) 
– work initiated on Acid Gas injection potential at Shah Field, Abu Dhabi.

Document key challenges in IEA document “ERM – Carbon Dioxide Capture and 
Storage in the Clean Development Mechanism” (April 2007).

Develop structured approach in draft methodology “CCS in the Clean Development 
Mechanism” (Shared with regulators at COP14 in Poznan - December 2008)

Shared methodology broadly with regulators and through IEA Regulatory & Policy 
Workgroup and with other IOC’s (e.g. BP In Salah Project in Algeria).

Share key approaches with Joint Industry Project developing CO2Qualstore 
Guidelines (DNV: May 2010).

Provide consistent structured feedback to emerging regulations and guidance 
documents (EU, Australia, UK, USA, Canada etc.) and through industry CCS bodies.

CO2Qualstore Guidelines accepted by European Union (July 2010)

Methodology accepted within the UNFCCC Clean Development Mechanism (CDM) 
under the Kyoto Protocol CMP7/COP17 (Durban 2011)



KEY REGULATORY ISSUES
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How does a CO2 project 
boundary extend into the sub-

surface?  Consider the temporal 
aspect of a CO2 project.

How to ensure that CO2

produced is securely stored and 
emissions reductions can be 

quantified?

Define the closure criteria that 
support liability transfer 

following cessation of injection 
operations.

Which entity has approval rights 
& competence for CO2 project 

approval?

What financial mechanisms are 
required to cover potential 

future costs? 

Source: Proposed New Methodology for CCS under the UN Clean Development Mechanism (Shell, March 2009)



INTERNATIONAL PROTOCOLS

At the December 2011 meetings of the United Nations 
Framework Convention on Climate Change (UNFCCC) in 
Durban, South Africa, countries accepted “to adopt modalities 
and procedures for carbon dioxide capture and geological 
storage (CCS) as clean development mechanism (CDM) 
project activities under the Kyoto Protocol”.

This was the culmination of many years of working to support 
international regulation.

Source: United Nations Framework Convention on Climate Change - FCCC/KP/CMP/2011/10/Add.2



PROJECT BOUNDARIES - SPATIAL

“The spatial boundary is set such that all emissions that are significant 
and reasonably attributable to the project activity are included in the 
project boundary. 

The project boundary significantly goes beyond the point of injection to 
account for sub-surface migration of the injected CO2.” 

SOURCE: Proposed New Methodology for CCS in the Clean Development Mechanism (Shell, March 2009)

“Storage Complex” terminology introduces a significant safe-storage concept with increased operating 
safety margins that is analogous to an engineered storage system such as a tank farm.



LEAD THROUGH FUNDAMENTAL RESEARCH

CO2 Release Test experiments 

CO2 release test program developed by Shell in 2008 to understand risks 
on a Dubai CO2 project, 

Jointly sponsored by CCS Centre of Expertise, Shell Qatar, Goldeneye UK, 
and Dubai CO2

Contract with GL Spadeadam, DNV and MMI to assist with test execution & 
execute independent models

FOCUS - Main risks associated with CO2 releases:

• CO2 release cloud impact on 3rd party population

• Operational risks of working with dense phase CO2

• Emergency response – evacuation, underwater pipeline releases, 
detection and mitigation



CO2 RELEASE TEST EXPERIMENTS
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SOURCE: CO2Pipetrans JIP (DNV, April 2010)



RELEASE TESTING: ISSUES AND LEARNINGS

No solid CO2 drops out of the free releases

• Giving confidence that current heavy gas dispersion models which don’t explicitly include solids will adequately predict 
hazard distances.

• There is plenty of solid CO2 formed immediately downstream of the release orifice but it is in the form of very fine 
particles and follows the vapour flow. 

• It sublimes rapidly to CO2 vapour such that most of the visible plume is in fact condensed water vapour due to the low 
temperatures achieved. 

Releases into confined modules will result in very low temperatures and some quite minimal drop-out of solid CO2. 

• The whole enclosure, including substantial steel sections, gets very cold, very quickly! Lower even than minus 78 C 
(solid CO2). 

• Escape from the module will be impaired by low temperatures and lack of visibility due to the water condensation cloud. 

• The low temperatures have the potential to compromise the integrity of structural steel.

• The commercial gas detectors in the enclosure also get very cold & they immediately fell over.




