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Introduction

This document contains a short summary of the national current situation with respect to Zero Emission Fossil Fuel Power Plants. It aims to support the taskforces of ETP-ZEP. 

We have used the information already available, in particular 

· world energy outlook

· energy policies of IEA countries

· the FENCO-ERA questionnaire and database

Further information sources used for this profile are:

· UK industry and BERR (UK Department for Business, Enterprise and Regulatory Reform)

1 Background information

This section presents overview information on the UK energy context, current and future emissions of CO2 and storage possibilities and lists UK energy related industries.

National energy context

There have been major changes in energy production, imports and usage patterns in the UK during the last 30 years or so.  Further changes in pattern are predicted for the future.

Total primary energy supply (TPES) in the UK and its breakdown by fuel type is shown in the following table (source: IEA 2006).  All values are million tones of oil equivalent (Mtoe).

	
	1973
	1990
	2003
	2004
	2010
	2020

	TPES
	220.7
	212.2
	232.3
	233.7
	238.6
	246.4

	Coal
	76.4
	63.1
	38.1
	37.5
	37.6
	29.9

	Oil
	111.6
	82.6
	81.8
	83.7
	86.9
	95.9

	Gas
	25.1
	47.2
	85.9
	87.4
	84.8
	97.1

	Nuclear
	7.3
	17.1
	23.1
	20.8
	18.2
	7.7

	Ren.&Waste
	-
	0.6
	2.8
	3.1
	8.9
	12.9

	Other
	0.3
	1.4
	0.6
	1.2
	2.2
	2.9


It can be seen that TPES in the UK has not changed dramatically since 1973 but that a slight rise is projected through until 2020.  However within these total values marked changes in the patterns of fuel type making up TPES can be observed.

Coal has experienced a steady decline in its contribution to UK TPES.  This reflects its reduction in use across all markets with electricity generation now accounting for most of the TPES from coal.  In 1973 indigenous production accounted for all the coal input – indeed there was a modest net export of coal at that time.  By 2004 indigenous production accounted for less than half of the TPES from coal.  This trend will continue as existing deep mining operations come to the end of their economic life.  The decline has slowed somewhat of late and UK Coal is currently considering re-opening Harworth colliery because of the dramatic rise in the world coal price.  Production has recently re-commenced at Hatfield colliery.  Surface mining operators are now achieving more success in their planning applications so surface mined coal remains an important element of indigenous coal’s contribution to TPES.

The reduction in oil’s contribution to TPES from 1973 to 1990 is attributed principally to its cessation of use for electricity generation in the wake of the oil price hikes of the 1970s.  This remains the position with oil’s role in electricity generation being primarily as a start up fuel.  Oil remains a major contributor to TPES in other market sectors especially transport.

Gas by contrast is seen to have experienced sustained growth.  Through until 1990 this is largely attributable to gas gaining share in the industrial, commercial and domestic markets largely at the expense of coal.  The further significant jump in gas’s contribution to TPES from 1990 onwards is due to its use for electricity generation in gas turbine combined cycle (GTCC) plant (again largely at the expense of coal).

The growth and subsequent decline of nuclear’s contribution to TPES since 1973 reflects the operation of Magnox plant at that time, the subsequent commissioning and operation of AGR/PWR plant, more recent retirement of Magnox plant and future retirement of the/PWR variants.  Nuclear plant is used exclusively for electricity generation in the UK.  The possibility of new nuclear plant is currently a live issue in the UK but there are no firm proposals for new build at present.

During that last few years renewable energy sources and waste have started to make a contribution to TPES.  Significant growth is projected in this area.

Of particular interest to the ETP on ZEP is the electricity generation sector.  The table below (source: IEA 2006) shows the breakdown by fuel type to electricity output

	
	1973
	1990
	2003
	2004
	2010
	2020

	Output Shares (%)
	
	
	
	
	
	

	Coal
	62.1
	65.0
	35.4
	34.1
	25.7
	17.0

	Oil
	25.6
	10.9
	1.2
	1.2
	2.3
	2.1

	Gas
	1.0
	1.6
	38.2
	40.6
	44.4
	60.6

	Nuclear
	10.0
	20.7
	22.4
	20.3
	17.5
	6.8

	Ren.&Waste
	-
	0.2
	1.7
	2.0
	5.7
	7.5

	Other
	1.4
	1.6
	1.1
	1.8
	4.4
	6.0


For coal the key feature to note is its dominant position through until the early 1990s.  During this period coal-fired power stations operated at base-load with typical load factors of over 70%.  During the 1990s the “dash for gas” saw a proliferation of GTCC build, the closure of the lower merit order coal-fired plant and the transition of former high merit order coal-fired capacity to two-shifting operation.  In the late 1990s this trend was expected to continue but a combination of reliability problems with GTCCs and high gases prices resulted is a modest resurgence for the coal plant.  There remains about 27 GWe coal-fired generating capacity in the UK of which over 20 GWe has been “opted-in” under the Large Combustion Plant Directive (LCP).  This means a commitment to fit/operate FGD and therefore implies the intention for significant future operation.

A more recent estimate of the fuel mix for UK electricity generation in 2006 (DTI Energy Trends) has indicated that coal (41%) had overtaken gas (29%).  Nuclear remained similar to 2004 level at 21% and oil, hydro and renewable energy sources combined accounted for 9%.  It seems likely that this reversal between coal and gas is temporary and is attributed to exceptionally high wholesale gas prices in 2006.

As indicated earlier the oil price shocks of the 1970s essentially eliminated oil as a fuel for electricity generation in the UK.  The relaxation of European Commission legislation relating to the use of gas for electricity generation resulted in the “dash for gas” as referred to earlier.  Gas currently accounts for over 40% of electricity generation and this figure is predicted to rise to about 60% by 2020.

In the absence of new build, nuclear’s share of the electricity generation market continues to decline with the retirement of ageing plant.  It should be noted that should decisions be taken on new nuclear capacity the lead-time before operation is in the order of 10 years.

Renewables and Waste are now making a modest contribution to electricity generation in the UK.  This is principally through co-firing at coal-fired power stations.  The future growth in this area will be dependent on the prevailing fiscal regime and the availability of ROCs, etc.

The future growth in the “other” category in the table relates primarily to wind.  Again the growth in this sector will be dependent on the economics and the prevailing fiscal regime.

Existing fossil fuel (both coal and gas) power stations with projected lifetimes beyond 2020 and all new build fossil capacity form the basis of future ZEP operation in the UK through the effective deployment of CCS.  Subsequent sections of this report will overview UK initiatives in this area.

CO2 emissions: present and future

In 1990 UK carbon dioxide emission was 159.1 million tones (Mt) of carbon. In 2005 this reduced slightly to 157.5Mt of which around 30% was from electricity generation and 23% from transport. The UK is responsible for around 2% of total global carbon emissions. The BERR projections of carbon emissions based on current measures are 141Mt in 2010 and 143.6 in 2020.

Storage: possibilities with respect to underground storage

Estimated storage capacity of carbon dioxide in the UK in the North Sea:

Depleted oil fields:
 2.6GT of CO2

Depleted Gas fields: 
4.9GT of CO2

Deep saline aquifers:

Closed: 8.6 GT of CO2
Open:    240GT of CO2
Energy-related industries

· main utilities

· E.ON UK plc 

·  RWE npower, 

· Scottish Power,

·  British Energy,

·  Scottish and Southern Energy plc,

·  Centrica,

·  EDF Energy,

·  International Power,

·  Draxpower

· main oil, gas, coal industries

· Oil: BP, Shell

· Gas: Centrica

· Coal: UK Coal, Coal Power, Celtic Energy

· main energy-intensive industry

· Steel, Chemical, Cement

Government: main ministries that deal with CCS

The main UK government ministries that deal with CCS are BERR and DEFRA (Department for Environment Food and Rural Affairs).  DEFRA Marine is represented in the London Convention and Protocol regulating dumping of wastes and other matter at sea. LC/P is being amended to include CO2 storage under sea from land sources.

2 R&D

This chapter presents an overview of information originally gained through a consultation undertaken with UK industry early in 2007.  This has now been updated by additional industry stakeholder consultation and through other routes.  These include the Carbon Capture and Storage Association, the Advanced Power Generation Task Force, the UK Coal Research Forum and company web sites.

Industry

E.ON UK, RWE npower, ScottishPower and Scottish and Southern Energy responded on behalf of the power generation industries.  The research focus is primarily towards lower carbon emitting technologies or CCS activities.  Details of research budgets are not disclosed although reference is given to non-industry funding sources including UK BERR, EC framework programme initiatives and the European Research Fund for Coal and Steel.

BP was the sole respondent for the oil and gas industries and stated that the main topics of their R&D activities are oil and gas exploration, production, refining and chemicals.  Also alternative energies, solar, wind, biofuels, hydrogen and CCS.  BP’s annual research budget is ~£500 million.  Gross budget including funding from other sources is ~£550 million.

Doosan Babcock, ALSTOM Power and Siemens responded as equipment suppliers.  Doosan Babcock noted their principal research interests as high efficiency coal-fired boiler plant including CO2 capture options and back-up methodologies.  Doosan Babcock’s annual research budget is approximately 3M Euro which grosses up to about 9M Euro when funding from other sources is included..  The main focus of ALSTOM Power R&D activities is advanced power generation technologies covering fossil fuels of all types. ALSTOM Power’s annual research budget is ~200m Euro.  The gross value is ~220m Euro.  It is not clear how much of this is spent in the UK.  Siemens did not provide financial detail on UK R&D activity although reference was made to their collaborative research with Jacobs Engineering  that is funded via the Technology Strategy Board.

As a project developer Progressive Energy noted that their research is directed towards clean generation with a particular focus on CCS and bioenergy.  Gross annual research spend is ~£500k.

Public research

The main public research organizations, universities, etc. active in the ZEP area are:

· Imperial College London

· Cranfield University

· The University of Manchester

· The University of Nottingham,

· The University of Edinburgh

· Heriot-Watt University

· The British Geological Survey.

General government policy with respect to CCS/clean fossil

To ensure the UK takes a leading role in the development and commercialisation of carbon abatement technologies that can make a significant and affordable reduction in CO2 emissions from fossil fuel use.

The Government published a report on ‘A Strategy for developing Carbon Abatement Technologies (CATs) for Fossil Fuel Use’ in June 2005.  Following this a four-year Carbon Abatement Technologies Demonstration Scheme has been initiated with a budget of around £35 million over this period.  UK government funding for CAT R&D is currently ~£6 million per annum

Major UK CCS R&D initiatives are listed below and details of UK government programmes in the table:

· 1MWe combustion test facility converted for oxy-firing – E.ON UK
· 1MWe post-combustion capture pilot plant at Aberthaw – RWE npower.
· 0.5 MWt combustion test facility at Didcot to simulated oxyfuel operation and post combustion CO2 capture – RWE npower

· Carbon sequestration in the Firth of Forth – ScottishPower in conjunction with the University of Edinburgh, Scottish and Southern Energy and Doosan Babcock Energy.

· Development of Oxyfuel Combustion as a potential Carbon Capture Technology – Oxycoal1 – BERR Project 404.  Objective to evaluate the techno-economic feasibility  of oxyfuel combustion as a carbon capture technology.  Project lead by Doosan Babcock Energy.  Lead by Doosan Babcock Energy.

· CO2 Aquifer Storage Site Evaluation and Monitoring (CASSEM).  A £2.3M project to develop techniques to evaluate the potential for saline aquifers to store CO2 over very long periods.  Supported by TSB Low Carbon funding and the EPSRC.  Also industry financial support from ScottishPower, SSE, AMEC, Schlumberger and Marathon Oil. Other partners are Edinburgh and Heriot-Watt Universities, the British Geological Survey and the Tyndall Centre.

· Enhanced Coal Bed Methane. A £350k project to determine the potential for unmineable coal seams under the Forth Basin to store CO2. Project lead by Composite Energy and funded by ScottishPower, British Gas and the Royal Bank of Scotland.
	PROGRAMME
(theme, projects)
	BUDGET
	LINKS & CONTACTS

	Technology Strategy Board’s Technology Programme
	Since 2005 £5.4M has been allocated to  CATs/CCS R&D.
 

	www.innovateuk.org 

	Hydrogen, Fuel Cells and Carbon Abatement Technologies Demonstration Programme (HFCCAT) launched by BERR in 2006/7
	£35M over 4 years
	www.berr.gov.uk 

	Engineering and Physical Sciences Research Council)
	Circa. £1M p.a.
	www.epsrc.ac.uk 

	BERR support to the British Coal Utilisation Research Association R&D Programme
	Circa. £150k p.a.
	www.bcura.org 


3 Implementation

All respondents indicated their support for ZEP and its aims but noted that there are major technical, economic and social  barriers to be resolved prior to technology implementation.  The following UK based fossil fuel projects were identified:

· New 1.6GW capture ready supercritical pf coal-fired power station at Kingsnorth in Kent (delays in planning process – a decision expected late 2008) – E.ON UK

· Circa. 300MWe CCS demonstration (post-combustion capture with offshore CO2 storage) at Kingsnorth (dependent on BERR CCS demonstrator funding) – E.ON UK.

· New 1.6GWe capture ready supercritical pf coal-fired power station at Tilbury (planning process and permitting underway) – RWE npower

· New 2.4GWe capture ready supercritical pf coal-fired power station at Blyth (planning process and permitting underway) – RWE npower

· Circa. 300MWe CCS demonstration (post-combustion capture with offshore CO2 storage) at Tilbury (dependent on BERR CCS demonstrator funding).

· 880MWe IGCC with CCS at Teesside – Progressive Energy and Centrica

· 900MWe IGCC with CCS at Hatfield, Yorkshire – Powerfuels

· 50MWe (initially) IGSC demonstration with CCS at Hatfield (dependent on BERR CCS demonstrator funding) – Jacobs Engineering, Powerfuels and Clean Energy Systems

· 40MWt oxyfuel demonstration at Renfrew. BERR HFCCATS Oxycoal2 funding recently confirmed.  Objective to convert Doosan Babcock’s full-scale burner test facility to oxyfuel firing and to design, build and demonstrate a full-scale utility Oxycoal burner – Doosan Babcock Energy.

· Capture ready advanced supercritical study at Ferrybridge – Doosan Babcock Energy and Scottish and Southern Energy

· 400 MWe IGCC at Killingholme with CCS at some stage – E.ON UK (Project dormant)

Additionally respondents noted their project involvement overseas.  These include the In Salah CO2 storage demonstration (BP), DF-2 gasification and storage project in California (BP), work being undertaken in Germany bt RWE npower on pre- and post- combustion CO2 capture, 30MWt oxyfuel demonstration at Schwarze Pumpe, Germany (Vattenfall with ALSTOM Power) and post- combustion capture projects in the USA and Australia (ALSTOM Power)

In his budget of March 2007 the UK Chancellor Brown announced government support for a UK CATs demonstration.  Pre-qualification was sought by BERR from interested parties in November 2007.  The closing date for pre-qualification was 31st March 2008 and there has been an excellent response and the Government is currently assessing responses.  A number of bidders will be invited to take part in the next stage of negotiations shortly.

The following table presents publicly known information on CCS implementation activity in the UK:
	YEAR
OPERA-TIONAL

(Cancellation risk: source)
	PILOT/DEMO
(MW: MWe or MWth, tonnes CO2 p.a.)
	CAPTURE

(type of plant, location)
	STORAGE
(type, location, distance)
	REFERENCE & CONTACT
(attach press release or link to website at which project is officially announced)

	2012 (low risk - subject to planning approval, etc.)
	Commercial 1.6GWe 
	Kingsnorth – to be built capture ready.  Post combustion capture to be added later
	Offshore
	E..ON UK. www.eon-uk.com 

	2014 (medium risk – subject to BERR CCS funding)
	Demonstration, circa 300MWe and about 1.5 Mta CO2

	Kingsnorth – post-combustion side-stream on new plant.
	Offshore, North Sea, circa 150 km
	E.ON UK. www.eon-uk.com 

	2013 (low risk – subject to planning approval, etc.)
	Commercial 1.6GWe 
	Tilbury – to be built capture ready.  Post combustion capture to be added later
	Offshore
	RWE npower www.rwe.com 

	2014 (medium risk – subject to BERR CCS funding)
	Demonstration, circa 300MWe and about 1.5 Mta CO2

	Tilbury – post-combustion side-stream on new plant.
	Offshore, North Sea, circa 150 km
	RWE npower www.rwe.com 

	2014 (low risk – subject to planning approval, etc.)
	Commercial 2.4GWe
	Blyth – to be built capture ready.  Post combustion capture to be added later
	Offshore
	RWE npower www.rwe.com

	2014 (low risk – subject to planning approval, etc.)
	Commercial 880MWe IGCC
	Teesside – to be built capture ready.  Pre-combustion capture added later
	Offshore
	Progressive Energy and Centrica

www.progressive-energy.com 

	2013(low risk – subject to planning approval, etc.)
	Commercial 900We IGCC
	Hatfield, Yorkshire – to be built capture ready.  Pre-combustion capture added later
	Offshore
	Powerfuels. www.powerfuels.plc.uk 

	2014 (medium risk – subject to BERR CCS funding)
	Demonstration, circa 50 MWe initially IGSC
	Hatfield, Yorkshire –  added to proposed IGCC
	Offshore
	Jacobs Engineering , Powerfuels and Clean Energy Systems. www.jacobs.com 

	2009/10 (very low risk – funding approved, proceeding)
	40MWe Oxyfuel Demonstration
	Renfrew – no plans for CO2 capture
	Not applicable
	Doosan Babcock Energy. www.doosanbabcock.com 

	Dormant
	400MWe IGCC
	Killingholme – if built would be capture ready with pre-combustion capture added later
	Offshore
	E.ON.UK. www.eon-uk.com 


4 Public acceptance
The UK government has been active on public acceptance/awareness issues related to CCS.  In 2002 the DTI commissioned a study with the Tyndall Centre on public awareness and attitudes towards CCS.  The approach adopted was to use focus groups.  Initial public reservations were largely disarmed following explanation of the technology.  In 2003 the Tyndall Centre was commissioned to do a further study on public attitude to underground coal gasification.  Again public concerns were largely allayed on explanation of the technology.

A UK BERR funded study on a Global CCS Communications Strategy under the auspices of the IEA WPFF was commissioned in July 2006.  This work aims to gain an improved understanding of public concerns and regulatory issues associated with widespread deployment of CCS.  BP led this study that was reported in late 2007.
UK industry is generally proactive in informing the public about climate change and energy issues

5 UK Government policy 

UK Government recognizes that CCS has huge potential in the UK and worldwide to reduce CO2 emissions, while enabling continued use of fossil fuels.  The UK Government has allocated £35m for the demonstration of carbon abatement technologies (CAT), which includes both cleaner coal and CCS.

UK Government is developing a regulatory regime to enable CO2 to be safely and legally stored on and off shore.  In November 2006 the UK successfully lobbied for an amendment to the London Protocol, a maritime environmental convention, to allow CO2 to be stored in the sub-sea bed.  The UK is currently working towards an amendment to the OSPAR convention that governs North East Atlantic waters.

The UK Government shares the Commission’s ambition to see all new fossil fuel power stations fitted with CCS by 2020 and supports the Commission’s suggestion that they will make further recommendations within the next couple of years on the practicality of this.

UK Government has lead on getting CCS recognized in the EU ETS.  This will assist with the eventual deployment economics of CCS in the EU.  In the wider UNFCCC context, UK Government also supports recognition of CCS in the Clean Development Mechanism for developing countries.

The UK is leading the EU Near Zero Emissions Coal (NZEC) initiative in China and is actively pursuing a similar roject in India.  NZEC is proceeding well and will identify by end 2008 options for demonstration of CCS for coal fired power generation by 2020.  The UK has committed £3.5m to this project and we are actively pursuing contributions from other Member States and the EU for further phases.  Both China and India have indicated that they expect to see CCS demonstration and deployment taking place in developed countries first. This is partly because to them climate change is a problem that has been caused by the developed countries and therefore should invest technological solutions first.  Further, there is a suspicion that we are trying to test unproven technology in their countries.  UK Government believes it should continue to work urgently on these projects, recognising they are a major part of the UK’s CCS programme. In short, efforts to reduce emissions in the EU through deployment of CCS will be undermined unless the technology can be rapidly deployed in these countries where the growth in emissions is projected to be greatest. A commitment to UK CCS demonstration is seen as a very significant step in demonstrating leadership in the international climate change agenda.

Demonstrations are so costly and there is a general acceptance that individual countries will only be able to host a very limited number, often only one, and that to obtain maximum deployment benefit information will need to be shared.  The UK would therefore expect to share information on a UK project with others, subject to commercial constraints.  Sharing of information on CO2 storage, where there are no IPR constraints, already takes place:  The UK and other Governments pay a small amount to receive information on CO2 injection and storage from the Sleipner and Weyburn projects.  This model of a host country demonstration with information available to others seems the right approach to drive the technology forward.  Real difficulties can be foreseen in pursuing jointly or multi-funded demonstration projects in developed countries since the generation benefits all accrue to the host nation and offer little to others apart from technology expertise – and there may be IPR issues attached to that.  The US Futuregen project for example is open to other countries, but there has been limited uptake presumably because it was not perceived to offer value for money.
UK Industry generally recognizes that UK Government is attempting to address the need for a coordinated approach to energy R&D including ZEP.  The number of CCS projects at various developmental stages signals industry’s enthusiasm and commitment to CCS.  However industry needs significant governmental support for first mover projects (e.g. an early mover fund, capital allowances, etc.).  Also there needs to be clarity in market and legal frameworks particularly with regard to CO2 issues.  This needs to include the acceptability of CCS within the EU ETS.

6 Lessons for ZEP

The UK energy sector shares many features with countries in mainland Europe.  Separately it shares with Norway the opportunity to capitalize on the North Sea for the storage of CO2.

Historically the UK has been dominated by the coal industry with indigenous coal production well in excess of 100Mta through until about 1980.  Production today (from both deep- and surface-mining operations) is about 15Mta.  The picture in mainland Europe is similar with most national coal mining activity having declined or disappeared.  Nonetheless in the UK coal is still a major player in the electricity market that is of particular interest for the ZEP.  Currently coal and gas combined account for some 70% of the energy input for electricity generation and this headline figure is likely to increase slightly through to 2030.  Thus there is significant and long-term potential to reduce CO2 emissions by the implementation of CCS.

The liberalized electricity market has resulted in the UK presence of several major international players including E.ON, RWE, EDF, International Power, etc.  In addition there are many national players including ScottishPower, Scottish and Southern plc, British Energy, Centrica and Draxpower.  All have an interest in the development of zero emissions technology and several have identified possible projects.  In addition to any national barriers associated with major project funding the international nature of several players operating in the UK gives a further dimension.  How likely is it that a player, with an overseas parent, would invest in a demonstration plant in the UK in preference or even in addition to one in its own country?

With its extensive North Sea coastline the UK like Norway has huge potential for storing CO2 under the seabed in the North Sea.  As noted earlier Norway and the UK has just announced a study looking at joint infrastructure in the North Sea.  This study will analyse the appropriate market framework and value chain which can help a CO2 network in the North Sea.  The outcome of this study will be reported by July 2007.

The UK, through its government and other stakeholders is very active within the ZEP.  There are clear intentions that the UK will push ahead with pilot/demonstration plants.  There are several potential projects and now the UK government has signaled intention to provide financial support.
PAGE  
ZEP Country Profile UK


