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International Energy Agency 
Founded in 1974, the IEA was initially designed to help countries co-ordinate 
a collective response to major disruptions in the supply of oil, such as the crisis 
of 1973/4. While this remains a key aspect of its work, the IEA has evolved and 
expanded significantly.

The IEA examines the full spectrum of energy issues including oil, gas and 
coal supply and demand, renewable energy technologies, electricity markets, 
energy efficiency, access to energy, demand side management and much 
more. Through its work, the IEA advocates policies that will enhance the 
reliability, affordability and sustainability of energy in its 29 member countries 
and beyond.

The four main areas of IEA focus are: 
• Energy Security: Promoting diversity, efficiency, flexibility and reliability for 

all fuels and energy sources;
• Economic Development: Supporting free markets to foster economic 

growth and eliminate energy poverty;
• Environmental Awareness: Analysing policy options to offset the impact 

of energy production and use on the environment, especially for tackling 
climate change and air pollution; and

• Engagement Worldwide: Working closely with partner countries, especially 
major emerging economies, to find solutions to shared energy and 
environmental concerns.

Disclaimer
This review was prepared as an account of work sponsored by the IEA Greenhouse Gas R&D Programme. The views and opinions of the 
authors expressed herein do not necessarily reflect those of IEA Greenhouse Gas R&D Programme, its members, the International Energy 
Agency, nor any employee or persons acting on behalf of any of them. In addition, none of these make any warranty, expressed or 
implied, assumes any liability or responsibility for the accuracy, completeness or usefulness of any information, apparatus, products 
or process disclosed or represents that its use would not infringe privately owned rights, including any party’s intellectual property rights. 
Reference herein to any commercial product, process, service or trade name, trade mark or manufacturer does not necessarily constitute or 
imply an endorsement, recommendation or any favouring of such products.
Copyright © IEA Greenhouse Gas R&D Programme 2017
All rights reserved.
Date Published: April 2017, Review compiled by John Gale, Kelly Thambimuthu, Tim Dixon, Becky Kemp and Sian Twinning. Document 
designed by Becky Kemp. 

Inside Cover Image: The interior of the SwissTech Convention Centre, location of GHGT-13

Front and Back Cover Images: Delegates at Bridport Sands, during the Combined Risk and Environmental Network Meeting, Students at Boundary Dam - site visit 
location for the 2016 Summer School; St Catharine’s College, location for the 2015 Social Research Network Meeting; Lulworth Crumple, site visited during the 
Combined Risk and Environmental Network Meeting; Wellhead at Boundary Dam, location of the site visit during the 2016 Summer School, Canada

Further information on the IEA Greenhouse Gas R&D 
Programmes activities can be found at: 

www.ieaghg.org

General enquiries can be made via: mail@ieaghg.org

Specific enquiries regarding IEAGHG’s activities and 
membership can be made by writing  

to the General Manager at:

General Manager 
IEA Greenhouse Gas R&D Programme 
Pure Offices, Cheltenham Office Park, 

Hatherley Lane, Cheltenham 
Gloucestershire 

GL51 6SH 
United Kingdom

Or by telephoning the office on: 

+44 (0)1242 802911
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Chairman’s Message

Paris set us the added aspiration of a new global temperature target of below 2oC, even though we are working towards a 
2oC target. We know very well that even 2oC is a challenge with pledges in emissions reduction in the lead up to Paris last 
year firmly taking us on a closer to 3oC pathway.  There is scientific evidence that we are already locked into 1oC of warming.  
There is a real and very urgent need to get on with tacking climate change through all possible greenhouse gas mitigation 
options. I think countries have realised the need for action is now, as evidenced by the fact that the Paris Agreement was 
quickly ratified by 122 countries and came into force on 4th November 2016. No one in Paris would have guessed that the 
Agreement would be in force so quickly, some thought it might takes years but countries have raised their ambitions and 
proved the doubters wrong.

COP22 in Marrakesh has started countries on the pathway to ramp up their mitigation targets and I hope in line with 
commitments by the time we see the first stock take in 2023.   As it stands now, the intended contributions from all signatory 
nations don’t add up if we hope to limit warming to 1.5oC, let alone 2oC. So there is a lot of work ahead and the hard work 
starts now.  

We know that CCS is a critical technology to achieve 2oC, the IPCC told us that in their 5th assessment report. I believe that 
going below 2oC makes CCS an even more important mitigation option. CCS does not challenge renewables, this is not a 
competition, and we need to throw the whole low carbon technology tool kit at this problem if we are going to solve it.  
We know that renewables produce variable electricity, we need to balance that intermittency. One option is with energy 
storage but that is currently very expensive. We therefore have an opportunity to use flexible CCS plants to balance that 
intermittency in the power sector, we should not turn to unabated fossil plants. If we do, we will never achieve a 2oC 

temperature limit let alone 1.5oC. Manufacturing industry also needs 
CCS as the only real means of significantly reducing their emissions. 
Like the technology issue this is not about mitigating emissions from 
just one sector. We have to mitigate across the board in the power, 
industry, transport and the technically more challenging agricultural 
sector to have any hope of getting to 1.5oC

The below 2oC target also places some challenges on the CCS 
community.

For CO2 capture, we will need to move towards zero emissions which 
means 100% CO2 capture.  On the CO2 storage side we need to move 
with more urgency to prove up the geological storage resource 
particularly in developing countries. Finally, there is the issue of 
negative emissions. From 2030 onwards, if we have not made as 
much progress in mitigating greenhouse emissions in the early years, 
then more radical action will be needed. So not just zero emissions 
but taking emissions out of the atmosphere, i.e., negative emissions 
will be needed that can be addressed through technologies such as 
BIOCCS. 

In summary, Paris put us on the first rung of the ladder, but at least we 
are climbing the ladder now. Our goal is to begin climbing the ladder 
with greater urgency from here on in, recognising that the longer we 
prevaricate, the harder it will get to achieve our goal.

It is worth reflecting on the historic agreement that was made at the COP21 meeting held in 
Paris last year...

Kelly Thambimuthu, 
Chairman of the IEAGHG Executive Committee
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General Manager’s Summary
We organised GHGT-13 in Switzerland with our co-hosts EFPL and SFOE in November, the conference we hoped continued 
to highlight the great strides that have been made in the last 20 years on CCS R, D&D. The IEA used the conference to 
launch their “20 years of CCS” publication, we had a discussion panel session of learning from 20 years research at Sleipner, 
as well as a plenary lecture from the Carbon Capture Joint Industry Project on their 17 years of active research on CCS.   The 
proceedings from the GHGT conferences have cumulatively contributed over 7,000 papers on CCS research developments 
since the series started in 1998.  Taken together, this demonstrates the significant scientific underpinning that this low 
carbon technology option has.  The CCS R&D Community cannot have done more, Governments on the other hand could 
have done more to embrace this technology.

In the GHGT-13 technical plenaries were able to highlight the achievements from CCS demonstration projects around the 
globe. For example; Boundary Dam and Quest in Canada who have now both captured over 1 million tonnes of CO2.  The 
Tomakomai project in Japan is demonstrating the potential for off-shore storage in that region of the world. Whilst, the 
SABIC CCU project in Saudi Arabia has introduced a new capture technology vendor to the commercial market place, Linde 
of Germany. CCU was of course a contentious topic at GHGT-13, whilst it can help deploy new capture technology, not all 
the Utilisation options can be considered as mitigation options because they do not permanently remove CO2 from the 
atmosphere. Permeant removal from the atmosphere is essential to get to 20C warming and even more essential to achieve 
the Paris Agreement target of going below 2oC. COP22 in Marrakesh in part overlapped with GHGT-13, but we remained 
engaged at COP22 helping, with many others, to promote CCS as a mitigation option that countries need to consider 
seriously as they ramp up their mitigation targets going forward. 

IEAGHG also had a busy year with our study work and some of the highlights included:

• Our work on the ‘unburnable’ Carbon issue which clearly showed 
that CCS is needed to carry on using fossil fuels post 2030, high 
efficiency unabated fossil plant alone are not enough to meet the 
2oC warming target. 

• Our work on supercritical CO2 fired cycles has highlighted the 
potential for this new gas fired option. We await the outcomes of 
the NET Power demonstration project in 2017 with interest.

• We know CCS plants in the future must be able to follow load to 
take up the variability in grids caused by renewables, our study in 
process control has showed this is achievable with amine based 
capture systems.

• We also produced a comprehensive review of the status of 
monitoring of geological formations offshore that we used to 
update our on-line Monitoring Tool and shared with the CSLF to 
form part of a bigger study they undertook on Technical Barriers 
and Opportunities for Offshore Geological Storage.

Overall, I think once again, IEAGHG made its mark on the CCS world 
this year, keeping abreast of technical developments and highlighting 
new challenges that need to be addressed both in the coming year 
and beyond.

For IEAGHG every GHGT year is a busy and challenging year and 2016 was no exception....

John Gale, 
General Manager, IEAGHG
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2  Meetings
1 GHGT Conference

GHGT-13 Conference
990 delegates

341 oral presentations
430 posters
3 keynote

6 technical plenaries
6 Panel Discussions

External Presentations by 
IEAGHG Staff

Published to 
Online Media

93,897 Views of IEAGHG 
Website; 35,986 Sessions

7 Webinars
738 YouTube views

Key IEAGHG Achievements in 2016

26

13 Technical Reports
4 Technical Reviews

56 Information Papers
4 Briefing Papers
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GHGT-13 Conference
The GHGT-13 conference comes one year after the Paris Agreement, which set a new global ambition 
to limit temperature rise to below 2oC. 

The IPCC 5th Assessment report that 
came out in 2014 demonstrated that 
CCS is a key mitigation technology that 
needs to be deployed if we are going to 
meet the pre-Paris ambition of limiting 
temperature rise to 2oC. Going to below 
2oC infers that CCS will be even more 
relevant as a mitigation technology. The 
research and status reports on CCS at 
the GHGT-13 conference therefore took 
on more relevance, and help to strongly 
underpin the message that CCS is ready 
for global deployment. At the same 
time as GHGT-13, COP22 was underway 
in Marrakech. This was an important 
event and was the first opportunity for 
the countries to gather and begin the 
thought process of ramping up their 
greenhouse gas mitigation ambitions 
to meet the new challenge set by the 
Paris Agreement. With people moving 
between GHGT-13 and COP22, the 
messaging was clear; CCS is ready to be 
part of countries' solutions to achieving 
the below 2oC ambition that was signed 
up to in Paris and which countries ratified 
under a year later.

It was essential that GHGT-13 retained 
the impetus created by the recent 
developments at COP22 and help 
reinforce positive messages, not just 
to the CCS community but also to 
policy and decision makers whose 
understanding of, and support for, CCS 
is essential to its long term deployment 
and contribution to the 2oC target.

Support for the conference by means of 
paper submissions was once again testament to the regard in which the event is held. With over 1,000 submissions, the 
Technical Programme Committee, assisted by the Technical Advisory Group and a host of Reviewers, compiled the technical 
sessions which form the core of the event. Complementing the 341 oral presentations and 400+ poster presentations were 
panel discussions, which are quickly growing in popularity – and becoming more contentious, but also fulfilling the brief 
of getting a discussion going.
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The keynote presentations focused on 
long term successes, with Professor 
Thomas Stocker reminding the audience 
of the very clear and present threat of 
climate change and inaction. Kamel 
Ben Naceur took the opportunity to 
announce the latest publication from 
the IEA – 20 Years of Carbon Capture 
and Storage. Long term success 
couldn’t be mentioned without a 
look at the contribution Norway has 
made to research, demonstration and 
knowledge transfer. Trude Sundset, from 
Gassnova, reflected on this contribution 
with projects such as Sleipner, Snøhvit 
and Technology Centre Mongstad and 
also outlined Norway’s continuing 
commitment to driving forward 
by expanding to CCS in industrial 
applications which will be an essential sector to develop if we are to meet climate change challenges.

At each GHGT conference the Steering Committee aspire to select six of the most current and informative technical plenaries. 
In line with the positivity of the conference theme, real projects with real data and real results were chosen – Tomakomai, 
Quest, Boundary Dam 3, Kemper and the Jubail Industrial City supported by a review of CCP's16 year's experience in CCS 
development all brought focus to the rewards of past decades of research and conducting lab, pilot and demonstration 
scale projects culminating in these success stories and their efforts to prove one of the essential tools in greenhouse gas 
mitigation, CCS.

With seven parallel streams and over 400 posters, it is not possible for a single delegate to absorb all of the information 
and knowledge that ignites the atmosphere during the week. In order to try and address this, a summary brochure has 
been produced by IEAGHG with assistance from the Technical Programme Committee who feedback with the latest 
updates, issues and achievements in each theme. The document also considers the highlights and summarises outcomes 
from panels and the conference as a whole. You can download the summary report here: www.ieaghg.org/publications/
general-publications/777-ghgt-13-conference-summary

The final part of the conference which provides a lasting legacy are the proceedings. Once again published by Elsevier on 
their Energy Procedia website, the papers are free to access which is made possible by the determination of the Steering 
Committee to aid dissemination and the generosity of the conference sponsors.
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The SwissTech Convention Centre, location of the GHGT-13 
Conference, Lausanne, Switzlerland

1

Entertainment during the GHGT-13 Conference Dinner

The Olympic Museum, location of the GHGT-13 Welcome Reception

GHGT-13 in Pictures

Académie Suisse de Cor des Alpes, performers at the GHGT-13 
Conference Dinner

Entertainment during the GHGT-13 Conference Dinner
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GHGT-13 in Pictures

Attendees during the Welcome Speech from Kelly Thambumithu, 
Chair of the IEAGHG ExCo

6

Attendees during a presentation

Attendees during a plenary

Attendees enjoying the booths during a break 

Attendees enjoying the poster session at GHGT-13
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10
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GHGT-13 in Pictures

General Manager Retires from IJGGC
After taking the lead in setting up the International Journal of Greenhouse Gas Control, and spending 
10 years as the Editor in Chief (EIC) John Gale stood down as EIC at the end of 2016.

His role as EIC will be taken on by Sean McCoy, a former colleague of the IEA in Paris.  
John will continue as a member of the Editorial Board, so that IEAGHG remain closely 
associated with the peer reviewed journal that it helped to launch.  

The journal has now published over 2020 peer reviewed papers on CCS, making it 
the key reference point for academia and it was widely cited in Chapter 3 of IPCC 5th 
Assessment Report. Last year the journal published a special issue that updated the 
IPCC Special Report on CCS which was published in 2005. 

The Special Issue was timed to come out in advance of the discussions COP21 and 
summarised the 10 years of research that had been undertaken on CCS since 2005.

IEAGHG Operations Report
IEAGHG started the year with 33 members – 16 countries members plus the European Commission 
and OPEC and 15 industrial sponsors. 

Membership has dropped in recent years due to 
a combination of factors, like the low oil price, 
countries and companies in central Europe focusing 
on renewables and due to mergers/acquisitions. The 
details of which countries and sponsors are members 
are given at the back of the Review.

All members contribute a fee which goes into a 
common research fund, which the IEAGHG administers 
and manages on their behalf. IEAGHG is a member 
inclusive organisation and decisions on the work that 
is undertaken and how the common fund is spent is 
made every six months by the members at the spring 
and autumn Executive Committee meetings which are 
attended by all the member representatives.  The total 
budget for 2016 was £1.791m.  The members’ common 
fund was spent according to the graph given here.

As the IEAGHG is a part of the IEA’s Energy Technology Network, we are also accountable to the IEA’s Standing Committee – 
the Working Party on Fossil Fuels (WPFF). Every six months IEAGHG provides the WPFF with a summary of its activities. This 
information is then fed upwards by the WPFF to the Committee on Energy Research Technology (CERT) and the IEA itself.
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New Briefs for Policy Audience
At the request of its members IEAGHG introduced a new communication concept in 2016....

IEAGHG began the production of short briefs on the Technical Status of CCS 
and developments in GHG mitigation in general. These new briefs are now 
being produced twice annually in April and October each year.  

The aim of these briefs is to produce a short easily digestible note for our 
members and the broader policy community to inform them of key technical 
developments on CCS and GHG mitigation that have occurred in the previous 
six months. The CCS Technical Status brief highlighting key developments 
from IEAGHG’s own work and key developments from external activities like 
demonstration projects and other leading research. The CCS Technical Brief 
aims to summarise key developments in CCS in one short summary paper.

Whilst the focus of IEAGHG’s work is on CO2 mitigation and CCS, our broad remit 
to assess the potential to mitigate all greenhouse gas (GHG) emissions from 
the use of fossil fuels in the power, oil and gas and industry sectors.  Therefore 
IEAGHG has also produced a GHG Mitigation Brief to summarise key climate 
change science, policy and technology developments, identified by IEAGHG 
for both its members and the broader community.  In this way IEAGHG aims 
to put the work it does into a wider GHG mitigation context and identify to its 
members areas in its broader GHG mitigation remit where they could consider 
IEAGHG involvement.

These briefs can be found on the IEAGHG web site.

IEAGHG Technical Studies 2016
2016-01 Impact of CO2 Impurity on CO2 Compression, Liquefaction and 
Transportation, report managed by Jasmin Kemper

The range and levels of potential impurities emitted from CO2 capture facilities will differ between different 
power plant and industrial sources and between the capture technologies installed at the source. It is 
essential to improve the understanding of the effect of these potential impurities on CO2 compression, 
liquefaction and transport under relevant conditions. 

Therefore, IEAGHG has commissioned a study on this topic to a consortium comprised of Newcastle 
University and the University of Edinburgh.  

The study identified twelve worst-case but plausible impurities scenarios that are representative of the main CO2 capture 
processes.

The impurities present in CO2 streams are important for CO2 pipeline and ship transport affecting various aspects, such 
as the range of operation, safety considerations, fracture control, cracking, corrosion control, dispersion in the event of 
a release, fluid density, operating pressure, temperature and the quantity of CO2 that can be transported. 
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2016-04 Operational Flexibility of CO2 Transport and Storage, 
report managed by James Craig

Key messages:
•  Large point sources of CO2 can deliver relatively pure 99.7% CO2 after capture and dehydration.  However, 
many large-scale industrial processes that generate CO2 emissions are cyclical and intermittent, therefore, to 
ensure a consistent and reliable CO2 supply integrated pipeline networks will be essential.
• Experience from the United States clearly demonstrates that CO2 with a high level of purity can be effectively 
and safely delivered using integrated pipeline networks.

• Networks can be a useful means to control flow in a pipeline and can also act as a buffer by supplying CO2 from several 
sources to a number of different sinks.  CO2 can also be temporarily compressed or ‘packed’ into pipelines as a short 
term measure.

• This study has shown that most North American CO2 pipelines are overdesigned for their current application.  They are 
designed for higher flow rates and operating pressures through the use of thicker walls and larger diameters.  Future 
pipeline networks can take advantage of this experience if there is an intention for increased capacity in the future.

• Impurities particularly H2O and O2, can have negative impacts on pipelines including fracture propagation, corrosion, 
non-metallic component deterioration and the formation of hydrates and clathrates.  The density and viscosity of fluids 
can also be affected.  Non-condensables like N2, O2, Ar, CH4 and H2 should be separately limited to <4% because their 
presence increases the amount of compression work.  The most significant effect on transport and injection of CO2 is 
the water content.

• Intermittent flow can have an impact on wellbore integrity, fatigue and corrosion.  Changes in gas pressure can result 
in deleterious phase behaviour including segregation of the component gases leading to corrosive effects.  Lengthy 

One of the advantages of CCS as a means of CO2 abatement is that several industrial processes, as well as fossil 
fuel power generation, can be captured and connected to a pipeline network.  Multiple sources of CO2 can then be 
transported to suitable geological reservoirs and injected to ensure secure storage.  Many industrial operations, and 
power generation, can generate intermittent and variable amounts of CO2 with some impurities.  These factors can 
affect pipeline transport and potentially storage conditions.  IEAGHG commissioned a study to investigate the extent 
to which intermittent supply and transport might influence storage and EOR.

The key messages from the report are:
• Impurities greatly affect the thermodynamic and transport properties of CO2 streams.
• Apart from pure CO2, the CH4-rich scenario exhibited the most desirable qualities for dense phase pipeline transport.
• Only one case (i.e. adsorption with high N2 content) showed significantly higher compression energy requirement than 

the other scenarios, being 7% more than the base case.
• For dense phase transport, the worst-case scenarios (i.e. adsorption with high N2 content and oxyfuel combustion with 

high O2 content) would lead to an increase in pipeline sizes compared to the base case, which would raise their capital 
cost.

• Temperature has a more pronounced effect on density than pressure, meaning that in order to increase the pipeline’s 
capacity the inlet temperature should be as low as possible.

• Saturation pressure of CO2 is a critical variable for fracture control. Especially H2 has a strong elevating effect on 
saturation pressure. High levels of O2 and N2 also lead to an increase.

• The water specification for some scenarios (i.e. adsorption with high N2 content and oxyfuel combustion with high 
O2 content) will require careful consideration, due to the influence of impurities on water solubility, which in turn can 
affect corrosion and stress corrosion cracking. CO and H2S may also increase the risk of stress corrosion cracking. 

• Ship transport under most investigated scenarios would be uneconomical, as it requires high pressures and very low, 
i.e. cryogenic, temperatures. Thus, it will only be economically viable in case of very high CO2 purity. 
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offshore pipelines may need to be larger in diameter than their onshore equivalents so that pipeline pressure can be 
maintained.

• CO2 storage in deep saline formations can be managed by using multiple wells and water pumping to control and 
releave excess pressure, and control plume geometry.

• CO2-EOR relies on controlling pressure and flow rate conditions to optimise oil recovery.  This study has found that 
experienced operators can plan for intermittency in both the supply of CO2 and in CO2-EOR operations.

2016-05 Can CO2 Capture and Storage unlock ‘Unburnable Carbon’, 
report managed by Tim Dixon and Jasmin Kemper

Key messages:
•      The global ‘carbon budget’ in emission scenarios for climate change mitigation implies that a certain 
       amount of fossil fuel reserves should not be used and their resulting greenhouse gases emitted to 
       atmosphere. This concept is often referred to as ‘unburnable carbon’.
•      As carbon capture and storage (CCS) is a technology that prevents or reduces the emissions of CO2 to the 
      atmosphere, it has the potential to enable use of fossil fuels in carbon-constrained scenarios.
•     In order to evaluate the potentially unburnable carbon of fossil fuel reserves, it is necessary to estimate 
      the overall remaining fossil fuel reserves and compare them with the global carbon budget.
•     Integrated assessment models (IAMs) are a good means to evaluate carbon budgets as they have a large 
      coverage of technologies, geographical scope, economics and climate data. These models are widely  
      used in publications of the Intergovernmental Panel on Climate Change (IPCC), the International Energy 
     Agency (IEA) and academia, and most of them cannot achieve a 2°C or lower scenario without CCS. This 

report selects and investigates a subset of models that focus on technology options and include CCS.
• This study does not aim to assess or provide evidence of the ‘unburnable carbon’ concept but rather to look at the 

role of CCS technologies in this regard. It will assess the assumptions, methodologies, any contentious subjects and 
differences related to this topic.

• This study found that the impact of CCS on unburnable carbon appears to be material up to 2050 and further increases 
up to 2100. This applies especially to coal but also to gas to some extent

• Model assumptions and cost data availability do generally not limit uptake of CCS in IAMs. However, other reasons 
seem to limit CCS uptake in models, and the authors of this report hypothesise it could be that residual emissions from 
CCS, for which CO2 capture rates of 85-90% are usually assumed, are the reason. It is recommended to investigate this 
further and to give consideration in R,D&D to increasing capture rates.

• Uncertainties in IAMs and fossil reserve estimates can influence the total amount of carbon considered as unburnable.
• The authors review estimates of global CO2 geological storage capacity, and find that estimates obtained from volumetric 

approaches are large and well above the extent of the CO2 emissions related to fossil fuel reserves.
• Storage capacity estimates from dynamic approaches are likely to be lower, and hence further work on improving 

dynamic storage efficiency, such as pressure management by brine extraction, is required.
• The related additional costs for pressure and brine management should be considered in IAMs.

‘Unburnable carbon’ refers to fossil fuel reserves that cannot be used and the resulting greenhouse gases emitted if the 
world has a limited ‘carbon budget’. This situation leads to the question: what role does technology have in addressing 
these concepts and concerns related to them? This study assessed the role of CCS in such concepts and found that the 
impact of CCS on unburnable carbon appears to be material up to 2050 and further increases up to 2100.
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2016-07 Evaluation of Process Control Strategies for Normal, Flexible and Upset 
Condition Operation of CO2 Post Combustion Capture Processes, report managed by 
Prachi Singh, John Davison and Jasmin Kemper

The issue of operating flexibility of power plants with CCS has been the subject of a previous technical study 
by IEAGHG (“Operating flexibility of power plants with CCS, IEAGHG report 2012/6, June 2012”, see here: 
www.ieaghg.org/docs/General_Docs/Reports/2012-06%20Reduced.pdf). The new report contributes to 
the knowledge base on flexible operation of power plants with CO2 capture by focusing on process control 
issues. A team from Imperial College London and Process Systems Enterprise has undertaken this work for 
IEAGHG. The study focuses on performing an evaluation of process control strategies for normal, flexible 
and upset operation conditions of PCC processes based on solvent scrubbing. PCC is currently the leading 
near-term technology for large-scale deployment of CO2 capture in the power generation sector.

Key messages:
•     Electricity market models suggest power plants with CCS will need to adopt flexible operation in the  
       future. Appropriate control strategies will be necessary to ensure their ability to operate in such a market   
      and their profitability.
•   An evaluation of process control strategies for normal, flexible and upset conditions of PCC processes  
      (considered the leading technology for deployment in the power sector) based on amine scrubbing has  
      been undertaken.
•    This work used a high-fidelity modelling tool that can describe the dynamic operation of the CCS chain  

       to investigate three different process control strategies for both PCPP and CCGT, with PCC.
• The power plant modelling showed the performance of the CO2 capture unit can be maintained even during periods of 

significant load fluctuation, using industry standard control techniques, thus avoiding other more expensive solutions.
• Manipulating the solvent flow rate generally provided better control of the CO2 capture rate than varying the solvent 

lean loading, as it results in less oscillation, i.e. more constant hydraulic conditions in the CO2 capture plant.
• For the PCPP, a control strategy that manipulates the CO2 capture rate by varying the solvent flowrate is the more 

profitable option. For the CCGT, all strategies provided the same benefit, due to the dilute nature of the CCGT flue gas.
• The CO2 capture plant was able to continue operation for a limited amount of time, i.e. 3.5-5 hours, in case of hazardous 

events, such as injection shutdown or loss of compression.
• In conclusion, this study has shown that simple and well-tuned control strategies can maintain critical operational 

parameters of a CO2 capture plant.
• The authors recommend further work in this area could include development of advanced control strategies and fine-

tuning of the existing modelling and simulation tools. This is not something IEAGHG would take up at this time but 
could be pursued by model developers and academia. In addition, IEAGHG recommends evaluation of faster power 
plant ramp up rates and other systems that provide more flexibility and easier integration into the host plant.

It is important for power plants to be able to operate flexibly to respond to changes in consumer demand for electricity. 
Flexibility is also becoming increasingly important due to the greater use of other low carbon generation technologies, 
particularly variable renewable generators.
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2016-10 Techno-Economic Evaluation of Retrofitting CCS in a Market Pulp Mill and 
an Integrated Pulp and Board Mill, report managed by Stanley Santos
Globally, the pulp and paper (P&P) industry is the fifth largest industrial source of CO2 emissions. Recently, the Paris 
Agreement has highlighted the target of achieving below 1.5oC temperature rise.  In order to achieve this goal, bio-CCS 
has an important role to play to achieve this target.

In a pulp mill, the CO2 emissions arise mainly from its recovery boiler, multi-fuel boiler and lime kiln. The 
majority of this CO2 originates from the combustion of biomass, which renders it as carbon neutral if the 
biomass used as raw materials of the pulp production is grown and harvested in a sustainable manner. If 
the CO2 emission from pulp and paper industry is captured and permanently stored, then this could be 
considered as a potential carbon sink. As such, the pulp and paper industry could be regarded as an industry 
with potential for the early demonstration of both bio-CCS and industrial CCS.

This study provides an assessment of the performance and costs of retrofitting CCS in a Nordic Kraft Pulp Mill (Base Case 1A) 
and an Integrated Pulp and Board Mill (Base Case 1B). Different configurations of capturing CO2 (90%) from the flue gases 
of the recovery boiler, multi-fuel boiler and lime kiln were examined. 

Key Messages:

• This study has established the baseline information in evaluating the techno-economics of retrofitting post-combustion 
CO2 capture plant using MEA as solvent to (a) an existing Kraft pulp mill producing 800,000 adt pulp annually and (b) an 
existing integrated pulp and board mill producing 740,000 adt pulp and 400,000 adt 3-ply folding boxboard annually. 

• It should be highlighted that performance of retrofitting CCS in an existing industrial complex is very site specific. This 
is also true if CCS is deployed to an existing pulp mill.

• For the market pulp mill, the excess steam produced by the mill is sufficient to cover the additional demand from the 
CCS plant. For an integrated pulp and board mill, there is less excess steam available for the CCS plant, therefore the 
addition an auxiliary boiler is required.

• The retrofit of CCS increases the levelised cost of pulp (LCOP) produced by the market (standalone) pulp mill in the 
range of 20 to 154 €/adt (4 – 30%), and increases the LCOP produced by the integrated pulp and board mill in the range 
of 22 to 191 €/adt (4 – 37%). This translates to a CO2 avoided cost (CAC) between 62 and 92 €/t CO2 for the pulp mill and 
between 82 and 92 €/t CO2 for the integrated pulp and board mill.

• This study assessed the sensitivity of the cost if incentives to the renewable electricity credit, CO2 taxes, and negative 
emissions credit are provided. It can be concluded that the most favourable route to encourage the pulp industry to 
deploy bio-CCS is by providing sufficient incentives for their negative emissions.
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2016-11 Regional Assessments of the Economic Barriers to CO2 Enhanced Oil 
Recovery in the North Sea, Russia and GCC States, report managed by James Craig

The use of CO2 for enhanced oil recovery (EOR) is a well established commercial practice in the United States where 
it has been used for over 40 years.  There is widespread potential for CO2-EOR in other mature petroleum producing 
regions.

If CO2-EOR could be implemented it would offer an economic stimulus to develop CO2 storage.  There are, 
however, a number of barriers, not least the installation of infrastructure and modifications that would be 
necessary to supply CO2 and inject it into target reservoirs.  This study has looked at the challenges faced 
by the prospect of CO2-EOR in three regions: the North Sea; Russia; and the Gulf Cooperation Council 
(GCC) states which is a regional political organisation comprising Bahrain, Kuwait, Oman, Qatar, Saudi 
Arabia, and the United Arab Emirates.  In addition to the technical challenges the study included two 

hypothetical examples, one based on the North Sea and the other in a GCC state, to explore what economic conditions 
would be necessary for CO2-EOR to be implemented.  The most significant factor that influences of CO2-EOR uptake is the 
prevailing price of oil.  The injection rate, capital expenditure (CAPEX), operational costs (OPEX) and tax incentives are of 
secondary importance.  Despite the challenges posed by this form of EOR there is growing interest in its use in Saudi Arabia 
where and Saudi Aramco launched the Uthmaniyah CO2-EOR demonstration project in July 2015.  There are also plans for 
CO2-EOR in China for a potential project offshore Guangdong Province.

2016-13 Fault Permeability, report managed by James Craig

Fault zones are widely recognised as being important to the secure long term storage of CO2 as they could provide a 
leakage pathway out of the target reservoir.

Fault characterisation within reservoirs, especially where they extend into caprock, and other overlying 
formations, needs to be thoroughly understood as part of any risk assessment for CO2 storage. The aim of 
this study is to review what is known about the permeability of fault zones in order to highlight under what 
circumstances faults may impact overall storage integrity.

The behaviour of fault zones in relation to sub-surface fluid migration is important to many industries and 
consequently has been comprehensively documented in the literature. CO2 operations involve the injection 

and pressurization of reservoirs usually resulting in changes to the state of in-situ stresses which may modify fault properties. 
Instability could lead to slippage along pre-existing faults or fracture systems, which may be associated with seismicity. In 
addition, the movement of faults, and the generation of factures within the damage zone adjacent to the core, may create 
conduits that lead to the leakage of fluids to the surrounding overburden or even to the surface.

In 2015 IEAGHG published a study reviewing the geomechanical stability of faults during pressure build up which provided 
a helpful background to the behaviour of faults in stress regimes relevant to CO2 storage. This study is designed to build 
upon the previous work and provide a significantly broader review of the current state of fault zone permeability and also 
to investigate what mitigation options may be available to CO2 storage operations if leakage was to occur.
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IEAGHG International Research Network 
Activities / Reports 2016

The 11th meeting of the IEAGHG’s Monitoring Network and the 6th meeting of the Modelling Network 
took place in Edinburgh from 5th - 8th July, as a combined meeting, hosted by BGS and SCCS.

Monitoring Network and Modelling Network Meeting in 
Edinburgh, by Tim Dixon & James Craig, IEAGHG

These meetings bring together leading experts from research and industry to discuss the latest work and developments, 
with around 60 participants from 11 countries at this one.

The overall theme for this meeting was ‘using the modelling-monitoring loop to demonstrate storage performance more 
effectively’. Sessions included on monitoring induced seismicity, novel monitoring techniques, monitoring costs, near-
surface natural variability, monitoring CO2-EOR, wellbore integrity issues, modelling environmental conditions, updates from 
ongoing and closed projects, lessons from other industries, modelling reservoirs and overburden, pressure measurements, 
and conformance in the monitoring modelling loop.

Key findings from advances in monitoring included the benefits, and some limitations, of the use of fibre-optic distributed 
acoustic sensors (DAS) from experiences in being deployed at projects, including helical configured cables to overcome 
the directional limitations. A topic of much discussion at previous meetings has been how to reduce the level (and cost) of 
monitoring for commercial-scale projects compared with the initial research-orientated projects. At this meeting we saw 
how this is now happening at Shell’s QUEST project in Alberta where they are able to streamline their initial MMV strategy 
without losing monitoring effectiveness, including the use of a new laser-based low-cost leakage detection technique over 
the well area. We also saw this principle go further with the MRV plan for Occidental’s CO2-EOR project.

In terms of leakage detection, much discussion centred around the temporal and spatial complexity of near-surface 
baselines and the implications for near-surface monitoring - its purpose, optimization and value to stakeholders, and hence 
the need for attribution methodologies to identify genuine leakage, with an example from Japan on a new ratio-based 
technique for doing this for offshore leakage and the suggestion that onshore, ratios representing biologic respiration 
could be broadly defined as the threshold for defining leakage.

In terms of modelling, the complexities and challenges of upscaling from pore to core to reservoir were discussed, 
highlighting the importance of the influence of heterogeneity in the reservoir. Modelling flow in wellbores was discussed 
with several examples showing that it can require a different modelling approach. The US DOE’s NRAP programme has 
produced 10 ‘tools’ for reduced-order modelling of different aspects of CO2 storage, these are being beta-tested at the 
moment and useful feedback was given in a dedicated session.

In terms of wellbore integrity, recent hydrocarbon exploration and storage leakage events are being assessed for any 
lessons that could be relevant for CO2 injection control, including modelling the complex interactions between wellbore 
and formations. Examples included a very interesting analysis of the recent Aliso Canyon natural gas leak in California. 

More knowledge is being developed around migration and leakage in the overburden, and the CaMI controlled release site 
will be very useful. A detailed MMV plan, with international collaborators, has been devised for the site ahead of planned 
injection for later this year.

Based upon the presentations and detailed discussion, recommendations for further work were made, including on the 
testing of techniques and experience of CO2 well control, and on modelling of wellbore and near-wellbore events. Proposals 
were also made for more case studies on what conformance looks like in practice, and more work on models of dissolution 
processes.
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Overall conclusions were that good progress is being made with learning from the demonstration and pilot projects in 
both monitoring and modelling which is then able to be shared with the international community at these meetings, and 
that there is progress in streamlining MMV at projects and reducing the costs of monitoring. We now have several sites 
demonstrating conformance of the modelling-monitoring loop, so that the understanding of conformance is becoming 
more mature.

BGS also organised a very interesting field trip that benefited from the diverse geology of the area, including the classic site 
of Hutton’s unconformity at Siccar Point.

Overall, an exciting meeting of many new developments, the main challenge being sufficient time for all the interesting 
discussions. A big thank you to Sarah Hannis and her colleagues at BGS, along with SCCS, for hosting the meeting. Many 
thanks to the main sponsor, UKCCSRC. Presentations are availabke on the IEAGHG’s Networks web pages and a full report 
has been produced (reference 2017-05). 

The workshop on Offshore Geological CO2 Storage was held on 19th - 21st April, 2016 at the Bureau of 
Economic Geology (BEG) at The University of Texas, Austin, Texas, USA. 

International Workshop on Offshore Geological CO2 Storage, 
by TIm Dixon, IEAGHG

The workshop was organized by the Gulf Coast Carbon Center at BEG, IEAGHG, and the South African National Energy 
Development Institute, and was supported by the Carbon Sequestration Leadership Forum (CSLF). Over 50 people attended 
from 13 countries, including from seven developing countries.

The workshop was organised in response to a recommendation for international knowledge-sharing outlined in the CSLF 
Final Report on Technical Barriers and R&D Opportunities for Offshore, Sub-Seabed Storage of CO2 which was finalised 
in September, 2015.

The aims of the workshop were to undertake a global needs assessment for offshore geological CO2 storage, to initiate a 
discussion about the various aspects of offshore transport and storage, and to build an international community of parties 
interested in offshore storage. 

Of note was that the UNFCCC’s Climate Technology Centre and Network (CTCN) supported attendees from Nigeria and 
Ghana, and this was possibly the first activity on CCS supported by CTCN. 

Overall, it was clear that each country is at a different stage on the path to offshore CCS, but with common interests. The 
enthusiasm from attendees suggested they considered the workshop a success. There was common recognition that there 
is a nexus of interests and needs converging in progressing CCS offshore, and that momentum was being created towards 
international collaboration, not just in knowledge-sharing, but towards pilot and demonstration projects. 

The report is available on the IEAGHG website.  The PowerPoints of the talks and the posters are posted on the GCCC 
website at www.beg.utexas.edu/gccc/goi.php
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2016-02 IEAGHG 5th Social Research Network Meeting, report managed by Tim Dixon

Kindly hosted by the University of Cambridge at the beautiful St Catharine’s College, and sponsored by the 
UK CCS Research Centre, this one day meeting on Monday 6th July 2015 was packed with captivating talks 
from all aspects of the topic of social research and science in relation to CCS and energy technologies. 

The meeting – ‘Energy Transformations and the Role of Social Sciences’ – kicked off with a wonderful dinner 
in the Senior Combination Room at St Catharine’s, where attendees were addressed by Lord R. Oxburgh, 

member of the House of Lords and also President of the Carbon Capture and Storage Association (CCSA), who gave a brief 
welcome talk on energy transitions and the importance of CCS.

Sessions at this year’s SRN meeting – the 5th in the series – included an in-depth look into social science and the energy 
domain across the UK and Europe; recent research findings from the Asia Pacific region; risk and perceptions of CCS (and 
other energy technologies); and an insight into the history of energy transformations. Over 26 delegates attended the 
meeting, from six different countries. 

Delegates were treated to a spectacular meeting dinner on the Monday evening, held at the prestigious Trinity Hall, where 
discussions from the day flowed into the dinner, allowing for yet more fruitful conversations to take place around the recent 
developments and importance of social research in CCS. 

On Tuesday the 7th July, the UKCCSRC held a related workshop on the issues in governance and ethics of CCS. For more 
information on this please see the UK CCS Research Centre’s website.

The most recent meeting of the IEAGHG Social Research Network, titled ‘Energy Transformations and the Role of Social 
Sciences’ was held in Cambridge, UK in July. 

2016-03 IEAGHG/CSLF Workshop on LCA in CCUS, report managed by Jasmin Kemper

This workshop built upon an earlier report by IEAGHG “2010/TR2: Environmental evaluation of CCS using 
Life Cycle Assessment” and addressed a request from CSLF to IEAGHG for further work on this topic. The 
workshop took place 12th – 13th November 2015 at the British Medical Association in London and brought 
together 23 participants from different backgrounds (i.e. academia, industry and NGOs) and with varying 
levels of LCA experience (i.e. LCA practitioners as well as users of the results).

After a welcome from Lars Eide (CSLF/Research Council of Norway) and Jasmin Kemper (IEAGHG), the first 
day started off with a keynote presentation from Bhawna Singh (NTNU) on the state-of-the-art and recent developments in 
LCA for CCUS. This was followed by a series of stakeholders’ perspectives from Aïcha El Khamlichi (ADEME), Christoph Balzer 
(Shell) and Sean McCoy (IEA), who shared their organisations’ and/or their personal interest in LCA and what they currently 
see as the main challenges. The next three sessions then dived deeper into the issues and challenges of the different parts 
of an LCA. Tim Skone (US DOE NETL) opened the discussion on “Goal and Scope Definition”, Arne Kätelhön (RWTH Aachen) 
kick-started a debate on “Inventory Analysis” and Jasmin Kemper (IEAGHG) provided some initial questions for “Impact 
Assessment and Interpretation”.

The second day addressed topics beyond environmental aspects of LCA, namely Social LCA (sLCA) and Life Cycle Costing 
(LCC), where Andrea Ramirez (Utrecht University) and Anna Korre (Imperial College London) provided the food for discussion.
The workshop closed with main conclusions of the discussions in the sessions, highlighting the importance of communicating 
uncertainties and differences, as well as improving transparency when undertaking LCAs. However, transparency does not 
automatically equal high quality. In addition, a clearer distinction of LCA from GHG accounting and/or carbon footprinting 

IEAGHG and the Carbon Sequestration Leadership Forum (CSLF) jointly organised an interactive workshop discussing 
issues and challenges surrounding Life Cycle Assessment (LCA) methodology in the context of Carbon Capture, 
Utilisation and Storage (CCUS). 

2016-02 IEAGHG 5th Social Research Network Meeting, report managed by Tim Dixon

Kindly hosted by the University of Cambridge at the beautiful St Catharine’s College, and sponsored by the 
UK CCS Research Centre, this one day meeting on Monday 6th July 2015 was packed with captivating talks 
from all aspects of the topic of social research and science in relation to CCS and energy technologies. 

The meeting – ‘Energy Transformations and the Role of Social Sciences’ – kicked off with a wonderful dinner 
in the Senior Combination Room at St Catharine’s, where attendees were addressed by Lord R. Oxburgh, 

member of the House of Lords and also President of the Carbon Capture and Storage Association (CCSA), who gave a brief 
welcome talk on energy transitions and the importance of CCS.

Sessions at this year’s SRN meeting – the 5th in the series – included an in-depth look into social science and the energy 
domain across the UK and Europe; recent research findings from the Asia Pacific region; risk and perceptions of CCS (and 
other energy technologies); and an insight into the history of energy transformations. Over 26 delegates attended the 
meeting, from six different countries. 

Delegates were treated to a spectacular meeting dinner on the Monday evening, held at the prestigious Trinity Hall, where 
discussions from the day flowed into the dinner, allowing for yet more fruitful conversations to take place around the recent 
developments and importance of social research in CCS. 

On Tuesday the 7th July, the UKCCSRC held a related workshop on the issues in governance and ethics of CCS. For more 
information on this please see the UK CCS Research Centre’s website.

The most recent meeting of the IEAGHG Social Research Network, titled ‘Energy Transformations and the Role of Social 
Sciences’ was held in Cambridge, UK in July. 

This workshop built upon an earlier report by IEAGHG “2010/TR2: Environmental evaluation of CCS using 
Life Cycle Assessment” and addressed a request from CSLF to IEAGHG for further work on this topic. The 
workshop took place 12th – 13th November 2015 at the British Medical Association in London and brought 
together 23 participants from different backgrounds (i.e. academia, industry and NGOs) and with varying 
levels of LCA experience (i.e. LCA practitioners as well as users of the results).

After a welcome from Lars Eide (CSLF/Research Council of Norway) and Jasmin Kemper (IEAGHG), the first 
day started off with a keynote presentation from Bhawna Singh (NTNU) on the state-of-the-art and recent developments in 
LCA for CCUS. This was followed by a series of stakeholders’ perspectives from Aïcha El Khamlichi (ADEME), Christoph Balzer 
(Shell) and Sean McCoy (IEA), who shared their organisations’ and/or their personal interest in LCA and what they currently 
see as the main challenges. The next three sessions then dived deeper into the issues and challenges of the different parts 
of an LCA. Tim Skone (US DOE NETL) opened the discussion on “Goal and Scope Definition”, Arne Kätelhön (RWTH Aachen) 
kick-started a debate on “Inventory Analysis” and Jasmin Kemper (IEAGHG) provided some initial questions for “Impact 
Assessment and Interpretation”.

The second day addressed topics beyond environmental aspects of LCA, namely Social LCA (sLCA) and Life Cycle Costing 
(LCC), where Andrea Ramirez (Utrecht University) and Anna Korre (Imperial College London) provided the food for discussion.
The workshop closed with main conclusions of the discussions in the sessions, highlighting the importance of communicating 
uncertainties and differences, as well as improving transparency when undertaking LCAs. However, transparency does not 
automatically equal high quality. In addition, a clearer distinction of LCA from GHG accounting and/or carbon footprinting 

IEAGHG and the Carbon Sequestration Leadership Forum (CSLF) jointly organised an interactive workshop discussing 
issues and challenges surrounding Life Cycle Assessment (LCA) methodology in the context of Carbon Capture, 
Utilisation and Storage (CCUS). 
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2016-09 4th CCS Cost Network Workshop, report managed by Howard Herzog

The fourth meeting of the CCS Cost Workshop was held on March 23rd – 24th, 2016 at the Massachusetts 
Institute of Technology (MIT) in Cambridge, Massachusetts. 
This function is now designated as the CCS Cost Network under the auspices of the IEA Greenhouse Gas R&D Programme. 

The purpose of the workshop is to share and discuss the most currently available information on the costs of carbon 
capture and storage (CCS) in electric and other industrial applications, as well as the current outlook for future CCS costs 
and deployment. The workshop also seeks to identify key issues or topics related to CCS costs that merit further discussion 
and study.

The report (reference 2016-09) is free to download from the IEAGHG website.

2016-08 A Summary Report of the Risk Management and Environmental Research 
Networks Combined Meeting, report managed by James Craig and Tim Dixon
The IEAGHG’s Research Management Network and Environmental Research Network held a combined meeting at the 
UK’s National Oceanography Centre (NOC), in Southampton. 

The meeting was attended by 62 delegates from 11 countries.  The three day meeting included themes 
on risk assessment methodologies, risk communication and mitigation strategies as well as environmental 
research.  There was an emphasis on potential impacts of CO2 in marine environments, natural variability and 
the unscheduled release of CO2 from pipelines.  Coverage also included formation fluid release, overburden 
features, international initiatives and environmental impact assessments notably the Peterhead – Goldeneye 
project.

Recommendations:
•     Address the further work and opportunities identified druing the meeting
•     More R&D attention on the performance of alternative mitigation and other corrective measures?
•     Net Environmental Benefit Analysis (NEBA) for CCS in event of leaks?  A NEBA is a methodology for  
      comparing and ranking the net environmental benefit associated with multiple mitigation alternatives to  

an environmental incident such as a CO2 leak.
• Further research is required to quantify the impact on the CCS chain and marine environment of an offshore CO2 

pipeline failure.

2016-TR6 National CO2 Storage Assessment Guidance by Lydia Rycroft, IEAGHG

IEAGHG has produced a guide designed to help government bodies and policy makers with limited 
CCS experience identify and select information on assessment methodologies. 

The guide provides information on where to find the material required to undertake initial national scale 
storage assessments. A variety of methods for capacity estimation have been used and this guide provides 
explanations of where to find these studies and sources of information including websites, papers and 
organisations. It should be stressed that many detailed storage assessments have been conducted and 
published in the past decade. Although a standardised method has yet to be established, this guide aims 
to provide links to the most developed methodologies providing a direction on the most suitable approach 

to adopt. At the conclusion of this guide there is a nine point summary of the key stages that are recommended for the 
establishment of a national CO2 storage assessment.
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At Marrakech, SBSTA-45 had on its agenda to revisit the two unresolved issues for CCS in the CDM, which were (i) how to 
deal with transnational projects and (ii) the question of creating a global reserve of credits (the idea being as insurance for 
potential future seepage). CCS in the CDM with its associated rules was adopted in 2011 at COP17 in Durban, but leaving 
these two issues to be resolved later. The results of this process were that SBSTA agreed  that consideration of these two 
issues is ended and not scheduled to be raised again. This means that the potential of an unnecessary burden on projects 
of funding a global reserve of credits is removed, and for any future projects with a transnational component, it is assumed 
that the international aspects related to CDM requirements will have to be proposed and considered on a project-by-
project basis.  The decision document FCCC/SBSTA/2016/L.19/Add.1 is available at http://unfccc.int/resource/docs/2016/
sbsta/eng/l19a01.pdf .

CCS and CDM at COP22

In addition, the Paris Agreement has many parts that are relevant for CCS. Negotiations commenced under SBSTA on the 
Paris Agreement’s new ‘Technology Framework’ to assist the existing Technology Mechanism, the work in terms of agreeing 
its purpose, characteristics, structure and themes. Negotiations also started on the future “cooperative approaches”, ie 
mechanisms, under Article 6 of the Paris Agreement. The term ‘sustainable development mechanism’ started to be used 
colloquially for a future mitigation mechanism as well as Internationally Transferred Mitigation Outcomes (ITMOs). These 
are expected to draw upon the experiences of the CDM and JI mechanisms. Work is also underway to further links between 
climate finance and the Technology Mechanism. The UNFCCC is requesting various submissions on some of the above to 
inform their development. Nothing appeared in the work at COP22 on any of these that was other than technology neutral, 
an aspect to be followed carefully as they all are developed. 

CCS at COP22

Facilitating Implementation, by Tim Dixon, IEAGHG 

The IEAGHG helps to facilitate the implementation of CCS by: participating in key meetings to 
support CCS policy / implementation strategies and by undertaking workshops or studies to provide 
information that is needed to assist implementation.

UNFCCC COP22
COP22 was hosted by the Moroccan government in Marrakesh over 7th - 18th November 2017. 

Over 22,000 delegates attended over the two weeks to start 
developing the implementation details of the Paris Agreement from 
COP21, in terms of frameworks, processes and mechanisms, all to be 
in place and commence operation from 2020.  This was in the positive 
context that the Paris Agreement had been ratified ahead of expected 
timescales and had entered into force on 4th November 2016. 

The big topic of discussion was the USA election result, and its 
implications for climate change. The Paris Agreement has enough 
parties and percentage of emissions to continue without the USA 
should the new administration want to leave. Against this context, there were calls from participants at COP for clear and 
consistent leadership on climate issues to continue from everyone, including industry. Indeed, industry attendance was 
high in the public Green Zone exhibits and events. This overall sentiment was confirmed in the high level political statement 
called the ‘Marrakesh Action Proclamation’. Overall, the outcomes from COP22 were agreements on the processes to develop 
the details of the many parts of the Paris Agreement to be ready for its implementation in 2020, including a financial 
roadmap for the $100bn of climate finance by 2020, with an ambition to have much of these rules ready by an earlier than 
expected timescale of 2018. 
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IEAGHG was active at COP22 to provide evidence-based information on CCS and related 
technologies to the delegates, drawing upon outputs from our technical programme 
and our members. 

A Side-event on CCS was held in the UNFCCC area “Blue Zone” on the 8th November, 
organised by IEAGHG with the University of Texas in collaboration with CO2GeoNet 
and CCSA. This was again the only official UNFCCC Side-event which focussed on CCS 
(there were other events on CCS). Titled “CCS Opportunities for Africa” it had scene-
setting presentations from IEAGHG on the context of CCS in the UNFCCC and Paris 
Agreement and from Ghana on the economic potential of CCS for the whole of Africa 
in terms of decoupling emissions from their economic growth. It had updates on CCS 
activities from South Africa and Nigeria, and opportunities for collaboration from The International CCS Knowledge Centre 
in Saskatchewan, CO2GeoNet, and on offshore opportunities and CSLF and CTCN from the Gulf Coast Carbon Center at 
the University of Texas. Around 100 delegates attended with a high level of interest such that there were more questions 
than time allowed. IISD, who report daily on UNFCCC events, chose to cover our event and their coverage is available at 
www.iisd.ca/climate/cop22/enbots/8nov.html and new at this COP the UNFCCC provided webinar-style coverage whose 
recording is available at www.youtube.com/watch?v=zapb3U2zU_8 . 

IEAGHG also presented at the following events:
• 7th Nov. 18.30 - 20.00. CCS is necessary for meeting 2C. Venue: EU Pavilion, Blue Zone. Organiser CO2GeoNet. IEAGHG 

talk title: “CCS in achieving negative emissions”
• 10th Nov. 09.00 - 10.30. CCS what its all about and why we need it. Venue: Green Zone (public). Organiser CO2GeoNet. 

IEAGHG talk title: “Why we need CCS”.
• 10th Nov. 15.30 - 16.30. Climate readiness – Ocean based adaptation and mitigation. Venue: UK Pavilion, Green Zone. 

Organiser PML. IEAGHG talk title: “Large scale CCS - pros and cons for the oceans”.

IEAGHG contributed to the CCS exhibit booth inside the UNFCCC Blue Area which was organised by CO2GeoNet in 
collaboration with the University of Texas and CCSA. This had a steady stream of positive interest in the information and 
videos on CCS, with CO2GeoNet colleagues doing a great job of staffing it at all times.  

For more information, a good review of COP22 and its work and outcomes has been provided by Arthur Lee in an IEAGHG 
webinar on 8th Dec 2016, and the recording is available at www.youtube.com/channel/UCThjpzmbJU89kF7OqqQW9lw. 
Also by IISD at www.iisd.ca/download/pdf/enb12689e.pdf , and for more UNFCCC information, documents and updates 
see http://unfccc.int/2860.php , as well as the links provided in the text above. 

IEAGHG Activities at COP22

From L-R: Joseph Essandoh-Yeddu, Energy Commission, Ghana; Tony Surridge, South African National Energy Development Institute; Michael Monea, 
International CCS Knowledge Centre; Ton Wildenborg, CO2GeoNet; and Katherine Duncker Romanak, the University of Texas at Austin

The Climate Technology Centre and Network (CTCN) is the operational arm of the UNFCCC’s Technology Mechanism. 
IEAGHG is a member of the Network. CTCN support was sought to fund participants at the Offshore CCS Workshop in April. 
Two applications were made by Nigeria and by Ghana to the CTCN to attend this workshop. These were approved and 
their attendance was funded. These were the first CCS-related support by CTCN, thus setting a precedent that CCS can be 
supported by CTCN.

Climate Technology Centre and Network (CTCN)

Tim Dixon, IEAGHG
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CSLF

Because the CSLF Technical Group and Policy Group meetings were in London in June, and several IEAGHG studies and 
activities were directly related to CSLF, more staff attended than usual. IEAGHG (Tim Dixon, John Gale, James Craig, Jasmin 
Kemper) attended to give seven presentations. In the Technical Group Tim presented the usual update on IEAGHG activities 
and on the Offshore Workshop and on COP21, Jasmin presented the LCA workshop, and James presented the Storage 
Assessment Barriers study. To the CSLF Academic Workshop Tim presented on the CCS Summer School series. At the Policy 
Group John presented on COP-21 outcomes. 

Tim Dixon attended the CSLF Technical Group and Policy Group in Tokyo in October, to present an update on IEAGHG 
activities, to chair the CCS session at the ICEF conference, and to present to CSLF Policy Group on the results of the ICEF CCS 
Session. It was timely that the Paris Agreement reached ratification threshold during this week. 

IEAGHG and the CSLF Technical Group have a ‘Collaborative Arrangement’ in place since 2007. 

ISO TC/265

There are 20 participating countries, 8 observer countries, and 7 Liaison organisations including IEAGHG.  Its objective is to 
prepare standards for the design, construction, operation, environmental planning and management, risk management, 
quantification, monitoring and verification, and related activities in CO2 capture, transportation, and geological storage. 
It consists of six working groups: WG 1 Capture (lead by Japan); WG 2 Transport (lead by Germany); WG 3 Storage (lead 
by Canada and Japan); WG 4 Quantification and Verification (lead by China and France); WG 5 Cross-cutting issues (lead 
by France and China); WG 6 CO2-EOR (lead by USA and Norway). IEAGHG is a Liaison Organisation to TC265, and also a 
member of WG 1 (Stanley Santos), WG 3 (Tim Dixon), and WG 4 (Tim Dixon). IEAGHG provides its technical reports as input 
to ISOTC/265. See www.iso.org/iso/iso_technical_committee?commid=648607 for more information.

This ISO committee was proposed by Canada and set up in 2012 with a Canadian Chair and Canadian 
and Chinese Secretariat. 

London Protocol

IEAGHG gave an intervention covering activities by IEAGHG and IEA. IEAGHG submitted a paper on the study on the 
ROAD project permit assessment (IEAGHG Report 2016-TR4). The purpose of this was to address ongoing criticisms from 
Greenpeace on lack of transparency with CCS in the London Convention, by assessing the compliance of the ROAD permit 
with London Protocol requirements. This compliance assessment indicated overall technical compliance with the CO2 Specific 
Guidelines, with some recommendations to enhance clarity. Overall, this exercise demonstrated that the requirements of 
the CO2 Specific Guidelines are relevant and achievable by national regulators and CCS projects, and that transparency of 
compliance assessment is possible in ensuring the protection of the marine environment. This paper was extremely well 
received, and was even praised by Greenpeace for both the initiative of IEAGHG and the results of the exercise.  

Also in the plenary, Nigeria submitted a paper on the Offshore Workshop in Austin in April (see IEAGHG report 2016-TR2) 
which was also well received and was complimentary to IEAGHG’s work.  

It was the 38th meeting of the London Convention and the 11th meeting of the London Protocol on 
the 19th - 23th September 2016, the global treaties that protect the marine environment. The detailed 
work on CCS was completed in 2012 (see IEAGHG 2013-IP26 and 2014-IP19) but outstanding is the 
ratification of the 2009 CO2 export amendment which is a barrier to transboundary projects offshore, 
and there is an ongoing request for information and experiences with offshore CCS. 
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IEAGHG Summer School
The IEAGHG CCS Summer School was conceived in 
2007 as a means to assist with the human resource 
for large scale deployment of CCS. 10 years on, CCS 
may not be where it needs to be with respect to large 
projects and implementation but the Summer School 
has continued to be needed and now has over 500 
alumni who have benefited from the training course, 
many of whom are still working within the community 
and those who have moved on are ambassadors for 
not only the Summer School but also for CCS.

Holding the 10th Summer School at the University of 
Regina in Canada and hosted by the International CCS 
Knowledge Centre, a new initiative between SaskPower and BHP Billiton aimed at disseminating the knowledge gained 
from the Boundary Dam 3 project, seemed a perfect combination. The week long programme aims to provide students 
with a broad overview of the technologies required, policy, financial and societal issues surrounding CCS deployment. The 
short research activity undertaken by the students underpins the learning of the week and access to global experts as well 
as generating a network of peers makes the event a unique experience.

Having travelled to Regina, it was only correct that the Wednesday escape from classroom learning took the group of 50 
students on a tour to one of the most CCS dense areas of the world. Beginning at SaskPower’s Boundary Dam power station, 
we were able to see not only power generation but also tour the CCS unit. If you have been fortunate yourself to attend 
this facility, you will know that the ‘tour guides’ not only work at the plant but also assisted in the design, development and 
upgrading of the  project so are amongst the most knowledgeable on the day to day working and operational requirements 
of such a facility. The students took great advantage of this opportunity with many questions, one many take for granted 
but to this group was a significant experience. By coincidence a significant milestone was achieved by Boundary Dam on 
the day the students visited, it captured its millionth tonne of CO2. This further fuelled the media interest in this international 
visit, and students gave great interviews to national television as well as to the local news media. 

This was followed with a visit to the Aquistore Project. A talk by the Petroleum Technology Research Centre (PTRC) detailed 
the challenges faced by the deepest well site in Saskatchewan at 3.396 km deep, to receive CO2 supplied, via pipeline, 
from Boundary Dam. Then it was off to SaskPower’s Shand CO2 Capture Test Centre, for more on the development of next 
generation solvents and technologies.  To complete the capture, transport, storage and utilisation chain, the drive home 
took in the Weyburn-Midale oilfields where CCS is used for enhanced oil recovery (EOR). 

The group work culminates with a 15 minute presentation on the Friday morning and a 15 minute ‘interrogation’ by a panel 
of experts representing the sponsors. Presentation formats vary greatly from the traditional PowerPoint to Game Shows, 
and anything in between. The panel debates the presentations and responses and awards an accolade of ‘Best Group’. They 
also consider candidates for the ‘Most Outstanding Student’ award taking into account participation not only in the group 
work but also the presentations and interactions with fellow students. The two winner of this award were Ruta Karolyte 
(Edinburgh University, UK) and Christophe Jenkins (Hydro-Québec, Canada).

The end of the 10th event provided an ideal time to reflect upon the Summer School. The result of this was the 10th Anniversary 
brochure. Each year, the International Steering Committee considers the developments in CCS and incorporates new 
presentations into each year’s programme ensuring the event remains current and very relevant. More important than 
the Summer school itself are the students that come through. From the 502 who have attended, 108 are from developing 
countries and a total of 54 countries have been represented across the years. Quite a legacy that would not have been 
possible without the generosity of the hosts, continued support of the Series Sponsors and additional contributions from 
the Local Sponsors. 
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IEAGHG Social Media
IEAGHG have a number of publications that are disseminated 
regularly to the Executive Committee and released into the 
public forum – including technical reports, technical reviews, 
information papers and one-off informative publications.

In 2016, 13 technical reports and six technical reviews were 
published (see page 15 for overviews or 26 for the list); four 
of these technicl reports were on IEAGHG Network activity.

The IEAGHG Blog

www.ieaghg.org/publications/blog

The IEAGHG blog, live since December 2011, features 
both IEAGHG and external contributors, reporting on any 
and all IEAGHG activities – workshops, network meetings 
and conferences, promoting to its readers when a new 
technical report is published and also giving overviews of 
any significant external events that may be attended by us 
or our colleagues. The blog is still proving very popular! The 
Programme published 74 blogs during 2016.

Information Papers

http://ieaghg.org/publications/information-papers

In 2012, IEAGHG began producing and publishing 
Information Papers (IPs) as an additional communication 
tool. These continue to be extremely popular, both with 
IEAGHG Members and the public. The IPs are short summaries 
of new research developments in CCS, developments with 
other mitigation options and summaries of policy activities 
around the world on low carbon technology, and are an 
ideal way of satisfying the Programme’s broader remit of 
reviewing all greenhouse gas mitigation options. If there 
are interesting developments from the IPs we would then 
undertake a technical review to understand better the issues 
and the political landscape, then if necessary, propose a 
detailed study to our members.

The majority of our IPs are free to access and are publicly 
available as soon as they are published. Occasionally, 
however, an IP will be deemed ‘Confidential’ or ‘for the 
Executive Committee only’ – in which case the document 
will not be available to download. We welcome Members 
and other external parties to submit relevant ideas to be 
made into an IP. IEAGHG published 56 IPs in 2016.

IEAGHG Social Media

 https://twitter.com/IEAGHG
www.linkedin.com/groups/IEAGHG-4841998

www.facebook.com/pages/IEA-Greenhouse-Gas-RD-Pro
gramme/112541615461568?ref=aymt_homepage_panel 

The Programme’s Twitter, LinkedIn and Facebook pages are 
thriving and being kept updated and current with regular 
posts on IEAGHG activities and other relevant news. 

Since the publication of the 2015 Annual Review....

1149 Followers 
(46% increase)

1381 Likes (13% increase)

713 Group Members (38% increase)
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Table 1: Webinar Titles, Attendance and Online Views

Webinar Title Date

N
o. 

A
ttendees

N
o. YouTube 
View

s to 
D

ate

A reflection on COP21 and CCS
Tim Dixon provided a personal reflection on events at COP21 and the implications for CCS.

29/02/16 82 245

Emissions accounting for CO2-EOR
IEAGHG commissioned a study investigating emissions reductions from CO2 enhanced oil recovery (CO2-
EOR). The focus of this work was on reviewing accounting methods and assessing related issues such as 
emissions leakage risk, calculation of emission factors and fate of the incrementally produced oil (IPO). 
This webinar will present the main results from this study but also put it into perspective with some other 
studies, owing to the very complex and at times controversial nature of the topic.

24/03/16 76 127

Fault Zone permeability and its importance to CO2 storage
Fault zones are widely recognised as important to the integrity of long-term storage of CO2 as they 
can provide potential leakage pathways but also act as barriers limiting the migration of fluids. Fault 
characterisation within reservoirs, especially where they extend into caprock, and other overlying 
formations, needs to be thoroughly understood as part of any rigorous risk assessment for CO2 storage. 
The aim of this webinar is to review what is known about the properties of fault zones in order to highlight 
under what circumstances faults may impact overall storage integrity. 

The behaviour of fault zones in relation to sub-surface fluid migration is important to many industries 
and consequently has been comprehensively documented in the literature. CO2 operations involve the 
injection and pressurization of reservoirs that usually results in changes to the state of in-situ stresses 
that may destabilize faults. Instability can lead to slippage along pre-existing faults or fracture systems, 
which may be associated with seismicity. In addition, the movement of faults, and the generation of 
factures within the damage zone adjacent to the core, may create conduits that lead to the leakage of 
fluids to the surrounding overburden or even to the surface. 

IEAGHG has commission two studies recently to investigate how fault properties are influenced 
by changes in fluid pressure and the relevance for CO2 storage. The earlier study, “Criteria of Fault 
Geomechanical Stability during Pressure Build-up”, provides a useful background to the behaviour of 
faults in stress regimes relevant to CO2 storage. A more recent study, “Fault Permeability”, is designed to 
build upon the previous work and provide a significantly broader review of the current state of fault zone 
permeability. It also investigated what mitigation options may be available to CO2 storage operations if 
leakage was to occur.

07/09/16 79 114

IEAGHG Webinars
Webinars have now become a staple in our knowledge sharing cupboard. Despite the nail biting moments that doing 
anything live via technology can provide, these have continued to prove a popular source of communication and allow us 
to get information out quickly and to a broad audience. Each event is recorded and placed on our YouTube channel as an 
ongoing freely available resource. 

This year’s offerings of webinars can be seen in Table 1 with the number of attendees and the number of YouTube views 
along with a brief description. Details of our webinars are sent out via our mailing list. If you do not receive our emails, 
please contact Becky.Kemp@ieaghg.org to be included.
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Table 1: Webinar Titles, Attendance and Online Views (Continued)

Webinar Title Date

N
o. 

A
ttendees

N
o. YouTube 
View

s to 
D

ate

Can CO2 capture and storage unlock ‘Unburnable Carbon’?
A topic that is currently subject to intensive research and discussion is the ‘unburnable carbon’ concept. 
The global carbon budget in emission scenarios for climate change mitigation implies that a certain 
amount of fossil fuel reserves should not be used and their resulting greenhouse gases (GHGs) not 
emitted to the atmosphere. As CCS is a technology that prevents or reduces the emission of CO2 to the 
atmosphere, it has the potential to enable use of fossil fuels in carbon-constrained scenarios. The main 
question in this regard is, how much more fossil fuels could be used with CCS in carbon-constrained 
scenarios? 

This webinar presented the findings from a recent IEAGHG/SGI study on this topic and put them into a 
wider context. This context includes, e.g. implications of a 1.5°C compared to a 2°C or higher target, the 
role negative emissions technologies (NETs) like Bio-CCS could play and the leeway of residual emissions 
in mitigation scenarios.

13/10/16 47 97

CCS Cost Trends and Outlook
Based on a review of recent studies, this paper assesses the current costs of CCS for new fossil fuel power 
plants, then compares them to costs reported a decade ago in the IPCC Special Report on Carbon Dioxide 
Capture and Storage (SRCCS). The CCS options discussed include post-combustion CO2 capture at PC 
and NGCC power plants, pre-combustion capture at IGCC plants, and oxy-combustion for CO2 capture 
at PC plants. Transport and storage options include pipeline and geological storage, including utilization 
for enhanced oil recovery. The resulting changes over the past decade in capital cost, levelized cost of 
electricity, and mitigation costs for each power plant system with and without CCS are reported on a 
common cost basis, along with the outlook for future CCS costs.

27/10/16 106 163

Impressions and discussion of COP22 Marrakech
Following on the CCOP21 Paris negotiations which resulted successfully in the Paris Agreement, 
Marrakech was going to be a highly technical negotiating round in order for nations to begin the hard 
work of negotiating the details of implementing the Agreement. Arthur Lee briefly described some of his 
impressions of the COP22 Marrakech climate change negotiations.

08/12/16 38 36

If there is a subject you would like to see presented, please send ideas and suggestions to sian.twinning@ieaghg.org.
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Table 4: List of 2016 Information Papers

Technical Reports, Technical Reviews, Information Papers and Blogs

Report No. Technical Report Title Issue Date

2016/01 Impact of CO2 Impurity on CO2 Compression, Liquefaction and Transportation April

2016/02 Social Research Network 2015 January

2016/03 Life Cycle Analysis in Carbon Capture Utilization and Storage March

2016/04 Operational Flexibility of CO2 Transport and Storage March

2016/05 CCS and Unburnable Carbon May

2016/06 CO2-EOR Accounting October

2016/07 PCC Process Control September

2016-08 Risk Management Network and Environmental Research Network Combined Meeting June

2016-09 CCS Cost Network 2016 Workshop August

2016-10 Techno-Economic Evaluation of Retrofitting CCS in a Market Pulp Mill and an Integrated Pulp and 
Board Mill February

2016-11 Regional Assessment of the Economic Barriers to Carbon Dioxide Enhanced Oil Recovery in the 
North Sea, Russia and GCC States October

2016-12 Fault Permeability October

Review No. Technical Review Title Issue Date

2015-TR1 Evaluation of Barriers to National CO2 Geological Storage Assessments February

2016-TR2 Offshore Workshop June

2016-TR3 Review of GHG Accounting Rules for CCS May

2016-TR4
Review of Project Permits under the London Protocol – An Assessment of the Proposed 
P18-4 CO2 Storage Site

June

2016-TR5 (CONFIDENTIAL) Pulp & Paper Industry - Papers - Results Overview July

2016-TR6 National CO2 Storage Assessment Guidance October

IP No. Information Paper Title Author Issue Date

2016-IP1 Impurities in the  CO2 Stream: Effect on the Storage Complex & Well Materials AR January

2016-IP2 2nd International Forum on Recent Developments of CCS – the Impact of Impurities on 
the Whole CCS Chain from Capture to Transport and Storage JC February

2016-IP3 (CONFIDENTIAL) CERT TCP Seminar JG February

2016-IP4 Developments in Renewable Methanol Production JG March

Table 2: List of 2016 Technical Reports

Table 3: List of 2016 Technical Reviews
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IP No. Information Paper Title Author Issue Date

2016-IP5 PRESS RELEASE: Decoupling of Global Emissions and Economic Growth Confirmed JG March

2016-IP6 A new debate on Increases in Methane Emissions and Terrestrial Carbon Uptake JG March

2016-IP7 Update on CO2 Emissions and Global Temperatures JG March

2016-IP8 Turn Down the Heat: Confronting the New Climate Normal JG March

2016-IP9 The Air Pollution/Climate Change Conundrum JG March

2016-IP10 Annual Science Update 2015 JG April

2016-IP11 GBEP and IEA Bioenergy Publish Summary of their Webinar on Positive Bioenergy and 
Water Relationships N/A April

2016-IP12 Annual Greenhouse Gas Index for 2015 JG May

2016-IP13 Comparing the Costs of Electricity Supply JG June

2016-IP14 Climate Targets for Agriculture in a post COP21 World JG June

2016-IP15 Hitting new Highs and Lows and Achieving Goals, News from the USA JG June

2016-IP16 The First MRV Plan Approved by the US EPA for Greenhouse Gas Reporting of CO2 
Geological Storage is for a CO2-EOR Operation TD June

2016-IP17 Bloomberg NEO 2016, Powering a Changing World JG July

2016-IP18 Degassing Volcanic Lakes JG July

2016-IP19 Study Report on CCS Options in Norway Released JG July

2016-IP20 (CONFIDENTIAL) 70th Meeting of the Working Party on Fossil Fuels, June 2016 JG July

2016-IP21 Lessons Learned from UK CCS Programmes, 2008 – 2015 JG July

2016-IP22 Leeds City Hydrogen Project: A New Opportunity for CCS in the Heat Market JG July

2016-IP23 New Trilateral Agreement on GHG Mitigation JG July

2016-IP24 World Energy Outlook 2016 Special Report Energy and Air Pollution JG July

2016-IP25 CO2 emissions in 2015 65th BP Startistical Review JG July

2016-IP26 Health and Climate Change Issues with Maritime Shipping JG August

2016-IP27 IChemE Report Future of CCS JG August

2016-IP28 International Report Confirms 2015 Earth’s Hottest Year on Record JG August

2016-IP29 Energy Technology Perspectives 2016 - Towards Sustainable Urban Energy Systems JG August

2016-IP30 IPCC outlines its Plans for new Reports JG August

2016-IP31 Chinese CO2 Emissions have Peaked? JG August

2016-IP32 US DOE 2016 Carbon Storage Meeting TD August

Table 4: List of 2016 Information Papers (Continued)
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IP No. Information Paper Title Author Issue Date

2016-IP33 New UK Report from the Parliamentary Advisory Group on Carbon Capture and Storage TD September

2016-IP34 Technical Lessons Learned from the UK CCS Commercialisation Programme (2012-
2015) KB September

2016-IP35 London Convention meeting LC-38 / LP-11 (2016) TD September

2016-IP36 Reducing the Cost of CCS KB September

2016-IP37 Emissions from Aviation the Next Challenge? JG October

2016-IP38 Small Nuclear Reactors JG October

2016-IP39 Will Cities Lead the Way on GHG reduction? JG October

2016-IP40 Climate Scientists say 1.5oC is inevitable JG October

2016-IP41 1.5oC Degrees – Meeting the Challenges of the Paris Agreement JK October

2016-IP42 Latest Information on Global Methane Emissions JG October

2016-IP43 Waste Power CCU in Japan RT October

2016-IP44 WMO Greenhouse Gas Bulletin N/A November

2016-IP45 The Stern Report - 10 years on JG November

2016-IP46 IEA Medium-Term Renewable Energy Market Report 2016 JG November

2016-IP47 A Global Zero Carbon Roadmap JG November

2016-IP48 BECCS Deployment in the UK JG November

2016-IP49 Artic Warming Predicted to Have Catastrophic Consequences Around The Globe JG November

2016-IP50 Update on business opportunities in CO2 utilisation JK December

2016-IP51 20 Years of Carbon Capture and Storage: A new IEA Report Highlights Progress but Stresses 
the need to Redouble Efforts JL December

2016-IP52 MiReCOL Close-Out Meeting JC December

2016-IP53 5th Conference on Carbon Dioxide as Feedstock for Fuels, Chemistry and Polymers JK December

2016-IP54 US Announces New Awards of $44 Million for Development of CO2 Storage Projects un-
der the CarbonSAFE Initiative TD December

2016-IP55 The ICEF CO2 Utilisation Road Map JG December

2016-IP56 Feasibility Study for Full Scale CCS in Norway JG December

Staff Abbreviations: 
AR: Alex Rolland JC: James Craig JG : John Gale JK: Jasmin Kemper   
KB: Keith Burnard SS: Stanley Santos TD: Tim Dixon 
JL: Juho Lipponen  RT: Ryozo Tanaka  

Table 4: List of 2016 Information Papers (Continued)
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Blog Title Author Issue Date

Industrial CCS - the key in Norway JG January

GHGT-13 Steering Committee Jumping for Joy ST February

UTCCS3 – CCUS Research in Texas TD February

The Bumpy Road from Paris JG March

When Hot just Started Getting Hotter JG March

Are we Already Locked into Warming if 1.5oC? JG March

Artic Ice Cover at all-time Low JG March

You Just Can’t win JG March

UKCCSRC Biannual, Manchester TD April

Evaluation of Barriers to National CO2 Geological Storage Assessments JC April

A New Plastics Economy? JG April

IEAGHG 49th ExCo BK May

Can Technology Unlock Unburnable Carbon? TD May

Can CO2 Capture and Storage unlock ‘Unburnable Carbon’? JK May

Aerosols - Who Needs Them and Back to Square 1 for the Climate Modellers? JG May

Operational Flexibility of CO2 Transport and Storage JC May

New Report - Review of GHG Accounting Rules for CCS TD May

Review of Project Permits under the London Protocol – An Assessment of the Proposed P18-4 CO2 Storage 
Site TD June

Public Sharing of Information on Progressing Development of the UK’s Strategic CO2 Storage Resource TD June

Hitting new Highs and Lows and Raised Concerns JG June

Risk Management Network and Environment Research Network Combined Meeting Concludes JC June

Occidental MRV presented at the 2016 CCUS Conference, USA TD July

Monitoring Network and Modelling Network meeting in Edinburgh - Using the Modelling-Monitoring 
Loop to Demonstrate Storage Performance more Effectively TD July

A Triumph for Science and Policy JG July

That’s it then. We are stuck with 400ppm JG July

If we Didn’t Know Already, 2015 was the Hottest Year on Record JG August

Carbon Capture and Storage Faraday Discussion JK August

US DOE Carbon Storage Meeting and IEAGHG Plenary Panels TD August

Global Warming started in 1830s JG September

Table 5: List of 2016 Blogs
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Blog Title Author Issue Date

China and USA Ratify Paris Agreement JG September

Ratification of Paris Agreement moves closer JG October

Keeping up Momentum on HFC reduction JG October

Paris Agreement Enters into Force JG October

Climate Scientists say 1.5oC is inevitable JG October

Visit to Tomakomai Project TD October

New IEAGHG report: Evaluation of Process Control Strategies for Normal, Flexible and Upset Operation 
Conditions of CO2 Post Combustion Capture Processes JK October

Regional Assessments of the Economic Barriers to CO2 Enhanced Oil Recovery in the North Sea, Russia 
and GCC States JC October

New IEAGHG Report: 2016-13 Fault Permeability JC October

COP22 Starts JG October

CTCN Makes Significant Progress JG November

“Keep Calm and Carry on” - COP22 Underway, with CCS Events, and American Developments TD November

Opening Speech GHGT-13: Kelly Thambimuthu JK November

IEAGHG 50th ExCo BK November

Pressure Testing Experiment at the Swiss Mont Terri Rock Laboratory JC November

The use of natural analogues to study patterns of CO2 Migration JC November

Residual Trapping – what Happens after CO2 Injection? LR November

Calculating CO2 Storage Resource – Which Way is the Right Way? LR November

Quest - One Year On JC November

Advances in Wellbore Integrity JC November

Can Capture Simulation Replace Physical Testing? KB November

Regulation or Beyond. What Should be the Target? KB November

Meeting Regulatory Requirements – in Uncertain Geology, how do you Conduct a Site Characterisation? LR November

GHGT-13 Student Reception BK November

The Kemper County Energy Facility JC November

Combining CCS and Geothermal JC November

20 Years of Monitoring CO2 Storage at Sleipner LR November

Happy Birthday Sleipner! TD November

Table 5: List of 2016 IEAGHG Blogs (Continued)
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Date Location Presentation Title Speaker

Jan CLIMIT Summit, Emerging CO2 
Capture Technologies, Oslo, Norway COP21 and CCS JG

Feb
Developing CCS through a Centre 

of Excellence in Indonesia, ADB 
Workshop, Jakarta, Indonesia

CLIMIT Summit, Emerging CO2 Capture Technologies, Oslo, Norway KT

Feb CCS Leader Forum, London, UK Biomass with Carbon Capture and Storage (BECCS or Bio-CCS) JK

Apr UKCCSRC Biannual Meeting COP21 Summary TD

May Climate Change Mitigation: Making 
Progress in Difficult Times CCS: 10 Years of Progress and a Bright Future? JG

Jun CCS Way Forward in Asia CO2 Capture Technologies and Vision for Cost Reductions KT

Jun MATESA Dissemination Day IEAGHG Overview and Recent CCS Activities JK

Jun CCUS Conference Update on CCUS in the Global Climate Picture and IEAGHG Activities TD

Jun BECCS Specialist Meeting Status of Biomass with CCS JK

Jun CCUS Conference Update on CCUS in the Global Climate Picture and IEAGHG Activities TD

Jun BECCS Specialist Meeting Status of Biomass with CCS JK

Jun CSLF Academic Council Meeting IEAGHG International CCS Summer School Series TD

Jun CSLF Technical Group International Workshop on Offshore Geological CO2 Storage TD

Jun CSLF Technical Group Update on ISO TC265 - Carbon Dioxide Capture, Transportation and 
Geological Storage TD

Jun CSLF Meeting LCA in CCUS JK

Presentations made in 2016

Blog Title Author Issue Date

Data Sharing Initiatives Launched at GHGT-13: CSDC and Ginninderra TD November

GHGT-13 Panel Discussion on CO2 Utilisation and Conversion JG November

Artic Warming Predicted to Have Catastrophic Consequences Around The Globe JG November

The Obituary for LCOE, “LCOE – a Faithful Friend Amongst Equals now Lies Here.” JG December

The Jjet Stream Wobble and what it Means JG December

Table 5: List of 2016 IEAGHG Blogs (Continued)

Staff Abbreviations: 
BK: Becky Kemp JC: James Craig JG : John Gale JK: Jasmin Kemper   
KB: Keith Burnard LR: Lydia Rycroft ST: Siân Twinning TD: Tim Dixon   

Table 6: List of 2016 Presentations
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Date Location Presentation Title Speaker

Aug 2016 NETL Capture Technology 
Project Review Meeting A Global Perspective on the Status of Carbon Capture JG

Aug US DOE Carbon Storage R&D 
Project Review Meeting International Offshore Carbon Storage Panel Discussion TD

Aug US DOE Carbon Storage R&D 
Project Review Meeting IEAGHG Monitoring Network - Updates from the Edinburgh Meeting TD

Aug

19th Conference on Process 
Integration, Modelling & 

Optimisation for Energy Savings & 
Emissions Reduction

CO2 Capture from Integrated Pulp and Board Mill
SS (with 
PK, KO, 

VH)

Sep 1.5oC degrees Meeting the 
Challenges of the Paris Agreement

The Role of Carbon Capture and Storage Technologies in a Carbon- 
Constrained World (poster) JK

Nov CCS Event, EU Pavilion COP22 CCS in Achieving Negative Emissions TD & JK

Nov UNFCCC Side event, COP22 Opportunities for Africa in Carbon Capture and Storage TD

Nov UK Pavilion, COP22 Large Scale Carbon Dioxide Capture and Storage – Pros and Cons for the 
Oceans TD

Nov Green Zone Event COP22 Why We Need Carbon Capture and Storage (CCS) TD

Nov Seminar on CCS Co-Operation Perspectives on International Collaboration on CCS JG

Nov GHGT-13 How do we Transfer Learnings from 20 Years at Sleipner Globally? TD

Dec Sapporo, Japan Update Report on Activities ISO TC 265 TD

Dec 71st WPFF GHGT-13 Summary JG

  
Speaker Abbreviations: 
JC: James Craig JG : John Gale JK: Jasmin Kemper  KB: Kelly Thambumithu 
SS: Stanley Santos TD: Tim Dixon  
 
P.K: P Kangas (VTT Finland) KO: K Onarheim (VTT Finland)  VH: V Hankalin (AF-Consult)

Table 6: List of 2016 Presentations (Continued)
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Members of the Programme

CANADA
Dr Eddy Chui (M) 

FRANCE

Mr Lincoln Paterson (M) Dr Kelly Thambimuthu (Chairman)

AUSTRALIA       AUSTRIA
Mr Theodor Zillner (M)

EUROPEAN 
COMMISSION

Dr Vassilios Kougionas (M)  Jeroen Schuppers (A)
    Wolfgang Schneider (A)

FINLAND

Dr Atul Kumar (M)

INDIA JAPAN

NEW ZEALAND
Dr Jang Kyung-Ryong (M)

KOREA

Mrs Pia Salokoski (M)   Dr Kristin Onarheim (A)
Mr Michel Giora (M)   Ms Aïcha El Khamlichi(A)

Mr Ryozo Tanaka (M)   Dr. Ziqui Xue (A)  

Mr Mark Pickup (M)   

NORWAY
Mr Moufid Benmerabet (M) Dr Eleni Kaditi (A)

OPEC
Mr Hans Jorg Vinje  (M)   Dr Åse Slagtern (VC)

Dr Anthony Surridge (M)

SOUTH AFRICA
Coralie Chasset (M)

SWEDEN
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Dr Gunter Siddiqi (VC) Dr – Ing Peter Jansohn (A)
Prof Lyesse Laloui (A)

SWITZERLAND
Mr Brian Allison (M) Mr Will Lochhead (A)

UNITED 
KINGDOM

Dr Markus Wolf (M)

USA
Jarad Daniels (M) John Litynski (A)

Ms Anhar Karimjee (A)

Mr Cartan Sumner (M)

Mr Arthur Lee (M)

Doosan BabcockMr Stuart Mitchell (M)

Doosan BabcockDoosan Babcock

Dr.-Ing Sven Unterberger

Mr Robert Trautz (M) David Fitzgerald (A)

Mr Prateek Patel

Dr José Luis Fernández  
Zayas (M)

Zdzislaw Mazur (A)

Mr Natsuo Tashiro (M) Mr Tsukasa Kumagai (A)

Jurgen Friedrich Hake (M) Eric Busche (A)

Mohammad Abu Zahra (M)

GE ENERGY

IIE
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SHELL
Mr Wilfried Maas

Dr Reinhold Elsen

Britta Paasch(M) Mr Henrik Solgaaard 
Andersen (A)  

Mr Dominique Copin

ContactsIEA 
Juho Lipponen

Miss Ana Paula Musse
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