Guidelines and regulations for oxy-fuel carbon dioxide capture, transport and storage
A resource document for the Oxy-fuel Working Group (OFWG)
The OFWG has established regulations as an area of immediate interest to oxy-fuel technology. The document therefore provides information on emerging regulations for CCS and gas quality issues for oxy-fuel. 
The document has links to web based resources and regulations. It is provided as a word document to allow the user to cut and paste for their own purposes.
This is provided as a resource to be used in preparation for a workshop involving  oxy-fuel demonstrations proponents held on September 7, prior to the IEA Oxy-fuel Conference in Cottbus, Germany on September 8-11, 2009.
Possible discussion points for the workshop session are:
-
Financial support for early movers in CCS deployment

-
Regulations on
· gas emissions and liquid waste from power stations & compression system with CCS
· pipeline gas quality and safety inspection
· CO2 classification as waste type
· CO2 quality for storage and regulatory definition
· site monitoring, reporting and verification
· storage site permitting for assessment
· liability for storage site after closure
The information will be expanded and updated, so please return as the workshop nears.
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Introduction

Preparing for the future deployment of technologies for carbon dioxide capture and storage (CCS) is currently driving the development of guidelines and regulations to ensure that CCS projects are conducted safely and effectively. 

Regulations on transport and storing CO2 in geologic formations are emerging – both  proposed and enacted at the national and regional level in the European Union, the United States, and Australia in late 2008 and 2009. This type of regulation is a critical next step to CCS technology development, because sound environmental regulations are essential to safe and permanent CO2 storage in the subsurface. 

This page provides a summary of developments with recommended resources of information provided by links to other web sites. The emphasis of the coverage is for CCS, oxy-fuel technology and oxy-fuel demonstrations.  Publicly available documents have been linked where possible and appropriate references have been made for technical literature with restricted access.
CCS guidelines and regulations
Part of the difficulty in regulating for early deployment of CCS technologies is finding the balance of flexibility (to “learn by doing”) with the need for financial/risk security (to stimulate investment).  In general, CCS regulations must cover plant operation, CO2 transport and geological storage.  Review and commentary international of emerging legislation has been made by Kerr et al [1].  The following table provides a snapshot of selected legislative systems and their development phase.  Click on each country/region for further information.
TABLE 1

	Country/Region
	Legislation
	Focus

	European Union
	Directive passed 

December 2008
	Broad CO2 transport and geological storage

	United Kingdom
	Act passed 

November 2008
	Broad CO2 transport and geological storage

	United States
	Federal Safe Drinking Water Act in consultation

Other regulations mainly State based and in development
	Underground CO2 Injection and Monitoring

	Canada
	State regulations in place, but don’t cover long term liability
	EOR pipelines and injection

	Australia
	Federal Act passed
Some State Acts passed 
	Offshore exploration, CO2 injection, long term liability
Onshore injection sites


Oxyfuel issues
The CO2 gas quality from oxyfuel differs from pre- and post-combustion technologies, with potentially higher levels of inert gases, oxygen, sulphur gases and other impurities. Operations are available for adjusting gas quality, in the furnace, by cleaning and treating flue gas with further removal of impurities occurring during compression. Thus, knowledge of the impact of gas quality on power plant and materials, on transport systems and also gas quality regulations for storage is essential, as the cost of gas cleaning is likely to be more significant for oxyfuel than for other CC technologies.
The IEA Network meeting sites contain material covering oxyfuel environmental impacts, with a specific IEA Oxy-fuel Working Group meeting on CO2 gas quality issues held in Stockholm in late 2008.  Regulatory aspects were concerned with allowable impurity levels in pipeline transport and their affects in the storage reservoir.  Current regulations exist for the CO2 transport by pipeline in Enhanced Oil Recovery and Acid Gas Injection applications.  Pipeline CO2 gas quality specifications for some of these operations from White are given below in Table 2.  These impurity levels were recently assessed for pre-combustion technologies in the Dynamis-Hypogen project on both technical and health and safety criteria.  However, oxy-fuel impurities differ from pre-combustion processes and the higher levels expected from flue gas recycling may exceed some specifications dependant on pipeline placement and sequestration site characteristics.
TABLE 2.  Pipeline Specifications for CO2 Quality

	
	Dixon Consulting
	Kinder Morgan
	Industry Working Group
	Dakota Gasification
	Canyon Reef
	Strawman Composite

	
	EOR, Aug 2001
	EOR, 2003
	Prelim Spec 2005
	Aug 2005
	EOR, Dec 2005
	

	CO2
	
	95%min
	95% min
	96.80%
	95% min
	97% min

	CH4
	<1.0%
	
	
	0.30%
	
	<1.0%

	C2H6
	<1.0%
	
	
	1.0%
	
	<1.0%

	C3+
	<1.0%
	
	
	
	
	<1.0%

	Total HC's
	
	5% max
	5% max
	
	5% max
	3.0%

	H2
	<1.0%
	
	
	
	
	<1.0%

	CO
	
	
	0.1% max
	
	
	0.5% max

	N2
	<2.0 N2 & H2
	4% max
	4% max
	
	4% max
	1-3% max TBD

	Other Inerts
	
	
	
	
	
	

	Total Inerts
	
	
	
	
	
	<3%

	O2
	<2.0ppmw
	10ppm
	100ppmv max
	
	10ppmv max
	2 ppmv

	H2S
	<100ppmw
	10-200ppm
	10-200 ppmv max
	1.10%
	1500 ppmv max
	10-200 ppmv TBD

	SO2
	<5.0ppmw
	
	
	
	
	5 ppmv

	Total Sulphur
	<300ppw
	
	
	
	1450 ppmv max
	10-200 ppmv

	H2O
	<-5C DP @ 300psia
	30lbs/MMCF max
	<-40C DP
	Bone dry
	28 lbs/MMCF max
	<1 ppmv

	Hg
	
	
	Controlled
	
	
	TBD

	Other
	
	
	
	0.90%
	
	TBD

	Glycol
	
	0.3gal/MMCF max
	0.174m3/MMm3
	
	0.3 gal/MMCF max
	TBD

	Methanol
	
	
	
	
	
	TBD

	Selexol
	
	
	
	
	
	TBD

	Amine
	
	
	
	
	
	TBD

	Delivery Pressure
	
	
	2000 psia
	2190 psia
(2700psig @ source)
	
	2200 psig

	Temperature
	
	120(F max
	120(F max
	
	120F max
	120F max


European Union

Current power utility emissions in the EU are regulated by the Large Combustion Plant Directive, which governs the monitoring, reporting and overall limits for impurities such as NOx, SOx and dust.  

The EU CCS Website summarises recent legislative developments.  The directive proposal was formally adopted in December 2008 as the Directive on the Geological Storage of CO2 and covers the broad aspects of the CCS technology train.  It directs its Member States towards “removing existing legal barriers and to bring environmentally safe CCS to deployment with new fossil fuel plants”.  EU legislation can take one of two forms – regulations and directives.  Regulations are legally binding legislature that, once voted in, are considered to be in effect across the EU.  Directives, whilst legislative in the EU context, aims towards giving set criteria that should be addressed or considered for CCS deployment in each member state’s regulatory system.  In particular, each member states regulation should cover (or ensure):

· Site characterisation, exploration permitting and property rights

· Legal obligation with regards to leakages/irregularities

· CO2 quality (defined as “a flow of substances that results from carbon capture processes”)

· Geological monitoring during operation and after site closure

· Liabilities during operation and after site closure

· Transfer of responsibilities to relevant national authorities at site closure

· Access to CO2 transport networks and storage sites (including transboundary)

· Site information kept on record after closure

Several commission statements at the end of the Directive are of particular interest for oxy-fuel.  The first is the classification of CO2 as a common substance which is not dangerous, so that CO2 transport and storage sites are not included under a separate Seveso Directive for the control of major-accident hazards involving dangerous substances.  However, the current Directive also sets the evaluation of CO2 as a named substance in late 2009/early 2010.  Since oxy-fuel derived CO2 may contain higher amounts of contaminants, particularly in co-disposal scenarios, due consideration towards gas quality and classification should be given prior to project implementation in order to avoid transport or storage “lock-out”.

The second commission statement is in regards to mineral sequestration, which the Directive considers still in development phase.  The committee foresees “substantially different” controls compared to geological storage and sets a first assessment as “likely” occurring towards 2014.  This is again likely to affect oxy-fuel derived CO2 from an impurities perspective given that numerical studies on mineral sequestration have shown a higher sensitivity to SOx in some rock formations [2].

The Directive also includes provision for the EU Committee to conduct a review of this legislation by June 2015 in order to gain from experience of early phase implementation.  

Papers by Dixon et al[3] and Brocket [4]  at the recent GHGT-9 conference detail international marine regulation and an EU proposal for an enabling framework respectively. The EU proposals are that emissions captured, transported and stored should be considered as not emitted under the Emissions Trading Scheme. Revenues from future ETS auctions therefore could be a potential source of finance for CCS demonstrations.

Back to top
United Kingdom

The UK has amended several of its regulations in order to accommodate the sequestration of carbon dioxide.  The Energy Act 2008 was passed in November 2008 which contains provision for CO2 storage in off shore sites.  Gas quality in terms of CO2 is not mentioned other than a “substance designated for the purposes of this section by an order made by the Secretary of State” and thereafter is simply referred to as CO2 or carbon dioxide.  Licensing is also through the Secretary of State or a public body, most probably the newly created Department of Energy and Climate Change (October, 2008).  Amongst other items, it proposes to create a regulatory framework for private sector CCS investment, particularly offshore, and minimise the risk of liabilities of decommissioned oil and gas installations falling to the Government.
The Energy Act 2008 legislates many of the policies set out in the Energy White Paper 2007, and combines with the newly passed Planning Act 2008 and the Climate Change Act 2008.  The Planning and Energy Act 2008 defines “nationally significant infrastructure projects” as including construction or extension of generating stations, development relating to underground gas storage facilities, construction or alteration to harbour/railway/highway, pipeline or hazardous waste facilities.   “Underground gas storage facilities” are defined as being underground cavities or porous strata and are expected to have a working capacity of at least 43 million cubic metres, or have a maximum flow rate of 4.5 million cubic metres per day.  However, hazardous waste facilities includes deep storage facility (deep geological cavity) of more than 100,000 tonnes per year and it is unclear whether CO2 for sequestration is to be considered part of power plant extension or a waste product, though ultimate designation appears to rest with the Secretary of State.  The Planning Act 2008 also covers application procedures for development consent and property rights.  Of peripheral import to oxyfuel technology is the Climate Change Act 2008 which gives the Government a legally binding target of 80% reduction in greenhouse gas emissions by 2050 and at least 26% reduction by 2020 (against a 1990 baseline).  It also includes the creation of the Committee on Climate Change (established December 2008) to independently advise the Government on carbon budgets and provide annual reports that the Government must act on.  A deadline of 1st June 2009 was set for the first three carbon budgets through secondary legislation and to publish policies and proposals to meet these budgets by mid 2009.

Back to top
United States

Guidelines by the World Resources Institute (WRI) have been prepared for those involved in decisions on proposed CCS projects in the USA. The WRI collated the work of over 80 stakeholders on an international level between February 2006 and September 2008 in order to develop a set of preliminary guidelines and recommendations for the deployment of CCS technologies in the United States.  Capture and transport is considered, with most emphasis on storage – including measurement monitoring and verification (MMV), risk assessment, financial responsibility, site closure and post-closure issues. While capture and transport have US-specific aspects, the storage guidelines are more general.  This set of guidelines will also be used as a basis for Chinese CCS over a two year period, as part of a partnership between Tsinghua University and the WRI.  Recent developments in US state and federal regulations have been reviewed by Pollack and Wilson [5].
Environmental Protection Agency
The US Federal EPA CCS Legislation Website summarises information regarding the geological storage legislative requirements.  The EPA currently issues a “Class V Experimental Technology Well Guidance for Pilot Geologic Sequestration Projects” under the Safe Drinking Water Act (SWDA).  In July 2008, the EPA published the “Federal Requirements under the Underground Injection Control Program for CO2 Geologic Sequestration” for public review and comment.  The requirements classify a CO2 stream as being “CO2 captured from an emission source (eg. power plant), plus incidental associated substances derived from the source material and capture process, and any substances added to the stream to enable or improve the injection process”.  The proposed legislation would create a new well class VI that provides for technical criteria for geologic site characterisation, area of review and corrective action, well construction and operation, mechanical integrity testing and monitoring, well plugging, post-injection site care and site closure for the purposes of protecting underground sources of drinking water.  The DOE-NETL issued a summary of US state legislation developments in May 2008. 
US Department of Energy: National Energy Technology Laboratory
The US DOE-NETL published several recent guidelines pertaining to CO2 storage on their Carbon Sequestration website:

· Methodology for Development of Geologic Storage Estimates for CO2 (August 2008)
· Monitoring, Verification and Accounting of CO2 Stored in Deep Geologic Formations (January, 2009)
· Carbon Sequestration Atlas II of the United States and Canada (2008)
· Storage of CO2 in Geologic Structures: A Legal and Regulatory Guide for States (September 2007)
The latest US legislation currently being debated in Congress pertains to the “Carbon Capture and Storage Early Deployment Act”, which preposes to establish a regulatory body, “Carbon Storage Research Corporation” to extract research funding from electric utilities (~$1billion per year for 10 years) for use in accelerating CCS technologies.  The most recently proposed version is included in the American Clean Energy and Security Act.  The most recent version requires studies to be conducted on the legal aspects of CCS and requires the Carbon Storage Research Corporation to support where possible at least 5 commercial scale demonstrations of CCS.   Under the scheme, the early movers will be granted 50% of the $1billion per year and will be granted a bonus allowance of up to $90 per tonne of CO2 avoided.  The recent additions also include instructions for the US EPA to establish a coordinated approach to certifying and assessing of geologic sequestration, permitting and reporting.  The Act also includes instructions for the EPA to create a CO2 geologic sequestration well classification.
Back to top
Canada

The ecoENERGY Carbon Capture and Storage Task Force released its final recommendations in January 2008 titled Canada’s Fossil Energy – The way forward on Capture and Storage.  The document provides a broad road map for Canadian government and sets out 3 immediate actions:

1. Federal and Provincial allocation of $2 billion towards CCS to leverage billions of industrial investment.

2. Provide clarity in oil and gas regulation pertaining to pore space ownership, disposition rights and long term liability.

3. Ensure equal opportunity for CCS projects in qualifying as an emission reduction option, requiring specific measurement and crediting protocols.

Back to top
Australia

Federal CCS Legislation
The Australian Federal CCS Legislation Website through the Offshore Petroleum Amendment (2008) and gives access to 

· Regulatory Guiding Principles for CO2 Capture and Geological Storage (2005)
· Regulatory Impact Statement (2006)
· Offshore Petroleum Amendment Bill (September 2008)
· Revised Explanatory Memorandum to the Offshore Petroleum Amendment Bill (2008)
The Offshore Petroleum Amendment Bill (2008) now covers offshore geological carbon capture and storage sites, with State legislation to cover onshore sites for greenhouse gases.  While attempting to be a model legislation for possible adoption to onshore sequestration (State jurisdiction), many of the states have voiced concerns that it is “not appropriate” because it doesn’t cover trans-boundary jurisdiction (onshore to offshore) and that a grey area exists in choosing between petroleum reserves and CCS storage sites.
The latest action by the Australian Federal Government has been the release of 10 offshore areas for exploration into greenhouse gas storage.  The announcement included information on application permits, property rights and geophysical data for each basin.

State Legislation

Various States have also either enacted or have proposed CCS legislation, although the approaches of the States and the Federal Government differ. The recently enacted (Queensland) Greenhouse Gas Storage Bill 2009 provides exploration permits, data acquisition authority, and injection and storage leases. Victoria has introduced the Greenhouse Gas Geological Sequestration Act 2008 and South Australia has addressed the issue by introducing a Bill to amend its existing petroleum legislation. Western Australia has to date only introduced project-specific legislation. 

Federal legislation covers long-term liability, State legislation dies not. In addition, gas quality is not specified rather, a GHG stream is defined as a stream of carbon dioxide or a substance that overwhelmingly consists of carbon dioxide. The stream may be in a gaseous or liquid state. 
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