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Background
EU ETS CCS process
IPCC GHG Guidelines
EU results
UNFCCC/CDM
IEAGHG Studies

IEA Greenhouse Gas R&D
Programme (IEAGHG)
• A collaborative international research programme founded in
1991
• Aim: To provide information on the role that technology can
play in reducing greenhouse gas emissions from use of fossil
fuels.
• Focus is on Carbon Dioxide Capture and Storage (CCS)
• Producing information that is:
ØObjective, trustworthy, independent
ØPolicy relevant but NOT policy prescriptive
ØReviewed by external Expert Reviewers

IEAGHG
Flagship activities:
• Technical Studies >250 reports published on all aspects of CCS
• International Research Networks

• Risk Assessment
• Wellbore Integrity
• Monitoring
• Modelling
• Environmental Impacts
• Oxy-combustion - conf
• Post-combustion Capture - conf
• Solid Looping
• Social Research

• GHGT conferences – GHGT-12 in Austin USA, 5-9 Oct 2014

www.GHGT.info

5–9 October 2014
AUSTIN, TX – USA

•Call for papers
27th September 2013
•Deadline for abstracts 10th January 2014
•Registration opens
7th March 2014
•Authors notified
2nd May 2014
•Early bird closes
13th June 2014

IEAGHG
Other activities include:
•

Facilitating R&D and demonstration activities eg IEAGHG WeyburnMidale CO2 Monitoring and Storage Project – ‘Best Practices for
Validating CO2 Geological Storage’ published Nov 2012

•

International CCS Summer Schools - 2012 Beijing, 2013 UK, 2014
University of Texas Austin, USA

•

Peer reviews, e.g. US DOE, US EPA; CO2CRC

•

Active in international regulatory developments – London Convention,
UNFCCC, ISO TC265

•

Collaborations with IEA, GCCSI, CSLF, CCSA, EU ZEP and others

EU CCS ETS Process
• EU ‘Ad Hoc Group on Monitoring and Reporting for CCS
in EU ETS’

•
•
•
•
•
•

•
•
•
•

April 2004 – June 2007. Initiated by UK Gov
20 experts from EU. UK gov, EC, EU govns, geologists, CCS
companies, carbon accounting experts, IEAGHG
7+ meetings
UK Gov commissioned work.
Considered all issues, including how to treat leakage
2007 UK Gov proceeded to apply for a CCS project to be in ETS

EU ECCP WG3 from 2006
EU Opt-in allowed in Phase II – 2007
EU draft revised ETS for Phase III – 2007/8, adopted 2009
MRG revised 2010

IPCC Guidelines for GHG
Inventories
•
•

Apr 2006
Vol 2 Energy, Chp 5 - CO2 Transport, Injection and Geological Storage

•
•

Each site will have different characteristics
Methodology
Site characterisation – inc leakage pathways
Assessment of risk of leakage – simulation / modelling
Monitoring – monitoring plan
Reporting – inc CO2 inj and emissions from storage site

•

For appropriately selected and managed sites, supports zero leakage
assumption unless monitoring indicates otherwise

IPCC Guidelines for GHG –
cont.
Monitoring Plan
•
•
•
•
•

Measurement of background fluxes of CO2
Continuous measurement of CO2 injected
Monitoring of injection emissions
Periodic monitoring of CO2 distribution
Monitoring of CO2 fluxes to surface

•

Post-injection monitoring – as above, linked to modelling, may be
reduced or discontinued once CO2 stabilises at its predicted long-term
distribution
Incorporate improvements in technologies and techniques over time

•

Monitoring technologies – Annex 1

•
•
•

Deep subsurface technologies
Shallow subsurface technologies
Surface / water technologies

EU Developments
EU Spring Council 2007 - Action Plan for Energy Policy for Europe
• Stimulate up to 12 CCS demonstrations by 2015
• Strengthen R&D and develop technical, economic and regulatory
framework to bring environmentally-safe CCS to deployment by
2020
•
•
•

CCS Directive and ETS Directive drafts launched 23 Jan 2008
Agreed 12 Dec 2008 EU Council and 16 Dec EP !
Adopted 6 April 2009, published 5 June 2009

EU CCS Directive (1)
‘Directive on the Geological Storage of Carbon Dioxide’
2009/31/EC
Enabling regulatory framework to ensure environmentally
sound CCS
•

Follows IPCC GHG Guidelines and OSPAR

•

Objective is permanent storage

•

Ocean storage prohibited

•

Permits will be required for CCS – exploration and storage

•

Storage permit only if “no significant risk of leakage”

•

Emphasis on site selection, characterisation, risk assessment, monitoring
plan

•

Corrective measures plan, and provisional post-closure plan

EU CCS Directive (2)
•

Permits - EC has right to review permit decisions – non-binding opinion

•

Permits – review by authority after 5 years and then every 10 years

•

CO2 stream acceptance criteria - “overwhelmingly CO2” – may contain
impurities, levels based on risk assessment of integrity – no wastes to be
added

•

Monitoring plans to include ETS monitoring. Update every 5yrs. Leakage
triggers ETS monitoring.

•

Reporting and inspections at least once a year

EU CCS Directive (3)
•

Financial security required from operator

•

After closure, liability transfer to competent authority “when evidence
indicates completely and permanently contained”. >20 yrs. EC will review.
Monitoring will continue but reduced to detect irregularities .

•

Financial security – from outset, to cover liabilities including closure, up to
transfer of liability. Financial contribution to Competent Authority to cover
long-term monitoring for 30 years

•

Access to transport networks and storage, unless technical issue or lack
capacity

•

Removes barriers in other Directives – IPPC, Waste, Water, EIA, ELD,
LCPD - Capture-ready

EU Emissions Trading
Scheme
•
•
•
•
•
•
•
•
•

EU ETS ‘Cap-and-trade’ scheme. Phase I from 2005 – 2007. Phase II
2008-2012. Phase III 2013-2020
Phase II - CCS via Article 24 ‘Opt-in’
New ETS Directive June 2009 - to strengthen, expand and improve the
ETS from 2013.
CCS fully included from 2013
o Site and operation will need to comply with CCS Directive
No free allocation to CCS (same as electricity)
Separate permitting of capture, transport and storage
If any leakage – surrendering of allowances
If leakage from storage suspected from monitoring under CCS
Directive, then trigger ETS monitoring to quantify
Biomass and CCS ?

EU ETS Revised Monitoring and
Reporting Guidelines (MRG)
Measurement based. Boundaries specified.
• MRG for Capture

•

•

•

Measure CO2 transferred to transport, subtract from installation’s
calculated emissions

MRG for Transport

•
•

Measure CO2 in and out (mass balance) – difference is leakage emission
Or, emission factors for each component

MRG for Injection and Storage

•
•
•

Injection - Measure CO2 received and injected to storage (mass balance) –
difference is leakage emission
Storage – Leakage emissions to be quantified. Measure flux and calculate
amount backdated to a reference point in time.
Maximum +/-7.5% uncertainty, if exceeded then add ‘uncertainty
adjustment ‘

UNFCCC and CCS
Five negotiating bodies relevant to CCS:
UNFCCC:
§

COP – Conference of the Parties to the UNFCCC (194 Parties)

§

(AWG-LCA – Ad Hoc Working Group on Long-term Cooperative Action)

§

ADP – Ad Hoc Working Group Durban Platform for Enhanced Action

Kyoto Protocol:
§

CMP – Conference of the Parties serving as a Meeting of the Parties to
the Kyoto Protocol (188 Parties, 33 ‘developed‘ countries)

§

AWG-KP – Ad Hoc Working group on Further Commitments for Annex I
Parties under the Kyoto Protocol (Post 2012)

§

SBSTA – Subsidiary Body for Scientific and Technological Advice

Kyoto Protocol and CCS
•

2008 - 2012 (Kyoto 1st Period)

• Developed country emission commitments
o CCS included in KP Art 2.1
o IPCC GHG Guidelines 2006 allows CCS to be
reported

• CDM – Policy mechanism for rewarding CO2 reduction
in developing countries. Project-based carbon credits.

•

Post 2012 – CDM ?

Kyoto Protocol and CCS
Considering CCS in CDM since CMP1 Montreal (2005)

§
§
§
§
§
§
§
§
§
§
§

•

CDM Executive Board to consider new methodologies
Under SBSTA:Technical workshops (2006)
Consideration of technical and policy Issues
Submissions from Parties and NGOs – two synthesis reports (2007 and
2008)
On agenda of every SBSTA meeting
Decision due at CMP4 Poznan (Dec 08) – failed
CMP request EB to look at implications
EB commission ‘Experts Report’
Decision due at CMP5 Copenhagen (Dec 09) – failed
CMP6/COP16 Cancun ..............

All CCS CDM reports and background http://cdm.unfccc.int/about/ccs/index.html

Key issues of concern
Included
• Timescales of benefits vs liability
• Impact on CDM market
• Scale and impacts of leakage
• Furthering use of fossil fuels – sustainable development
• Role of CCS in climate change mitigation
Since CMP 5
• Non-permanence
• MRV
• Environmental impacts
• Project boundaries
• Liability
• Perverse outcomes
• Safety
• Insurance and compensation for leakage
Negotiations characterised by a few countries having strong views against CCS –
but need consensus to progress

CMP7/COP16, 2010, Cancun
Decision CMP.16
• CCS is eligible provided that certain issues are addressed
• Issues include site selection, modelling, monitoring, risk
assessment, liabilities (short and long-term)
• SBSTA to develop new “Modalities and Procedures” which
address the issues
Work programme for 2011:
• Submissions and ‘Synthesis report’
• Technical workshop (technical and legal expertise)
• UNFCCC to draft Modalities and Procedures for SBSTA 35
(Durban Dec 2011)
• IEAGHG: Research Networks addressed Cancun issues

Technical Workshop 2011
Abu Dhabi 7-8 Sep 2011
• Brought technical expertise to negotiators
• Technical experts on site selection; modelling; accounting;
project boundaries; transboundary; risk assessment;
environmental impacts; monitoring; liability (28 talks,
several members of IEAGHG Networks).
• Results and experiences from real projects and natural
systems, to support modelling and risk assessments
• Good Q&As from CCS negotiators and others

Courtesy H.Olson, BEG, UT

Technical Workshop 2011
Abu Dhabi 7-8 Sep 2011
Outcomes:
• Number of issues of concern shrunk considerably
• Liability remained as genuine concern – part technical,
part policy issue
• UNFCCC produced draft Modalities and Procedures
(M&Ps) drawing upon workshop and synthesis report, 20
pages of detail, the basis for negotiations in Durban

CMP7/COP17 Durban,
Negotiations on CCS CDM
• Over 32 hours of formal negotiations

Courtesy H.Olson UT

CCS in COP-17, Durban
Decision CMP#.7 (final draft was FCCC/KP/CMP/2011/L.4)
• Agreed and adopted CCS Modalities and Procedures
• Review within 5 years
• Transboundary left to resolve
Two unresolved issues:
• Transboundary CCS
• Global reserve of CERs
Ø Consideration by SBSTA, draft decision to CMP-8
Ø CMP-8 Doha - both ‘parked’ until SBSTA 45 (2016)

Modalities & Procedures
for CCS in CDM
CDM Modalities and Procedures (M&Ps)
• Apply mutatis mutandis (use existing as much as
possible) with the addition of the CCS-specific M&Ps
Definitions:
• Seepage – transfer of CO2 ultimately to atmosphere or
ocean
• Net reversal of storage – seepage exceeds emission
reductions during operational period, or seepage after
project close

M&Ps - Requirements
DOEs – CCS expertise
Participation Requirements
• Host to establish regulations to control and permit CCS.
To include site selection and characterisation, storage
rights, redress for affected entities, remediation, liability.
Validation by DOEs
• Site characterisation, risk and safety assessment,
environmental and socio-economic assessment, liability
provisions, financial provision.
• Host country has to agree to financial provision and
liability
• Whether host country agrees to responsibility for net
reversal of storage

M&Ps - Liability
•

•

•

Treatment of local liability - health, safety, environmental impacts
• Participation requirement; host party establish national laws and
regulations that address local liability
Liable entity identified for each phase of project lifecycle
• Project participants liable from operation phase until transfer of
liability
• Transfer of liability to host party after monitoring period ends (20
yrs after crediting period)
Treatment of climate liability - obligations to surrender allowances
for ”net reversal of storage”
• Any CO2 seepage results in retirement of credits equivalent to
seepage emissions
• Host party has 2 options;
êUltimate responsibility resides with the host party
êUltimate responsibility resides with developed country using the
credits, i.e. a buyer liability.

M&Ps – Provisions
• Financial provisions
• Project participants establish financial provision ahead
of project proceeding
• Host party agrees to the financial provision
êAppears to provide the flexibility to choose the most
appropriate instruments
• CER Reserve Account
• 5% of issued CERs held in reserve account for the
purpose of accounting for “net reversal of storage”
• CERs released once the last certification report has
been received, i.e. at least 20 years after crediting
period

M&Ps – Project Closure
• CDM project closure when monitoring stops
• Monitoring stops when:
• Not less than 20 years after last CDM crediting period
• No seepage observed in previous 10 years
• All available evidence from observations and modelling
indicates CO2 will be completely isolated from the
atmosphere in the long-term
o History matching of modelling and monitoring
o Modelling confirms no future seepage expected
• Enables transfer of liability to host party
• Enables final certification report, which triggers release of
CERs from Reserve Account to project participants

Significance of CCS M&Ps
from Durban
• Allows CCS to be CDM project activity and earn CERs
• Create incentives / signal for CCS in developing countries
ê CDM key international mechanism supporting low-C
technology in developing countries
• Legitimises CCS as valid technology for developing
countries
• Establishes precedence-setting regulatory framework for
CCS funded under international mechanisms

Regulatory lessons learnt
Regulatory principles for CCS to ensure environmental integrity:
Ø Site-by-site assessment
Ø Risk assessment
Ø Site characterisation and simulation, supported by monitoring
Ø CO2 stream impurities determined by impacts on integrity
Development of regulation:
• Use the technical and scientific evidence base
• Learn from existing regulatory developments
• Benefit of having real projects to drive and test regulations

IEAGHG Studies
• CDM issues, several studies, eg Methodology,
Market impacts (2006-2009)
• BioCCS in ETS (2013-14)
• Attribution monitoring (2013-)
• GHG accounting for CO2-EOR (2014-)

Biomass and CCS – guidance for
accounting for negative emissions
• Biomass with CCS has potential for negative emissions
• Assessment of GHG accounting rules with regards to BioCCS is needed
• Challenges for Bio-CCS accounting & rewarding:
•
•
•
•

Sustainability of biomass
Emissions along the supply chain
Direct and indirect land use change
Parity of treatment biomass fuels vs. fossil fuels

• Contractor for this study: Carbon Counts, UK.

Rewarding negative emissions
Challenges for incentivising Bio-CCS:
§ Debate wether negative emissions should be given additional
subsidies or a double credit per tCO2 captured and stored
§ Benefit from biomass is typically forgone under certain schemes, as it
is inherently included in the baseline
Ø Bio-CCS competes on a per tCO2 reduction basis with other options

Approaches for rewarding appropriately:
§
§
§
§

Pooling
Crediting system
Domestic or community offset projects (DOP/COP) under EU ETS
Scope for the use of JI under EU Effort Sharing Decision

Recognising & attributing
negative emissions
Scheme

2006 IPCC
Guidelines
EU ETS

EU RED/FQD

GHGRP

California ETS

California
LCFS
Australia
CPM
CDM/JI

CCS

Biomass growth/
harvesting/ combustion/
processing

dLUC/iLUC

Life cycle
emissions

Negative
emissions

Managing LUC effects
Significant controversy has arisen regarding the promotion of
biofuels in jurisdictions such as the US and EU.
§ Effect of energy crop cultivation on:
•
•

Land degradation
Loss of C stocks as a result of related LUCs

à Robust monitoring system for LULUCF and REDD needed
à At present these are patchy and poorly implemented
à Bioenergy can be imported into regulated jurisdictions and
GHG benefits accrued without consideration of upstream
emissions and dLUC/iLUC effects (e.g. under EU ETS)
à LCFSs and California ETS are exceptions

BioCCS Accounting Conclusions
Conclusions:
§ Discussions regarding support measures for Bio-CCS
should address dLUC/iLUC and other sustainability issues
§ Without addressing these concerns, the creditability of
negative emissions is likely to be queried
§ Be mindful of the parity of treatment of biomass fuels
compared to fossil fuels
§ Opening up this broader discussion is likely to make way
for a complex political process
§ Two potential schools of thought exist:
• Centrally-planned view
• Economic-purist view
Ø Both need to be considered during discussions of policy design to
support Bio-CCS

Attribution Monitoring in
Leakage Monitoring
Protocols
• IEAGHG in house with University of Texas
• Drawing upon IEAGHG Research Networks

In summary - protocols for
leakage monitoring:
Ø Monitoring to acquire background measurements
Ø Monitoring to assess CO2 storage performance in the
reservoir
Ø Monitoring to detect leakage
and, if leakage is detected or suspected,
then
Ø Monitoring to quantify for leakage amounts
and
Ø Monitoring to assess impacts of leakage

However…..
• To detect leakage emissions is challenging

•
•
•
•

How to deal with variations in background levels?
Risk of false positives
Response to allegations of leakage?
Need wide spatial coverage – but get lower resolution

• To quantify leakage emissions is very challenging

•
•

Need high sensitivities and low uncertainty – depends on how well
previous monitoring stages done
‘Quantification Techniques for CO2 Leakage’ IEAGHG Report 2012/02
(CO2GeoNet)

o
o
o
o

Range of techniques possible – portfolio approach recommended
Area to be monitored?
Uncertainty in measurements may exceed requirements
Expensive

Attribution of CO2 source
• IEAGHG Joint Network Meeting 2012 – Need for
techniques to ‘attribute’ origin of potential leakage CO2
(IEAGHG Report 2013/03)
• IEAGHG Monitoring Network and Environmental
Assessment/Research Network meetings 2010-2012
identifying new techniques and developments
• Monitoring techniques include:
• Isotopic signature
• Tracer gas signature (natural and/or introduced)
• Process-based soil gas

Proposal - Revised protocols
for leakage monitoring
Ø Monitoring to acquire background measurements
Ø Monitoring to assess CO2 storage performance in
the reservoir
Ø Monitoring to detect leakage
and, if leakage detected or suspected, then
Ø Monitoring for CO2 attribution
and only if CO2 attributed to injected CO2, then
Ø Monitoring to quantify leakage amounts
and
Ø Monitoring to assess impacts of leakage

Hence may
not be needed
at all
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