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Executive Summary

This report presents the results of the work conducted by the International Petroleum Exchange and their consultants, Enviros Aspinwall and Margaree Consultants, on the design of a UK greenhouse gas emissions trading system.

The project was stimulated primarily by the need to develop a tradable permit programme to assist the UK in meeting its national and international CO2 emissions reductions targets.  It will also further progress towards establishing more comprehensive risk management tools for energy suppliers and consumers if and when carbon consumption is constrained.  The urgency of this task was heightened by the need to offer complementary policies to the proposed Climate Change Levy, which was announced in March 1999.

Although several policy instruments will be used to achieve these aims, emissions trading is widely recognised as offering one of the lowest cost compliance strategies.   We therefore hope that this work makes a useful contribution to furthering the development of a workable domestic - and in due course an international - emissions trading programme. 

Objective

The objective of the project was to design a workable greenhouse gas emissions trading scheme for the UK.  Because of the wide ranging impacts of an emissions trading programme, we first needed to be clear about what the scheme should achieve.  The following core principles were established in consultation with industry: a domestic emissions trading programme should:

Be effective in reducing greenhouse gas emissions, and assisting the UK meet its emissions targets.

Encourage implementation of the most cost-effective means of achieving these reductions.

Be equitable amongst participants and non-participants.

Whilst consideration has been given to the distributional effects of the various designs, the scheme has not expressly been designed to address other economic or social policy objectives.
Project Process

This study took place over four months, during this time the consultants undertook an extensive consultation process involving three industry workshops and numerous bilateral meetings with government and industry. Mindful of the need to develop options quickly these discussions were structured to isolate and prioritise the main issues.  Five working papers were distributed for comment.  This has resulted in an initial proposal to focus debate on the design of a UK emissions trading scheme.  

Key Design Issues

The design of an emissions trading programme requires consideration of a wide range of issues.  It is inappropriate to specify all these at the outset.  The most important issues are those that affect the overall cost of the system – to participants and non-participants - and how the burden is shared.  These are reflected in the basis for participation (voluntary or mandatory), type of cap (cap and trade or baseline and credit), point of obligation (upstream, midstream or downstream) and degree of downstream sectorial coverage (which energy using industries are included in then system).   

The following are excluded from the analysis because they are assumed to apply to all design options: 

The UK emissions trading programme is linked to the Kyoto Protocol international mechanisms.

The UK programme is compliant with all legal requirements such as the Financial Services Act in the UK and the European IPPC Directive.
Basis for Implementation 

Our view is that although interest in voluntary pilot trading programmes is high in several countries, there is little more to be learned from such initiatives.  They provide few environmental benefits, do little to reduce policy uncertainty, and do not provide accurate economic incentives for participants.  Specialised credit for early action programmes suffer from the same problems as well as the complexity of the regulations required to underpin the regime.   

Because of these difficulties we favour early implementation of a full-scale emissions trading programme.  This approach would be consistent with Negotiated Agreements under the Climate Change Levy and provides an opportunity to develop and refine the system design and administration prior to the start of the commitment period in 2008.  Given the degree of commitment expected from industry for a trading system, there are also advantages in implementing an emissions trading programme that can remain in effect at least through 2012.  This reduces policy uncertainty for industry when evaluating investment decisions.
Type of Cap

Whilst baseline and credit trading schemes are intuitively appealing for participants, experience, largely from North America, has shown these to be less successful than cap and trade designs.  This is largely due to the high transaction costs associated with establishing baselines and verifying emissions reductions.  Overall cap and trade systems benefit from greater certainty for participants, higher liquidity and lower transaction costs. 

Baseline and credit designs can also incorporate performance based emissions standards, such as those being considered under the Negotiated Agreements.  Again this option is intuitively attractive to participants as it does not appear to impose an absolute limit on emissions and hence production.  For trading to be possible under this regime however relative emissions units would need to be converted into a homogeneous currency, tonnes of CO2.   Whilst technically possible, such a system imposes additional administrative costs and does not provide any guarantee of meeting collective emissions targets in line with the Kyoto Protocol.  For all these reasons we favour a cap and trade system for the UK emissions trading scheme.

Point of Obligation

The decision about the point of obligation ultimately reduces to a trade-off between the cost effectiveness of the scheme and how this cost is shared throughout the economy.   Cost effectiveness is a function of emissions coverage (a higher coverage reduces compliance costs per participant) and the number of participants (a high number of participants increases administration costs).  Sharing of the burden means that no one group should be disproportionately affected.  

With the greatest emissions coverage (91% of UK CO2 emissions) and few participants, the up stream option (based on fuel supply) offers the lowest overall costs of compliance, but suffers from having the same effect as a tax on energy users.  The mid/down stream option (all industrial emitters, including electricity generation and oil refineries) is potentially less cost effective in covering some 50% of the UK’s industrial CO2 emissions and having a higher number of participants.  It does however give greater flexibility in compliance options to industry, particularly by the inclusion of fuel switching in electricity generation.  However, higher electricity prices can also be seen as a tax on downstream industrial energy users, increasing the burden they have to bear.   The pure downstream option (industrial emitters, imputing emissions from electricity generation) covers only 29% of UK emissions and also has a high number of participants.  It does however avoid the “tax” effect on electricity prices of the midstream option. 

Adhering to our stated criteria, we believe that the high emissions coverage of mid/down stream option which includes the electricity supply industry as well as major downstream emitters, and the cost advantages this affords, outweighs the potential distributional impacts on industrial and commercial electricity users.  To a large extent these impacts can be mitigated with appropriate policies to recycle permit auction revenue to heavy electricity users.

Coverage

In line with the principle of minimising compliance costs, we favour a trading scheme that covers as many downstream sources as possible within the limits of administrative feasibility.  Initially this would include all IPPC industrial processes for emissions of CO2, N20 and methane.  The scheme would then be extended to smaller industrial combustion processes, landfill sites, waste water treatment plants, transport fuels used in commercial haulage, PFC’s, HFC’s and SF6. CO2
Sharing the Burden

Perhaps the most difficult issues for an emissions trading programme are determination of the emissions reduction burden and how it should be shared.  Because these raise efficiency and equity concerns this can be agreed only through negotiations between the government and the participants.  Nonetheless some general conclusions can be drawn:

Ultimately the cost of the scheme to participants is determined by the emissions cap established for the participants because this affects the cost of the emission reduction measures that need to be implemented.  As there is no national commitment to reduce emissions until 2008-2012, the level of the cap on participants prior to 2008 can be adjusted to ameliorate international competitiveness concerns. 

Permits should be distributed gratis initially.  This has large support from potential participants as it compensates them for the loss in value of existing capital and reduces competitiveness concerns during the period when competitors may not face comparable obligations.

It will be difficult to find an allocation formula that treats all participants fairly.  As a result, the basic formula will probably need to be complemented by a number of special provisions to deal with exceptional cases.  Grandfathering or the rule presented in Box A (Section III) are examples of a basic rule.  Permits awarded under special provisions should come out of the agreed cap.  This forces sources arguing for special treatment to make a compelling case to the other participants in the programme because the added permits for those sources reduce their allocations.

Over time an increasing share of the permits should be auctioned.  This raises revenue that can be used to facilitate adjustment by firms and groups adversely affected by the limits on greenhouse gas emissions but that are not participants in the trading programme and/or to stimulate economic growth.  Depending on how the auction revenue is used, some of it may be received by participants in the trading programme.  This reduces the economic burden on participants.

Assuming that at least some permits for 2008-2012 are auctioned, the quantity auctioned should be reduced by the quantity of 2001-2007 permits banked for use during the later period.

Technical Design Issues

Section IV if the main report describes a wide range of technical issues, all of which need to be agreed upon in the course of drawing up a detailed emissions trading design.  In general these issues do not materially affect the costs to participants and can be resolved on their individual merits once the basic design and burden sharing agreements have been negotiated.

Market Infrastructure 

Any emissions trading scheme requires two main components: a market in which participants can transfer permits and a registry to track these transfers.

The Market

The fundamental aim of the market is to maximise the efficiency of making transactions.  Efficiency is driven by six key factors.  These define the criteria against which trading designs need to be judged:

Diversity of participants

Transparency

Minimum transaction costs

Minimisation of trading risk

Preservation of anonymity

Consistent regulatory and fiscal regime 

Several types of market can exist, both in terms of the product (spot, forward or futures) and the way in which it is traded (Over the Counter or Exchange Based). 

Initially the market will exist as a spot market, but as volumes increase and participants wish to hedge against future price movements, the market will develop into forwards and futures.   This has implications for the development of the trading infrastructure.

The Registry

Irrespective of the type of trading system used, an emissions trading system requires transfers to be recorded.  Conventionally this is done through a central registry.  Although the registry does not have to be part of an exchange, if an exchange does operate then there are advantages in running the two together where the clearing process provides the basis for the registry.

Next Steps 

At the time of writing the government is examining the role of emissions trading in the context of the CCL sectorial Negotiated Agreements.  If implemented on this basis it is likely that the system would involve trading direct and indirect (imputed from power stations) emissions amongst participants in energy-intensive sectors.  Other than by allowing electricity generators voluntarily to sell project-specific credits to down stream users – which carries with it the problems of verification – this system is unable to benefit from the significant low cost emissions reduction opportunities in the generation sector.  Because of the baseline and credit nature of the Agreements it is also likely to suffer from high transaction costs.

The move towards a situation in which these opportunities can be more fully exploited would involve the following initial steps:

Expand coverage of the CCL, or its replacement, to all direct carbon emissions including the electricity generating, oil refining and natural gas processing sectors;

Include electricity generation, oil refining and gas processing in the Negotiated Agreements;

Agree absolute caps for those participating in trading as part of the Negotiated Agreements.

Re-examine the feasibility of exempting the domestic sector from cost pass through and how to compensate those at risk of fuel poverty;

Section I - Introduction

This report presents the detailed results of the work conducted on behalf of the International Petroleum Exchange (IPE) by consultants, Enviros and Margaree Consultants to design a UK Greenhouse Gas Emissions trading system. 

1.1
The IPE 

The IPE has a direct interest in assisting the development of a UK greenhouse gas emissions trading system.  This stems from the IPE’s role in developing and providing products to the energy suppliers and traders who use the exchange, to enable them to manage price volatility in the energy markets.  Currently this price risk is managed through the trading of oil and gas futures on the exchange.  Energy markets are changing however and the emergence of international regulations to limit greenhouse gas emissions will affect the costs of using fossil fuels.  Emissions trading is established by these regulations, making a tradable emissions-based product a logical addition to existing energy futures. 

The IPE also has an interest in helping maintain the UK’s position as a leading centre of financial and market expertise.  This view is supported by government and influential organisations such as the Corporation of London, who recognise the commercial benefits of taking early action to create a domestic trading system 
.  This view has been underlined by government.  When international trading is developed there is likely to be a need for an exchange and registration functions and those countries with the greatest experience in operating greenhouse gas emissions trading markets will be best placed to provide these services.

1.2
Terms of Reference

With these aims in mind the IPE commissioned Enviros and Margaree Consultants to design a UK pilot emissions trading scheme.  The aims of this the project were to:

· Obtain a commitment by government to support and help develop a pilot emissions trading scheme;

· Create a detailed design of a pilot emissions trading market.  This includes:

· Defining the type of asset to be traded;

Method of allocation (pilot system and implications for full operating system);

· Method of trading (OTC or exchange based);

· Methods of registration / recording transfers;

· Sanctions for non-compliance;

· Timetable to coincide with Kyoto reconciliation period;

· Costs in establishing and participating in pilot;

· Monitoring and reconciliation;

· Implications for regulators (FSA and Environment Agency).

As will be explained later in this section, although the original intention was to design a pilot scheme, there are strong arguments in favour of the early launch of a full scale emissions trading programme rather than a voluntary pilot programme.  The presumption of a regulated emissions trading programme early on in the development process has therefore shaped several of the design issues. 

1.3
This Report

This report is structured into six main sections. 

Section I

Provides the background to the work and the approach taken

Section II
Introduces the various design options and examines their advantages and disadvantages.  This section concludes with a proposal for a UK trading system.

Section III 
Discusses the important issue of burden sharing

Section IV
Introduces the range technical issues which are inherent in any trading system

Section V
Examines how the market could work in practice 

Section VI
Draws the findings together in the form of general conclusions 

Four appendices are presented.  These contain information on:

· Background to the Kyoto Protocol;

· The results of the numerical analysis underpinning the assessment of the options;

· Share price movements of large energy users around the time of the Climate Change Levy consultation document;

· Revenue Recycling

1.4
Drivers Behind a Domestic Emissions Trading Scheme 

The Kyoto Protocol

The underlying driver behind the need to establish a domestic greenhouse gas emissions trading scheme is the Kyoto Protocol 
.  The Protocol, which was agreed in December 1997, has two important implications:

· It establishes national greenhouse gas emissions reduction targets.  These apply to the 39 wealthiest countries listed in Annex B of the Protocol and require them to limit their emissions to a specified level in relation to 1990 emissions.  Under a collective arrangement amongst EU Member States the UK has agreed to achieve a 12.5% emissions reduction target for the period 2008-2012.

· It allows signatories to the Protocol to meet their emissions reductions obligations through the international transfer of emissions rights and credits.  These are known as the Kyoto mechanisms and include: Joint Implementation; Clean Development Mechanism and International Emissions Trading (see Appendices). 

The national limit on emissions creates the incentive for each Party to meet its commitments at least cost.  Although the UK is proposing a variety of policy measures to reduce greenhouse gas emissions, an internal system of emissions trading is likely to be a key means of achieving this objective.  

The prospects for international trading through the Kyoto mechanisms, also encourage the establishment of a domestic trading system as these international mechanisms are likely to provide one of the lowest cost options for Parties to the Protocol to achieve compliance.  It will therefore be important for the domestic measures aimed at reducing emissions to be compatible with, and have access to, these low cost emissions reduction opportunities.

UK Domestic Environmental Policy

In addition to its Kyoto Protocol commitments the UK government has set itself a goal of achieving a 20% reduction in CO2 emissions on 1990 levels by 2010.  This is considerably more demanding that the UK’s Kyoto commitment of a 12.5% reduction in greenhouse gases and will require careful consideration by government of the policy measures which will be used to achieve this goal.  As with the options available to meet the Kyoto commitments, emissions trading is likely to reduce the cost of meeting this goal.  

The Marshall Report 

Since the UK has little experience with the use of emissions trading, the Chancellor of the Exchequer asked Lord Marshall to lead a Task Force on the use of economic instruments to improve the industrial and commercial use of energy and help reduce greenhouse gas emissions.  In November 1998 this Task Force concluded that economic instruments have an important role to play in meeting these challenges and that a mix of taxes and tradable permits will be required.
  

The Climate Change Levy

Following up Lord Marshall’s recommendations, in March 1999 the government issued a proposal for a levy on industrial and commercial energy use: the Climate Change Levy  (CCL).  A key feature of this proposal is the derogation available for large energy users.  As proposed, large energy users are able to enter into agreement with government to negotiate lower rates of the levy in exchange for a commitment to improve energy efficiency and reduce emissions of CO2.  The process of negotiating these agreements is currently ongoing.

These negotiated agreements under the CCL provide a direct stimulus to the creation of an emissions trading regime in the UK.  Although trading under the negotiated agreements would be limited in its coverage of UK greenhouse gas emissions and the need to relate energy efficiency targets to a tradable asset creates certain practical difficulties, a trading system under the CCL is possible and would allow participating companies to achieve energy efficiency improvements collectively at least cost.  Under such a system it has been proposed that trading within and across sectors be allowed.  It has also been suggested that participants be allowed to purchase emissions reduction credits from sources outside the system to meet their commitments.

ACBE and CBI

Responding to the recommendations of Lord Marshall, the CCL and the commitments created under Kyoto Protocol, the Advisory Committee on Business and the Environment (ACBE), together with the Confederation of British Industry (CBI), was in June 1999 charged by the government to investigate the feasibility of setting up a pilot emissions trading system in the UK.  At the time of writing a Steering Committee has been established comprising high level executives from industry, and the foundation for a Technical Committee has been laid.  The process is due to report by the end of October 1999.

It is through the ACBE/CIB process that recommendations for a UK emissions trading scheme are likely to evolve. It is hoped that the findings of this work  will help inform the work by ACBE/CIB, as the research has involved detailed theoretical and numerical analysis as well as extensive consultation with industry.

Other Work

In addition to the above initiatives the Association of Electricity Producers (AEP) through regular meetings with industry has been examining opportunities for emissions trading in the UK since 1997.  The output from these meetings provides a valuable foundation to development of a UK emissions scheme.  

1.5
The Project Process

The IPE study has run for four months culminating in this final report.  During this time the consultants undertook a broad consultation process involving three industry workshops and numerous bilateral meetings with interested parties.  These discussions were structured to isolate and prioritise the main issues upon which consensus and comment was sought.   

Mindful of the ACBE/CBI time scale, the process had to be developed quickly.  The principal aims were to:

· Reduce the number of designs under consideration;

· Refine and elaborate the remaining designs.

This approach is reflected in the five working papers that were issued to inform these workshops and meetings:

Paper 1
Initial Design Options

Paper 2
Revised Design Options

Paper 3
Programme Design Features

Paper 4
Market Interface

Paper 5
Burden Sharing

In addition to these main papers, the consultants have issued and sought comment on the draft proposal for an emissions trading programme.  The structure of the design proposal reflects the comments from this consultation process. 

The IPE would like thank all those who attended the workshops and gave their contribution.  As was explained early on in the process, whilst we are most grateful of the contribution from participants, the content of this report is the responsibility of the consulting team and the IPE. 
Section II - Design Options

2.1
Assessment Criteria

The design of an emissions trading programme is complex and the assessment of the various design features requires a clear analytical framework.  The criteria presented below are intended to help choose among possible designs for a national emissions trading programme.  Features that are common to all designs can not help in making such a choice.  The following conditions are assumed to be met by any emissions trading programme implemented in the UK and hence are not included among the criteria:

· The national emissions trading programme is assumed to be linked to the Kyoto Protocol mechanisms.  This process is described in more detail in Section III;

· The national emissions trading programme is assumed to comply with all applicable legal requirements, such as the Financial Services Act;

· The national emissions trading programme is assumed to be compatible with European Union policies, such as the Integrated Pollution Prevention and Control (IPPC) directive and rules related to an EU “bubble” under Article 4 of the Kyoto Protocol.

The suggested criteria for choosing among possible designs for a national emissions trading programme are:

· Environmental effectiveness: greenhouse gas emissions reductions achieved.  Alternative designs cover different percentages of national emissions.  For the post-2008 period it is assumed that the U.K. meets its commitment and that the policies adopted are effective in limiting the emissions by affected sources to target levels.  This means there is no difference in environmental effectiveness after 2008.  Prior to 2008, environmental effectiveness is determined by the cap for participating sources.  If non-participants are covered by less (more) stringent policies, then a trading programme design with greater coverage will provide greater (less) environmental effectiveness.

· Cost-effectiveness: cost of achieving the emissions limit established for participating sources.  A more stringent limit for a given set of sources increases both total and marginal costs.  We do not propose an emissions limit for the preferred design(s), so it is not be possible to compare compliance costs for different designs.  However, for a given emissions target, cost-effectiveness generally improves with the share of total emissions covered.

· Equity: comparable treatment of participants in the trading programme and fair treatment of sources participating in the trading programme and those subject to other policies.  There is no universally agreed measure of equity, so this criterion can not be applied in a practical sense.  The government is likely to be concerned, as well, with the impacts on different income groups and industry sectors. 

· Administrative burden: the number of participants and the administrative load imposed on participants and the government.  If it is assumed that an effort is made to minimise the administrative requirements, the burden imposed on a participant is likely to be roughly the same regardless of the design.  Then reducing the number of participants tends to lower the total cost of administration.

· Impacts on competitiveness: the costs of compliance for sources in the U.K. relative to those faced by competitors in other countries.  The U.K. obviously has limited influence on the policies of other countries.  The main option for addressing competitiveness, then, is to minimise the costs of compliance for U.K. sources.  This can be done by increasing the cost-effectiveness of the emissions trading programme, linking it to the Kyoto Protocol mechanisms so that U.K. sources have access to the same control costs as their foreign competitors, and limiting the reductions required prior to 2008.

2.2
Features of the Design 

Design features can be categorised into two groups according to the extent to which they affect the effectiveness and costs of the trading system.  The first group consists of those features which have a fundamental impact on the ability of the system to deliver emissions reductions and how the cost for these reductions is shared amongst participants and the wider economy.  These considerations frame the overall design and are likely to be most contentious.  These distil into five main issues:

· Basis of participation;

· Type of cap;

· Point of obligation;

· Sectorial coverage;

· Method of allocation.

The range of possibilities under each of these issues is shown in Table 2.1.  

The second group is more concerned with technical aspects of the design.  Whilst important in their own right, these do not significantly affect other design considerations, and include issues such as:

· Whether to include non-CO2 gases;

· Procedures for audit and verification;

· Borrowing;

· Penalties for non-compliance;

· Credit creation.

Table 2.1:  Options for the Key Design Issues for a Greenhouse Gas Emissions Trading Scheme

Basis of Participation 
Type of Cap
Point of Obligation
Downstream Coverage 
Method of Allocation

Voluntary participation + government assurance of credit
Carbon / CO2 emission allowances (cap and trade)
“Upstream” (fuel producers and suppliers
Key industrial emitters 
Free

Voluntary participation + legal basis for assurance
Emission reductions (baseline and credit)
“Mid stream” (electricity generation and oil refineries) and “Downstream”


All major industrial emitters 
Auction

Early action credited against legislated future traded system
Emissions reductions (performance standards)
“Downstream”       (energy users)   
All major industrial emitters + transport
Hybrid




All major industrial emitters + transport + domestic / institutional


The remainder of this section examines the above issues and concludes with a draft proposal on a possible design structure incorporating these elements. 

Basis of Participation 

As yet there is no international requirement for countries to reduce greenhouse gas emissions.  If the Kyoto Protocol is ratified the earliest legal compliance period is 2008 to 2012.  To introduce a scheme into the UK before this time must examine the motivation for participants to become involved in the programme.  To date, three types of emissions trading programmes have been developed to achieve this early buy in:  

· purely voluntary programmes;

· credit for early action;

· early adoption of a regulatory programme.

Purely voluntary programmes, such as PERT, GERT and the NESCAUM demonstration projects in North America, typically involve a limited number of participants who receive general assurances that the credits they create will be recognised toward future obligations.  Experience has shown however that negotiating these assurances can take many months.  Industry participants want the assurances to be as specific and binding as possible, whereas governments point out that they do not have the power to commit a future government.  Finding mutually satisfactory wording for the assurances is often difficult.

The volume of trading activity under these existing pilot programmes is small, of the order of 5 to 20 transactions per year.  That is due to the limited number of participants, the fact that there is no current use for the credits, and the heterogeneous nature of the credits, which raises the transactions costs.

Trading activity tends to be much higher when the programme is a mandatory compliance requirement and the commodity is homogeneous.  In the SO2 programme trades exceed the annual emissions.  In addition there is considerable options activity.  In the RECLAIM programme in California SO2 trades amount to about 70% of annual emissions and NOx trades are equivalent to about 40% of annual emissions. 

Credit for early action is similar to the above but is supported by stronger government recognition of emissions reductions by participants, often involving bespoke legislation and regulations.  This provides participants a much higher degree of assurance that their actions can be credited toward future regulatory obligations.  Some of the credit for early action proposals provide participants with government-issued allowances or certification of the credits created by their reduction or sequestration actions.  The increased certainty and homogeneous nature of the assets should lead to a larger volume of activity than under a pilot programme. 

Although interest in credit for early action is high in several countries, implementing a workable programme is proving difficult.  In Canada the federal and provincial ministers of Energy and Environment committed in the spring of 1998 to implement a programme of credit for early action early in 1999.  It has proven to be very difficult to get agreement on the design of the programme and the programme is not expected to be announced before the autumn at the earliest.  A bill to provide credit for early action was introduced in the U.S. Senate in October 1998.  A revised version was introduced in the Senate in the spring and a similar bill has been introduced in the House of Representatives, but legislation to provide credit for early action is not expected to be passed in 1999.

Credit for Early Action has significant drawbacks: it is complex and requires legislation and regulations.
 Despite a ministerial commitment, the Canadian programme will not be announced before the autumn of 1999.  The bills introduced in the U.S. Congress have been criticised for rewarding declining firms and penalising growing firms.  This is only one of a number of concerns that remain to be resolved.  After the legislation passes, it is possible that it will take another one to four years to implement the necessary regulations.

A third approach is to establish a regulated emissions trading programme and to phase-in implementation.  Participation is mandatory from the outset, but the cap is set so as to require only limited reductions initially.  This provides a high degree of certainty for participants by defining the regulatory programme.  Typically this establishes which sources will be covered and how obligations will be distributed.  It also enables participants and the regulatory authority to gain experience with the programme.

Denmark has established a trading programme for CO2 emissions by electricity generators beginning in 2000.  New Zealand has stated that emissions trading will be the main domestic policy instrument for meeting its Kyoto Protocol commitment and that the trading programme will begin operation no later than 1 January 2006 to ensure that it will function properly for the 2008-2012 period.  New Zealand is also considering three options to provide incentives for action prior to 2006.
  Establishing a regulatory programme would take about the amount of time as a programme of credit for early action, but it eliminates the need to develop a regulatory programme to replace the credit for early action programme. 

Type of Cap

Table 2.1 describes two types of cap:  “cap and trade” and “baseline and credit” system.  The former is the most intuitive and resembles the many quota systems already in existence throughout the world.
  Participants are allocated a quantity of emissions permits at the start of the period.  By the end of the period participants must hold permits at least equal to their actual emissions during the period.  Permits are homogeneous and can be freely traded amongst participants to ensure they have sufficient permits to cover the period end emissions.

Cap and trade systems create homogeneous, verifiable assets.  Where there is a sufficient number of participants, transaction costs tend to be low and trading volumes high.  These are the lessons learned from the trading systems in the US.

The baseline and credit option describes a system in which there is no initial allocation of permits but participants reduce their emissions from what they would have been.  In such schemes credits are created by reducing emissions below the baseline level of emissions.  Participants that are unable or find it too costly to achieve the baseline level of emissions can buy in credits from those who have exceeded the required emissions reduction.

A variant on the cap and trade system involves the use of performance standards in which target emissions are related to output or some other measure of activity.  This allows standards to take into account projected changes in activity levels within participating firms. 

Whilst credit trading programmes are intuitively appealing for participants, experience has shown them to be less successful than cap and trade designs 
.  This is largely due to the difficulties and costs involved in establishing baselines and verifying emissions reductions.  Without a credible baseline a credit has no validity.  Since credit trades are project-specific, continued verification is needed to ensure the parties have performed as promised.  This increases the cost of establishing the validity of a credit.

These transactional problems are even more significant in a baseline and credit system based on performance standards.  For example, a baseline could be set in terms of emissions of CO2 per unit of output in a particular industry.  This would then have to be converted into a homogenous carbon-based unit before it could be traded with a buyer in another industry.  Moreover, under a performance based system, because allowable emissions are linked to output and output is unconstrained then there is no guarantee of meeting a national emissions target under the Kyoto Protocol.

Point of Obligation

The point of obligation refers to the stage in the carbon supply chain where there is the requirement to hold permits.  There are three main possibilities: “upstream”, “midstream” or “downstream”.  Upstream covers the suppliers of carbon fuels, and includes the oil, gas and coal producers.  Midstream refers to the direct CO2 emissions from the production of electricity and oil products.  Downstream covers all other direct sources of CO2.  

The selection of which of these levels of participants should be included in an emissions trading system is a key design consideration and needs to be addressed early on in the design process.  In simple terms the issue boils down to a trade off between the benefits of wider coverage of CO2 emissions and the administrative efficiency this achieves, and the equity and flexibility impacts on the part of downstream energy users.  These issues are discussed in more detail under the four shortlisted design options.

Downstream Sectorial Coverage 

Downstream sectorial coverage describes the extent to which the trading programme covers emitters of CO2.  Because the upstream design places the requirement to hold permits on the fuel suppliers this only relates to the mid-stream and downstream options.  Coverage breaks down into four main areas: key industrial emitters (i.e. those currently negotiating agreements under the CCL), all other large industrial emitters of CO2 including electricity generation, transport, and domestic/institutional.  For the programmes considered in this report, emitters in the transport and domestic / institutional sectors are not required to hold permits.

Another consideration is the threshold within each sector which defines the boundaries of the programme.  For example in the industrial sector, decisions need to be made on which subsectors and size of site are required to participate. 

Method of Allocation

The method with which permits are allocated is a key consideration and one that has the most bearing on the costs to participants.  It is a complex issue covering the size and profile of the overall cap, allocation formulae, revenue redistribution and banking.  These issues are discussed in Section III.

2.3
Overview of Initial Design Options

A Range of Design Options 

The combinations of possibilities under each design issue in Table 2.1 are numerous.  Table 2.2 groups these into ten possible overall designs for consideration as a domestic emissions trading programme 
.  

Table 2.2:  Summary of Possible Designs

Design
Description

1
Cap on carbon content of fossil fuels produced and imported with trading by producers, importers and exporters

2
Cap on the carbon content of fossil fuels implemented at the narrowest point in the distribution chain, with trading by owners of the fuels

3
Voluntary credit trading

4
Mandatory performance standards with voluntary credit trading

5
Mandatory credit trading

6
Voluntary cap and trade system

7
Cap on emissions by fossil fuel users, trading by large fuel users and oil companies for transportation fuels

8
Same as previous option, but excluding transportation sector

9
Same as option 7 but with no opportunity to purchase credits or allowances from sequestration or sources outside the program

10
Cap on emissions by fossil fuel users, trading by large fuel users and municipalities for transportation and commercial/residential buildings

To facilitate discussion these ten designs were condensed into a shortlist of four options for consideration by the working groups and other correspondents.  The balance of this section describes these four shortlisted designs.  They are, in no priority or order of preference:

1. A downstream system for CO2 emissions implemented through sectorial negotiated agreements;

2. A downstream system for industry based on performance standards;

3. A midstream and downstream system for CO2 emissions by industry established by government;

4. An upstream system for the carbon content of fossil fuels.

The make up of each of these designs is illustrated in Figures 2.1 to 2.4.

Figure 2.1:  Option 1.  Downstream System for CO2 Emissions Implemented Through Sector Negotiated Agreements
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Figure 2.2:  Option 2.  Downstream System for CO2 Emissions Based On Performance Standards 
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Figure 2.3:  Option 3.  Midstream and Downstream System for CO2 Emissions from Industry
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Figure 2.4:  Upstream System (based on carbon content of the fuel)
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A summary of the share of national greenhouse gas emissions and a rough estimate of the number of participants involved in each design is presented in Table 2.3.

Table 2.3:  Share of National Greenhouse Gas Emissions and

Estimated Number of Participants for each Design

Design
CO2 Emissions from Fossil Fuel Combustion (1995)
% of UK Greenhouse gas emissions
Approximate number of participants (companies) (6)


(kt/year)
% of UK CO2 Emissions 



1.  Downstream through sectorial negotiated agreements (1)
106,000 
29%
18%
> 2,000 (4)

2.  Midstream and downstream based on performance standards (2)
288,000 
50%
38%
1,000-1,500 (5)

3.  Midstream and downstream based on cap and trade (2)
288,000
50%
38%
1,000-1,500 (2)

4.  Upstream based on carbon content of fuel
525,000
91%
66%(6)
70-80 (3)

Notes 


1. Includes, indirect emissions from electricity consumed by these sectors.  Assumes no threshold, i.e. all direct and indirect emissions from the sector are included.

1. Covers all IPPC processes with the exception of waste processing plants.  

2. Number of companies involved in oil, gas and coal exploration, production and importation.

3. Includes ALL firms in the nine sectors – in practice it is likely that trading would only be undertaken by the largest firms.

4. Trading assumed to be undertaken by firms, not plants.

5. This design also captures emissions due fossil fuel use by the domestic and transport sectors.

Data for Table 2.3 have been taken from the following published sources: Marshall Report 1998, Industrial Sector Carbon Dioxide Emissions: Database and Model for the UK, 1997, UK Greenhouse Gas Inventory, 1998.   The figures indicate the advantages in terms of coverage of emissions from the Upstream design (Option 4) and the Midstream, and Downstream Design (Options 2 and 3).  

Section 2.4 Describes these design options in more detail.

2.4
Four Design Options

Design 1: A Downstream System Implemented through Voluntary Agreements

Description

This design attempts to take into account the government’s proposal to negotiate agreements to limit energy consumption in return for a reduced tax rate under the Climate Change Levy with selected industry trade associations. 

The nine industry associations – aluminium, cement, ceramics, chemicals, food and drink, foundries, glass, paper and steel -- would negotiate energy or emission reduction commitments for their members.  Each negotiated agreement would specify a commitment to limit energy or emissions in one of the following ways:

· Total energy used by a firm;

· Energy used per unit of output produced;

· Total CO2 emissions by a firm;

· CO2 emissions per unit of output produced.
It is assumed that the commitments would be similar to the energy efficiency potential estimated by ETSU for the relevant sector.

A firm would enter into an agreement with the government to achieve its share of the industry commitment for its plants.  Sources in the relevant sectors that are not members of the industry association, and new sources, could chose to adopt similar commitments.

Any plant that met its commitment would pay the Climate Change Levy at a lower rate.  Any source without a commitment would pay the Climate Change Levy at the full rate.  Any plant with a negotiated agreement, which did not meet its commitment would also pay the Climate Change Levy at the full rate.  

Under this design, plants are allowed to engage in trading to meet their commitments.  However because trading must include all nine sectors, the design must allow for compatibility of trading between sectors with different agreements.
  This requires a common currency.  This would need to be either a unit of CO2 emission (tonne) or unit of energy (e.g. MJ).  Because CO2 emissions more closely reflect the objective of meeting international greenhouse gas emissions obligations, the CO2 unit is to be preferred.

This stated, all firms participating in a trading scheme would be required to have a CO2 emissions baseline, negotiated explicitly or implicitly, calculated from energy consumption.  Each participant’s baseline would be its allocated share of the sector’s target emissions reduction
. A plant can create credits, measured in tonnes of CO2, if its actual emissions are below its baseline.  

A plant whose actual emissions exceed its baseline can buy credits to offset its excess emissions and so achieve compliance with its commitment.  A plant whose actual emissions exceed the baseline and whose excess emissions are not offset through credit purchases must pay the Climate Change Levy at the full rate.  Credits can be banked for use in future years.

If the commitment is defined in terms of CO2 per unit of output, the baseline is expressed in terms of tonnes of CO2 at the end of the year once actual output is known.  Thus the baseline for each plant is expressed in tonnes of CO2 and may change from year to year with actual output.  

Indirect emissions from electricity consumption would be imputed using the previous year’s UK average emissions per MWh electricity generated.  Whilst this figure changes from year to year, the changes are small and hence should not introduce significant uncertainty into planning a firm's compliance strategy.  Including both the direct and indirect emissions due to electricity generation causes firms to consider the emissions implications of fuel switching options and provides an incentive to implement combined heat and power projects where feasible.

Making industrial sources responsible for the emissions associated with the electricity they consume does not provide electricity generators with an incentive to reduce their emissions.  Fuel switching by electricity generators is one of the most cost-effective emission reduction options available.  To provide an incentive to generators to reduce their emissions and to make this source of low cost reductions available to industry, participants would be able to buy in emissions reduction credits from electricity generating stations where generators demonstrate that they have reduced their CO2 emissions. 

Point of obligation
The point of obligation would be the energy purchased by participants.  Participants would be responsible for the CO2 emissions associated with the energy they use.  Emissions from the generation of electricity would be imputed and added to those resulting from direct combustion of fossil fuels.  

Options for expansion of the scope

· Energy-related CO2 emissions by other industrial and commercial energy consumers, petroleum refineries (due to their energy consumption), and natural gas processing plants (for fugitive emissions and energy consumption);

· Process emissions from cement, lime, ammonia, adipic acid, ammonia, nitric acid, and fertiliser manufacture and possibly aluminium smelting;

· Production and imports less exports of HFC’s, PFC’s and SF6;

· Credits for carbon sequestration actions allowed by the Kyoto Protocol.

Allocation of emission rights
The voluntary agreements to limit emissions have the effect of distributing the emission rights to participants free of charge.

Other implications
The IPPC could reduce demand for credits by large emitters, in so far as they would be required to implement energy efficiency measures on-site under the Directive.  If the emissions by each plant, after implementing the required energy-efficiency measures, are lower than the emissions specified by the negotiated agreement there will be no demand for permits.  To have an active trading system the commitments would need to be lower than the emissions achieved through implementation of measures required by the IPPC or the IPPC would have to be interpreted to allow trading as a compliance option.

Plants that adopt and meet (whether internally or through trading) a CO2 emission reduction commitment are assumed to pay a reduced tax rate under the Climate Change Levy.  Sources without a negotiated commitment or plants that do not meet their commitment are subject to the Climate Change Levy at the full rate.

Structure of Negotiated Agreements
This design could be implemented as series of sectorial programmes or a single programme covering all participants.  The latter is preferable, since it creates a larger market.  Where a limited number (fewer than 15) of competitors are the only participants in a trading programme, North American experience indicates that trading activity will be limited.  Firms prefer to protect market share rather than obtain revenue by selling credits to competitors.  Sectorial programmes also increase the potential for a large firm to exercise market power.

Implications for Government Revenue

If complete elimination of the Climate Change Levy on sources participating in the trading programme is industry’s objective, the government would presumably insist on larger reductions than for a reduced tax rate.  Replacement of the tax revenue anticipated from the Climate Change Levy might be important for the government as well.  In that case this design would need to be implemented as a cap and trade programme with an auction of some (or all) of the permits to generate the desired revenue.

Advantages

The principal advantages of this design are that:

· it takes into account the proposal offered by the government and hence is likely to be more closely aligned with other social and economic policies.  

· It provides each participant with a free allocation of emission rights equal to its commitment, thereby reducing the burden on participants.

Disadvantages

The disadvantages of this design are that:

· Coverage of energy-related CO2 emissions by business is incomplete by design.  Only plants in the nine designated sectors are eligible to participate.  Emissions from commercial energy users, electricity generators, refineries (as energy users) and gas processing plants (as energy users) are either excluded are only partially included.

· The basic design involves a trading programme as well as the Climate Change Levy.  Participants would then be subject to the requirements of both the emissions trading programme and the Climate Change Levy.  This could be altered however to provide a 100% exemption from the levy for those participating in the system.

· The voluntary agreements negotiated by different sectors might be structured in ways, or include provisions, that make it difficult to integrate them into a single trading programme.  

· Where sector agreements are related to production output and output is unconstrained then there is no guarantee that participating sectors will meet their share of UK national CO2 emissions target.

· It does not address greenhouse gas emissions from industrial processes or the domestic and transportation sectors.

· The design is complex and would be costly to administer.

· Credits generated under the system would of variable quality would reduce liquidity and reduce the benefits of trading.

Design 2: A Midstream and Downstream System Implemented through Performance Standards

Description

This design would be implemented for large industrial and commercial emitters, including electricity generators, petroleum refineries and gas processing plants.  The government would establish performance standards (e.g., kg CO2/tonne of product) in consultation with the relevant industry associations.  All industrial and commercial sources would need to demonstrate compliance with the performance standards.

A source would be able to create credits if its actual emissions during a given year were below the level allowed by the applicable performance standard(s).  The credits could be sold to other participants whose actual emissions exceeded the levels allowed by their performance standard(s).  Credits created and required would be calculated in terms of metric tonnes of CO2 to facilitate trading across industry sectors.

Point of obligation

The point of imposition would be large commercial and industrial emitters including electricity generators, petroleum refineries and natural gas processing plants.  They would need to calculate CO2 emissions from fossil fuel use or monitoring of actual emissions.  They would also need to measure and report the outputs needed to calculate the performance standards.

Options for expansion of the scope

· Process emissions from cement, lime, ammonia, adipic acid, ammonia, nitric acid, and fertiliser manufacture and possibly aluminium smelting.

· Production and imports less exports of HFC’s, PFC’s and SF6.

· Credits for carbon sequestration actions allowed by the Kyoto Protocol.

Allocation of emission rights

The performance standards have the effect of distributing the emission rights free of charge based on the level of output.

Other implications

It should be possible to make the performance standards and the IPPC energy efficiency requirements similar in many cases.  The drawback is that if the IPPC Directive is applied in the strictest sense of imposing site-specific energy efficiency requirements, then the simultaneous existence of the IPPC requirement and an emissions trading programme would severely limit the ability of sources to benefit from emissions trading.

It is difficult to define a standard unit of physical output for many industries.  Then the performance standard has to be defined on the basis of the value of the products produced.  Since the product mix differs, this means a separate standard for each participant.  And each standard has to be adjusted annually for inflation and productivity improvements. 

Achieving equity across participants while providing incentives for emission reduction actions is difficult.  Electricity generation illustrates this challenge well.  CO2 emissions per kWh vary widely by type of generation.  To reduce emissions, generators should have an incentive to switch to less carbon-intensive generation.  A single standard for CO2 emissions per kWh generated provides such an incentive.  But due to differences in the generation mix of different firms such an allocation leads to inequitable results.  A separate standard for each type of generation might be fair for all firms, but largely eliminates the incentive for fuel switching.  The challenge is even more complex for beverage containers where separate standards for aluminium, glass, plastic, and cardboard containers would reduce the incentive to switch materials as a means of reducing emissions.

While not a problem prior to 2008, when the U.K. does not need to meet a national emissions limit, performance standards are difficult to reconcile with an emissions limit.  Total emissions vary with output.  To keep total emissions for sources subject to performance standards below a specified level, the standards need to be reset periodically so that total emissions will be below the limit even with high levels of output.  The resultant over compliance under most conditions could raise the cost of compliance under this design relative to other options. 

Industry would presumably want this system of performance standards to replace the Climate Change Levy.  If the revenue from the Climate Change Levy is important to the government, it would be difficult to replace under this design.  Since allowable emissions are determined by the performance standards and future levels of output, it is more difficult than under the first design to sell some of the permits at auction.

While the performance standards for participating sectors, or even firms, differ, credits would be homogeneous in the sense that they are approved by regulator after demonstrating over compliance with the applicable standard.  Once certified by the regulator, all credits are equivalent. 

Advantages

The principal advantages of this design are that:

· Performance standards do not limit output;

· Performance standards represent a free allocation of emission rights to industry;

· Once certified by the regulator, all credits are homogeneous thus creating a more liquid market.

Disadvantages

This design has several difficulties:

· Developing performance standards that are fair to all sources in a sector is difficult.  Comparing performance standards across sectors to determine whether sources are treated fairly would be very difficult;

· Developing performance standards that provide incentives for emission reduction yet treat different sources fairly is virtually impossible.  If the performance standards reduce incentives for fuel or product switching to reduce emissions, the result will be a need for more stringent standards (and higher costs) to achieve the target reduction;

· Keeping the performance standards needed for the trading system current and verifying credits could involve a significant administrative workload;

· Achieving an absolute emissions limit using performance standards after 2008 could lead to more stringent standards and higher costs;

· Compliance with IPPC requirements to implement energy efficiency measures at each facility could severely limit the advantages of emissions trading for participants;

· If the government insists on a source of revenue before it will consider this trading programme design as an alternative to the Climate Change Levy, it is more difficult to sell some permits at auction that under other designs;

· It does not address greenhouse gas emissions from industrial processes, the domestic sector, or the transport sector.

Design 3:  A Midstream and Downstream System Under a Cap and Trade System 

Description

The government could implement an emissions trading programme based on the CO2 emissions by large industrial and commercial facilities, including electricity generators, oil refineries (as energy users) and natural gas processors (for fugitive and energy use emissions).  This option is similar to design 1, except that more emissions sources are covered by the programme and that it is a “cap and trade” rather than a “baseline and credit” design.

All large industrial and commercial sources, regardless of whether they are subject to the IPPC, are required to be part of the emissions trading programme.  Plants with annual emissions in excess of a threshold level would be required to participate in the programme.  A starting point is those plants included in the IPPC Directive although generally this sets high a high emissions threshold.  The threshold for combustion plants under IPPC for example, is 50MW, which for a gas fired plant is equivalent to around 31,000 tonnes CO2 per year.

Since electricity generators are included in the programme directly, the emissions by other industrial and commercial sources include only those from combustion of fossil fuels, fugitive emissions and process emissions.

Permits equal to the total allowable emissions are made available on an annual basis.  It is assumed that some of the permits are distributed to participants free using an allocation rule to be negotiated.  The rest of the permits are assumed to be sold at auction to replace the Climate Change Levy.  Specifically, the Climate Change Levy is assumed to be eliminated as is the proposed increase in the mineral oil levy. 

Each participant would need to monitor or calculate its actual emissions using procedures specified by the regulatory authority.  Each participant would need to remit to the regulatory authority permits equal to its actual emissions on an annual basis.  Plants could reduce their own emissions or purchase permits to achieve compliance.  Surplus permits could be sold or be banked for future use.  Plants that did not remit sufficient permits would be subject to appropriate penalties.

This design covers a much larger number of participants and share of total greenhouse gas emissions than Option 1 because it includes all commercial and industrial sources with emissions in excess of the threshold level not just plants in the nine sectors that adopt carbon commitments.  In particular this option includes electricity generators, oil refineries, natural gas processing plants, and other large industrial energy users.  Sources that adopt energy commitments, and so are not eligible to participate in trading under Option 1, would be included in this design.
Point of obligation

The point of imposition would be commercial buildings or industrial plants with greenhouse gas emissions in excess of the specified threshold, including electricity generators, oil refineries and natural gas processing plants.

Options for expansion of the scope

· Process emissions from cement, lime, ammonia, adipic acid, ammonia, nitric acid, and fertiliser manufacture and possibly aluminium smelting;

· Production and imports less exports of HFC’s, PFC’s and SF6;

· Credits for carbon sequestration actions allowed by the Kyoto Protocol.

Options for allocation of permits

All or most of the permits could be distributed free initially as compensation for the loss in value of existing assets.  Since it is likely that the government will need revenue for some of its other policy objectives, an increasing share of the allowances would be auctioned over time. 

An allocation rule is needed for any permits distributed free.  This could be simply historic emissions, a performance standards multiplied by historic output, or a more complex formula.  Decisions on the treatment of new sources and allocations to sources that cease operation during the period of free distribution are also needed (see Section III).

To limit the adverse economic impacts, the design would include a "safety valve" at least for the period prior to 2008.  The safety valve is triggered if the market price for permits exceeds a pre-specified price.  Then the government would agree to sell an unlimited quantity of permits for use during the current year at this specified price.

Other implications

Taking Account of Feedstock

Provisions for feedstock use of petroleum and natural gas by petrochemical plants need to be developed.  For purposes of the national emissions inventory, products with an expected life greater than 20 years are considered to sequester carbon while the carbon in products with shorter lives is considered to be emitted.  Firms should be responsible only for “emissions” due to fuel use or production of specified products.

IPPC Directive

The IPPC Directive could reduce demand for permits by large emitters, in so far as they would be required to implement energy efficiency measures internally.  This design is likely to include some participants not subject to the IPPC Directive and some plants subject to the Directive.   Those outside the Directive will have a need to buy and sell permits and some of those covered by the Directive might have permit allocations lower than the emissions achieved through implementation of the energy efficiency measures required by the IPPC.  Hence there is likely to be some demand for permits under this design 
.

Climate Change Levy 

The current proposal for the Climate Change Levy and revenue recycling through reduced NIC contributions imposes substantial costs on large energy users.  To the extent that permits are auctioned under this design to replace the projected Climate Change Levy revenue, the problem would remain although it should be less severe since the trading programme design covers a much larger share of total emissions.  If the burden on large energy users is still judged to be too large rebates of part of the auction revenue could be built into the design.  For example, plants whose energy bills represent more than 5% of their total production costs could receive a rebate for some fraction (say 80%) of the increase in their energy costs (adjusted for inflation) over 1998.

The Domestic Sector

If the government wishes to protect the domestic sector from the electricity price increases this design would entail, it needs a means of either avoiding any related domestic fuel price increases or compensating householders for higher fuel prices.  Both alternatives are possible.

Through the current billing system it is already possible to identify non business customers by VAT status.  This is the system proposed in the administration of CCL.  Smaller, non VAT paying users would be exempt from any price increases that would arise from generators being involved in the carbon trading system.  Regulation would be needed to ensure that prices for small users are linked to the RPI.  This is consistent with current electricity price regulation practice.

The alternative is to use the existing income tax, social security and grants systems to compensate domestic users for any increase in electricity prices caused by including the generators in a trading programme.  The UK already operates a system of grants to assist low income households with energy efficiency projects through the Home Energy Efficiency Scheme.  Similarly, those in fuel poverty situation could be compensated through income tax relief or social security grants.  Compensating households in this way is a more efficient means of compensation than using electricity bills, since fuel poverty is more closely related to income than electricity use.  Revenue from the distribution of permits through auctions could provide the funds required to provide these rebates.   

Coal Industry

Including electricity generators in the trading programme would provide an incentive for generators to switch from coal to natural gas.  This could lead to unemployment in the domestic coal industry and reduce the diversity of energy supply.  Maintaining the ban on new gas-fired generation facilities would protect the domestic coal industry.  

Protection for the coal industry could also be built into the emissions trading programme.  This can be achieved by creating a separate class of permits in the trading system.  These permits can only be used for emissions due to coal combustion.  Specifically, electricity generators would receive coal permits equal to the carbon content of the coal purchased during the base year.
  They would receive regular permits for the balance of their allocation.

The coal permits can only be used to cover emissions from coal used to generate electricity.  This effectively ensures that coal consumption will be equal to the amount of coal permits distributed unless coal becomes substantially more expensive than competing fuels.  Regular permits could also be used to cover emissions from coal, so electricity generation from coal could rise.  However, coal permits could not be used to cover emissions from other sources.  This ensures that coal mines do not sell the coal permits and reduce production.

To comply with WTO rules and/or EU rules it would probably be necessary to provide coal permits for total emissions from coal combustion, regardless of whether the coal is produced in the UK or imported.  This means that UK coal producers must continue to compete with imported coal.  The number of coal permits could remain constant to maintain the protection indefinitely, or could be scheduled to be phased-out over a specified period such as 5 or 10 years.

Advantages

The principal advantages of this design are that:

· It is an efficient alternative to the Climate Change Levy.  It covers a larger share of total emissions and so should lead to greater cost savings;

 Conceptually it is more straight forward than Option 1;

· Assuming that an increasing share of the permits are auctioned over time, the auction revenue can be recycled to address equity concerns and to stimulate economic activity.

Disadvantages

Principal disadvantages of this design are that:

· Assuming that some or all of the permits are distributed free initially, a formula for allocation of the permits needs to be agreed.  Treatment of new sources and sources that cease to operate during the period of free distribution need to be addressed as well;

· Applied in its strictest sense, the IPPC Directive could reduce the demand for permits by sources to which it applies by requiring them to implement all cost-effective energy efficiency measures internally.  This could reduce the scope for trading and potential cost savings significantly;

· Any pass through of the costs in electricity generation would be seen by electricity users as a tax.  Effectively this limits their response to reducing electricity consumption.  For certain industrial and commercial users opportunities for reductions may be limited and hence mechanisms for compensating heavy energy users need to be thought through;

· This design would create additional pressure to switch from coal to natural gas for electricity generation and other uses.  Coal consumption can be protected, if desired, by maintaining the existing ban on new natural gas generation.  Coal consumption and mining employment can also be protected through features incorporated into the design of the trading programme;

· The current proposal for the Climate Change Levy and revenue recycling through reduced NIC contributions imposes substantial costs on large energy users.  To the extent that permits are auctioned under this design to replace the projected Climate Change Levy revenue, the problem would remain although it should be less severe since the trading programme design covers a much larger share of total emissions;

· This design is likely to lead to price increases for domestic energy supplies.  The impacts on the domestic sector and large energy users can be addressed through rebates funded from the auction revenue.

Design 4:  An Upstream System for the Carbon Content of Fossil Fuels

Description

The government would impose a cap on the quantity of carbon in fossil fuels consumed in the U.K.  This is done by requiring producers and importers of fossil fuels to hold permits for the carbon in the fuels they sell in the UK.  Permits would not be required for exports of fossil fuels.  Other sources of greenhouse gas emissions could be included in the system from the outset or incrementally over time. 

Point of Obligation

Coal would be covered by requiring coal producers and importers to hold allowances for the carbon in the coal sold in the U.K.  Alternatively, electricity generators, steel plants and other coal users could be required to hold allowances for the carbon in the coal used.  In either case the carbon content would be determined from tests performed by independent laboratories for coal deliveries. 

For oil and natural gas production the point of obligation would be between the wellhead and the intake for the initial processing facility.  It should be matched with testing for composition (including carbon content), royalty collection, and industry sales arrangements if possible.  For imports and exports the point of imposition is the border.  The quantity of carbon can be determined from product specifications (for products) and tests for the composition of crude oil.

Under this design electricity imports do not require permits.  At present about 5% of the electricity consumed in the U.K. is imported from France.  In principle this design could lead to increases in the cost of electricity generated in the UK and hence more imports from France.  However the transmission line is currently operating at capacity, so imports are unlikely to rise unless transmission capacity is increased.
  

Options for expansion of the scope

· Process emissions from cement, lime, ammonia, adipic acid, ammonia, nitric acid, and fertiliser manufacture and possibly aluminium smelting;

· Production and imports less exports of HFC’s, PFC’s and SF6;

· Credits for carbon sequestration actions allowed by the Kyoto Protocol.

Expanding the scope offers the potential for additional cost savings and means that the system looks less like fuel rationing.

Options for allocation of allowances

As with the previous design, some free distribution of permits with an increasing share sold at auction is probably the fairest system.

Energy producers and importers can do little to change the carbon content of the fossil fuels; thus the effect of the trading system is to raise prices for fossil fuels.  If the permits are distributed to producers and importers free, it simply increases their margins.

Fossil fuel consumers, on the other hand, incur higher energy costs and bear the cost of making investments to reduce CO2 emissions.  Higher profits for energy producers combined with higher prices for energy consumers does not appear to be a fair policy.  An auction of permits may allow revenues to be recycled in a manner that more closely corresponds to the losses suffered by producers and assists energy consumers to adjust their energy consumption.

The government may also want money to deal with the impacts of this system on low income groups and on industries that suffer adverse impacts due to foreign competitors not subject to greenhouse gas emissions limits.

To ensure that the initial phase does not impose a significant economic burden on participants, the government could agree to sell unlimited amounts of allowances at a fixed price, such as £5 to £10 per tonne of CO2 prior to 2008.

If the national trading system is linked to the international market for the Kyoto Mechanisms, the auction price should be virtually identical to the international market price.  Auctions could be held monthly or quarterly just as many central banks auction Treasury Bills.

Other Implications

Provisions for feedstock use of petroleum and natural gas by petrochemical plants need to be developed.  For purposes of the national emissions inventory, products with an expected life greater than 20 years are considered to sequester carbon while the carbon in products with shorter lives is considered to be emitted.  Firms should be responsible only for “emissions” due to fuel use or production of specified products.

In contrast to the earlier designs where the IPPC Directive could restrict the scope for trading, the IPPC would be a useful complementary policy for this design.  By requiring companies to implement appropriate energy efficiency measures, it reduces the impact of the energy price increases on industry.

The Climate Change Levy would be unnecessary under this design.  Industry would already have an incentive to implement CO2 emission reductions.  Economic efficiency would be improved because the price changes reflect the carbon content rather than the energy content.  The impact can still be made revenue neutral by using auction revenue to reduce the NIC levy and/or other corporate taxes.

If the government wants to avoid energy price increases for the domestic sector, auction revenue could be recycled to householders as described under the previous option. 

Advantages

The main advantages of this design are that:

· An upstream system involves the smallest number of participants and so minimises the administrative burden.  Only 70-80 companies would be required to participate in this system;

· An upstream system covers the largest share of total greenhouse gas emissions.  From Table 2.3 around 91% of UK CO2 emissions would be covered by this design;

· The auction revenue can be recycled to address equity concerns and to stimulate economic activity;

· An upstream system focuses on firms that are already involved in energy trading.

Disadvantages

The main disadvantages of this design are that:

· The design looks very much like an energy tax (or energy rationing).  Through the industry working groups it has been made clear that this is not a popular design;

· The impacts on energy users may be inequitable.  They must cope with energy price increases.  Firms that have already implemented energy efficiency measures may have few options other than to absorb the added cost.  Less progressive firms may have far more scope to mitigate the price increases by implementing efficiency measures.  Additional policies would be needed to compensate these users for the additional costs.

2.5
Summary

Section II has introduced four designs.  From the analysis and consultation process we draw the following conclusions:

Basis of participation

Because of the difficulties in the voluntary and credit for early action alternatives and the limited trading this would generate, all the emissions trading programme designs described in this document involve early implementation of a full-scale emissions trading programme designed to help meet the national commitment during the 2008-2012.  

This approach would be consistent with Negotiated Agreements under the CCL.  These agreements, if realised, would be underpinned by legislation in the forthcoming Finance Bill.  The government is unlikely to offer the concession of a reduced tax rate under the CCL without the backing of legislation or contracts to enforce penalties for under achievement. 

Early implementation also provides an opportunity to develop and refine the system design and administration prior to the start of the commitment period in 2008.  Moreover given the degree of commitment expected from industry for a trading system, it is better to implement an emissions trading programme that can remain in effect at least through 2012.  This reduces policy uncertainty for industry when evaluating investment decisions.

During the early years of the trading programme, the cap would not require substantial emission reductions and the penalties for non-compliance would be small.  In addition, a "safety valve" would be provided to further ensure that the costs did not become excessive.  This would keep the compliance burden low and minimise the competitiveness impacts.  However, participation would be mandatory for the sources affected by the design.

Type of cap

Cap and trade systems typically offer greater certainty for participants, higher liquidity and lower transactions than baseline and credit systems.  For these reasons we recommend a cap and trade system for the UK emissions trading scheme.

Point of obligation

Whilst an upstream system has the benefits of including over 90% of UK CO2 emissions, industry representatives consulted during the study do not support this option because of its similarity to an emissions tax.  The limited downstream option based around the CCL has a coverage of only 29% of UK CO2 emissions and has also proved unpopular.  This is mainly due to its focus on energy consumption rather than CO2 emissions, the exclusion of electricity generating and oil refining sectors and the inclusion of performance standards as the basis for trading.  

For these reasons we recommend the mid and downstream design option.  This creates a suitable balance between coverage of emissions - and hence low national compliance costs, liquidity in including a large number of high emitters -- and distributional effects.  Whilst the inclusion of electricity generation could raise downstream electricity prices, these effects can be mitigated with appropriate policies to recycle permit auction revenue.  

Section III - Burden Sharing

One of the most difficult issues for an emissions trading programme are determination of the emissions reduction burden and how it should be shared.  Ultimately the method of allocation depends on political considerations, and can only be agreed through negotiations between the government.  For example, a heavier burden on one factor would be ameliorated by a reduced burden on another.  Or the burden of a more stringent cap prior to 2008 could be partially offset by allowing permits to be banked for use after 2008, thereby affecting the number of permits available to participants in future years.  

The objective of this section is to discuss the range of factors which affect these negotiations so that the government and participants are better able to reach an agreement.  In summary, the burden on a participant is determined by five main factors:

· The emissions cap for a number of years into the future;

· The share of actual emissions covered by permits distributed free;

· The share of actual emissions for which permits must be purchased;

· Any revenue from the sale of permits received through the recycling mechanism adopted;

· Whether permits for the period prior to 2008 can be banked for compliance during the 2008-2012 commitment period (credit for early action).

These factors define a "negotiating space" within which the government and participants can agree upon the emission reduction burden and how it is shared.  While many other features need to be resolved to design an emissions trading system, few, if any, of them have a substantial impact on the overall cost to either the participants or the government.  The main exception is the cost of potential monitoring requirements, although these costs are likely to be similar across all trading system designs.  All of the other design features have only marginal impact on the cost of the trading programme and so can be resolved on their technical merits (Section IV).

3.1
Emissions Cap

The emissions cap defines the allowable emissions by participants and hence the cost of reducing emissions.   Assuming no additional measures at this stage, allowable emissions are defined by the emissions limitation commitments in the Kyoto Protocol for 2008-2012.  The UK commitment for that period, as reallocated by the European Union Burden Sharing Agreement, is a reduction of 12.5% from base year (essentially 1990) emissions.  Any permits from the period prior to 2008 that have been banked and are used after 2008 have the effect of reducing the number of permits than can be issued for the 2008-2012 period.  Banking of permits from prior to 2000 for use after 2008 is discussed in a separate section below.

Two principles should be applied to setting emissions caps:

· Because many measures to reduce greenhouse gas emissions have a relatively long life, the emissions cap should be defined for a number of years into the future.  This enables sources to identify the most cost-effective measures to meet the cap and plan ahead;
· The emissions cap should be defined for each year through 2012 based on the emissions limitation commitments of the Kyoto Protocol whilst taking into account other national policies to reduce greenhouse gas emissions.
The latter point is reflected in the Climate Change Levy which is estimated to reduce CO2 emissions due to electricity and fossil fuel use by business by 5.5MtCO2 (excluding additional reductions attributable to the negotiated agreements).  

Only sources in the aluminium, cement, ceramics, chemicals, food and drink, foundries, glass, paper and steel industries will be eligible to negotiate voluntary agreements for a reduced rate of CCL.  Depending upon the terms of the agreement sources in some or all of these sectors may be able to participate in emissions trading.  The government expects the targets for the negotiated agreements to reflect the energy savings potential for the sector as estimated by ETSU.  A weighted average energy savings potential for these nine sectors is estimated around 12% for all no cost and low cost measures, and up to 23% for all technically feasible measures.

Figures 3.1 and 3.2 illustrate the magnitude of these emission reduction targets for CO2 emissions for the sources covered by design Options 1 and 3.   Option 1 includes the nine sectors involved in negotiated agreements with the government under the CCL.  Option 3 involves all mid and downstream emitters of CO2.  

Two estimates of projected annual emissions for the period prior to 2008 are presented reflecting the reductions anticipated through the Climate Change Levy and the specific reductions through Negotiated Agreements.  For simplicity we assume that the Negotiated Agreements result in participants achieving all no cost and low cost energy saving measures.

The allowable annual emissions for the period 2008-2012 reflect the EU Burden Sharing Agreement under the Kyoto Protocol (reduction if 12.5% from 1990 levels) prorated to all participants.   Taking account of expected reductions through Negotiated Agreements an overall cap for participants in Option 1 could  be set somewhat lower than the level implied by a 12.5% prorated emissions.   Projected emissions for Option 3 are expected to be higher than the prorated Kyoto limit in 2008-2012.  A (prorated) cap would therefore impose additional reduction beyond those which would occur the business as usual.

The allowable annual emissions shown in these charts are strictly illustrative.  The government and participating industries may choose to negotiate a higher or lower cap for either period.  If a higher cap is negotiated for 2008-2012 other sources will need to achieve larger percentage reductions.
 

The illustrative values for allowable annual emissions correspond to the emissions during a typical year during each period.  An emissions cap needs to be defined for each year from the start of the trading programme through 2012.   There are several  possible profiles for reducing the cap to meet the required emissions levels in 2008.    The cap could remain constant through each period, remain constant through 2007 and then decline between 2008 and 2012.  It could also decline continuously through 2012.  These possibilities are shown in Figure 3.3 for Option 3.  Option 1 would look similar except that the values on the vertical axis would be smaller.

Figure 3.1:  Illustrative Emissions Reduction for Option 1
(CCL Negotiated Agreements)
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Figure 3.2:  Illustrative Emissions Reduction for Option 3
(Mid / Downstream)
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Notes:

1: Option 1 emissions include direct and indirect combustion emissions from all firms in the sectors. 

2.  Projections based on EP65 central low energy price scenario, and ETSU industrial CO2 energy projections BAU scenario.
Figure 3.3:.  Possible Cap Profiles for Option 3 (CO2 emissions only)
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Several points are worth noting. 

· Emissions in 2000 are projected to be less than those required under an equivalent burden sharing arrangement.  A cap would therefore act to constrain the BAU increase in emissions beyond 2004;

· Under the current UK emissions projections (EP65 and ETSU, 1997, Industrial Sector  CO2 Emissions 
), emissions from industrial & commercial sources, power stations and refineries are expected to increase after 2000.  This means that if a constant emissions cap is adopted for the 2001-2007 it would require a more abrupt reduction to achieve compliance during 2008 to 2012.  Such a reduction is likely to be relatively difficult to achieve;

· Since there is no international commitment governing emissions prior to 2008 the emissions cap for this period can be set so that the target reduction is achieved only in 2007 or on average for the entire period. Achieving the target on average for the 2001-2007 period imposes a more stringent cap but makes the adjustment to the 2008-2012 period easier;

· Establishing a constant emissions cap for the 2008-2012 period increases the importance of banking 2001-2007 permits for use in 2008. Otherwise participating sources will need to achieve an abrupt reduction in emissions post 2008;

· Assuming that actual emissions are indeed some 7% lower in 1999 than in 1995 (as predicted in UK forecasts), an emission cap could allow for an increase in emissions between 1999 and 2012 of around 8%.   This compares with a projected increase in CO2 emissions from these sources to 2010 of some 11% (including the imputed emissions from the electricity generation) and some 8% including the effect of the negotiated agreements under the CCL.

3.2
Gratis Distribution of Permits

Gratis allocation means free distribution of permits, usually to participants.
 The formula, or formulae, for calculating the number of permits to be given to each recipient is called the allocation rule.  The main arguments for gratis distribution of permits are that:

· Gratis distribution of permits comes as close as possible to maintaining the prior arrangement of allowing unrestricted discharge of emissions free; and

· Gratis distribution of permits is compensation for the loss of value of existing capital stocks that give rise to such emissions.

The allocation rule used for gratis distribution has efficiency and equity implications. While the allocation rule can have impacts on market power and dynamic efficiency, these considerations are probably secondary to the equity effects. Different rules assign different quantities of permits to different recipients. Since permits are valuable and the total supply is limited, each rule favours different recipients. There is no universally accepted standard for a "fair" or "equitable" allocation.

Emissions trading programme in the United States and Canada generally use gratis allocation, although each programme uses different equity principles to allocate permits among participants.  The typical allocation rule involves a basic equity principle with adjustments for special circumstances.  The main exception is the methyl bromide programme in Canada which limits imports and hence emissions (there is no domestic production) of methyl bromide.  Since there are only five importers of methyl bromide, permits are distributed to the users who can then choose the importer from whom they wish to purchase their supplies.  The user transfers permits for his purchases to the importer so the importer remains in compliance.  

Efficiency Considerations
Generally the initial allocation of permits does not affect the market equilibrium in a static setting with a competitive market.  However, an oligopolistic (a few large sellers) or oligopsonistic (a few large buyers) market for either the permits or the products produced by the participants can reduce efficiency. The trading programme can be designed to reduce market power if this is expected to be a problem.

In a dynamic setting the prospect of capital gains on allowances issued gratis could distort emissions control investment decisions and so reduce efficiency.  An example illustrates the argument. In cities where the number of taxi licenses is limited, owners have an incentive to reduce investment in vehicles, to minimise maintenance, and to keep drivers' incomes low while arguing for higher fares to increase the value of the license.

Equity Considerations
Any policy to limit greenhouse gas emissions will have price effects and wealth effects. The price effects are roughly similar regardless of the policy adopted, but the wealth effects differ.
 An emissions cap with gratis distribution gives ownership to the recipients of the permits. Different allocation rules therefore have different wealth effects.

Four equity considerations are addressed below:

· Wealth effects and allocation to participants;

· Intertemporal equity in the allocation rule;

· The distribution of costs across income groups;

· The costs borne by specific interest groups.

In addition to these considerations, competitiveness impacts are discussed briefly.

Wealth Effects and Allocation to Participants

An emissions trading programme is generally designed to apply to the entities best able to reduce emissions given the options available. In the case of energy-related CO2 emissions, this would be fossil fuel users. They can switch to less carbon-intensive fuels or implement energy efficiency measures.

One of the main arguments supporting gratis distribution of permits is that introducing a limit on greenhouse gas emissions reduces the value of existing capital stocks that give rise to such emissions. Any trading programme, indeed any policy, to limit energy-related CO2 emissions will reduce the value of fossil fuel reserves, energy producing, refining and conversion facilities, and energy-using facilities and equipment. It is important to appreciate that the loss in value of existing capital is not restricted to the trading programme participants.

The announcement of the Climate Change Levy should have had an impact on the value of the capital of large energy producers and consumers just as would be expected from the introduction of an emissions trading programme. The impact of the announcement of the Climate Change Levy on share prices on a number of large energy producers and consumers is summarised in the Appendices.   With the CCL introduced on March 9th the data show little evidence of a systematic loss in market value. 

The value of the existing capital will however be reduced by the Climate Change Levy.  The share prices suggest that the magnitude may be small or that the impact may not yet be appreciated by the market.

While the main argument for gratis distribution of permits is compensation for the loss in value of existing energy-producing and energy-using capital, it is not just the participants in the trading programme that incur such losses.
  Moreover, distributing permits on the basis of historic emissions is unlikely to provide the appropriate level of compensation for each participant.

Distributing permits gratis in perpetuity to trading programme participants could give rise to two difficulties:

· At least some of the participants are likely to be overcompensated for the loss in value of their existing capital. If they use the wealth transferred in the form of permits to support additional exports of fossil fuels or to switch to an unrelated business, the gratis distribution could be challenged as an unfair subsidy.

· The more significant problem is that it makes future reductions in the emissions cap more difficult. Some sources will sell their right to receive permits. Then a significant reduction in the emissions cap represents a loss to the purchaser. Experience with fish and agricultural quotas in several countries suggests that governments may be required to compensate owners of quota if total output is significantly reduced. It is clear that greenhouse gas emissions will need to be reduced further in the future, so this situation should be avoided.

Gratis distribution of permits for a limited period of time avoids these problems.

Intertemporal Equity in the Allocation Rule

Permits for a greenhouse gas emissions trading programme are assets. When permits are distributed gratis, it is an important that the allocation rule treat all recipients fairly. The population of permit recipients for a greenhouse gas emissions trading programme will change over time since such emissions are likely to be regulated for 50 to 100 years or more. Some sources of greenhouse gas emissions will cease to operate and new sources will be established and be required to hold permits equal to their emissions. Fair treatment of the permit recipients over time, intertemporal equity, requires an allocation rule that changes the distribution of permits over time to reflect the changing population of recipients.
 

Sources often object to the use of historic emissions (grandfathering) as an allocation rule on the grounds of intertemporal equity. Regardless of the year (or period) chosen it will not be representative of "normal" conditions for at least some sources. And other sources will have implemented emission reduction measures just prior to that period and will argue that they will be punished for their good deeds through a lower allocation while environmental laggards are rewarded with higher allocations.  Box A outlines an allocation rule that addresses these concerns together with a worked example.

Since the population of recipients changes over time, intertemporal equity requires that the allocation of allowances to individual recipients change over time. A formula that changes the distribution of permits can be based on output, input or actual emissions. Any rule based on actual behaviour by the recipients introduces some inefficiency, since this behaviour affects the future allocation of permits.
 In general, a rule based on output is likely to be more efficient (but still inefficient) than one based on input or actual emissions.

An allocation rule based on output would take the form of permits equal to X kg of CO2 per kWh, per tonne of cement, per tonne of raw steel, etc. This approach is problematic because the only measure of output common to all participants is the monetary value of sales. Each firm would have a different ratio of emissions to sales, which would need to be adjusted annually for inflation. Alternatively, the available permits must be divided among categories of participants that produce similar products and then be allocated to individual sources based on different output measures.

Box A: Proposed Allocation Rule

1. Each site determines their reference greenhouse gas emissions in 1999.  This reference emission is the average emissions per year over the period 1996 to 1999.  It includes all combustion and process related emissions.  Combustion emissions are calculated using emission coefficients for the fossil fuels consumed.  Process emissions are measured according to defined protocols.  Emission offsets from sequestration activities are excluded in this calculation.

2. Each site also determines the theoretically optimal level of emissions in 1999.  This is level of emissions associated with implementing all cost effective energy and process related emission reduction techniques. 

3. The reference level of emissions in 1999 is then expressed as a multiple of the optimal emissions level. In virtually every case the reference emissions will be higher than the optimal emissions level, thus the multiples will be greater then 1.  The multiple determines the site’s initial allocation.

4. The final allocation to each participant for a given year is its initial allocation scaled to reflect the initial allocations of all participants and the number of permits available in that year.  The initial allocation is:

· 1999 reference emissions for every source whose multiple is less than 1.7 

· The optimal level of emissions for the site in 1999 multiplied by 1.7 for all other sources.  This simply caps the allocation for the worst performing plants.

5. The final allocation for each participant in 2001 is thus:

Final allocation in 2001 =  Initial allocation  x   Available permits for 2001







     Sum of all initial allocations

6. For subsequent years steps 4 and 5 are repeated with a declining multiple. The proposed multiples are 1.5 in 2002, 1.3 in 2003, 1.1 in 2004 and 1.0 in 2005, 2006 and 2007.   Thus a site with a reference multiple of 1.3 continues to receive permits at this level of emissions until 2004 when it receives an initial allocation of 1.1 times its optimal level of emissions.  In 2005, 2006 and 2007 it receives multiple of 1.0 times the optimal level of emissions.

7. Implementation of emission reduction measures by a participant does not change its multiple. Thus a facility with a multiple of 1.6 that reduces its emissions to the optimal level (a multiple of 1.0) during 2001 still uses multiples of 1.5, 1.3 and 1.1 for the years 2002 through 2004 to determine its allocation. This provides a return on the investment in the emission reduction measures.

8. Sources that voluntarily reduced emissions prior to 1996 benefit by not having to make further reductions until later. A source that reduced its emissions to achieve a multiple of 1.1 will receive this initial allocation through 2004.  Competitors who did not make early reductions will be required to make reductions during the early years of the programme in line with the declining multiple, either through in-house reductions or acquisition of permits. 

9. New sources are expected to build their facilities to achieve the efficient emissions level and so enter the calculation with a multiple of 1 for their first full year of operation.  New sources receive permits for the full year in which it starts operation.  Unused permits at the year end are deducted from next year’s allocation.  

10. Sources that cease to operate no longer receive permits.

Example

An example of how this allocation method would work for a hypothetical plant is given below.

Average emissions per year 1996 to 1999

=
10,000 tonnes CO2/year

Emission reductions due to energy and process

efficiency measures identified
= 
20% or 2,000 tonnes CO2/year

Optimal emission level



=
8,000 tonnes CO2/year

Multiple in 2001




=
10/8
=
1.25

Hypothetical initial and final allocations for the plant are shown in Table 3.1.  The initial allocation varies according to the allocation multiple.  The final allocation depends on the initial allocation, sum of all initial allocations and the number of permits available.  In this example the initial allocation for the plant declines as a result of the need to reduce emissions after 2003.  The sum of the initial allocations is assumed to be less than the emissions cap initially, but to be higher than the cap at the end of the period. This causes the final allocation to be slightly higher than the initial allocation initially and slightly lower than the initial allocation at the end of the period.  Surplus permits from the early years could be banked for later use

Table 3.1:  Example Allocation 

Year
Max Allocation
Actual Allocation
Initial Allocation
Sum of initial allocations
Permits available
Final Allocation


Multiple
Multiple
(tonnes CO2)
(M tonnes CO2)
(M tonnes CO2)
(tonnes CO2)

2001
1.7
1.25
10,000
332
333
10,030

2002
1.5
1.25
10,000
331
332
10,030

2003
1.3
1.25
10,000
330
331
10,030

2004
1.1
1.1
8,800
329
330
8,826

2005
1
1
8,000
329
329
8,000

2006
1
1
8,000
329
328
7,976

2007
1
1
8,000
329
327
7,952

An allocation rule based on input would take the form of permits equal to Y kg of CO2 per unit of a common input, such as energy.  To provide an incentive to switch to less carbon-intensive energy forms, the allocation should be based on total energy input.

An allocation rule based on actual emissions would calculate the share of total emissions due to each source during the most recent period and award each participant permits equal to this share of the emissions cap for the upcoming period.  The allocation rule must be designed carefully to ensure that participants can not benefit by temporarily increasing emissions and that investments to reduce emissions can earn a reasonable return.  Calculating the shares based on a moving average of actual emissions over the most recent 5 to 7 years balances those considerations.

An allocation rule that adjusts the distribution of permits over time reduces the risk of having the gratis distribution challenged.  As long as the permits are needed for operating purposes, a gratis distribution of permits could probably withstand challenge as an "actionable subsidy" under the World Trade Organisation  Agreement on Subsidies and Countervailing Measures. Allocations that are surplus to actual emissions could still be challenged as being a financial contribution (from the sale of the surplus permits).  An allocation that changes over time is likely to keep the distribution close to the permit requirements and so reduce the risk of a foreign challenge.

Finally, a rule that changes the distribution of allowances over time may be easier to negotiate than a fixed distribution among existing sources.  The future circumstances of each source is uncertain, so the best outcome for a given source is an allocation rule that it considers fair under a range of possible circumstances.  Such a rule is likely to treat other sources fairly as well.  In contrast, if the allocation is fixed every source has a strong incentive to argue for a larger share of the allowances.

Distribution of Costs across Income Groups

Even though recipients receive permits free, they must factor the market value of the permits used into their decisions.
  The opportunity cost of the permits is shifted to customers, employees, suppliers, shareholders and lenders.   Suppliers and customers of intermediate goods shift the cost to their customers, employees, suppliers, shareholders and lenders. Ultimately the costs are borne by individuals in their capacities as consumers of different products, employees of particular firms, and owners of capital.

Available studies of the distributional impacts of a carbon tax, primarily in the United States, suggest the effects will be slightly regressive - higher costs as a percentage of income for low-income groups. Any policies to limit greenhouse gas emissions will have distributional consequences.  Since emissions trading reduces the cost of compliance it lowers the distributional impacts relative to other policies.  If the distributional impacts are deemed to warrant corrective action, income supplements or tax relief could be provided to lower income groups by auctioning some of the permits.

Costs Borne by Specific Interest Groups

Limiting greenhouse gas emissions will have adverse impacts on activities that generate such emissions.  Due to its relatively high emissions per unit of energy and the availability of substitute energy sources for many applications, coal producers and users appear to be particularly vulnerable.  This is true regardless of the policies adopted to limit greenhouse gas emissions.

It is possible to include provisions in gratis distribution rule to address specific groups that are adversely affected.  To design such provisions it is necessary to have explicit policy objectives.  Several different policy objectives are possible to mitigate the impacts on the coal industry, each with different implications for the allocation of permits.  For example:

· To promote diversity of energy supply, a minimum level of coal use could be established.  This could be implemented by issuing permits that could only be used for emissions from coal combustion;

· To assist miners and coal mining communities adjust to lower levels of production, permits could be distributed gratis to organisations charged with facilitating adjustment by the individuals and communities affected by the closure of coal mines;

· Awarding permits gratis to coal mining companies as compensation for the loss of value of existing capital leaves the decision on how to distribute this compensation to the management of the mining companies.

Competitiveness Impacts

Participants in a trading programme, even if they are given their permits free, may be less competitive as a result.
  If the participants in the trading programme are fossil fuel users, they can implement energy efficiency measures and switch to less carbon-intensive energy sources to reduce their emissions, and use permits to cover their remaining emissions.  Presumably they would implement a strategy to minimise the cost of compliance.  This would help to minimise adverse competitiveness impacts.  But competitiveness impacts also depend on the policies adopted by other countries.

It is tempting to suggest that adversely affected firms could be given additional permits gratis to offset adverse competitiveness impacts.  However, it would be virtually impossible to implement such a programme in practice.  Devising rules to determine which firms were eligible for permits and how many permits they should be awarded would be very difficult.  It would also be very difficult to implement such a programme in a manner consistent with European Union and World Trade Organisation rules.

Annex B Parties will implement policies to limit their greenhouse gas emissions during the 2008-2012 period.  To the extent that a firm's major competitors are located in Annex B countries, they will be subject to policies to limit their emissions.  Although there is no guarantee that competitors will face equal changes in costs, the fact that all competitors in Annex B countries are subject to some policies will tend to level the playing field.  Allowing full use of the Kyoto Protocol mechanisms for compliance with the national trading programme should equalise the marginal cost of compliance for UK firms and their competitors in other Annex B countries.

The pace at which Annex B countries implement policies prior to 2008 will differ.  Thus, concerns about competitiveness impacts of a policy to limit greenhouse gas emissions are greater prior to 2008.
  The most effective way to address competitiveness concerns is to keep the cost of the policy low.  This suggests an emissions cap that requires a relatively small reduction in emissions, gratis distribution of a relatively large share of the permits, and adoption of emissions trading rather than regulatory policies.

3.3
Distribution of Permits by Auction

Permits not distributed free should be sold at auction.  The main argument for selling permits at auction is that the atmosphere is a public good, so polluters should pay for their use of this public good.  It also avoids the main problem of gratis distribution, namely how to allocate the permits.

Even if some or all of the permits are distributed free initially, an increasing share of the permits should be sold at auction over time.  The main argument for distributing permits free is to provide compensation for the loss in value of existing capital.  After adequate compensation, in the form of free permits, has been received, permits should be sold at auction.

An auction raises revenue that can be used to:

· Offset some of the impacts on groups adversely affected by the limit on greenhouse gas emissions; or

· Reduce existing taxes that inhibit economic growth and so stimulate the economy.

Prior to discussing issues relating to the use of the auction revenue, this section will consider the design of a permit auction and the reasons why a permit auction is preferred to the Climate Change Levy as a means of raising revenue while reducing emissions.

Design of a Permit Auction

Since the quantity of permits available for a given year is limited they must be sold at auction rather than at a specified price.  If a specified price were established, the quantity demanded would be more (if the price was low) or less (if the price was high) than the quantity available.  In either case the economic signal is incorrect.  And if the price is too low the quantity would need to be rationed or the price increased.  An auction simply finds the price that equates the demand for permits with the available supply.  This provides participants with the correct economic signal.

There are many ways to conduct an auction and there is ample evidence that the design affects the outcome.
  The best design for an auction varies with the nature of the item sold and the number of bidders.  An auction of emission permits, like government debt, involves the sale of a large quantity of the same item, generally to multiple buyers.  Either a price discriminating auction or a uniform price auction is possible.
  A uniform price auction sells all of the available allowances at the same price.
  Government debt is usually sold through a uniform price auction.

Quarterly or monthly sales of permits through a uniform price auction would provide a regular source of supply and give all participants  ample opportunity to purchase permits.  Given an international market for permits from the Kyoto Protocol mechanisms, bidders are unlikely to be willing to bid much more than the international market price for domestic permits.  The quantity to available permits sold to any single bidder could be restricted (e.g. 25%) to reduce potential market power.

A secondary market would also exist.  Firms whose bids were unsuccessful could buy permits in the secondary market.  The permits available on the secondary market would include: permits purchased at auction and offered for resale, clean development mechanism credits, assigned amount from international emissions trading, joint implementation reductions, and credits from specified domestic sources such as sequestration measures.

If the secondary market is closely linked to the global market, auction prices can be expected to reflect the global price. 
  This is the desired outcome from an economic efficiency perspective.  It could be argued that the existence of a large secondary market, eliminates the need for an auction.  The government could simply sell the permits at the market price.  An auction provides a fair and transparent way for the government to sell the permits.

A Permit Auction Vs the Climate Change Levy

The March budget announced the introduction of a Climate Change Levy (CCL) on energy use by business beginning April 1, 2000.  The tax is levied on the energy content of all forms of energy purchased by business.  Most of the revenue raised by the CCL will be used to fund a reduction in employer contributions for National Insurance.

One of the announced objectives of the Climate Change Levy is to reduce greenhouse gas emissions.  By increasing the cost of energy, the CCL encourages businesses to use energy more efficiently and hence reduce energy consumption from what it otherwise would have been.  By reducing energy consumption the CCL will reduce energy-related CO2 emissions from what they otherwise would have been. 

An energy tax, like the CCL, is less efficient at reducing greenhouse gas emissions than a carbon tax.  Under a carbon tax, sources subject to the tax pay tax based on their greenhouse gas emissions.  The tax for each form of energy would reflect its carbon content rather than its energy content.
  A carbon tax provides an incentive to minimise emissions, rather than energy use, and so is a more efficient way to reduce emissions.  An auction of permits as part of a trading programme for greenhouse gas emissions is equivalent to a carbon tax.

Direct comparisons of the efficiency of an energy and a carbon tax as a means of reducing greenhouse gas emissions are not available for the UK.  Model simulations for the U.S. indicate that an energy tax could be between 20-40% more costly, and an ad valorem tax two to three times more costly, than a carbon tax for equivalent reductions in emissions.

Another source of inefficiency in the CCL is the exclusion of electricity generators.  Electricity generation accounts for a substantial share of total greenhouse gas emissions.  Fuel switching in the generation of electricity is one of the largest and most cost-effective options available to reduce energy-related CO2 emissions.  Imposing a tax on energy consumption by business provides an incentive to use less electricity.  Businesses have an incentive to install combined heat and power (co-generation) facilities, but generators have no incentive to reduce their emissions.  If electricity generators were covered by the emissions trading system they would have an incentive to implement fuel switching measures to reduce their CO2 emissions.

In summary, since a trading system limits emissions of greenhouse gases while the CCL imposes a tax on the energy content of purchased fuels, an auction of permits would be a more efficient way of reducing energy-related CO2 emissions especially if electricity generators were part of the trading programme.

3.4
Use of Auction Revenue

An auction of permits raises revenue, possibly a significant amount of revenue.  The economic impacts of using an auction to distribute permits depend on how the revenue is used. Several options for the use of auction revenue, each with its advantages and disadvantages, have been suggested, including:

· Give rebates to sources to reduce competitiveness impacts.  The auction revenue can be distributed to sources whose competitiveness is adversely affected by the emissions trading programme.  These sources need not be participants in the trading programme.  However, the formula for distributing the revenue must be consistent with EU and WTO rules and give sources an incentive to reduce emissions;

· Provide adjustment assistance to the groups most adversely affected.  Limiting greenhouse gas emissions will have disproportional effects on some groups and auction revenue could be used to help them adjust.  Assistance could be provided, for example, to firms, individuals and communities affected by the closure of coal mines;

· Lower taxes to offset the economic burdens on individuals.  The costs of limiting greenhouse gas emissions are ultimately borne by individuals.  Most studies suggest the costs are proportionally larger for the lowest income groups.  Auction revenue could be used to offset the economic burdens on individuals through changes to the personal income tax or other taxes or grants;

· Reduce existing distortionary taxes.  Any tax creates a disincentive to engage in the taxed activity.  Existing taxes discourage investment, employment creation, and work. Using the auction revenue to reduce such taxes can stimulate economic activity and so reduce the economic impact of the limit on greenhouse gas emissions.  Using revenue from the Climate Change Levy to reduce employer contributions for National Insurance is an example of this option.  The employer contributions create a disincentive to hire staff, so reducing these contributions should stimulate employment;

· Purchase assigned amount, joint implementation credits or clean development credits from other countries.  Purchasing such allowances or credits from other countries with the auction revenue means that smaller emissions reductions are needed domestically.  The auction revenue should exceed the amount needed to purchase enough credits to meet the UK’s emissions reduction commitment if this were allowed by the supplementarity provisions.  Thus, at least some of the revenue would need to be used in other ways listed here;

· Treat the auction revenue as general revenue.  The added revenue from the permit auctions allows the government to increase spending, reduce the deficit, reduce or avoid tax increases, or reduce the outstanding debt.

Clearly a decision has to be made as to how to use the revenue.  That decision inevitably involves a choice among competing efficiency and equity objectives and judgements as to what is fair for different groups.  The decision on how to use the revenue must therefore be a political choice.  Options for revenue recycling are discussed more in the Appendices.

3.5
Banking of Permits

The Kyoto Protocol establishes emissions limitation commitments for 2008-2012.  Sources of greenhouse gases may be subject to policies that limit their emissions so that the UK can meet its commitment of a 12.5% reduction from 1990 levels.  Actions taken in the past or prior to 2008 may affect a source’s actual emissions or its emission reduction obligations during the 2008-2012 period.  Credit for early action addresses these possibilities.

The term credit for early action is used to cover a variety of situations, including:

· Baseline protection to ensure that emission reduction actions prior to 2008 do not lead to a more onerous emission reduction obligation for the 2008-2012 period;

· Credit for emission reduction actions already implemented after an agreed date, such as 1990 or 1997.  The credit can take the form of baseline protection or positive incentives;

· Incentives for emission reduction measures implemented prior to 2008.  The incentives can take a variety of forms, including government purchase of emission reduction credits, but the most common proposal is permits that can be used toward compliance with emission reduction obligations beginning in 2008. 

Baseline protection is relatively uncontroversial.  It seeks to ensure that a source which implements emission reduction measures early will be treated in the same manner as a source that takes no action in terms of their obligations during the 2008-2012 period.  This benefits sources by reducing a source of uncertainty affecting their investment decisions, namely future emissions reduction obligations.  The reductions realised prior to 2008 also represent an environmental benefit.  

Implementing baseline protection raises a number of practical difficulties.  What reduction measures qualify – do reductions resulting from energy efficiency measures qualify if energy prices rise?  How are reductions measured – what is the baseline from which reductions are calculated?  Who owns a particular reduction – do the emissions associated with the electricity displaced by a co-generation facility belong to the electricity generator(s) or the owner of the co-generation plant?  And in the case of past actions, what is the date after which emission reduction actions qualify?

The main arguments for providing incentives for emission reduction actions implemented prior to 2008 are that:

· An incentive is needed to offset the uncertainty concerning greenhouse gas policies for the 2008-2012 period in the economic evaluation of emission reduction investments; and

· The environmental benefits generated by the emission reductions prior to 2008 should be rewarded.

Implementing a programme of incentives for early action raises all of the practical difficulties associated with baseline protection as well as requiring decisions on the nature and level of incentive to be offered. 

If the incentive is that permits can be used toward compliance with emission reduction obligations during the 2008-2012 period, as is often proposed, it also raises issues on equitable treatment of sources that are rewarded for early action and sources that are unable to implement reduction measures until after 2008. The equity issue arises because the commitment under the Kyoto Protocol relates to actual emissions during the 2008-2012 period.  If some sources have permits for early actions that allow them to have higher emissions during this period, other sources must achieve larger reductions during that period.

Implementing an emissions trading programme early reduces the uncertainties leading to pressure to implement a distinct programme of credit for early action. The participants and the allocation rule are known from the start of the programme through 2012.  However, the design of the trading programme must still deal with some of the same issues:

· Recognition of measures implemented prior to the initiation of the programme, if they are to receive credit, can be reflected in a gratis allocation.  This may be reflected in the allocation rule if most of the permits are distributed gratis or in a separate allocation if the permits are auctioned;

· An incentive for early implementation of emission reduction measures can be built into the allocation rule and the ability to bank permits;

· The ability to bank permits issued prior to 2008 during the 2008-2012 period raises the equity concern noted above.

A prohibition on banking permits issued prior to 2008 for use during the 2008-2012 period may distort the emission reduction investments by participants.  If the emissions cap for 2001-2007 is relatively high and can be met largely through low cost measures, the distortion is not large.  But a relatively high cap for 2001-2007 would lead to more banking, thus shifting more of the compliance burden to 2008-2012 and increasing the equity concern.  A lower emissions cap for 2001-2007 increases the importance of temporal efficiency of investment decisions and reduces the quantity of permits likely to be banked and the corresponding equity concerns.

If all permits are distributed gratis during the 2008-2012 period, banking of permits issued prior to this period shifts the compliance burden among participants.  Sources with fewer opportunities to reduce emissions prior to 2008 may believe this to be inequitable.  But if some or all of the permits are auctioned, the quantity of permits auctioned beginning in 2008 can be reduced by the quantity banked.  Then the sources that do not implement early reductions are not disadvantaged while those that do implement early reductions benefit by having to purchase fewer permits.

3.6
Summary

The most difficult issues for an emissions trading programme are determination of the emissions reduction burden and how it should be shared.  This can be agreed only through negotiations between the government and the participants.  Usually it requires a political decision.

The burden on a participant is determined by:

· The emissions cap for a number of years into the future;

· The share of actual emissions covered by permits distributed free;

· The share of actual emissions for which permits must be purchased;

· Any revenue from the sale of permits received through the recycling mechanism adopted;

· Whether permits for the period prior to 2008 can be banked for compliance during the 2008-2012 commitment period.

These factors raise complex efficiency and equity issues.  That is why they can only be resolved through negotiation and/or a political decision.

These factors define a "negotiating space" within which the government and participants can agree upon the emission reduction burden and how it is shared.  A heavier burden on one factor can be ameliorated by a reduced burden on another.

The emissions cap for 2008-2012 is largely determined by the EU Burden Sharing Agreement for meeting the Kyoto Protocol commitment.  But there is flexibility to make the cap prior to 2008 more or less stringent.  A less stringent cap will ameliorate competitiveness concerns, but require a sharper reduction during the 2008-2012 period.

At least some permits should be distributed gratis initially.  This compensates participants for the loss in value of existing capital and reduces competitiveness concerns.

It will be very difficult to find an allocation formula that treats all participants fairly.  As a result, the basic formula will probably need to be complemented by a number of special provisions to deal with exceptional cases.  Grandfathering or the rule presented in Box A are examples of a basic rule.

The permits awarded under special provisions should come out of the agreed cap.  This forces sources arguing for special treatment to make a compelling case to the other participants in the programme because the added permits for those sources reduce the allocations to the other participants.

Over time an increasing share of the permits should be auctioned.  Groups, other than the participants in the trading programme, adversely affected by the limit on greenhouse gas emissions can then be assisted using revenue raised through the auction.

Depending on how the auction revenue is used, some of it may be received by participants in the trading programme.  This reduces the economic burden on the participants, but it is not possible for a programme to be revenue neutral for all participants.

An auction of greenhouse gas permits is a more efficient way of reducing emissions than the Climate Change Levy as currently proposed.  Replacing the CCL with revenue from auctioned permits could reduce the overall cost of reducing greenhouse gas emissions.

The strength of the case for banking permits issued prior to 2008 for later use depends partly on the emissions cap for 2001-2007.  The lower the emissions cap for 2001-2007, the stronger the argument for banking between the 2001-2007 and 2008-2012 periods.

Assuming that at least some permits for 2008-2012 are auctioned, the quantity auctioned should be reduced by the quantity of 2001-2007 permits banked for use during the later period.

While many other features need to be resolved to design an emissions trading system, few, if any, of them have a substantial impact on the overall cost to either the participants or the government.  They can be resolved on their technical merits, allowing the negotiations to focus on the overall burden and how it is to be shared.

Section IV - Technical Design Considerations 

The design of a U.K. emissions trading scheme requires the resolution of a number of administrative and operational issues.  Many of these issues are common to different trading system designs.  These are: 

· Permits for the U.K. Emissions Trading Programme;

· Unit of Measure;

· Changes to GWP Values;

· Calculation of Energy-Related CO2 Emissions;

· Emissions Monitoring;

· The Compliance Period;

· Reporting;

· Audit and Verification;

· Grace Period;

· Safety Valve;

· Banking;

· Permit Life;

· Borrowing;

· Penalties for Non-Compliance;

· Legal Liability for Permit Validity;

· Liability and the Kyoto Protocol Mechanisms;

· Credit Creation;

· Expansion of the Scope of the U.K. Trading Programme;

· Allocation of Permits to New Sources;

· Allocation of Allowances to Sources that Cease to Operate;

· Auction Design;

· Auction and Gratis Allocation;

· Distribution Schedule for Permits;

· Integrated Pollution Prevention and Control (IPPC) Directive.

In this section each of these issues is discussed and recommendations made on the appropriate outcome.  The recommendations are summarised at the end of the section.
Several assumptions underpin the discussion of the technical issues.  The most important is that the emissions trading programme is a “mid-stream” / "downstream" design in which business energy users are responsible for the emissions associated with their energy use, including the emissions associated with their electricity use.  With one exception, the issues discussed apply equally to a downstream design that includes electricity generators in which participants are responsible for their actual emissions.  The exception is the discussion of how emissions are calculated.  If electricity generators are part of the trading programme, energy users do not need to calculate the emissions due to the electricity they consume since those emissions are the responsibility of, and are calculated by, the generators.

The trading programme is also assumed to focus initially on energy-related CO2 emissions.  Expansion of the programme over time to other sources of greenhouse gas emissions is discussed.  Specified sources and sinks are assumed to be allowed to create credits that can be used for compliance by participants in the trading programme.  Links to the international Kyoto Protocol mechanisms are assumed to be established as those mechanisms begin operation.

Finally it is assumed that at least some of the permits are distributed gratis based on an agreed formula.  The balance of the permits are assumed to be sold at auction.

4.1
Analysis of Design Issues

Permits for the U.K. Emissions Trading Programme

The certificate that is traded in an emissions trading system will be called a permit when it is issued by the regulatory authority and a credit when it is an emissions reduction achieved by a source that is subsequently certified by the regulatory authority. 

The permits can be specific to the U.K. emissions trading programme, which means they can be used only to comply with U.K. obligations.  To use the Kyoto Protocol mechanisms for compliance, a U.K. purchaser would exchange the purchased assigned amount, JI emission reduction units or certified CDM credits with the regulatory authority for an equivalent quantity of U.K. permits.  This means the government can use international permits to comply with its international commitments.  And the U.K. purchaser can use the U.K. permits for compliance with its domestic obligations. 

A U.K. source that wished to sell permits to a firm in another Annex B country would exchange surplus U.K. permits for an equal quantity of U.K. assigned amount for transfer to the purchaser.  This enables the regulatory authority to ensure that the seller is in compliance with its U.K. obligations before the assigned amount is exported.

In principle, units of assigned amount could be used as the permits for the U.K. trading programme.  There are no compelling advantages or disadvantages to using assigned amount or UK permits.  However, assigned amount is not yet available because the Kyoto Protocol has not yet come into force.

We recommend a separate U.K. permit.  The U.K. trading programme will begin before the assigned amount for the first commitment period is issued.  Units of assigned amount could still be used as the permit after 2008 if this is preferred.

Unit of Measure

The Kyoto Protocol establishes national emissions limits that cover six greenhouse gases.  Countries are expected to report their emissions annually by gas and in aggregate as metric tonnes of CO2 equivalent.  CO2 is the most prevalent greenhouse gas in most countries.  Other gases are converted to CO2 equivalents using internationally agreed global warming potential (GWP) values.   

Documents relating to the Climate Change Levy suggest that some associations might be allowed to negotiate emissions limitation agreements defined in terms of carbon.  That could lead to use of a metric tonne of carbon as the unit of measure.  Carbon is easily converted to CO2 (1 unit of carbon is equal to 3.67 units of CO2).

For consistency with the Kyoto Protocol mechanisms and the national emissions inventory, we recommend that participants be required to report their emissions as metric tonnes of CO2 equivalent.  The U.K. permits should be denominated in metric tonnes of CO2 equivalent as well. 

Changes to GWP Values

The GWP values used by the U.K. emissions trading programme should be identical to those adopted by the Kyoto Protocol because one of the main purposes of a U.K. programme is to help meet the national commitment under the Protocol. 

Article 5 of the Kyoto Protocol states that the Parties will adopt a set of GWP values for the gases covered by the commitment.  The GWP values adopted apply for the entire commitment period.  If scientific evidence suggests the values should be changed, the new values would only apply to the next commitment period.

This should provide substantial advance notice (2 to 5 years) of a change to the GWP values and ensure past actions and trades are not affected by a change to the GWP values.  Sufficient advance notice allows investors to adjust the plans for measures that have not yet been implemented and affects only the heavily discounted future returns of projects already implemented.

We recommend that the U.K. emissions trading programme adopt GWP values identical to those adopted for the Kyoto Protocol.  This fixes the values through 2012.  If the Kyoto Protocol adopts different GWP values for future commitment periods, the values used by the U.K. programme should change as well. If GWP values change, past actions and trades should not be adjusted to reflect the new values. 

Calculation of Energy-Related CO2 Emissions

The discussion in this section assumes that electricity generators are not required to participate in the U.K. emissions trading programme.  Instead, business energy users are responsible for the emissions associated with the electricity they use.  If electricity generators were part of the U.K. emissions trading programme, energy users would not need to calculate the emissions associated with their electricity use.  The rest of the calculation would not change. 

Energy-related CO2 emissions can be estimated quite accurately from the quantity of energy used by fuel type multiplied by an appropriate emissions factor.  Electricity and natural gas use by each customer is already metered by the supplier for billing purposes.  The quantities of fuel oil, residual fuel oil, propane and coal delivered are also measured by suppliers for billing purposes.  This existing information should be sufficient to calculate energy-related CO2 emissions for most sources.

Each participant in the trading programme would list all of its natural gas and electricity meters.  It would report the consumption at each meter during the relevant period, supported by copies of supplier invoices.  The quantities would be multiplied by the approved emissions factors to calculate the emissions.  The quantities of fuel oil, residual fuel oil and propane purchased by the firm would be reported, again supported by supplier invoices, and be multiplied by the approved emission factors to calculate the emissions. 

The regulatory authority would specify emissions factors for each fuel type.  The emissions factor for each fossil fuel will reflect its carbon content.  For commercial fossil fuel products, other than coal, the carbon content is consistent and well known; thus accurate emissions factors can be specified. 

Each coal delivery received by the trading programme participant would be listed separately.  The carbon content of the coal would be taken from the analysis of the composition of the coal performed by an independent laboratory for the buyer or seller.  In the absence of such an independent analysis, a relatively high default value for the carbon content of the coal could be used.  The quantity of carbon in the coal delivered would be used to calculate the energy-related CO2 emissions.

The emissions associated with electricity use change from minute to minute depending upon the mix of generating stations being used to supply the load.  Information on the temporal pattern of electricity use is not available for most business customers; only total consumption during the billing period is known.  To smooth the administrative workload, utilities use different billing periods for different customers.  Thus, an average emission factor covering a relatively long period must be used for electricity.  We recommend that electricity emissions factor for a given calendar year be the actual system average emission factor for the twelve month period ending September 30 of the prior year.
  

Billing periods for electricity and natural gas may differ from the calendar year.  And inventory levels for fuel oil, residual fuel oil, propane and coal might change between the beginning and end of the year.  These effects would be ignored with the possible exception of a small number of very large energy users.  Large users could read their gas and electricity meters on the specified date and estimate oil and coal use since the last delivery.

The regulator might also require energy suppliers to classify their customers as participants or non-participants in the emissions trading programme and to report sales to each participant.  This would provide a consistency check on the emissions reports submitted by participants.

Emissions Monitoring

An emissions monitoring system is used to measure actual emissions of a given pollutant by a specific source.  Emissions monitoring systems are likely to be required for at least some process emissions.  Permit trading programmes require monitoring systems to measure or calculate actual emissions.  Credit trading programmes require monitoring systems to measure or calculate actual emissions and to estimate avoided emissions.  Possible emissions monitoring systems differ by gas and source.  Several options with different levels of measurement accuracy and different costs may be available for a given gas and source.

The integrity of an emissions trading programme depends on the quality of the emissions monitoring systems used.  The trading programme is intended to limit emissions by participants.  Actual emissions by each participant must then be monitored accurately to determine how many permits are needed for compliance, or how many credits are created.  Since surplus permits can be sold, sources can profit by under reporting their emissions.  Under reporting also damages the environment.

Monitoring systems must be properly maintained and be tested periodically to ensure they are accurate.  Since the monitoring system must determine total emissions, it should operate continuously.  But all systems break down or require periodic maintenance.  Missing data protocols must be developed to estimate emissions for periods when the monitoring system is not operational.  The emissions estimated using these protocols should be biased upward, so that participants have an incentive to ensure their monitoring systems are operational.

Monitoring systems can be costly to install and operate.  The costs of alternative systems vary substantially.  The regulatory authorities responsible for the emissions trading system will need to decide which systems offer sufficient accuracy and reliability given the cost.  Large sources are likely to be required to install more costly monitoring systems than small sources, since the scope for under reporting is greater and the monitoring costs can be spread over a larger volume of emissions.

The U.K. emissions trading programme will focus initially on energy-related CO2 emissions.  Energy-related CO2 emissions can be calculated quite accurately from the quantity of each type of energy used and an appropriate emissions factor each fuel type.  We recommend that energy related CO2 emissions be calculated from existing billing records and emissions factors specified by the regulatory authority.

If process emissions from cement, lime, ammonia, adipic acid, ammonia, nitric acid, fertiliser manufacture or aluminium smelting are included in the trading programme, systems for monitoring actual emissions may be needed for those sources.  

The Compliance Period

The compliance period is the period for which participants in an emissions trading programme must report their actual emissions and remit permits equal to those emissions to the regulatory authority.  For every past and current trading programme, except the lead in gasoline programme, the compliance period is one year.  For the lead in gasoline programme the compliance period was three months.

It can be argued that a longer compliance period is appropriate for greenhouse gases.  The climate change impacts of greenhouse gases depend on the concentration (stock) and the rate of change of the concentration of the gases in the atmosphere.  Since greenhouse gases have long (decades to centuries) atmospheric lives, the stock responds slowly to emissions.  Thus, variations in emissions over the course of a few years have a negligible effect on climate change impacts.  But emissions depend, in part, on weather and economic conditions that participants in a trading programme can not control.  A longer compliance period would tend to provide average weather and economic conditions and so facilitate the task of managing compliance.
  The Kyoto Protocol recognises this and gives Parties a five-year compliance period.

The compliance period for a U.K. trading programme can not be longer, but could be shorter, than the commitment period.
  Establishing compliance imposes costs on both participants and the regulator.  A compliance period of less than one year raises costs without offering a corresponding environmental benefit.  A longer compliance period complicates enforcement because the number of participants that cease to operate, and the number of new sources, increase. 

Should the compliance period for the U.K. trading programme be one year, five years, or some intermediate period?  The arguments for a one-year compliance period include: 

· It is the standard for other emissions trading programmes and for many other requirements, such as taxes;

· It represents a reasonable balance between of the administrative costs of establishing compliance and the risk of non-compliance by sources that cease to operate;

· It helps meet the annual reporting obligation under the Framework Convention on Climate Change;

· It increases liquidity in the permit market.

The major drawback of a one-year compliance period is that weather or economic conditions, especially in the first year, may make compliance difficult.  Higher emissions due to weather or economic conditions in later years can be addressed by allowing banking.  Higher emissions due to unusual conditions during the first year can be addressed by giving participants a slightly larger allocation for that year.  Rather than allocating 100 units to participants each year for five years, the programme could allocate 110 units the first year and 98 units each of the next four years.

We recommend a one-year compliance period because a multi-year compliance period offers participants no advantages over a one-year compliance period with banking and a slightly larger allocation for the first year. 

To distribute the enforcement workload for the regulatory authority more uniformly over the year, different participants could have different compliance periods.  Participants could be divided so that one-twelfth has each month end as the end of their annual compliance period.  Indeed, they could be divided so that each day is the end of the compliance period for an equal number of participants. 

However, the U.K. is required to report its actual emissions annually on a calendar year basis.  This requirement argues for a calendar year compliance period for all participants in the emissions trading programme.  If monthly and quarterly interim reports of actual emissions are required of larger sources, the government should have sufficient information to estimate emissions on a calendar year basis.

We recommend calendar year compliance periods for all participants to match the international reporting requirement unless this creates difficulties for the regulatory authority in scheduling its enforcement workload efficiently.  Then compliance periods for different sources could be staggered so that an approximately equal number have each month end as the end of their compliance period.. 

Reporting

The regulatory authority responsible for the emissions trading programme will need to decide on suitable reporting systems.  This includes the information to be reported, the format in which it is to be reported, whether reporting should be electronic or paper or both, the frequency of reporting, and the deadlines for reporting.  Since the data reported are used for determining compliance, certification by a responsible person that the information is accurate and complete may be required for legal purposes.

Participants in an emissions trading programme must report their monitored (calculated) emissions to the regulatory authority so that compliance can be established.  Sources creating credits must report the emissions reduced or sequestered, or the credits created, to the regulatory authority.

Every participant would be required to file an annual compliance report within a specified period, say 30 or 60 days, after the end of the compliance period.  The compliance report includes the annual emissions by the source, the specific permits (identified by serial number) to be retired to achieve compliance, and a statement signed by a responsible official indicating that the report is accurate and complete. 

In addition to the annual compliance report, larger sources may be required to submit interim reports on their emissions.  Interim reports are used by the regulator to track progress toward meeting the annual target.  Sources would be classified into groups required to file monthly or quarterly interim reports and those required to file only annual compliance reports. 

Larger sources are often required to report their emissions electronically in a specified format.
  Paper reports are still widely used by smaller sources to report their emissions and by all sources for compliance reports.  However, the paper reports are quickly being replaced by electronic reports. 

We recommend electronic reporting by all sources with compliance reports due within 60 days after the end of the compliance period.  The regulatory authority would determine the need for interim reporting. 

Audit and Verification

The regulatory authority must ensure that the actual emissions reported by each participant are complete and accurate, the allowances used for compliance are valid, the emissions monitoring systems comply with established requirements, missing data protocols have been implemented properly, and emissions have been reported as required.

The regulatory authority must ensure that credits meet the established criteria.  This may require verification that the actions to create the credits have been implemented and are operating properly.

Audit and verification by the regulatory authority could be done on a sample basis or for all participants.  The larger the share of total participants audited the greater the assurance that the reported emissions and claims of compliance are accurate, but the higher the administrative costs.  More complete coverage may be needed initially to ensure that participants comply and that the trading programme is operating as intended.  

For the large emitters subject to IPC and IPPC emissions reports could be verified by expanding the current IPC/IPPC regime to examine CO2 in the same way as emissions of other prescribed gases.  Emissions of these other gases, such as SO2, are subject to verification by external companies or the Agency.  

Grace Period

Most emissions trading programmes allow a short (30 or 60 days) grace period after the compliance reporting deadline to allow participants to achieve compliance.  This gives participants time to come into compliance in the event of unforeseen developments such as higher than anticipated emissions late in the compliance period, or disallowance of some credits submitted for approval.

A baseline and credit trading programme might need a longer grace period since the credits are not created until the emissions have been demonstrated.  Thus the credits are not created until compliance has been established.  Sources wishing to buy credits may have to wait until sellers confirm the quantity of credits actually created.  A longer grace period allows sellers to establish the quantity of credits they have available and to sell them to buyers for compliance purposes.  Staggering the compliance periods creates a regular flow of credits and so reduces the need for a longer grace period.

We recommend a grace period of 60 days after the end of the compliance reporting deadline for the U.K. emissions trading programme.  

Safety Valve

A safety valve is a mechanism to ensure that the cost of compliance with the emissions limitation obligations imposed on participants by the U.K. emissions trading programme does not become too onerous.  This is accomplished by having the regulatory authority sell an unlimited quantity of permits at a specified price.  This effectively established a maximum price for permits and so limits to cost of compliance.  What constitutes an acceptable compliance burden and hence the appropriate safety valve price is necessarily a matter of judgement.

The U.K. emissions trading programme will be implemented at a time when the U.K. is not subject to a binding commitment on its national greenhouse gas emissions.  Other Annex B countries will only be starting to implement their policies to limit greenhouse gas emissions as well.  Thus, if compliance with the U.K. emissions trading programme is costly initially, it could have serious adverse consequences for the competitiveness of British firms.

Over time, more Annex B countries will implement policies to limit greenhouse gas emissions and increasing quantities of certified CDM credits will become available.  By 2008, assuming the Kyoto Protocol comes into force, all Annex B countries will have adopted policies and all of the Kyoto Protocol mechanisms will be operational.  Thus the risk that a U.K. emissions trading programme will lead to serious adverse consequences for the competitiveness of British firms should decline over time.

The safety valve price must be less than the penalty for non-compliance or it will not be used; non-compliance will be less costly than compliance using safety valve permits.  Once the market for CDM credits is established, the safety valve price should be higher than the price of CDM credits.  Since the purpose of the permits sold at the safety valve is to limit the cost of compliance, purchases should be limited to a participant’s actual emissions less its total permit holdings.  This prevents banking of the safety valve permits and limits the extent to which the environmental goal is compromised.
 

We recommend that the safety valve price be relatively low initially and rise over time.  The safety valve price should remain above the market price of CDM credits after the CDM begins operation.  Finally, the safety valve price should be equal to the penalty for non-compliance after the start of the 2008-2012 commitment period. 

Banking

Banking allows permits to be saved for use after the period for which they are issued.  Banking makes it easier for useful for entities to achieve compliance in the face of fluctuations in emissions due to weather, economic conditions, or other factors.  Banking also helps participants adjust to more stringent emission limitation commitments.

Since banking gives participants greater flexibility to achieve compliance, the arguments in favour of banking are economic.  The principal concern related to banking is environmental; namely that banked permits can be used for a large increase in emissions and associated health or environmental damage.

Banking of greenhouse gas emissions does not create direct environmental concerns.  Greenhouse gases have no local environmental or health impacts.  Their impact on climate depends primarily on their concentration in the atmosphere.  Given the long atmospheric lives of the principal greenhouse gases, the timing and location of emissions has little effect on atmospheric concentrations.

Many sources of greenhouse gas emissions are also sources of ancillary pollutants, such as sulphur oxides (SOx), nitrogen oxides (NOx), volatile organic compounds (VOCs), and particulates, which have local health or environmental impacts.  Emissions of these pollutants are usually regulated, but this is not true for all sources and all jurisdictions.  Even where these ancillary pollutants are regulated, the requirements may not be binding.  Thus, banking for greenhouse gases could, in principle, lead to higher emissions of these associated pollutants at some future date.

The regulations governing emissions of the ancillary pollutants need to be assessed to determine whether they effectively prevent local health or environmental damage in the case of a temporary increase in emissions.  If the regulations are deemed to be inadequate, they could be made more stringent to prevent damage due to the use of banked greenhouse gas permits.  Alternatively, restrictions could be introduced to limit the use of banked permits. 

Since banking offers economic advantages and poses no environmental risks, assuming emissions of associated pollutants are effectively regulated, it should be allowed as part of a U.K. trading programme for greenhouse gas emissions.  The only question is its consistency with national commitments.

The U.K. does not face a binding national commitment prior to 2008.  Hence banking does not create any problems prior to 2008.  After 2008 the U.K. will face a binding national commitment under the Kyoto Protocol.  The Protocol explicitly allows banking by allowing a Party whose actual emissions during 2008-2012 are less than its commitment for the period to add the difference to its allowable emissions for subsequent commitment periods.

The unresolved issue is banking permits from the period prior to 2008 for use after 2008. This is discussed in Section III.

In summary, banking should be allowed in a U.K. emissions trading programme for greenhouse gases since it gives participants greater flexibility to achieve compliance and poses no direct environmental risks.  But governments will need to ensure that regulations governing associated pollutants, such as SOx, NOx, VOCs, and particulates, which have local health and environmental impacts, do not allow emissions of these gases to increase to unacceptable levels due to the use of banked greenhouse gas permits.  Permits from the period prior to 2008 can not be banked for use after 2008 unless this is explicitly agreed.

Permit Life

If permits can be banked, should there be a limit on the period of time they can be held before they are used?  Such a limit is called the permit life.  In some emissions trading programmes the permits have an indefinite life.  In other programmes, the permits either have a defined limited life or have a limited life due to discounting of banked permits.  Programmes with a limited permit life are typically intended to achieve specific emissions reduction targets.  A limit on permit life reduces the risk that the target will not be met due to the use of banked permits. 

If the permit life is too short, it makes banking (and hence early reductions) less attractive because there is a greater risk that the permits can not be used before they expire.  A permit life of 5 to 10 years is, in practical terms, almost equivalent to an indefinite life.  By using the oldest permits for compliance purposes, the banked permits will always be less than 5 years old unless the quantity banked is more than five years of emissions.

If the U.K. emissions trading programme is part of the action plan to meet a national commitment, the provisions for permit life should be consistent with those of the commitment.  That means permit life in the U.K. programme can not exceed, but could be shorter than, the permit life allowed by the commitment.  The Kyoto Protocol does not propose a limit on permit, although such a limit could still be established, explicitly or implicitly, by the rules governing international emissions trading, joint implementation and the clean development mechanism.

Permits issued prior to 2008 should expire on December 31, 2007 unless banking provisions are explicitly negotiated as part of a credit for early action mechanism. 

We recommend that all permits issued prior to 2008 expire on December 31, 2007 unless banking provisions explicitly allow them to be used after January 1, 2008.  Otherwise permits should have a life of 10 years. 

Borrowing

Borrowing is the use of permits to be issued for a future period during an earlier period.  The main reason to borrow is because compliance would otherwise not be achieved during the earlier period.
  Thus, borrowing is a substitute for purchasing permits from another participant for the current period.  A participant in a trading programme would prefer to borrow, assuming this is allowed, if the cost is less than the cost of buying permits from other participants.  It is assumed that the regulatory authority charges interest on borrowed permits.

In a credit trading system borrowing would mean being allowed to use emissions reductions (or sequestration) expected to be achieved in a future period for compliance during the current period.  Credits are typically not recognised until after the reduction or sequestration action has been implemented and the quantity of emissions avoided or sequestered has been documented.  No credit trading programme allows borrowing.

Borrowing reduces the effectiveness of regulatory enforcement and weakens the market for allowances:

· Borrowing weakens regulatory enforcement because sources can borrow from future periods rather than comply during the current period.  If they cease operation, the borrowed permits are never "repaid" through lower emissions during the future period.  Hence borrowing undermines the integrity of an emissions trading system;

· Borrowing undermines the emissions trading market because sources that need additional permits can borrow against their future allocations rather than purchase permits from other sources during the current period.  In effect, borrowing reduces the demand for permits.

If the U.K. trading programme is designed to help meet a national commitment, the U.K. borrowing provisions need to be consistent with those of the commitment.  The Kyoto Protocol does not include a borrowing provision.  A U.K. trading programme to meet a Kyoto Protocol commitment could still allow limited borrowing.  But the U.K. programme would need to have annual compliance periods and participants could not borrow from periods beyond 2012.

We recommend that borrowing not be allowed because it reduces the effectiveness of regulatory enforcement and weakens the market for permits.

Penalties for Non-Compliance

Non-compliance means that a participant does not provide the regulatory authority with sufficient permits to cover its actual emissions during the compliance period.  The participant has until the reporting deadline to report its actual emissions during the compliance period to the regulatory authority.  And it has until the end of the grace period to provide the required number of permits to the regulator before being non-compliant. 

Typical penalties for non-compliance consist of automatic loss of permits equal to the excess emissions from future allocations plus a fine.  Criminal penalties are also possible in the case of flagrant or repeated violations.  If the permits are distributed by auction, the only possible penalties are financial and criminal, however, the financial penalties could still be defined in terms of the cost of purchasing permits equal to the excess emissions plus fines.

Penalties also need to be established for failure to comply with administrative requirements, such as failure to file an interim report or an annual compliance report before the deadline or failure to install, test or maintain emissions monitoring equipment where required.  The penalties for non-compliance with such administrative requirements are typically fines, where the amount of the fine escalates with the severity, frequency and potential consequences of the offence.

Maintenance of an accurate and current registry of permit holdings and maintenance of a fair and competitive market will also require adherence to established rules.  Firms and individuals subject to these rules must also be liable to penalties for non-compliance.  The penalties can be financial and/or administrative, such as loss of the right to trade for a specified period.   

We recommend that the penalty for excess emissions be automatic loss of permits equal to three times the excess emissions from future allocations or the financial equivalent if permits are auctioned.  Flagrant or frequent violators should face criminal penalties.  Non-compliance with administrative requirements should give rise to appropriate financial and administrative penalties.

Legal Liability for Permit Validity

When permits are traded, which party is responsible for ensuring that they are valid?  If the seller is responsible, the buyer can accept the permits knowing they will be valid.  If the seller does not meet its commitments it incurs the penalties for non-compliance.  If the buyer is responsible, it must decide whether the seller is likely to comply with its commitments before purchasing the permits.  If the buyer is responsible and the seller later needs the permits to achieve compliance, the sale will be invalidated; the seller keeps the permits and the buyer resorts to the contract provisions and the legal system to recover any payments that have been made.  The buyer may also need to purchase replacement permits quickly to achieve compliance.

Administratively, making the seller accountable is simpler.  Buyers need not worry about transactions being invalidated.  However, this system relies on the penalties for non-compliance to ensure that sellers do not sell more than their surplus permits.  All U.S. permit trading programmes use seller liability.
 

Credit trading systems have used both seller and buyer liability.  Seller liability effectively means that the credit creator has to have the credits certified as valid by the regulatory authority before they can be sold.  Then the buyer can be confident that the credits purchased will be accepted by the regulator when used for compliance purposes.  Seller liability, then, increases the time it takes, and raises the cost, to create and sell credits. 

Buyer liability means that the buyer must carefully scrutinise the credits before they are purchased.  The regulatory authority only examines the credits when the buyer submits them for compliance purposes.  Since the buyer will tend to be cautious in the choice of credits purchased, the regulatory authority may decide that it is sufficient to review in detail only a sample of the credits used.  Buyer liability, then, allows credits to be created and sold more quickly and transfers some of the administrative cost from the regulatory authority to the programme participants.  But buyers may be more reluctant to purchase credits due to the risk, so trading activity may be lower and prices will tend to be lower than under a seller liability system.

We recommend seller liability for the U.K. emissions trading programme.  Permits issued by the regulatory authority could be sold as soon as they are credited to the owner’s account in the registry.
  The regulator would review credit creation actions after the emission reduction (sequestration) has been achieved and issues permits for the approved reduction (sequestration).
 

Liability and the Kyoto Protocol Mechanisms

Participants in the U.K. emissions trading programme should be allowed to use the Kyoto Protocol mechanisms for compliance purposes.  They could buy units of assigned amount, JI emission reduction units, or certified CDM credits and ask the regulatory authority to exchange them for U.K. permits.  This is one way to implement the requirement that the investor government approve each JI and CDM project with which it is involved. 

However, the willingness of the regulator to approve the exchange for U.K. permits will depend on the liability rules and supplementarity provisions adopted for those mechanisms. 

· The clean development mechanism (CDM) should begin operation shortly after 2000.  CDM credits are likely to be certified through an internationally agreed process, so they should be compatible with seller liability in a U.K. trading programme;

· International emissions trading and joint implementation will not go into effect until close to 2008.  The liability provisions for these mechanisms are still unclear, so the conditions under which they should be exchangeable for U.K. permits can not be established now;

· Use of each of the mechanisms for compliance with national commitments is required to be supplemental to domestic action.  How the supplementarity provision will be defined in practice is not yet known.  It is likely to apply to all mechanisms collectively, rather than to each mechanism separately, although this could change as the rules are developed.  Regardless, the supplementarity provision(s) might limit the ability of the regulator to issue U.K. permits in exchange for units for any of the mechanisms. 

In summary, CDM credits are likely to be consistent with a seller liability system although use of such credits could be limited by the supplementarity provision.  How best to incorporate the other Kyoto Protocol mechanisms with the U.K. emissions trading programme can not be determined until the rules for those mechanisms are agreed.

Credit Creation

Sink enhancement activities allowed under the Kyoto Protocol, and emission reductions by sources not covered by other domestic policies, should be allowed to create credits.  Credits should meet the criteria established by the Kyoto Protocol, namely that they represent reductions (sequestration) beyond what would otherwise occur.  In addition sink enhancement actions should lead to long-term sequestration.

The regulatory authority should review claims by eligible sources for emission reductions or sequestration after they have been achieved.  For actions with a relatively short life (say less than 2 years), this could be done at the end of the project.  For actions with a longer life, credit claims could be reviewed annually.  The regulatory authority would issue U.K. permits for the quantity of emissions reduced or sequestered.  These credit creators can sell the permits to participants in the U.K. emissions trading programme, who can use them for compliance with their commitments.

Since one of the main purposes of the U.K. emissions trading programme is to help meet the national emissions limitation commitment under the Kyoto Protocol, the eligibility of sink enhancement activities to create credits should match the provisions of the Protocol on the use to sinks to meet national commitments. 

The eligibility of U.K. sources to create credits should reflect the emissions limitation policies governing different policies.  Sources required to participate in a U.K. emissions trading programme should not be able to create credits.  Any emission reduction actions they implement simply reduce the number of permits they need to hold.  Allowing credits to be created for emission reduction actions would lead to double counting. 

Sources subject to a regulation or tax intended to reduce greenhouse gas emissions should be allowed to create credits only if it is possible to clearly establish the reduction that should be achieved by the regulation or tax.  If such a baseline can be defined, credits should be awarded only for reductions beyond those anticipated for the regulation or tax.  Otherwise the emission reductions anticipated for different policies will be double counted.

We recommend that credit creation actions be allowed consistent with the provisions of the Kyoto Protocol.  Emission reduction actions should receive credits only for reductions beyond those that would have happened otherwise, including reductions anticipated to be achieved through other policies.  Sequestration actions, in addition, should be limited to those allowed by the Protocol and should lead to long-term sequestration.  Claims should be reviewed by the regulatory authority after the reduction or sequestration has been achieved.   Permits should be issued for quantity of emissions deemed to have been reduced or sequestered.  

Expansion of the Scope of the U.K. Trading Programme

The U.K. emissions trading programme is assumed to apply initially to energy-related CO2 emissions by businesses and possibly to electricity generators. A number of other sources of greenhouse gas emissions could be included in the programme, including:

· Process emissions from cement, lime ammonia, adipic acid, nitric acid, and fertiliser manufacture and aluminium smelting.

· Production and imports less exports of HFC’s, PFC’s and SF6.

· Feedstocks used to produce petrochemical products with lifetimes of less than 20 years.  Under the inventory guidelines, carbon in petrochemical products with expected lifetimes of less than 20 years is deemed to be emitted at the time of production. Carbon in products with longer lifetimes is considered to be sequestered.

In principle, expanding the scope of the U.K. emissions trading programme should improve its efficiency.  The number of participants increases, so the market should become more competitive.  The range of the marginal control costs should increase, which increases the potential benefits of trading.

Expansion of the trading programme involves decisions on:

· The appropriate increase in the emissions cap to accommodate the new sources;

· An allocation rule for any permits distributed gratis to the new participants.

The appropriate increase in the overall emissions cap is an equity decision.  Presumably, it should reflect a collective emissions reduction target or emissions reduction cost burden for the new sources comparable to that borne by existing participants.  There is no single correct increase in the cap.  Any benefits due to a generous increase (or burden due to a stringent increase) will be shared by all participants in the trading programme through trading. 

The allocation rule for any permits distributed gratis could be unique to the new sources or could reflect the principles inherent in the rule(s) used for existing sources.  Again the issue is equity.  Each of the new sources should believe it is being treated equitably relative to the other new participants and relative to existing participants.  There is no best allocation rule.  Any rule acceptable to the new participants is compatible with the trading programme. 

We recommend expansion of the U.K. emissions trading programme to include as many sources of greenhouse gases as feasible.  This improves the efficiency of the trading system.  Each expansion should be negotiated with the affected sources on a case by case basis.  Existing participants will share in any benefits or added burden caused by the stringency of the increase in the overall emissions cap.  The allocation rule for new sources could be unique to those participants or could be the same as that for existing participants.

Allocation of Permits to New Sources

New sources similar to those covered by the emissions trading programme must be required to hold permits equal to their actual emissions as well.  Objective criteria need to be established to determine which sources are required to hold permits for their actual emissions.  Such criteria could include actual or projected greenhouse gas emissions in excess of a specified amount or energy consumption in excess of a specified level.

If existing participants in the trading programme receive permits gratis, equity suggests that new sources should also receive permits gratis.  Several of the emissions trading programmes in the U.S. require new sources to purchase all of the allowances they need to cover their emissions.  Other programs incorporate specific allocations or other mechanisms to collect allowances or credits that can be given to new sources.

Allocation rules can be devised that change the allocations over time to include new sources.  Such rules are consistent with the treatment of new sources under a permit auction or credit trading program.  With an auction, new sources must buy permits like every other source, but they also benefit from the redistribution of the auction revenue in the same way as other sources.  In the case of a credit trading program, the baseline for a new source is generally the lower of its actual or allowable emissions. 

We recommend that new sources that meet specified criteria be required to hold permits to cover their actual emissions and be allowed to participate in the emissions trading programme.  If existing participants receive permits gratis, the allocation rule should provide permits to new sources as well.  An allocation rule that changes the distribution of permits over time in response to changes in the participant population is one way to address this problem.  Special provisions or allocations for new sources can also address the problem.

Allocation of Allowances to Sources that Cease to Operate

Several of the existing emissions trading programmes in the United States continue to allocate permits gratis to sources even after they cease to operate.  The justification for continuing to give a valuable commodity -- permits -- to a source that is no longer operating and hence does not need permits to achieve compliance is sometimes questioned. 

The basic argument for continued distribution to sources that cease to operate is that this eliminates any incentive to continue to operate old, high-emitting facilities simply to continue to receive permits.  In addition, it is argued, the distribution of permits does not affect the efficiency of the market.  While this is true in a static setting, it is not strictly true in a dynamic setting.

The main argument against continued allocation of permits to sources that cease to exist is that it appears unfair especially if new sources do not receive any permits gratis from the regulator.  It appears to reward a source that is putting people out of work by shutting down by enabling it to benefit from the sale of the permits it will be allocated in the future.  It appears even more unfair when the buyer is a new source creating employment.

Continued allocation of permits to sources that cease to operate arises from gratis allocation rules that are based on historic emissions, input or output.  This is not a necessary feature of an allocation rule.  Allocations can change over time to reduce the permits allocated gratis to declining sources and to increase the permits allocated gratis to new sources.  If the permits are auctioned, a non-operational source would not need to buy any, but also would be most unlikely to receive any of the auction revenue regardless of how it is distributed.

We recommend that the allocation rule for gratis allocation of permits change the allocation over time in response to changes in the participant population.  Such a rule would eliminate allocations to sources that cease to operate (and award permits to new sources), although perhaps not immediately.  This is consistent with the treatment of non-operational sources under an auction or credit trading program.

Auction Design

The main arguments for distributing permits by auction are that:

· The permits represent a right to use a limited public resource, namely the waste absorption capacity of the atmosphere.  Proper management requires the government obtain the highest price for the use of this public resource.  A well-designed auction achieves this objective;

· An auction raises revenue that the government can use to improve the performance of the economy and to offset adverse impacts suffered by particular groups as a result of the introduction of the limit on emissions.

An auction of emissions permits involves the sale of a large quantity of the same item, generally to multiple buyers.  Under these conditions Cramton and Kerr recommend an ascending "clock" auction.  It would work as follows:

· The "clock" indicates the current price;

· Bidders submit the quantity of permits they are willing to buy at the current price;

· If the total quantity submitted by all bidders exceeds the quantity of permits available, the price is increased by a known increment;

· Bidders indicate the quantity they are willing to buy at the higher price.

· Bidding continues until the total quantity bid is less than the quantity available;

· The permits are then sold at the previous price;

· Since not all bids can be satisfied at that price, permits are prorated for the bidders that reduced their quantities in the last round. 

The total quantity bid, but not the quantities submitted by individual bidders, is reported for each round to give bidders an indication of how quickly they are approaching the clearing price and to prevent signalling.

Auctions should be held at regular intervals, at least quarterly and possibly monthly, to provide a predictable supply for the market.  Firms whose bids were unsuccessful (or who did not wish to participate in the auction) could buy permits in the spot market.  Since the U.K. programme is linked to the global market through the Kyoto Protocol mechanisms, the spot market should reflect the global market price.

Given that U.K. emissions are small relative to global emissions, the global market will largely determine prices in the spot market unless international or U.K. rules restrict the ability to use, or raise the cost of using, permits or credits from other countries.
  If the spot market is closely linked to the global market, the auction will be small relative to the spot market and auction prices can be expected to reflect the global price.  This is the desired outcome from an economic efficiency perspective.

It can be argued that the existence of a spot market, especially one large enough to effectively determine the auction price, eliminates the need for an auction.  The government could simply sell the permits on the market at the prevailing price.  But the government will still be a relatively large seller and the timing or quantities of its sales could affect activity in the spot market. Relatively frequent auctions of allowances minimise the impact of government sales on the spot market.

If some or all of the permits are to be sold, we recommend an ascending clock auction such as that described above. 

Auction and Gratis Allocation

It is possible to use both an auction and a rule for gratis distribution to allocate the permits for an emissions trading programme.  Participants that are not subject to international competition, such as residential and commercial buildings and motor vehicle fuels, could be required to buy permits sold at auction.  Participants subject to international competition, such industrial sources, could receive allowances gratis.  This would minimise the adverse competitiveness impacts on these participants.

Another possibility is a gradual transition from gratis distribution to an auction.  Participants at the time the trading programme is launched would receive permits gratis in accordance with an agreed rule.  But the share of the calculated allocation received gratis would decline to zero over a period of five or ten years.  Any permits not distributed gratis would be sold at auction.  Thus, at the end of the transition period all permits would be sold at auction.

The argument for a transition from gratis distribution to an auction is that imposition of a limit on greenhouse gas emissions reduces the value of existing capital that generates emissions.  Gratis distribution of permits to existing sources for some period of time provides some compensation for the loss of value of this capital stock and provides transitional support to adjust to the new competitive environment.  Providing such compensation conflicts with the polluter pays principle.  And the auction revenue foregone is not available to offset the economic costs to individuals, to help groups adversely affected adjust, or to stimulate economic growth.

The use of a gratis allocation rule and/or an auction to distribute permits for the U.K. emissions trading programme is a matter for negotiation between industry and the government.

Distribution Schedule for Permits

We recommend that all permits awarded gratis be distributed to firms in a few months prior to the year for which they can be used for compliance.  Auctioned permits should be sold at regular intervals beginning a few months prior to the year for which they can be used for compliance and continuing through much of the year. 

Specifically, we recommend that all permits awarded gratis be distributed to firms in October for the year for which they can be used and that auctioned permits be sold in October of the prior year and in January, April, July and October of the year for which they can be used.  Thus, distribution of permits for 2002 would occur in October 2001 and any auctioned permits would be sold between October 2001 and October 2002. 

Integrated Pollution Prevention and Control (IPPC) Directive

Interpreted literally, the IPPC requires plants subject to the directive to implement all cost-effective energy conservation and efficiency measures.  This would include many low cost greenhouse gas emission reduction measures.  Plants are required to have installed the required measures by 2007. 

The IPPC could reduce trading activity by plants subject to the directive because they have no choice but to implement the identified energy efficiency measures.  If the emissions limits for IPPC plants are generally lower than their emissions after implementation of the mandated measures, they will be both buyers and sellers of permits.  In this case the IPPC directive has little impact on the emissions trading programme. 

Assume the emissions limits for IPPC plants are generally higher than their emissions levels after implementation of the mandated measures.  If all participants in the emissions trading programme are subject to the IPPC directive, the emissions cap will not be binding and there will be little, if any, trading activity.  If the emissions trading programme includes a substantial number of participants not subject to the IPPC, plants subject to the directive will tend to be sellers of permits.  This would tend to reduce the market price, but it also means that emissions trading helps pay for the IPPC measures.

Thus it is difficult to predict whether the IPPC will have a detrimental effect on a U.K. emissions trading programme because the emissions cap is not known, the number of non-IPPC participants is not known, the emissions reductions implied by the energy conservation and efficiency measures mandated by the IPPC is not known, and the interpretation of the directive is difficult to predict. 

We recommend that efforts be made to allow flexible interpretation of the IPPC directive so that the environmental objectives are achieved at the lowest possible cost.

Tax Treatment 

The tax treatment of permits also needs clarification.  The tax consequences of buying and selling permits are expected to vary depending on the status of the buyer or seller in relation to the permit itself.  A trader who deals in such permits is likely to be treated as conducting a business in the same way as any other trader and would be subject to the usual income and expenditure rules.  A person or company to whom the permit was issued, or who needed to have a permit to operate their business is likely to be regarded as acquiring or selling a capital asset of their business and would therefore be subject to Capital Gains Tax rules.  The VAT and stamp duty implications of the introduction of permits are also complex.

4.2
Summary

Permits for the U.K. Emissions Trading Programme

We recommend a separate U.K. permit.  The U.K. trading programme will begin before the assigned amount for the first commitment period is issued.  Units of assigned amount could still be used as the permit after 2008 if this is preferred.

Unit of Measure

For consistency with the Kyoto Protocol mechanisms and the national emissions inventory, we recommend that participants be required to report their emissions as metric tonnes of CO2 equivalent.  The U.K. permits should be denominated in metric tonnes of CO2 equivalent as well. 

Changes to GWP Values

We recommend that the U.K. emissions trading programme adopt GWP values identical to those adopted for the Kyoto Protocol.  This fixes the values through 2012.  If the Kyoto Protocol adopts different GWP values for future commitment periods, the values used by the U.K. programme should change as well.  If GWP values change, past actions and trades should not be adjusted to reflect the new values. 

Calculation of Energy-Related CO2 Emissions

We assume that business energy users are responsible for the emissions associated with the electricity they use.  Energy-related CO2 emissions can be estimated quite accurately from energy use by fuel type multiplied by an appropriate emissions factor.  Each participant in the trading programme would list all of its natural gas and electricity meters.  It would report the consumption at each meter during the relevant period, supported by copies of supplier invoices.  The quantities would be multiplied by the approved emissions factors to calculate the emissions.  The quantities of fuel oil, residual fuel oil and propane purchased by the firm would be reported, again supported by supplier invoices, and be multiplied by the approved emission factors to calculate the emissions. 

Emissions Monitoring

Although emissions monitoring techniques for CO2 are available it would be simpler, cheaper and more accurate to measure energy-related CO2 emissions from the quantity of each type of energy used and an appropriate emissions factor each fuel type.  We recommend that energy related CO2 emissions be calculated from existing billing records and emissions factors specified by the regulatory authority.  If process emissions from cement, lime, ammonia, adipic acid, ammonia, nitric acid, fertiliser manufacture or aluminium smelting are included in the trading programme, systems for monitoring actual emissions may be needed for those sources.

The Compliance Period

We recommend a one-year compliance period.  This represents a reasonable balance between the administrative costs of establishing compliance, the need for liquidity and ability to take into account variations caused by economic or weather conditions.  We recommend that the compliance period be the calendar year for all participants, unless the regulatory authority makes a convincing case for staggered compliance deadlines. 

Reporting

We recommend electronic reporting by all sources with compliance reports due within 60 days after the end of the compliance period.  The regulatory authority would determine the need for interim reporting. 

Audit and Verification

We recommend that for the large emitters subject to IPC and IPPC emissions should be verified by expanding the current IPC/IPPC regime to examine CO2 in the same way as emissions of other prescribed gases.  Emissions of these other gases, such as SO2, are subject to verification by external companies or the Agency.

Grace Period

We recommend a grace period of 60 days after the end of the compliance reporting deadline for the U.K. emissions trading programme.  

Safety Valve

A safety valve is a mechanism to ensure that the cost of compliance with the emissions limitation obligations imposed on participants by the U.K. emissions trading programme does not become too onerous.  We recommend that the safety valve price be relatively low initially and rise over time.  The safety valve price should remain above the market price of CDM credits after the CDM begins operation.  Finally, the safety valve price should be equal to the penalty for non-compliance after the start of the 2008-2012 commitment period. 

Banking

Banking should be allowed in the U.K. emissions trading programme for greenhouse gases since it gives participants greater flexibility to achieve compliance and poses no direct environmental risks.  However because of the need to ensure compliance during the Kyoto commitment period permits from the period prior to 2008 would not be able to be banked for use after 2008 unless this is explicitly agreed as part of the programme design.

Permit Life

We recommend that all permits issued prior to 2008 expire on December 31, 2007 unless banking provisions explicitly allow them to be used after January 1, 2008.  Otherwise permits should have a life of 10 years. 

Borrowing

We recommend that borrowing not be allowed because it reduces the effectiveness of regulatory enforcement and weakens the market for permits.

Penalties for Non-Compliance

We recommend that the penalty for excess emissions be automatic loss of permits equal to three times the excess emissions from future allocations or the financial equivalent if permits are auctioned. Flagrant or frequent violators should face criminal penalties.  Non-compliance with administrative requirements should give rise to appropriate financial and administrative penalties.

Legal Liability for Permit Validity

We recommend seller liability for the U.K. emissions trading programme.  Permits issued by the regulatory authority could be sold as soon as they are credited to the owner’s account in the registry.  The regulator would review credit creation actions after the emission reduction (sequestration) has been achieved and issues permits for the approved reduction (sequestration).

Liability and the Kyoto Protocol Mechanisms

CDM credits are likely to be consistent with a seller liability system although use of such credits could be limited by the supplementarity provision.  How best to incorporate the other Kyoto Protocol mechanisms with the U.K. emissions trading programme can not be determined until the rules for those mechanisms are agreed.

Credit Creation

We recommend that credit creation actions – e.g. sequestration - be allowed consistent with the provisions of the Kyoto Protocol.  Emission reduction actions should receive credits only for reductions beyond those that would have happened otherwise, including reductions anticipated to be achieved through other policies.  Sequestration actions, in addition, should be limited to those allowed by the Protocol and should lead to long-term sequestration. 

Expansion of the Scope of the U.K. Trading Programme

We recommend expansion of the U.K. emissions trading programme to include as many sources of greenhouse gases as feasible.  This improves the efficiency of the trading system.  Each expansion should be negotiated with the affected sources on a case by case basis.  Existing participants will share in any benefits or added burden caused by the stringency of the increase in the overall emissions cap.  The allocation rule for new sources could be unique to those participants or could be the same as that for existing participants.

Allocation of Permits to New Sources

We recommend that new sources that meet specified criteria be required to hold permits to cover their actual emissions and be allowed to participate in the emissions trading programme.  If existing participants receive permits gratis, the allocation rule should provide permits to new sources as well.  An allocation rule that changes the distribution of permits over time in response to changes in the participant population is one way to address this problem.  Special provisions or allocations for new sources can also address the problem.

Allocation of Allowances to Sources that Cease to Operate

We recommend that the allocation rule for gratis allocation of permits change the allocation over time in response to changes in the participant population.  Such a rule would eliminate allocations to sources that cease to operate (and award permits to new sources), although perhaps not immediately.  This is consistent with the treatment of non-operational sources under an auction or credit trading program.

Auction Design

We recommend that if some or all of the permits are to be sold, an ascending clock auction is used (see main section in text) 

Auction and Gratis Allocation

It is possible to use both an auction and a rule for gratis distribution to allocate the permits for an emissions trading programme. The arguments for each are complex and we have set out these in the main text.  Ultimately the use of a gratis allocation rule and/or an auction to distribute permits for the U.K. emissions trading programme is a matter for negotiation between industry and the government.

Distribution Schedule for Permits

We recommend that all permits awarded gratis be distributed to firms in a few months prior to the year for which they can be used for compliance.  Auctioned permits should be sold at regular intervals beginning a few months prior to the year for which they can be used for compliance and continuing through much of the year. 

Integrated Pollution Prevention and Control (IPPC) Directive

It is difficult to predict whether the IPPC will have a detrimental effect on a U.K. emissions trading programme because the emissions cap is not known, the number of non-IPPC participants is not known, the emissions reductions implied by the energy conservation and efficiency measures mandated by the IPPC is not known, and the interpretation of the directive is difficult to predict.  We recommend that efforts be made to allow flexible interpretation of the IPPC directive so that the environmental objectives are achieved at the lowest possible cost.

Tax Treatment

A person or company to whom the permit was issued, or who needed to have a permit to operate their business is likely to be regarded as acquiring or selling a capital asset of their business and would therefore be subject to Capital Gains Tax rules.  The VAT and stamp duty implications of the introduction of permits are also complex.

Section V - Market Infrastructure

The previous sections of this report have examined the design features of an emissions trading programme for the UK.  This section describes how a market would function in practice.  It includes consideration of five key issues:  

· Evolution of an Emissions Market;

· Trading Systems;

· Features of An Emissions Exchange (spot market);

· Forward Trading;

· Futures Trading.

These are brought together in a summary at the end of the section.

5.1
Introduction

The overall objective in operating an emissions trading market is to ensure it is efficient.  A market’s efficiency is principally a function of its liquidity.  This in turn depends on the market being structured such that: 

· There is a diversity of participants;

· The market operates transparently;
· Barriers to entry and exchange costs are minimised;

· Trading risk is minimised;

· Anonymity can be preserved;

· There is a consistent regulatory and fiscal regime.

These are principles of all well functioning and well regulated markets.  An emissions market however is likely to take time to develop and consideration is needed of how to ensure continuity of these characteristics throughout its evolution.

5.2
Evolution of an Emissions Market

As with all other markets, it is likely that an emissions market will evolve through three principal stages:

· The spot market;

· Forward market;

· Futures market.

The spot market involves buying and selling permits for use immediately or in the current year.  As trading volumes increase and participants require additional flexibility, forward and futures markets will evolve.  In essence these forward and futures markets serve to reduce the exposure of participants to changes in permit prices.  

Forward contracts allow buyers and sellers to exchange a permit at a specified date in the future at a price agreed today.  Such contracts can take a wide variety of forms.  Some buyers use forward contracts to ensure supply of permits in the future at known prices, in which case they will expect delivery of the permits.  Other buyers and sellers use forward contracts to hedge price risks

Futures contracts however are principally used for price risk management and rarely result in actual delivery of the underlying commodity.  Through the exchange of highly standardised contracts, futures contracts allow buyers and sellers to mutually offset the up-side and down-side risks of future changes in prices across the market.

5.3
Trading Systems

Permits could be traded in a variety of ways.   The main difference in types of systems is the degree of automation in providing information to traders and whether the permits are traded through an exchange. 

The use of an exchange allows trading to be undertaken in a more structured way than if the trades were negotiated “over the counter” – known as OTC trades.   OTC trades are where buyers and sellers are known to each other and a contract is negotiated and signed between the two parties.  This type of trading is under taken for much of the physical commodity markets in London.  In an exchange environment all elements of the contract are standardised except the price.  

All emissions trading programmes in the U.S. are OTC markets where buyers and sellers are often matched by brokers.  In addition to spot sales of permits, some of these markets feature forward contracts as well as options to hedge price risk and other types of contracts.  Each transaction involves a specific contract between the buyer and seller.  The contract terms for common transactions tend to be very similar, but may still include specific terms desired by one of the parties. 

In an exchange environment, participants will trade on the exchange probably via brokers rather than directly with each other after being introduced by brokers.  Exchanges are well suited to standardised products with high trading volumes, such as stocks and shares.  Whilst OTC trading may be appropriate for trading initially, an emissions exchange offers a number of advantages: 

· It improves transparency of information, and hence can widen the number of players in the market and minimise transaction costs;

· It minimises counter party risk;

· It can ensure anonymity;

· It can provide a stable regulated and orderly market.

Automation determines the extent to which trading information is supplied to the market and the ability of deals to be made on line.  This could evolve in three steps:

1. Bulletin board type information in which information on the most recent trades is posted on publicly accessible screens.  These would be similar in function to Ceefax screens showing current stock prices.   A trader wishing to buy or sell the permit at the displayed price would contact a broker or counter party direct.

2. An advance on this is to use the screens to display real time bids and asks as well as the latest registered deal.  This provides traders with real time information on what is currently being offered for sale or for purchase.   Bids and asks are displayed on the screens once registered with the exchange.  A desire to make a trade in response to the displayed bids / asks is carried out by contacting the exchange direct.  Once the bid and asks have been matched they are removed from the offer for sales/purchase part of the screen and recorded as the latest transaction.

3. The final stage of development is to allow complete on-line trading.  In this set up, traders see the same screens as above, displaying the recent trade prices, volumes and current unmatched bid and ask prices.  A trader can respond to the unmatched bid and asks by posting his/her corresponding bid or offer electronically on the exchange.   These are then be matched and the deal is automatically processed through the exchange authorisation and registration process.

An exchange would be able to trade standardised spot, forward and futures permit contracts.

Features of an Emissions Exchange (spot market)

The first type of permit market to develop will be a spot market in which permits for the current compliance period are traded.  Key features of this market are described below.

The Asset

The tradable asset could take one of two forms: an emissions permit giving the holder the right to emit a certain amount of greenhouse gases or a reduction credit defining a specified reduction in emissions.  In either case the unit is likely to be one tonne of CO2 equivalent.  For simplicity we use the term permit to cover both types of asset.

Tracking of Permits

Because holding a sufficient number of permits on the compliance date would be a legal requirement, it is important that permits are closely tracked.  To achieve this, each permit must have a unique serial number.  The serial number would refer to the year in which the permit becomes valid as well as a sequential numbering so that permit could be traced in the event of an error.

Traders may also wish to hold Kyoto mechanism permits in their accounts bought from overseas before conversion into domestic emissions permits.  These international permits would be identified by internationally assigned serial numbers.

The permits held by each participant in the UK trading system would be recorded on a central registry.  In the UK this could be managed by the regulatory authority or a third party such as the IPE.  This central registry would be adjusted each time a trade is executed and at the year end when permits and actual emissions are reconciled. 

Figure 5.1 shows the structure of such a trading system in which price information is posted on bulletin boards and trades are made bilaterally between brokers acting on behalf of their clients.  In this design brokers would search the market for a counter party once instructed by a buyer or seller.  All trades, once completed, need to be notified to the registry. 

Figure 5.2 shows a design in which bid and ask information is posted in screens along with the latest registered trade price.  Trades would be executed through the exchange directly rather through brokers.  Traders would telephone the exchange with their instructions.  Whilst brokers could still operate there would be little benefit in going via broker given that all relevant bid and ask information would be provided through the screens.  

Figure 5.1:  Simple “Bulletin Board” Trading System
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Figure 5.2:  Modified Bulletin Board Design


[image: image9.wmf]Buyer

Seller

Price and bid / ask information

Decision to

buy

Decision to

sell

Permit Registry

Register permit with

central

registry

Displays new trade

volumes on screen

Trade Authorisation

Post purchase price and volume

with exchange

Debit / credit

accounts

Post selling price and volume

with exchange

Exchange staff match

buyers and sellers


Figure 5.3 shows the on-line trading structure in which the traders post their buy / sell orders on the screen directly.  Buyers and sellers are matched electronically based on price and number of permits being bought / sold.  The price is recorded real time on the screen as the last trade.  This gives the market real time price transparency.  The matched deal is then sent to Trade Authorisation for approval.  Trade Authorisation checks the details of the counterparties such as account details, level of funds, number of permits in the system etc.  The remaining trade details such as the volume of permits traded are posted on the screens. 

Figure 5.3:  “On-line” Trading System
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In addition to recording debits and credits of permits in exchange for cash, the exchange would also need to keep track of non-cash permit transactions.  These transactions would include:

· Transfer of permits from the owner to a broker in preparation for sale;

· Return from a broker to the owner in case the permits are not sold;

· Transfer of permits from the broker to the owner after a purchase;

· Transfer from government to the owner when permits are distributed (free or through auction);

· Transfer from owner to government when permits are retired for compliance;

· Transfers of permits between accounts owned by the same legal entities;

· “Negotiated trades” between affiliated legal entities (e.g. oil company X and chemicals company Y).

Although these transfers would not generally involve cash payments (possible exception being permits auctioned by government) each one would result in a change to one or more permit accounts and hence would still require tracking and recording.  With regard to negotiated trades, other government departments may need to be kept informed through the tracking system.  Customs and Excise for example, may wish to know about the price of intra-company transactions to check on avoidance of corporate income tax especially if one of the entities has a foreign registration.  The DETR and DTI may also need similar information to verify improvements in efficiency and savings in emissions under the CCL negotiated agreements.

Transparency of information and Anonymity

Transparency is critical in ensuring an efficient market.  Without knowledge of current market prices buyers and sellers may have less confidence in being able to undertake trades at a fair price.  This could reduce liquidity and hence the cost effectiveness of trading as a means of reducing greenhouse gas emissions.

Under the exchange system 1 above, only the latest trade prices and volumes would be posted on the screens together with the weighted average price of all trades of the previous day.  Under systems 2 and 3 bid and ask prices would also be shown as soon as the bid or offer is made 
.  Under system 2 the exchange would post the bid /ask information.  Under system 3 these requests would put on by the traders electronically. 

Anonymity is important as an intention to buy or sell permits could give signals of a sensitive intended business strategy.  By simply posting bids / offer prices and quantities on the dealing screens anonymity can be preserved.  

Counter-party Risk

Counter-party risk is the risk of a buyer or seller defaulting on the contract.  Counter-party risk in emissions trading could occur as a result of financial distress, mis-recording of emissions, discrepancies between permits held by the participant and actual emissions or mis-matches between the serial numbers of the permits being sold and the permits held in the sellers account.  

In practice these risks are likely to be small in the spot market.  With regard to buyer risks, all permits held in the account should either be legitimate permits acquired through government distribution or certified permits from a previous year which were not retired.   

Should a buyer receive a permit which is subsequently found to be illegitimate then the procedure would be to claim off the seller for the necessary compensation.  In addition to penalties which would be levied by the Exchange’s compliance officials, the seller would be required to acquire the necessary permits to make good the shortfall on side of the buyer. 

Seller risks would also be minimal as payment would be required overnight as the permits are transferred between accounts.  An inability to pay would show up very quickly.  The risk can be managed though by requiring all traders to undergo credit worthiness testing before being allowed to trade via the exchange.  A deposit could also be requested  from small traders.

The concern is more in the forward and futures markets where payment is not required until some date in the future.  During this time the buyer could get into financial difficulty and be unable to honour the committed purchase.  These risks can be minimised again by restricting access to the exchange to those with established credit worthiness.  In most instances trades are likely to made through brokers which would have the necessary credit rating and hence small operators would still be able to trade through these intermediaries.  The extent to which a small operator can trade in future permits through a broker ultimately depends on the relationship between the operator and the broker.

Running an Orderly Market

An exchange as a market operator is obliged to maintain and run an orderly market at all times.  Therefore all participants in the market who trade directly will need to have recognition as a suitable institution.

To ensure an orderly market the exchange would maintain a register of all authorised traders and their permit accounts.  At the end of each day trades would only be authorised if they have been cleared through the registry.  In the clearing process money would be transferred from the buyer’s bank account to the seller’s and the correct number of permits transferred from the permit account of the seller to the buyer.  Where permits refer to a specific year it is important that the correct permits are transferred during the transaction.  These permits would be identified by their serial numbers. 

However where permit futures are traded, it is likely that participants would need to be officially recognised by the FSA (Financial Services Authority).  This is because in the eyes of the FSA they will be undertaking investment business.  As such they will need to have fully qualified staff with the counter-parties, dependent on size, being  allowed to undertake certain activities.  For example a smaller player would need to have their funds segregated, and may be required to put up large deposits to prove capital adequacy.  Support and advice would be offered at every stage to new and novice trading organisations.  A larger or more experienced company will have much more flexibility and scope to undertake more sophisticated types of business.

5.4
Forward Trading

Having forward trading in permits is important as it increases the liquidity and transparency of the market.  It is also likely to reduce compliance costs as firms can plan ahead with greater certainty.  They can be certain of securing future permits and the price they pay for them.

Under a system in which permits are allocated on a yearly basis, forward trading could be undertaken in spite of the permits having not yet been issued.  In the same way that commodities are sold “short” (when a seller does not own the asset) participants in an emissions trading system could buy or sell permits for future years which have yet to be issued.  Those selling permits they do not own would be committed to supplying a set number of permits for a specified year in the future.  The seller would the need to acquire the necessary number of permits in the period for which the permits are to be delivered.  In setting the price for these forward permits sellers would therefore need to judge the demand for and prices of future permits.
  A premium would obviously be made for taking this risk. 

Since these permits have not been issued, a separate but linked registration process would be needed for tracking them.  This could be undertaken by the Exchange in a similar way to that used for permits valid in the current period.  As contracts are drawn up, the obligation to supply the contracted number of permits together with the agreed price and delivery date would be entered into each participant’s account for the year in question.  When the year arrives and the trade is executed the balances in each account are adjusted accordingly and the future obligation is deleted from the system.

The tradable product in this instance is a contract to supply a set number of permits valid in a future year.  These contracts could be written individually between buyers and sellers or conform to some standardised format.  As permits would be issued on an annual basis it is likely that forward contracts would be defined in yearly increments, e.g. permits could be traded for years 1 through 10 into the future.

5.5
Futures Trading 

As the trading volume on the spot and forward markets increased, a futures markets would develop.  This market would offer standardised future contracts that specify:

· the type of asset;

· period of validity;

· expiry date;

· price increments (“tick size”);

· delivery mechanism.

Lot size defines the increments of the contract.  In the case of permits this could be bundles of say 100 or 1,000 tonnes of CO2.  The period of validity refers to the year in which the permit is valid.  The expiry date is the date on which the permit is to be delivered to the buyer.  In futures trading products rarely go to delivery.  As the expiry date nears, the buying and selling of contracts is squared out by participants engaging in equal and opposite trades.  

Tick prices refer to the minimum units that lots can be traded in.  For simplicity it would seem sensible for UK greenhouse gas emissions permits to initially start in £1 increments.   The delivery mechanism refers to the contractual obligation to deliver the product should the expiry date be reached.  In permit trading this would describe the details of how the permit would be transferred from the seller to the buyer. 

These design issues are resolved via discussions with market participants with the final specification tending to reflect current market practices.

5.6
Transaction Costs

Three types of costs need to be recovered in trading charges: set up cost, fixed running costs and variable running costs.  Set up costs are lowest for the simple bulletin board system and highest for the on-line design.  Running costs operate in reverse.  

Table 5.1:  Cost Items of Emissions Trading System


Simple Bulletin Board 
Modified Bulletin Board 
On line  

Set up costs – Hardware and software design and installation
LOW
MEDIUM
HIGH

Fixed operating costs - Back office staff time for registration, office rental.  NB all designs require trade authorisation and registration
HIGH – brokers would need to establish credit worthiness of counter parties.  
MEDIUM – regular traders require pre-authorisation to trade.  Others checked as required
LOW - Pre-authorisation for credit worthiness and competence required for all traders. 

Variable operating costs – brokerage fees
HIGH – brokerage fees
MEDIUM – staff at exchange deal as brokers but specialised and with high throughput.
LOW – brokerage costs eliminated

As the above table illustrates, the optimum trading system (i.e. the one with least cost) depends on the scope of the overall design.  One with a small number of participants is unlikely to provide a sufficient revenue to repay the costs of the investment required for an on line system.  The best design under such a system would most likely be either systems 1 or 2.  

5.7
Summary

From the arguments above we recommend an exchange be the main vehicle through which emissions permits are traded.  The exchange would perform four fundamental functions:  

1. Provide the forum in which to trade

2. Authorise trades (i.e. checking permit accounts are sufficient and the credit worthiness of traders, to make the trade),

3. Register trades with the central permit registry

4. Report trades and market prices, and bid / ask information on publicly accessible screens

Electronic screens could start from the basis of a bulletin board and then develop into presenting bid / ask information, and then finally into interactive on-line trading.  Forward contracts could be traded simultaneously on the same exchange as permits for use in the current period.

Section VI - Conclusions

Early Implementation of Full Scale Trading

Although interest in voluntary pilot trading programmes is high in several countries, there is little more to be learned from such initiatives.  They provide few environmental benefits, do little to reduce policy uncertainty, and do not provide accurate economic incentives for participants.  Specialised credit for early action programmes suffer from the same problems as well as the complexity of the regulations required to underpin the regime.   

Because of these difficulties we favour early implementation of a full-scale emissions trading programme.  This approach would be consistent with Negotiated Agreements under the CCL and provides an opportunity to develop and refine the system design and administration prior to the start of the commitment period in 2008.  Given the degree of commitment expected from industry for a trading system, there are also advantages in implementing an emissions trading programme that can remain in effect at least through 2012.  This reduces policy uncertainty for industry when evaluating investment decisions.

Type of Cap

Cap and trade systems typically offer greater certainty for participants, higher liquidity and lower transactions than baseline and credit systems.  For these reasons we recommend a cap and trade system for the UK emissions trading scheme.

Point of Obligation

The decision about the point of obligation ultimately reduces to a trade off between cost effectiveness and distributional issues.  The up stream and mid stream designs offer greater coverage of emissions and would result in lower overall costs of compliance.  This is due to the large share to total emissions covered by an up stream scheme and the administrative simplicity in having relatively few participants.   Downstream systems on the other hand provide greater visibility and flexibility to the energy user to reduce emission limits.  We believe a mid stream system which involves the electricity supply industry and major downstream emitters offers a suitable compromise.  Whilst the inclusion of electricity generation could raise downstream electricity prices, these effects can be mitigated with appropriate policies to recycle permit auction revenue.

Sharing the Burden

The most difficult issues for an emissions trading programme are determination of the emissions reduction burden and how it should be shared.  Because these raise efficiency and equity concerns this can be agreed only through negotiations between the government and the participants.   Nonetheless some general conclusions can be drawn:

The emissions cap for 2008-2012 will be largely determined by the EU Burden Sharing Agreement for meeting the Kyoto Protocol commitment.  But as the there is no commitment until 2008-2012 a less stringent cap should be set in the period prior to 2008.  This will ameliorate competitiveness concerns in the run up to compliance period.

Permits should be distributed gratis initially.  This compensates participants for the loss in value of existing capital and reduces competitiveness concerns.

It will be difficult to find an allocation formula that treats all participants fairly.  As a result, the basic formula will probably need to be complemented by a number of special provisions to deal with exceptional cases.  Grandfathering or the rule presented in Box A (Section III) are examples of a basic rule.  Permits awarded under special provisions should come out of the agreed cap.  This forces sources arguing for special treatment to make a compelling case to the other participants in the programme because the added permits for those sources reduce the allocations to the other participants.

Over time an increasing share of the permits should be auctioned.  This raises revenue that can be used to facilitate adjustment by firms and groups adversely affected by the limits on greenhouse gas emissions but that are not participants in the trading programme and/or to stimulate economic growth.  Depending on how the auction revenue is used, some of it may be received by participants in the trading programme.  This reduces the economic burden on the participants.

An auction of greenhouse gas permits is a more efficient way of reducing emissions than the Climate Change Levy as currently proposed. Replacing the CCL with revenue from auctioned permits could reduce the overall cost of reducing greenhouse gas emissions.

Assuming that at least some permits for 2008-2012 are auctioned, the quantity auctioned should be reduced by the quantity of 2001-2007 permits banked for use during the later period.

Technical Issues

Section IV described a wide range of technical issues, which need to be agreed upon in the course of drawing up a detailed emissions trading design.  In general these issues do not materially affect the costs to participants of the system and can be resolved on their individual merits once the basic design and burden sharing agreements have been negotiated.  Readers are referred to Section IV for recommendations on these aspects of an emissions trading. 
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Appendix 1  Relationship to the Kyoto Protocol Mechanisms

The objective is to design an emissions trading programme for greenhouse gases emitted by sources in the U.K.  Such a programme would help the U.K. meet its commitments under the Kyoto Protocol.  The Kyoto Protocol includes three mechanisms that enable emission reduction and sequestration actions in other countries to be used by an Annex B Party, such as the U.K., toward compliance with its commitments.

These three mechanisms – Joint Implementation (JI) projects in Annex B countries (Article 6), Clean Development Mechanism (CDM) projects in non-Annex B countries (Article 12), and International Emissions Trading (IET) among Annex B Parties (Article 17) – are forms of international emissions trading for greenhouse gases.  A national emissions trading programme should be closely linked to these international mechanisms since they can all be used to meet the U.K. commitment under the Protocol. 

Unfortunately, the rules governing the Kyoto Protocol mechanisms will not be known for some time.  The Buenos Aires Plan of Action adopted in November 1998 agreed, inter alia, to develop the rules for the three mechanisms in time for adoption at the 6th Conference of the Parties, which is expected to be held late in 2000 or early 2001.

For the purposes of this project, it will be assumed that participants in the national emissions trading programme will have access to the Kyoto Protocol mechanisms subject to the rules governing those mechanisms. 

Specifically, it is assumed that a participant in the national emissions trading programme will be able to purchase “emission reduction units (ERU’s)” created by Joint Implementation projects, “certified emission reductions (CER's)” created by Clean Development Mechanism projects or “assigned amount units (AAU’s)” through International Emissions Trading and exchange them for U.K. permits to meet obligations under the national emissions trading programme.
  Such an exchange could be restricted by international rules, for example by provisions limiting the use of these mechanisms for national compliance.

Conversely, a participant in the national emissions trading programme will be able to exchange U.K. permits that are surplus to its requirements for units of U.K. assigned amount, which can then be sold on the international market.

The CDM can begin to create CER’s in 2000, but the other mechanisms do not take effect until 2008.  Thus, the government could allow the use of CER’s for compliance with obligations under the national emissions trading programme prior to 2008.  Indeed, the government might wish to encourage the use of CER’s prior to 2008, since they can be banked and used for compliance with the national commitment for 2008-2012.

Appendix 2  UK Emissions Data

Design
CO2 emissions from option                                                         (Kt CO2 /yr)(1995)
% of UK CO2
emissions
% UK Greenhouse Gas (GHG) emissions
Total Participants


Direct
Indirect
Total
% UK industrial  commercial CO2 (direct & indirect)
% All UK CO2 emissions
& UK total GHG gas emissions
# Enterprises (Low)                                   (2 auths /enterp)
# Enterprises (High)                           (5 auths /enterp)

Units
Kt/yr
Kt/yr
Kt/yr
%
%
%
Number
Number

1. Voluntary Agreements (9 sectors, no threshold) OPTION 1
84,537
21,519
106,055
29%
18%
14%
1,223
489

2. IPPC Processes                                     (excl. power gen and oil refineries)
67,861
21,109
88,971
25%
15%
12%
875
350

3. All IPPC processes (incl. power gen and refineries)  OPTION 3
288,298
0
288,298
80%
50%
39%
1,783
713

4. All IPPC sectors (incl. powergen. and refineries), no threshold
319,273
46,420
365,693
101%
64%
49%
137,867
137,867

5. All sectors subject to climate change levy - no threshold, includes public sector
121,713
97,526
219,239
60%
38%
30%
N/A
N/A

Appendix 3  Impact of CCL on Share Prices

National Power
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Appendix 4 Revenue Recycling

Efficiency considerations favour an auction over gratis distribution because it raises revenue, which can be used to reduce existing distortionary taxes.
 How the auction revenue is recycled has a significant effect on the economic impacts. Depending on conditions in the economy, the way in which the revenue is recycled can yield economic benefits that offset some or all of the cost of the emissions limitation policy.
 Then the policy has both climate change and economic benefits -- a "double dividend."

Every economy has existing distortionary taxes (in the sense that they are not intended to correct for an externality or other distortion) and unemployed resources. The auction revenue can be used to reduce these taxes and so increase the efficiency of the economy and hence increase employment or income. The economic effects depend on the existing tax structure and will differ depending on whether the revenues are used to reduce payroll, personal income, corporate income, investment income, or expenditure taxes.

The notion of a "double dividend" for policies that limit greenhouse gas emissions by using a carbon tax or auctioned allowances has created a controversy in the literature. It is important to understand that the debate is about the attribution of the economic benefits; there is no debate about the existence of these benefits. Some analysts attribute the economic benefits from reducing existing distortionary taxes to climate change policy while others attribute these benefits to tax reform.

Note that the other uses of the auction revenue do not generate a "double dividend." Buying assigned amount, joint implementation credits or clean development credits from other countries and providing assistance to the groups adversely affected by the emissions trading programme do not generate such benefits. An income tax reduction for lower income groups would provide some economic stimulus, but it tends to be less than the benefits from reductions in taxes on employers.

In practice, a decision to implement an auction for permits requires consideration of options for use of the revenue. Clearly, one of the options is to use the revenue to reduce existing distortionary taxes. That would stimulate economic growth and help offset the economic cost of the emissions limitation policy. Whether that is called climate change policy or tax reform may be important from a political perspective, but it doesn't change the outcome.

Revenue Received through the Recycling Mechanism

Revenue from permit auctions can be used in a variety of ways.  Several of these options provide revenue to participants in the emissions trading programme, directly or indirectly, and so help reduce the burden of the programme.  These include the:

· Reduction of existing distortionary taxes;

· Purchasing allowances or credits from other countries;

· Adding the auction revenue to general revenue;

· Lowering taxes to offset the economic burdens on individuals;

· Providing adjustment assistance to the groups most adversely affected;

· Giving rebates to participating sources to reduce competitiveness impacts.

While these mechanisms directly or indirectly reduce the economic burden of the emissions trading programme to participants, it is important to remember that the programme can not be revenue neutral for every participant.  A programme can be revenue neutral in aggregate, but not for every participant.

Participants must have an economic incentive to reduce emissions.  Sources that reduce emissions must be rewarded while those that do not reduce emissions bear part of the cost.  So at least some sources must incur a net cost.  Participants that bear a net cost may believe they are disadvantaged by the trading programme even though the cost is less than they would incur under alternative emission reduction policies.

The distribution of the costs among participants is an important equity issue.  Since a programme can not be revenue neutral for all participants, the distribution of costs among participants is an equity concern.  A programme where the costs to participants, expressed as a percentage of revenue, fall in a relatively narrow range is generally perceived to be more equitable than one where some participants incur much larger costs than others.

Reduce Existing Distortionary Taxes

Efficiency considerations favour an auction over gratis distribution because it raises revenue, which can be used to reduce existing distortionary taxes.
  How the auction revenue is recycled has a significant effect on the economic impacts.  Depending on conditions in the economy, the way in which the revenue is recycled can yield economic benefits that offset some or all of the cost of the emissions limitation policy.
  Then the policy has both climate change and economic benefits -- a "double dividend."

Every economy has existing distortionary taxes (in the sense that they are not intended to correct for an externality or other distortion) and unemployed resources.  The auction revenue can be used to reduce these taxes and so increase the efficiency of the economy and hence increase employment or income.  The economic effects depend on the existing tax structure and will differ depending on whether the revenues are used to reduce payroll, personal income, corporate income, investment income, or expenditure taxes.

The notion of a "double dividend" for policies that limit greenhouse gas emissions by using a carbon tax or auctioned allowances has created a controversy in the literature.  It is important to understand that the debate is about the attribution of the economic benefits; there is no debate about the existence of these benefits.  Some analysts attribute the economic benefits from reducing existing distortionary taxes to climate change policy, while others attribute these benefits to tax reform.

In practice, a decision to implement an auction for permits requires consideration of options for use of the revenue.  Clearly, one of the options is to use the revenue to reduce existing distortionary taxes.  That would stimulate economic growth and help offset the economic cost of the emissions limitation policy.  Whether that is called climate change policy or tax reform may be important from a political perspective, but it doesn't change the outcome.

Reducing taxes on capital and on employers tend to yield the largest economic stimulus and so are leading candidates for reduction under this option.  The burden on participants in the trading programme is partially offset by such tax reductions.  The tax reductions will probably benefit other businesses as well.  But other businesses also bear part of the economic burden of the emissions trading programme.  The tax reduction benefits will not, and should not, equal the burden of the emissions trading programme for each firm. 

Revenue raised through the Climate Change Levy will be recycled through reduced employer contributions for National Insurance.  This should help stimulate employment.  A number of large energy users claim that the net burden imposed by the CCL and the reduction in NIC contributions is excessive.  Their estimates of the net cost are presented in Table A4.1.

Table A4.1  Estimates of the Net Cost of the Climate Change Levy

for Selected Large Energy Users (1)
Sector
Estimated Tax Payable Under the CCL

(£m)
Estimated Reduction in NIC Contributions

(£m)
Estimated Net Cost of the CCL

(£m)
Sector Turnover (£m)
Net Cost as a Percentage of 1998 Turnover

(%)

Aluminium
30
1.6
28.4
3,000
1%

Cement
40
0.4
39.6
600
6.6%

China Clay
5
0.3
4.7
360
1.3%

Ceramics
26
3
25.8
2,243 (2)
1.1%

Glass
30
2
28
600
4.7%

Lime
5
0.1
4.9
200 (3)
25%

Paper
60
2.5
57.5
3,500
1.6%

Steel
240
5
235
7,000
3.3%

Chemicals
175
26
149
32,000
0.5%

Total 
611
40.9
572
49,500
1.1%

Note:  

1. Data supplied by Energy Intensive Users Group.

2. From Office of National Statistics, sectors 26.3, 26.3, 26.4

3. From Office of National Statistics, Cement Lime and Plaster (£840m), deducting turnover for cement (£600m) and plaster £40m
The total projected revenue from the Climate Change Levy of £1.75 billion represents a significant increase in total energy costs for business.  The data in Table A4.1 suggest that the net cost for large energy users is relatively high, representing over 1% of turnover in virtually all sectors and up to 6.6% in the cement sector.  This probably corresponds on average to some 40-60% of pre-tax profits in these sectors (assuming firms make 10-15% pre-tax return on sales).  

The estimated net cost to the large energy users is £572 million.  Less energy-intensive businesses would receive a net benefit of approximately the same magnitude.  The large energy users believe the net cost would have "extremely damaging long-term consequences for important parts of the UK's manufacturing base and jobs."
  In addition it is worth considering whether this represents an equitable distribution of the burden.

Purchase Allowances or Credits from Other Countries

Auction revenue could be used to purchase assigned amount, joint implementation reductions or clean development credits from other countries.  Purchasing such allowances or credits from other countries with the auction revenue means that smaller emissions reductions are needed domestically.  If the emissions cap for the trading programme is raised accordingly, the burden on participants would be reduced.

Purchases of allowances or credits from other countries by government would use only part of the revenue raised.
  The revenue transferred to other countries is ultimately used to purchase UK goods and services.
  The economic impacts of those purchases should be compared with use of the revenue to stimulate growth by reducing existing distortionary taxes.  However, since only part of the revenue is used to purchase allowances and credits from other countries, the balance can be used to address equity and efficiency issues.

Add the Auction Revenue to General Revenue

Most model studies indicate that adding the auction revenue to general revenue and then increasing spending, reducing the deficit, paying down outstanding debt, or deferring increases in other taxes stimulates economic growth less than reductions on capital investments or employer taxes.  By definition, this option is less effective at reducing the burden on participants than policies with that specific objective.  Thus, using the auction revenue as general revenue is less attractive than other options for recycling the revenue.

Lower Taxes to Offset the Economic Burdens on Individuals

Although firms incur the cost of purchasing permits, the costs are ultimately borne by consumers, employees and owners of capital.  The firms that purchase permits shift the cost to their customers, employees, suppliers, shareholders and lenders.  Suppliers and customers of intermediate goods shift the cost to their customers, employees, suppliers, shareholders and lenders.  Ultimately the costs are borne by individuals in their capacities as consumers of different products, employees of particular firms, and owners of capital.

The distribution of costs across income groups due to an auction of permits is the same as the distribution of costs due to a carbon tax.  Available studies of the impacts of a carbon tax suggest the effects will be slightly regressive -- higher costs as a percentage of income for low-income groups.  Auction revenue could be used to offset the economic costs on individuals, with particular attention to the adverse impact on low-income groups, through changes to the personal income tax, other taxes paid by individuals or by increasing grants, such as the programme to assist households suffering from energy poverty.

This option does not reduce the burden of the trading programme on participants except to the extent that the spending by households that receive tax relief increases sales.

Provide Adjustment Assistance to the Groups Most Adversely Affected

Revenue from the auction of permits could be used to facilitate adjustment by firms, individuals, and communities most adversely affected by the limit on greenhouse gas emissions.  Spending should be targeted to adjustment and not subsidise continued operation.  Policies to limit greenhouse gas emissions will require changes to the current mix of economic activity.  Any assistance should focus on facilitating that adjustment. 

An auction of permits raises revenue that can be used to finance specific adjustment programmes.  For example, programmes could be implemented to assist coal miners, mining communities and mining companies.  In contrast, gratis distribution of permits to firms would allow the mining companies to determine how those resources are used.

To the extent that participants in the trading programme are among the most adversely affected, this option would reduce the economic burden imposed on them.

Give Rebates to Participating Sources to Reduce Competitiveness Impacts

Participants in the trading programme required to buy permits at auction (or on the secondary market) may be less competitive as a result.  The competitiveness of other entities may also be affected through price increases and/or lower demand for energy and other products.  The impact on competitiveness is very complex.  It depends on the ability of participants to shift costs to their suppliers, employees, customers and sources of capital.  The impact on the competitiveness of UK sources also depends on the policies adopted by other countries.

In principle, affected firms could be given some of the auction revenue to offset adverse competitiveness impacts.  However, it would be virtually impossible to implement such a programme in practice.
  Devising rules to determine which firms were eligible for assistance and how much money they should receive would be very difficult.  It would also be very difficult to distribute the revenue in a manner consistent with EU and WTO rules.

Appendix 5  The Strawman Proposal

This suggestion for the design of a national greenhouse gas emissions trading scheme was presented by the IPE to stimulate and focus discussion in the ACBE/CBI Carbon Emissions Trading Group Steering Committee.  The proposal was developed by IPE and their consultants, Enviros and Margaree, in consultation with industry and government. 

This document simply outlines the proposal. Readers interested in the rationale supporting a particular feature of the design should consult the full report, which will be available from the IPE shortly.

Guiding Principles

The suggested design reflects the following principles:

· Environmental effectiveness – achievement of agreed emissions limits;

· Cost effectiveness – inclusion of a range of greenhouse gas emissions sources to maximise the benefits from trading;

· Equity - fair treatment of sources participating in the trading programme;

· Administrative feasibility – a simple design with a manageable number of participants and a reasonable administrative burden;

· Competitiveness concerns – costs to participants are kept low until competitors in other countries face emission reduction obligations;

· Credibility – perceived by participants to be a workable system.

To maximise cost effectiveness the UK programme will be linked to international trading mechanisms under the Kyoto Protocol and to other national emissions trading programmes at the earliest possible date.
Overview of the Proposed Emissions Trading Programme

The trading programme is a mandatory scheme supported by legislation. Firms whose emissions exceed a specified minimum level will be required to participate by law.  

The trading programme involves all significant emissions from electricity generators, oil refineries, natural gas processing plants, offshore oil and gas platforms, industrial plants, incinerators and large commercial and institutional establishments, such as hospitals and universities.   

Recognising that such a programme could impose additional costs on industrial electricity users, the trading programme would be complemented by appropriate policies to encourage energy efficiency at the point of use.
 

Initially, the trading programme covers:

· CO2 emissions due to combustion of fossil fuels;

· CO2 emissions from aluminium, ammonia, gas processing, cement, and lime plants;

· N2O emissions by adipic acid and nitric acid plants;

· CH4 emissions from offshore oil and gas platforms and gas distribution.

Emissions due to the use of transportation fuels are excluded. Coverage is expanded to include transportation fuels and other sources, as well as other gases as quickly as possible once the programme is established.

A cap on total emissions by participants is established for each year from 2001 through 2012.  The regulatory authority issues permits equal to the emissions cap for a given year prior to the start of the year. 
Each participant is required to calculate or monitor its actual emissions using procedures specified by the regulatory authority.  Actual emissions during each period must be reported to the regulatory authority in the defined format before a specified deadline.  Monitoring procedures and reported emissions are subject to audit by the regulatory authority or an accredited third party.

Each participant must remit to the regulatory authority permits equal to its actual emissions on an annual basis.  Plants can reduce their own emissions or purchase permits from other participants to achieve compliance. Surplus permits can be sold or be banked for future use.  Plants that do not remit sufficient permits are subject to prescribed penalties.

Coverage

The trading programme will include all significant industrial and commercial sources of CO2, N20 and CH4 emissions.  This will cover every industrial facility regulated under Integrated Pollution Prevention and Control (IPPC).  The implications of varying this threshold level of emissions and adding more sources to the trading programme needs to be investigated.

The above criteria would require participation by approximately 3,500 facilities operated by 1,600 to 2,800 firms.  Together these sources emitted 323 MtCO2 equivalent emissions of C, N2O and CH4, representing approximately 44% of total UK greenhouse gas emissions in 1995. 

The feasibility of expanding coverage to the following sources and gases will be evaluated as soon as possible once the trading programme is established.  Expansion opportunities include:

· Production and imports less exports of HFC’s, PFC’s and SF6;
· PFC emissions by aluminium smelters;

· CH4 emissions by landfills, wastewater treatment plants, and coal mines;

· CO2 emissions from the carbon in petrochemical products with a deemed life of less than 20 years;

· CO2 emissions from transport fuels;

· Nitrogen content of fertilisers adjusted to reflect estimated N2O emissions due to fertiliser use.

Carbon sequestration actions allowed by the Kyoto Protocol can create credits, which can be purchased and be used for compliance by participants. The rules for such credit creation will match those agreed internationally and be adopted as soon as the international rules are known.

Details of the Design

The details of our proposal are grouped into two categories – those that determine the cost of the trading programme to participants and technical matters. Since the technical matters do not have a material impact on the cost of the programme, the ACBE/CBI Steering Committee should focus on the features that determine the cost to participants. If those are successfully resolved, the technical details can be agreed later as the regulations are developed.

Design Features that determine the Cost to Participants

The cost to a participant of emissions trading programme is determined by 
:

· The emissions cap for a number of years into the future;

· The share of emissions permits distributed free and by auction;

· The allocation rule for the permits issued free;

· Any revenue received from the redistribution by government of revenues from the sale of permits;

· Whether permits for the period prior to 2008 can be banked for compliance during the 2008-2012 commitment period.

A proposal for each of these issues is presented below. Ultimately, these issues will be decided through negotiation between industry and government.

The proposed cap for the participating sources is 333 MtCO2 equivalent for 2001 
. The cap declines by 1MtCO2 equivalent each year, from 333 MtCO2 equivalent for 2001 to 321 MtCO2 equivalent for 2012.  Emissions between 2008 and 2012 total 1,620 MtCO2 equivalent, which is a 12.5% reduction from 1990 emissions for these sources in accordance with the EU Burden Sharing Agreement.  The profile of this proposed cap is shown in Figure ES.1.

Figure ES.1:  Proposed Emissions Cap (CO2, N20 and CH4 emissions from IPPC processes – excluding waste management facilities)
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All permits are distributed free through 2007. Beginning in 2008, all permits are sold at auction.

The proposed rule for distributing permits to participants during the 2001-2007 period is summarised in Box ES.A. The proposed rule favours sources that have already implemented measures to reduce their emissions.  Actions to reduce emissions in subsequent years will also earn permits in excess of actual emissions.  These can be sold to provide a return on the investment. New sources are treated in the same manner as existing sources. Sources that cease to operate no longer receive permits. The projected allocation to a participant for a given year could change slightly due to sources that cease to operate and new sources.

It is unlikely that the proposed rule, or any other rule, will treat all participants fairly. Special provisions are likely to be needed to deal with exceptional cases. Permits awarded under special provisions result in a pro rata reduction of the allocations to other participants to maintain the overall cap.

Beginning in 2008 the allocation rule is replaced by an auction of the available permits. How the auction revenue is used by government affects the net burden to industry of the trading programme. Full recycling of the revenue to programme participants would reduce the net cost of the trading programme.  In this example it is assumed that the money goes into general government revenue. 

Permits issued and not used for compliance purposes can be banked for later use.  Permits can be banked for use up to ten years from the date of issue.  The quantity of permits auctioned is reduced by the quantity of banked permits to ensure that actual emissions during the 2008-2012 period are consistent with the Kyoto Protocol commitment.

Box ES.A   Proposed Allocation Rule

1. Each site determines their reference greenhouse gas emissions in 1999.  This reference emission is the average emissions per year over the period 1996 to 1999.  It includes all combustion and process related emissions.  Combustion emissions are calculated using emission coefficients for the fossil fuels consumed.  Process emissions are measured according to defined protocols.  Emission offsets from sequestration activities are excluded in this calculation.

2. Each site also determines the theoretically optimal level of emissions in 1999.  This is the level of emissions associated with implementing all cost effective energy and process related emission reduction techniques. 

3. The reference level of emissions in 1999 is then expressed as a multiple of the optimal emissions level. In virtually every case the reference emissions will be higher than the optimal emissions level, thus the multiples will be greater then 1.  The multiple determines the site’s initial allocation.

4. The final allocation to each participant for a given year is its initial allocation scaled to reflect the initial allocations of all participants and the number of permits available in that year.  The initial allocation is:

· 1999 reference emissions for every source whose multiple is less than 1.7 

· The optimal level of emissions for the site in 1999 multiplied by 1.7 for all other sources.  This simply caps the allocation for the worst performing plants.

5. The final allocation for each participant in 2001 is thus:

Final allocation in 2001 =  Initial allocation  x   Available permits for 2001







     Sum of all initial allocations

6. For subsequent years steps 4 and 5 are repeated with a declining multiple. The proposed multiples are 1.5 in 2002, 1.3 in 2003, 1.1 in 2004 and 1.0 in 2005, 2006 and 2007.  Thus a site with a reference multiple of 1.3 continues to receive permits at this level of emissions until 2004 when it receives an initial allocation of 1.1 times its optimal level of emissions.  In 2005, 2006 and 2007 it receives multiple of 1.0 times the optimal level of emissions.

7. Implementation of emission reduction measures by a participant does not change its multiple. Thus a facility with a multiple of 1.6 that reduces its emissions to the optimal level (a multiple of 1.0) during 2001 still uses multiples of 1.5, 1.3 and 1.1 for the years 2002 through 2004 to determine its allocation. This provides a return on the investment in the emission reduction measures.

8. Sources that voluntarily reduced emissions prior to 1996 benefit by not having to make further reductions until later. A source that reduced its emissions to achieve a multiple of 1.1 will receive this initial allocation through 2004.  Competitors who did not make early reductions will be required to make reductions during the early years of the programme in line with the declining multiple, either through in-house reductions or acquisition of permits. 

9. New sources are expected to build their facilities to achieve the efficient emissions level and so enter the calculation with a multiple of 1 for their first full year of operation.  New sources receive permits for the full year in which it starts operation.  Unused permits at the year end are deducted from next year’s allocation.  

10. Sources that cease to operate no longer receive permits.

Example

An example of how this allocation method would work for a hypothetical plant is given below.

Average emissions per year 1996 to 1999

=
10,000 tonnes CO2/year

Emission reductions due to energy and process

efficiency measures identified
= 
20% or 2,000 tonnes CO2/year

Optimal emission level



=
8,000 tonnes CO2/year

Multiple in 2001




=
10/8
=
1.25

Hypothetical initial and final allocations for the plant are shown in Table ES.1.  The initial allocation varies according to the allocation multiple.  The final allocation depends on the initial allocation, sum of all initial allocations and the number of permits available.  In this example the initial allocation for the plant declines as a result of the need to reduce emissions after 2003.  The sum of the initial allocations is assumed to be less than the emissions cap initially, but to be higher than the cap at the end of the period. This causes the final allocation to be slightly higher than the initial allocation initially and slightly lower than the initial allocation at the end of the period.  Surplus permits from the early years could be banked for later use

Table ES.1:  Example Allocation 

Year
Max Allocation
Actual Allocation
Initial Allocation
Sum of initial allocations
Permits available
Final Allocation


Multiple
Multiple
(tonnes CO2)
(M tonnes CO2)
(M tonnes CO2)
(tonnes CO2)

2001
1.7
1.25
10,000
332
333
10,030

2002
1.5
1.25
10,000
331
332
10,030

2003
1.3
1.25
10,000
330
331
10,030

2004
1.1
1.1
8,800
329
330
8,826

2005
1
1
8,000
329
329
8,000

2006
1
1
8,000
329
328
7,976

2007
1
1
8,000
329
327
7,952

Technical Issues

Our proposed resolution for various technical issues is as follows:

Permit Definition and Distribution
· Permits are issued by the regulatory authority and have a denomination of one metric tonne of CO2 equivalent;

· Other gases are converted to CO2 equivalent using the GWP values adopted for the Kyoto Protocol;

· Permits have a life of 10 years;

· Permits distributed free are transferred to participants in October prior to the year for which they can be used;

· Permits auctioned are sold at intervals beginning in October prior to the year for which they can be used and continuing throughout the year;

· UK permits can be replaced by units of assigned amount beginning in 2008 if this is preferred;

· Although permits would be tradable much like any other commodity it is possible they would also be classed as an investment under the Financial Services Act.  

Measurement and Reporting

· Actual direct emissions are calculated by each participant for specified reporting periods;

· Energy-related emissions are calculated by applying approved emission factors to the quantity of each type of fossil fuel used;

· Where possible, process-related emissions are also calculated from process records. Where accurate calculation of emissions is not possible, suitable monitoring equipment will be installed;

· The June 1999 Guidelines for Company Reporting on Greenhouse Gas Emissions issued by the Department of the Environment, Transport and the Regions will serve as the basis for developing the calculation and monitoring procedures;

· Participants will report their actual emissions at regular intervals;

· The reporting frequency will vary with the size of the source, with the largest sources reporting monthly and the smallest reporting annually;

· Reporting will be electronic in a format specified by the regulatory authority. 
Compliance

· Participants will be required to demonstrate compliance at the end of each calendar year to match international reporting obligations;

· Final reports on actual emissions and the permits to be retired to achieve compliance are due within 60 days after the end of the year;

· Participants who do not have enough permits to cover their actual emissions have a further 60 day grace period to achieve compliance;

· The regulatory authority will implement a programme of audit and verification to ensure that the actual emissions reported by participants are accurate and complete.  This will cover a random sample of all reporting sites;

· Participants are allowed to bank permits surplus to their compliance requirements for use in future years;

· Borrowing permits from a future year is not allowed;

· The penalty for excess emissions is automatic loss of permits equal to three times the excess emissions from future allocations plus a fine;

· Beginning in 2008 when the permits are auctioned, the penalties are converted to equivalent financial penalties;

· Flagrant or frequent violators should face criminal penalties;

· Non-compliance with administrative requirements should give rise to appropriate financial and administrative penalties.

Liability

Seller liability is assumed. A buyer obtains unencumbered title to the permits purchased. If a sale leaves the seller with insufficient permits to achieve compliance, it alone is responsible for purchasing the necessary permits or incurring the penalties.

Permit Auction

More work on the details of the auction design is needed prior to 2008. The auction should be designed to sell a large quantity of permits at a uniform price. Bidders specify the quantity they wish to purchase at the specified price. If the demand exceeds the quantity available, the price is raised by one increment and bidders submit revised quantities. The process continues until the quantity demanded is less than quantity available. Permits are sold at the previous price and quantities bid are adjusted to match the quantity available.

Safety Valve

To ensure that the cost of compliance imposed on participants does not become too onerous, the government agrees to sell as many permits as needed by a participant to achieve compliance at a pre-specified price. The “safety valve” will be set within a price band which is above the higher of the purchase price of permits in the UK trading system or CDM credits (after the CDM begins operation) but below the upper quartile of compliance costs.  After 2008 the safety valve is equal to the penalty for non-compliance.

Technical Issues Requiring Further Work

A few technical issues remain to be resolved before an emissions trading programme can be implemented. 

The Integrated Pollution Prevention and Control (IPPC) Directive could be interpreted to require each facility to implement all cost-effective energy efficiency measures. If implemented in this way, the IPPC Directive will reduce the ability of facilities subject to its provisions to engage in emissions trading. Implementation of the IPPC Directive needs to be made consistent with emissions trading for greenhouse gases.

The Financial Services Authority is responsible for the regulation of all investment business in the UK. Although the IPE has not yet discussed this proposal with the FSA directly, the IPE's opinion is that these permits may well be classed as investments under the Financial Services Act.  In this case any person trading permits may require authorisation to conduct investment business. 

The tax treatment of permits also needs clarification.  The tax consequences of buying and selling permits are expected to vary depending on the status of the buyer or seller in relation to the permit itself.  A trader who deals in such permits is likely to be treated as conducting a business in the same way as any other trader and would be subject to the usual income and expenditure rules.  A person or company to whom the permit was issued, or who needed to have a permit to operate their business is likely to be regarded as acquiring or selling a capital asset of their business and would therefore be subject to Capital Gains Tax rules.  The VAT and stamp duty implications of the introduction of permits are also complex.

A registry will be needed to track ownership of permits. The regulatory authority may wish to develop and operate the registry or it may decide to contract this function to another organisation. Firms that operate registries on behalf of state governments are active in the US.
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� UNCTAD, August 1998, Greenhouse Gas Emissions Trading – Defining the Principles, Modalities, Rules and Guidelines for Verification, Reporting and Accountability.


� These were identified by Canada's National Round Table on the Environment and the Economy (NRTEE) to meet a national commitment to limit greenhouse gas emissions. National Round Table on the Environment and the Economy, Canada's Options for a Domestic Greenhouse Gas Emissions Trading Program, National Round table on the Environment and the Economy, Ottawa, Canada, March 1999.


� In principle trading could be restricted to the participants in a given industry.  That would create nine (or fewer) separate trading programmes, which is less efficient than a single programme covering all sectors.  This discussion, therefore, assumes a single trading programme covering all nine sectors because it is a superior design.


� This design is described as a “baseline and credit” system.  It would also be possible to implement it as a “cap and trade” model.  In that case each plant would receive permits equal to its agreed baseline and be able to trade the right to emit tonnes of CO2.  Each plant would be required to submit permits equal to its actual emissions to the government to achieve compliance.  Plants with a commitment defined in terms of CO2 per unit of output would also be required to remit permits for difference between actual and projected output if the latter was higher.  If actual output was higher than the projected output, the plant could claim permits for the additional production as part of its compliance process.  Permits could be freely traded.





� If this design were implemented as a cap and trade system, it would be possible to auction part or all of the permits.





� Alternatively, it might be possible to define the requirements of the IPPC so that the energy efficiency provisions can be met through emissions trading.





� This option is described in terms of coal use be electricity generators, the main use of coal.  It could be applied in the same manner to all other sources that use coal.





� If the electricity imports came from a country with fossil-fired generation, prices in the exporting country would rise as well and so tend to limit the growth of imports.  However, most electricity in France is generated by nuclear stations, so greenhouse gas emissions limits will have little impact on the price of electricity in France.  Thus, the most effective constraint on extra electricity imports from France is the capacity of the transmission cable.





� It is assumed that use of the Kyoto Protocol mechanisms to meet emission reduction obligations will be the responsibility of participants in the trading programme rather than the government.





� These predictions are likely to underestimate emissions around 2000.  In 1996 the UK emissions inventory shows similar emissions from industrial and commercial sources (including electricity generation) to those in 1995.


� Free distribution is sometimes called grandfathering. Grandfathering can also mean distributing permits in accordance with past actual emissions. This is only one of many possible allocation formulae. This paper uses grandfathering to mean distribution of permits on the basis of past actual emissions. Gratis distribution means free distribution of permits regardless of the allocation formula. Thus, grandfathering is a special case of gratis distribution.





� The price effects for regulations may differ from those for emissions trading programmes because the total cost of compliance is higher under a regulatory programme. The price effects may also differ between the two types of programmes because a trading programme equalises marginal costs across participating sources while regulations impose different costs on different sources. The price effects are likely to differ somewhat for different emissions trading system designs. Different designs apply to different sources and so cover different control options and different marginal costs. Also, some designs are implemented upstream of regulated utilities and the regulatory treatment of the fuel price increases to the utilities may not provide the correct price signal to the utility's customers.





� Energy-related CO2 emissions can also be managed through an "upstream" system that limits the carbon content of fossil fuels. Such designs tend to cover a larger fraction of energy-related CO2 emissions with a smaller number of participants. Producers and refiners can do little to change the carbon content of fossil fuels. To reduce energy-related CO2 emissions, fossil fuel users must still switch to less carbon-intensive fuels or implement energy efficiency measures.





Since the total amount of carbon available for fossil fuels is limited, fuel prices rise. The price increases provide the incentive to fossil fuel users to implement emission reduction measures. The price increases translate into windfall profits for the participants in the trading program because their costs of producing the fossil fuels have not changed. Fossil fuel users, on the other hand, incur the costs of implementing measures to reduce emissions and pay higher prices for their remaining consumption.





The value of energy producing and refining facilities would be reduced by an "upstream" design. But the impact is likely to be greatest on the value of fossil fuel reserves. While the loss in value of privately-owned capital and reserves merits some compensation, the loss in value of publicly-owned fossil fuel reserves does not warrant compensation.





� Regardless of which entities are required to hold permits, it is possible to distribute allowances gratis both to fossil fuel producers and to energy-users. More generally, allowances can be distributed to any entities or individuals. They could be distributed to individuals since all impacts are ultimately borne by individuals in their capacities as shareholders, employees, and consumers.





� No trading program has yet allocated allowances gratis based on an explicit calculation of the loss in value of existing capital stocks. Several have allocated allowances using rules, such as historic emissions, that could be argued to be a rough proxy for the loss in value of existing capital stocks. An allocation rule based strictly on compensation for the loss in value of existing capital, assuming this could be calculated accurately, would imply no further allocations once the compensation had been fully paid. This would imply no windfall profits for participants.





� The importance of intertemporal equity for a trading programme depends on the magnitude and speed of the emissions reduction. If emissions are to be reduced to zero over a period of a decade new sources are unlikely, so intertemporal equity is less of a concern than if emissions are to be reduced by 20% over 50 years. It is expected to take a century or more to stabilise atmospheric concentrations of greenhouse gases, so intertemporal equity is a more important issue than for any existing emissions trading programme.





� An allocation rule based on output, for example, awards a firm that increases output additional permits. Thus, the firm does not bear the full marginal cost of its extra emissions, which leads to inefficient behaviour. On the other hand, a rule that changes the allocation over time helps keep the initial distribution during a period close to the post-trading outcome and so reduces the market power of large participants. In addition, such a rule reduces total transaction costs.





� The 1.7 factor is chosen - somewhat arbitrarily - to indicate the upper bounds of variation in energy efficiency in a given sector.


� The value of the permits represents an opportunity cost to the trading program participants.  They can either sell the permits at the market price or use them for compliance.  In the latter case the opportunity cost of using the permits is the foregone sales revenue.





� Some suppliers and owners of capital may reside in other countries, so UK policies to limit greenhouse gas emissions can affect individuals in other countries.  Conversely, the policies adopted by other countries can affect residents of the UK.





� Since this section deals with gratis distribution of permits it is appropriate to note that, in principle, some or all of the permits could be distributed gratis to individuals.  Then the firms participating in the trading programme would need to buy permits from individuals to achieve compliance.  This would compensate individuals for the costs they incur for the greenhouse gas limitations.  Administration of this option might be relatively costly.  An auction and distribution of the revenue with the revenue to offset the adverse impact on low-income groups through tax changes or income supplements is probably less costly to administer.  As well tax changes or income supplements can probably address the distributional impacts more accurately than a per capita distribution of permits.





� The impacts on the competitiveness of participants depend on the basis used for the comparison.  Participants in a trading programme will be less competitive than they would be absent any limits on greenhouse gas emissions.  But they will be more competitive than if the same limit on greenhouse gas emissions is achieved using conventional regulations.  In either case, the impact on competitiveness also depends on the policies adopted by the governments of the countries where the firm's major competitors are located.





� Implementing policies to limit greenhouse gas emissions prior to 2008 may also reduce costs relative to those faced by competitors in an Annex B country that does not adopt such policies.  The uncertainty created by the failure to adopt a policy, leads firms to defer investment decisions.





� Cramton and Kerr, 1998, Tradable Carbon Allowance Auctions: How and Why to Auction.





� In a price discriminating auction potential buyers submit sealed bids for a specified quantity at a specified price.  The bids are ranked in descending order by price and sales occur until the available quantity has been sold.  Buyers pay different prices for the same good purchased from the same seller on the same day.  This can be interpreted as being unfair.





� Potential buyers submit the quantity they wish to purchase at a given price.  If the total quantity desired by all bidders is more than is available, the auctioneer raises the price.  Potential buyers submit new bids for the quantities they wish to purchase at the higher price.  This continues until the demand equals the available supply.  That is the price at which allowances are sold to all bidders.  A uniform price auction sells all items at the same (market clearing) price and so does not capture the "consumer surplus" from each buyer.  But it does allocate the permits to the sources for which they have the most value.





� If the secondary market, including assigned amount, emission reduction units and certified emission reduction credits, is large relative to the quantity auctioned, a firm that purchased all of the permits available at the auction would not be able to affect the price, so such a strategy would not be attractive.





� Supplementarity provisions restricting the use of the international mechanisms could limit the extent to which permits or credits from other countries could be used and so cause the auction price to be higher than the international market price.





� If instead, the government were to sell allowances periodically on the secondary market, the process for determining the price and the successful buyers is not clear.  Some buyers will on occasion purchase allowances from the government at a price lower than the market price over the next few days.  Then the government will be charged with incompetence or rewarding supporters.  An auction eliminates the potential for such charges.





� It would not be difficult to convert the CCL into a carbon tax.  The tax rate for each energy product would be set on the basis of its carbon content.  The carbon content of purchased energy products, except coal and electricity, is well known and is virtually constant.  The composition of coal is tested by purchasers on delivery.  These results could be used to calculate the tax liability.  The implicit carbon content of electricity depends on the mix of generation sources used.  An historic annual system average carbon content could be used to establish a carbon content for electricity for tax purposes.





�Jorgenson and Wilcoxen, 1992 , Reducing Carbon Dioxide Emissions: The Cost of Different Goals.





� Almost all of the carbon in coal is converted to CO2 and emitted when the coal is burned, but a small amount may remain in the ash.  All of the carbon in the coal would be assumed to be emitted unless the participant was able to document a lower emissions factor.





� Thus, the emission factor for the year 2003 would be the actual system average emissions for the period October 1, 2001 through September 30, 2002.  The system average emissions for this period is calculated as total greenhouse gas emissions due to fuel use by electricity generating stations that supply the grid divided by total quantity of electricity delivered to the grid by these same units reduced by transmission and distribution losses.


   


� Emissions of other pollutants also vary due to changes in weather, economic conditions and other factors.  Nevertheless they are regulated on an annual basis.  In some cases this is because damages depend on current emissions, current emissions exceed desired levels, the trading programme is designed to reduce total emissions, and banking is not allowed.  But other trading programmes allow banking and hence could adopt a longer compliance period.  The main reason for an annual compliance period appears to be that this represents a reasonable balance between the administrative costs of establishing compliance and the risk of non-compliance due to turnover in the participant population.





� If it is longer than the commitment period, sources could comply with their obligations with larger reductions toward the end of the UK compliance period, but leave the UK out of compliance with its national commitment.





� Participants in the SO2 and RECLAIM trading programs are required to report their emissions to the regulatory authority in electronic form in a specified format prior to established reporting dates.





� Otherwise firms would be tempted to buy large quantities of allowances at the low prices established for the early years of the programme and to bank them for later use when prices are expected to be higher. 


� Banking raises questions about paying interest on banked permits.  No trading programme pays interest on -- increases the quantity of -- banked credits or allowances although this has been proposed in the literature.  Interest would provide an extra incentive for early action to reduce emissions.  If total emissions currently exceed health or environmental standards and are being reduced, early reductions may be beneficial because the reductions would occur when total emissions are highest and the added emissions allowed by the "interest" would occur when total emissions are lower.  This argument for paying interest does not apply to greenhouse gases.  Since climate change is due to greenhouse gas concentrations, shifting emissions over a few years has little effect on concentrations.  Instead, increasing total emissions due to payment of interest is likely to increase concentrations in the long run and hence to be detrimental.





Some emission trading programmes for conventional pollutants discount banked permits.  Discounting -- reducing the quantity of -- banked permits over time limits the extent to which they can be used to increase emissions temporarily in the future.  Discounting reduces, but does not eliminate, the incentive for early action to reduce emissions.  If the UK trading programme is intended to help achieve a national commitment, its banking provisions should reflect those of the national commitment.  The Kyoto Protocol allows banking but currently does not provide interest on, nor discount, banked assigned amount.





� Since the commitment period under the Kyoto Protocol is 5 years and banking is allowed, a credit life of 5 to 10 years would facilitate calculation of the emissions reductions needed to meet national commitments for future periods.





� A participant might also choose to borrow for speculative reasons; anticipating that the price in the future period will be lower than the price in the current period.  But speculation on future prices is also possible through the use of futures and options contracts.





� In other words, a participant that wishes to borrow 100 units for compliance during the current period would have its allocation for the next period reduced by 100+X units.





� If permits are auctioned, borrowing is not possible.





� In the SO2 allowance trading program, allowances are issued to participants by the Environmental Protection Agency (EPA) prior to the beginning of the year for which they are valid.  Participants can sell the allowances any time after they have been received.  Sources report actual emissions and establish compliance within 60 days after the end of the year.  As part of the compliance process a source must indicate which of the allowances it holds it wishes to use to cover the actual emissions.  If a source does not own enough allowances to cover its actual emissions it must purchase enough to come into compliance within the 60-day period or face the automatic penalties for non-compliance. 





This is a seller liability system because all sales of allowances are final.  If a participant sells some of its allowances and then finds that it does not own enough to cover its actual emissions it must purchase enough additional allowances to achieve compliance before the deadline or face the penalties for non-compliance.  The buyer can use or resell the allowances purchased with no risk that the transaction will be invalidated because the allowances will be required by the seller to achieve compliance.





� A buyer and seller could negotiate a forward contract or option before the seller has title to the permits, to sell a specified quantity of permits on a given future date at a specified price or the market price.  How the risks of non-performance under such contracts are shared between the buyer and seller is negotiated as part of the contract or defined by the standard contract if it is exchange traded.


  


� The credit creator (seller) and buyer could negotiate a contract for sale of the permits prior to issuance of the permits by the regulator.  How the risk of partial (or complete) rejection of the claimed reduction (sequestration) by the regulator is shared by the buyer and seller would be governed by the contract they negotiate.





� The Sacramento Metropolitan Air Quality Management District (SMAQMD) SEED Project leases emission reduction credits (ERCs) to stationary sources.  The availability of these ERCs for compliance with offset requirements benefits new and expanding businesses.  Some other air quality management districts and states have established "community banks", which provide ERCs free or at a discount to new and expanding sources.  The ERCs are obtained by withholding a fraction of the ERCs from each credit creation action, including plant shutdowns.





� Under the rules of the auction bidders are not allowed to increase the quantity they offer to buy as the price rises.





� For example, supplementarity provisions for international emissions trading, joint implementation, and the clean development mechanism could limit the extent to which allowances or credits from other countries could be used in the UK





� In the UK, futures trades are required by law to be registered with the relevant exchange immediately the bid/offer is made.


� If banking is allowed, one way to fulfil such a contract is to buy permits on the spot market at the current price and to hold them until the delivery date.  The premium then is the interest cost of the funds invested in the permits.  If permit prices are expected to rise of fall the premium could be higher or lower.





� It is possible that assigned amount units (AAU's) could be used as the tradable certificate for the national emissions trading programme.  This is unlikely to be the case initially, since the assigned amount applies to the period 2008-2012.  Thus, the more general case of a separate UK permit, which can be exchanged for an equal quantity of AAU’s is assumed here.





� The Kyoto Protocol requires that the use of these mechanisms be supplemental to domestic action for the purposes of meeting national emissions limitation commitments.  This may limit the quantity of AAUs, ERUs, or CERs  a country can use to meet its commitment.  The government might restrict conversions if it reaches the maximum quantity of any of these mechanisms it can use for international compliance purposes.  To discourage sale of AAUs that a country might need for compliance, some proposals suggest that purchases might be invalidated or discounted ex post to bring the seller into compliance.  If such provisions are adopted, the government might limit exchanges of UK permits to AAUs for which there is no risk of discounting.  Assuming that the European Union implements a “bubble” under Article 4 of the Protocol, it might impose restrictions on trading with Parties outside the EU.





� As an Annex B Party the UK can not host CDM projects.  The UK could host JI projects, but they are likely to involve emission reduction actions by sources outside the national emissions trading programme or sequestration actions.  A participant in the national emissions trading programme would find it easier, quicker and less costly to exchange some UK permits for an equal quantity of AAUs than to secure foreign financing and demonstrate that the project meets the requirements established for JI projects. Hence, JI projects are likely to involve actions by sources outside the national emissions trading programme.





� Goulder, Parry and Burtraw 1997 show that for a given environmental goal using non-revenue raising policies is more costly than using revenue raising policies with revenue recycling.  Thus, revenue raising policies with revenue recycling improve efficiency.





� If the economy is at full employment and if all existing taxes are for social or health reasons (i.e., imposed to correct for non-environmental externalities), the possibility of an economic benefit, such as employment or income growth, does not exist.  No economy meets these conditions.





� Studies for the U.S. suggest much larger economic benefits from reductions in taxes on capital and on employers than from reductions in corporate income, personal income, or sales taxes.





� The following analogy may help.  Assume that the advertised price of a product is £100, but that a manufacturer's rebate of £25 is available to every purchaser.  The price is £100, but the net cost of purchasing the product is £75.  It is not possible to collect the rebate unless the product is purchased.  One can argue that the price is £100 or £75, but the cost is £75 in either case.





� Goulder, Parry and Burtraw 1997 show that for a given environmental goal using non-revenue raising policies is more costly than using revenue raising policies with revenue recycling.  Thus, revenue raising policies with revenue recycling improve efficiency.





� If the economy is at full employment and if all existing taxes are for social or health reasons (i.e., imposed to correct for non-environmental externalities), the possibility of an economic benefit, such as employment or income growth, does not exist.  No economy meets these conditions.





� Studies for the U.S. suggest much larger economic benefits from reductions in taxes on capital and on employers than from reductions in corporate income, personal income, or sales taxes.





� The following analogy may help.  Assume that the advertised price of a product is £100, but that a manufacturer's rebate of £25 is available to every purchaser.  The price is £100, but the net cost of purchasing the product is £75.  It is not possible to collect the rebate unless the product is purchased.  One can argue that the price is £100 or £75, but the cost is £75 in either case.





� March 31, 1999 letter from J. Adair Turner, Director General, Confederation of British Industry to The RtHon Gordon Brown, Chancellor of the Exchequer.





� If the secondary market is linked to the global market and the auction is well designed, auction prices should be close to the global price for allowances and credits.  The auction revenue will equal the world market price times the allowable emissions.  Under the EU Burden Sharing Agreement allowable emissions for the UK will be 87.5% of 1990 emissions.  Assuming all permits are auctioned, the revenue to the government would be equal to the market price for 87.5% of 1990 emissions.  In the absence of a national commitment, greenhouse gas emissions in 2010 are likely to be 1% to 2% higher than 1990 emissions.  


Thus to meet the commitment, domestic emissions or international credits/allowances purchases to up to 15% of 1990 emissions are required.  The maximum the government could spend on imported credits/allowances would be the market price for 15% of 1990 emissions.  This leaves most of the auction revenue (87.5% - 15% of 1990 emissions x market price) available for other purposes. 





� A person who buys allowances or credits from a seller in another country transfers British pounds to an entity outside the country.  Balance of payment considerations dictate that those British pounds can only be used to buy goods and services from, or to make investments in, the UK.  Ultimately, then, purchases of allowances or credits from other countries lead to higher purchases of British goods and services or more foreign investment in the UK.  If the UK joins the euro currency, the purchases could come from any country that uses the euro, so purcahases of foreign credits or allowances by British firms might not lead to higher exports of British goods.  However, purchases of foreign credits or allowances by sources in other euro countries could lead to higher exports of British goods.





� Some suppliers and owners of capital may reside in other countries, so UK policies to limit greenhouse gas emissions can affect individuals in other countries.  Conversely, the policies adopted by other countries can affect UK residents.





� A case can be made for providing temporary assistance to facilitate adjustment to production methods or product mixes with lower greenhouse gas emissions.  But assistance that provides an on-going subsidy to the existing production methods or product mix (or delays the adjustment to a less greenhouse gas intensive production method or product mix) is inefficient.  Structuring a program that achieves the former, but does not contribute to the latter is difficult.





� This could include for example, financial incentives for investments in energy efficient processes.





� The smallest industrial combustion processes subject to IPPC have annual emissions on the order of 30,000 tonnes of CO2 equivalent.  Many significant sources of CO2 would not be captured under this regime.  The improvement in coverage of lowering the threshold to say 10,000 or 1,000 tonnes of CO2 equivalent emissions would need to be balanced with impacts on administration costs and market efficiency.


� Verification and auditing – either by the participant or the regulatory authority - also impose costs on participants but these are assumed to be the same under all programme designs


� These figures include emissions from participating plants of CH4 and N20, and hence differ from those in the main report which generally relate to CO2.


� The 1.7 factor is chosen - somewhat arbitrarily - to indicate the upper bounds of variation in energy efficiency in a given sector.
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		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK
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		Coal				163.12		157.07		147.08		133.56		129.77		121.79																3,995		3,847		3,602		3,271		3,178		2,983										126		129		131		137												3,079		3,170		3,204		3,346										93		96		95		101												2,271		2,358		2,327		2,469										65		75		84		93												1,589		1,842		2,066		2,290

		Coke - Exported				0.00		0.00		0.00		0.00		0.00		0.00																- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0

		Coke Oven Gas				50.28		49.24		46.47		44.66		44.73		48.68																463		453		428		411		412		448										48		48		46		32												443		439		420		296										43		44		42		29												399		406		388		269										37		39		38		28												341		357		352		262

		Coke Oven Gas - Exported				0.00		0.00		0.00		0.00		0.00		0.00																- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0

		Electricity - Exported				-3.34		-3.37		-4.03		-3.57		-5.32		-7.85																(203)		(196)		(212)		(165)		(238)		(344)										(3)		(3)		(3)		(4)												(87)		(102)		(93)		(127)										(5)		(6)		(6)		(7)												(173)		(210)		(190)		(235)										(14)		(14)		(15)		(16)												(428)		(502)		(468)		(579)

		Electricity - Purchased				171.14		160.96		160.47		167.90		161.17		169.30																10,398		9,361		8,423		7,755		7,219		7,417										170		174		178		197												5,368		6,258		5,662		7,125										126		133		142		156												4,001		4,784		4,506		5,635										101		107		115		129												3,195		3,828		3,650		4,643

		Electricity - Self Generated				37.20		37.84		37.74		33.99		38.55		40.28																1,610		1,644		1,624		1,350		1,360		1,321										39		47		56		69												1,173		1,351		1,548		1,805										66		70		74		83												1,659		1,735		1,812		2,012										81		85		90		100												1,903		1,984		2,106		2,325

		Fuel Oil				176.35		187.47		177.97		176.93		198.17		180.33																3,714		3,948		3,748		3,726		4,173		3,798										174		173		170		172												3,663		3,641		3,582		3,623										143		144		145		148												3,008		3,036		3,063		3,127										121		124		128		132												2,545		2,612		2,695		2,784

		LPG				0.00		0.00		0.00		0.00		0.00		0.00																- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0

		Natural Gas				345.30		314.78		320.24		331.57		352.71		351.94																5,114		4,662		4,743		4,911		5,224		5,212										395		418		448		503												5,852		6,186		6,628		7,451										366		381		398		441												5,413		5,643		5,895		6,536										325		332		349		370												4,811		4,922		5,169		5,476

		Other Solid				192.70		184.63		178.34		176.83		175.39		171.39																6,267		6,004		5,800		5,751		5,704		5,574										184		184		183		171												5,968		5,980		5,948		5,546										167		169		167		154												5,429		5,481		5,432		5,021										141		148		149		151												4,582		4,804		4,839		4,901

		Propane				0.30		0.20		0.20		0.20		0.20		0.20																5		4		4		4		4		4										1		1		0		0												14		10		7		5										0		0		0		0												8		6		6		4										0		0		0		0												3		3		3		4

		Waste				0.47		0.59		0.34		1.04		2.52		3.22																- 0		- 0		- 0		- 0		- 0		- 0										5		8		13		20												- 0		- 0		- 0		- 0										14		22		31		37												- 0		- 0		- 0		- 0										25		27		29		35												- 0		- 0		- 0		- 0

		Total				1,134		1,089		1,065		1,063		1,098		1,079		- 0		- 0		- 0		- 0		- 0		- 0		- 0		31,362		29,727		28,159		27,013		27,035		26,411		- 0		- 0		- 0		- 0		1,138		1,179		1,222		1,298		- 0		- 0		- 0		- 0		- 0		25,473		26,933		26,906		29,070		- 0		- 0		- 0		- 0		1,013		1,053		1,088		1,144		- 0		- 0		- 0		- 0		- 0		22,016		23,239		23,238		24,838		- 0		- 0		- 0		- 0		882		923		968		1,023		- 0		- 0		- 0		- 0		- 0		18,542		19,851		20,412		22,106

		All Industry Sectors - direct only (from ETSU CO2 emissions report)										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				183.79		179.23		170.27		156.11		149.51		139.57																4501.02		4389.34		4169.91		3823.13		3661.50		3418.07										144.24		147.71		149.38		156.48												3532.49		3617.54		3658.23		3832.31										109.22		112.69		111.78		118.91												2674.91		2759.90		2737.55		2912.10										74.33		84.32		93.34		102.47												1820.43		2065.01		2285.86		2509.54

		Coke - Exported				0.00		0.00		0.00		0.00		0.00		0.00																0.00		0.00		0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00

		Coke Oven Gas				50.28		49.24		46.47		44.66		44.73		48.68																462.58		453.01		427.52		410.87		411.52		447.86										48.18		47.72		45.68		32.19												443.21		439.06		420.28		296.18										43.38		44.16		42.13		29.27												399.11		406.27		387.58		269.26										37.10		38.84		38.30		28.49												341.29		357.32		352.35		262.08

		Coke Oven Gas - Exported				0.00		0.00		0.00		0.00		0.00		0.00																0.00		0.00		0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00

		Electricity - Exported				-3.34		-3.37		-4.03		-3.57		-5.32		-7.85																-202.94		-196.00		-211.53		-164.90		-238.28		-343.91										-2.74		-2.83		-2.94		-3.51												-86.68		-101.58		-93.39		-126.85										-5.46		-5.85		-5.98		-6.52												-172.66		-210.15		-190.39		-235.46										-13.52		-13.98		-14.72		-16.05												-427.89		-502.04		-468.45		-579.10

		Electricity - Purchased				295.76		279.32		275.32		284.11		278.75		289.17																17970.38		16245.25		14451.55		13123.04		12485.21		12668.54										313.24		328.47		345.42		392.60												9913.90		11798.81		10991.28		14169.06										245.14		260.96		282.19		322.55												7758.68		9373.56		8979.34		11640.89										162.24		174.36		189.67		219.09												5134.98		6262.99		6035.34		7907.11

		Electricity - Self Generated				37.20		37.84		37.84		34.34		39.05		41.03																1609.63		1644.35		1626.97		1360.44		1374.66		1341.27										39.98		48.87		58.95		72.76												1196.85		1392.71		1600.61		1880.29										76.01		80.13		85.08		96.88												1838.15		1931.40		2028.12		2270.95										119.28		127.07		137.44		157.74												2610.72		2773.46		2984.82		3393.10

		Fuel Oil				257.64		267.36		255.29		256.17		276.76		251.12																5425.90		5630.60		5376.41		5394.94		5828.57		5288.59										256.74		260.47		264.84		280.39												5406.90		5485.57		5577.58		5905.05										215.08		221.04		228.95		246.23												4529.52		4655.16		4821.75		5185.62										153.59		159.33		166.42		177.49												3234.59		3355.42		3504.75		3737.91

		LPG				2.04		1.57		1.83		1.54		1.82		1.89																36.31		27.95		32.57		27.41		32.40		33.64										1.75		1.66		1.44		1.22												31.07		29.60		25.62		21.64										1.35		1.40		1.25		1.16												24.08		24.90		22.29		20.58										1.04		1.12		1.19		1.35												18.55		19.89		21.23		24.10

		Natural Gas				526.05		492.07		485.84		496.43		496.99		500.87																7790.80		7287.56		7195.29		7352.13		7360.42		7417.88										563.34		597.15		639.86		726.51												8343.00		8843.77		9476.38		10759.55										511.71		538.39		568.87		643.32												7578.42		7973.52		8424.93		9527.58										482.39		507.33		542.53		603.41												7144.19		7513.49		8034.89		8936.50

		Other Solid				205.21		196.38		190.54		189.52		187.80		183.52																6629.42		6325.22		6133.58		6095.93		6035.51		5896.55										197.12		197.82		197.40		186.22												6339.83		6357.76		6339.10		5966.02										178.99		180.75		179.86		168.49												5757.71		5815.84		5782.46		5402.67										149.95		157.33		159.03		162.20												4826.78		5061.84		5111.55		5202.55

		Propane				0.30		0.20		0.20		0.20		0.20		0.20																5.34		3.56		3.56		3.56		3.56		3.56										0.76		0.55		0.40		0.27												13.51		9.71		7.11		4.86										0.45		0.34		0.33		0.23												8.04		5.98		5.93		4.13										0.17		0.18		0.19		0.20												3.04		3.20		3.33		3.65

		Waste				1.42		1.14		0.92		1.53		2.92		3.63																0.00		0.00		0.00		0.00		0.00		0.00										5.55		8.37		13.21		20.26												0.00		0.00		0.00		0.00										13.73		21.88		30.80		36.88												0.00		0.00		0.00		0.00										24.85		27.18		29.52		35.36												0.00		0.00		0.00		0.00

		Total				1,556		1,501		1,460		1,461		1,473		1,452																44,228		41,811		39,206		37,427		36,955		36,172										1,568		1,636		1,714		1,865												35,134		37,873		38,003		42,708										1,390		1,456		1,525		1,657												30,396		32,736		33,000		36,998										1,191		1,263		1,343		1,472												24,707		26,911		27,866		31,397

		Total direct (excl emissions from electricity)				1,223		1,184		1,147		1,143		1,155		1,122		- 0		- 0		- 0		- 0		- 0		- 0		- 0		24,648		23,921		23,127		22,943		23,095		22,162		- 0		- 0		- 0		- 0		1,215		1,259		1,309		1,400		- 0		- 0		- 0		- 0		- 0		24,023		24,681		25,411		26,659		- 0		- 0		- 0		- 0		1,068		1,115		1,158		1,238		- 0		- 0		- 0		- 0		- 0		20,799		21,431		21,992		23,086		- 0		- 0		- 0		- 0		910		962		1,016		1,095		- 0		- 0		- 0		- 0		- 0		16,961		17,874		18,846		20,097

		Data Table

				Scenario		1990		1995		2000		2005		2010		2015		2020

		Option 1 CCL:  9 Negotiated Agreement Sectors (excl textiles)

		9 Negotiated Agreement Sectors (excl textiles) - all firms

		C emissions (kt)		BAU		31,362		26,411		25,473		26,933		26,906		27,988		29,070

		(direct & indirect)		ACE		31,362		26,411		22,016		23,239		23,238		24,038		24,838

				ATP		31,362		26,411		18,542		19,851		20,412		21,259		22,106

		CO2 emissions (kt)		BAU		114,996		96,841		93,402		98,755		98,656		102,623		106,591

		(direct & indirect)		ACE		114,996		96,841		80,724		85,208		85,205		88,140		91,074

				ATP		114,996		96,841		67,988		72,786		74,843		77,949		81,055

		9 Negotiated Agreement Sectors (excl textiles)

		CO2 emissions (kt)		BAU		114,996		96,841		93,402		98,755		98,656		102,623		106,591		all years scaled to 1995, using IPC data in Marshall (file tab0207)

		(direct & indirect)		ACE		114,996		96,841		80,724		85,208		85,205		88,140		91,074		all years scaled to 1995, using IPC data in Marshall (file tab0207)

				ATP		114,996		96,841		67,988		72,786		74,843		77,949		81,055		all years scaled to 1995, using IPC data in Marshall (file tab0207)

				BAU		100%		100%		100%		100%		100%		100%		100%

				ACE		100%		100%		86%		86%		86%		86%		85%

				ATP		100%		100%		73%		74%		76%		76%		76%

		Option 3: All major downstream CO2 emitters (industrial & commercial; powergen; oil refineries)

		Carbon Emissions (kt)

		Industry (IPPC sectors)(direct only)		BAU		24,648		22,162		24,023		24,681		25,411		26,035		26,659

		Power generators (EP65)		CL		62,939		54,520		36,100		44,100		40,300		47,500		52,100

		Refineries (EP65)		CL		4,900		5,300		5,400		5,700		6,100		6,700		7,300

		Total Carbon emissions				92,487		81,982		65,523		74,481		71,811		80,235		86,059

		CO2 Emissions (kt)

		Industry (IPPC sectors)(direct only)		BAU		73,849		66,400		71,976		73,948		76,133		78,003		79,872		data for IPPC processes known (taken from Marshall report, 1995 year)

		Power generators (EP65)		CL		230,775		199,905		175,159		213,976		195,538		230,473		252,792		data for 1990 and 1995 known (taken from Salway)

		Refineries (EP65)		CL		17,967		19,433		19,800		20,900		22,367		24,567		26,767

		Total Carbon emissions				322,590		285,738		266,935		308,824		294,038		333,042		359,431

		(SCALER FOR EP65 PROJECTIONS)

		Power generators (carbon)		CL		54,300		41,200		36,100		44,100		40,300		47,500		52,100

		Total UK Carbon emissions (EP65)		CL		158,300		150,800		149,700		162,000		161,800		173,700		184,200

		Total UK CO2 emissions (EP65)		CL		614,825		574,054		569,867		616,689		615,928		661,228		701,199		data for 1990 and 1995 known (taken from Salway)

		Cap Table OPTION 3 (strawman table)				1990		1995		2000		2001		2005		2007		2008		2010		2012		2015		2020

		Projected CO2 emissions BAU scenario (EP65&ETSU)		BAU&CL		322,590		285,738		266,935		275,313		308,824		305,127		301,431		294,038		309,640		333,042		359,431

		Projected N2O emissions  (kt)		UK CC Programme, 2nd report to IPCC		112		82		43		44		48		49		50		51		51		52		53

		Projected N20 (CO2 Equivalent)		310,000		34,627		25,544		13,299		13,634		14,973		15,167		15,361		15,748		15,903		16,136		16,523

		Projected CH4 emissions  (kt)				522		489		472		472		472		472		472		472		472		472		472

		Projected CH4 (CO2 Equivalent)		25		13,038		12,232		11,788		11,788		11,788		11,788		11,788		11,788		11,788		11,788		11,788

		Projected  CO2, CH4 and N20 Emissions (kt) (EP65, ETSU, DETR)				370,255		323,515		292,022		300,734		335,584		332,082		328,579		321,574		337,330		360,965		387,742

		Prorated Kyoto Limit (87.5% x 1990 values)				323,973		323,973		323,973		323,973		323,973		323,973		323,973		323,973		323,973		323,973

		Proposed Cap 1										332,973		328,973		326,973		325,973		323,973		321,973

		CO2 Emissions CAP (Table 3.3)				1990		1995		2000		2001		2005		2007		2008		2010		2012		2015

		Projected CO2 emissions BAU scenario (EP65&ETSU)				322,590		285,738		266,935		275,313		308,824		305,127		301,431		294,038		309,640		333,042

		Effect of CCL negotiated agreements (12% reduction in NA sectors)				322,590		285,738		261,435		269,813		303,324		297,409		294,452		288,538		304,140		327,542

		Prorated Kyoto Limit (87.5% x 1990 values)				282,267		282,267		282,267		282,267		282,267		282,267		282,267		282,267		282,267		282,267

		Cap - Continuous reduction (1Mt/year)										291,267		288,267		286,267		284,267		282,267		280,267

		Cap - Stepped reduction										291,267		291,267		291,267		282,267		282,267		282,267

		CO2 Emissions (OPTION 3)  (table 3.2)				1990		1995		2000		2005		2010		2015		2020

		Projected CO2 emissions BAU scenario (EP65&ETSU)				322,590		285,738		266,935		308,824		294,038		333,042		359,431

		Effect of CCL base case (5.5mtCO2 reduction)				322,590		285,738		261,435		303,324		288,538		327,542		353,931

		Effect of CCL negotiated agreements (12% reduction in NA sectors)				322,590		285,738		255,727		296,973		281,723		320,251

		Target by 2080-2012(87.5% of 1990)				282,267		282,267		282,267		282,267		282,267		282,267

		CO2 Emissions (OPTION 1 Negotiated Agreements) (table 3.1)

		Projected CO2 emissions BAU scenario (EP65&ETSU)				114,996		96,841		93,402		98,755		98,656		102,623

		Effect of CCL base case (5.5mtCO2 reduction prorated to NA share of all energy relqted CO2 emissions)				114,996		96,841		91,477		96,996		96,810		100,928

		Effect of CCL negotiated agreements (12% reduction in NA sectors)				114,996		96,841		82,194		86,904		86,817		90,308

		Target by 2080-2012(87.5% of 1990)				100,621		100,621		100,621		100,621		100,621		100,621

		Total UK CO2 emissions (EP65)		CL		614,825		574,054		569,867				616,689		615,928		661,228		701,199

		CCL sectors

		Trade Association		IPPC sectors (ETSU projections)

		Aluminium		inlc Non-ferrous metals

		Non-ferrous metals		Non-ferrous metals

		Cement & lime		Cement & lime

		Chemicals		Chemicals

		Ceramics		"Potteries"

		Glass		Glass

		Paper		Paper

		Iron & steel		Iron & steel

		Food & drink		Food & drink





summary

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Projected  CO2, CH4 and N20 Emissions (kt) (EP65, ETSU, DETR)

Prorated Kyoto Limit (87.5% x 1990 values)

Proposed Cap 1

kt CO2 Equivalent

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



methane

		



Projected CO2 emissions BAU scenario (EP65&ETSU)

Effect of CCL base case (5.5mtCO2 reduction)

Effect of CCL negotiated agreements (12% reduction in NA sectors)

Target by 2080-2012(87.5% of 1990)

KT CO2



iron&steel

		



Guy Turner:
from Marshall, using projections in ETSU GAD report

Projected CO2 emissions BAU scenario (EP65&ETSU)

Effect of CCL negotiated agreements (12% reduction in NA sectors)

Target by 2080-2012(87.5% of 1990)

kt CO2

Projected CO2 emissions BAU scenario (EP65&ETSU)

Effect of CCL negotiated agreements (12% reduction in NA sectors)

Prorated Kyoto Limit (87.5% x 1990 values)

Cap - Continuous reduction (1Mt/year)

Cap - Stepped reduction



nonferrous metala

		coverage of methane by strawman

		coverage																		kt 1995

		* all IPPC process except waste facilities - includes offshore oil & gas, electricity supply industries

		* fugitive emissions from oil & natural gas

		* industrial processes

				1990				1995				2000

				Kt CH4		kt CO2 eq		Kt CH4		kt CO2 eq		Kt CH4		kt CO2 eq

		conversion factor				25				25				25

		A Fuel Combustion

		1 Energy industries		7.5				14.5				47.5

		2  Manufacturing & construction		13.1				12.9				13.1

		3 Transport		31.5				25.4				31.5

		4 Other sectors		53				37.1				53

		5  other		0.2				0.2				0.2

		Fugitive from Fues

		1 Solid Fuels		818.6				360.6				318.6

		2 Oil & natural gas		500.9				461.9				410.9

		Industrial Processes		0.8				0.7				0.8

		Total Industrial Emissions		1425.6				913.3				875.6

		Total Strawman coverage		521.5		13,038		489.3		12,232		471.5		11,788

		source: Salway, 1998										source:  Climate Change, UK Programme, Feb 1997





non-metallic mins

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Iron & Steel										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				16.47		16.1		15.24		16.96		15.64		17.31		24.49		24.49		24.49		24.49		24.49		24.49		24.49		403.4		394.3		373.2		415.4		383.0		423.9		6.90%		9.40%		11.50%		13.60%		24.44		35.05		43.78		48.65		24.49		24.49		24.49		24.49		24.49		598.58		858.31		1072.16		1191.40		6.90%		9.40%		11.50%		13.60%		22.17		32.18		40.04		44.23		24.49		24.49		24.49		24.49		24.49		543.0		788.0		980.6		1083.1		6.90%		9.40%		11.50%		13.60%		18.82		28.30		36.40		43.05		24.49		24.49		24.49		24.49		24.49		460.9		693.1		891.4		1054.2

		Coke - Exported

		Coke Oven Gas				50.28		49.24		46.47		44.66		44.73		48.68		9.20		9.20		9.20		9.20		9.20		9.20		9.20		462.6		453.0		427.5		410.9		411.5		447.9		13.60%		12.80%		12.00%		9.00%		48.18		47.72		45.68		32.19		9.20		9.20		9.20		9.20		9.20		443.21		439.06		420.28		296.18		13.50%		12.90%		12.10%		9.00%		43.38		44.16		42.13		29.27		9.20		9.20		9.20		9.20		9.20		399.1		406.3		387.6		269.3		13.60%		12.90%		12.10%		9.00%		37.10		38.84		38.30		28.49		9.20		9.20		9.20		9.20		9.20		341.3		357.3		352.3		262.1

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				27.19		21.07		20.00		20.83		21.15		21.70				60.76		58.16		52.49		46.19		44.79		43.81		1652.1		1225.4		1049.8		962.1		947.3		950.7		7.70%		7.70%		7.70%		7.70%		27.28		28.71		29.31		27.54				31.65		35.92		31.82		36.09		863.28		1031.22		932.74		994.05		7.70%		7.70%		7.70%		7.70%		24.74		26.36		26.81		25.04				31.65		35.92		31.82		36.09		783.1		946.8		853.1		903.7		7.70%		7.70%		7.70%		7.70%		21.00		23.18		24.37		24.37				31.65		35.92		31.82		36.09		664.8		832.7		775.5		879.6

		Electricity - Self Generated				4.34		4.92		5.11		5.02		5.00		4.85				38.31		38.31		38.31		38.31		38.31		38.31		166.3		188.5		195.8		192.3		191.6		185.8		1.20%		1.20%		1.20%		1.20%		4.25		4.47		4.57		4.29				38.31		38.31		38.31		38.31		162.86		171.42		175.03		164.46		1.20%		1.20%		1.20%		1.20%		3.86		4.11		4.18		3.90				38.31		38.31		38.31		38.31		147.7		157.4		160.1		149.5		1.20%		1.20%		1.20%		1.20%		3.27		3.61		3.80		3.80				38.31		38.31		38.31		38.31		125.4		138.4		145.5		145.5

		Fuel Oil				31.86		32.43		28.60		30.34		35.29		36.69		21.06		21.06		21.06		21.06		21.06		21.06		21.06		671.0		683.0		602.3		639.0		743.2		772.7		9.00%		9.00%		9.00%		9.00%		31.88		33.56		34.26		32.19		21.06		21.06		21.06		21.06		21.06		671.41		706.69		721.56		678.00		9.00%		9.00%		9.00%		9.00%		28.92		30.81		31.34		29.27		21.06		21.06		21.06		21.06		21.06		609.1		648.8		659.9		616.4		9.00%		9.00%		9.00%		9.00%		24.55		27.10		28.49		28.49		21.06		21.06		21.06		21.06		21.06		517.0		570.7		599.9		599.9

		LPG

		Natural Gas				41.04		38.77		36.98		37.02		36.83		42.71		14.81		14.81		14.81		14.81		14.81		14.81		14.81		607.8		574.2		547.7		548.3		545.5		632.5		12.30%		13.00%		13.00%		14.50%		43.57		48.47		49.49		51.87		14.81		14.81		14.81		14.81		14.81		645.28		717.83		732.94		768.16		12.30%		13.00%		13.00%		14.50%		39.53		44.50		45.26		47.15		14.81		14.81		14.81		14.81		14.81		585.4		659.1		670.3		698.3		12.30%		13.00%		13.80%		14.50%		33.55		39.14		43.68		45.90		14.81		14.81		14.81		14.81		14.81		496.9		579.7		646.9		679.7

		Other Solid				181.33		175.11		166.60		162.59		164.93		162.97		32.52		32.52		32.52		32.52		32.52		32.52		32.52		5896.9		5694.6		5417.8		5287.4		5363.5		5299.8		49.30%		46.90%		45.60%		45.00%		174.64		174.86		173.59		160.97		32.52		32.52		32.52		32.52		32.52		5679.15		5686.55		5645.29		5234.72		49.40%		46.80%		45.50%		45.00%		158.75		160.21		158.42		146.34		32.52		32.52		32.52		32.52		32.52		5162.4		5209.9		5151.7		4758.8		49.30%		46.80%		44.70%		45.00%		134.48		140.90		141.48		142.43		32.52		32.52		32.52		32.52		32.52		4373.2		4582.2		4601.1		4631.9

		Propane

		Waste

		Total				352.5		337.6		319.0		317.4		323.6		334.9																9860		9213		8614		8455		8586		8713										354.2		372.8		380.7		357.7												9064		9611		9700		9327										321.3		342.3		348.2		325.2												8230		8816		8863		8479										272.8		301.1		316.5		316.5												6979		7754		8013		8253

		(MTonnes)				17.90		16.47		16.21		16.62		17.29		17.60

		SEC (GJ/T)				19.69		20.50		19.68		19.10		18.71		19.03

		Escalation Factor																																																		1.06		1.17		1.23		1.23																												1.06		1.17		1.23		1.23																												1.06		1.17		1.23		1.23

		SEC Trend																																																		-5.2%		-9.6%		-12.2%		-17.5%																												-14.0%		-17.0%		-19.7%		-25.0%																												-27.0%		-27.0%		-27.0%		-27.0%

		Self Generation Efficiency				62.7%		62.7%		62.7%		62.7%		62.7%		62.7%																																				62.7%		62.7%		62.7%		62.7%																												62.7%		62.7%		62.7%		62.7%																												62.7%		62.7%		62.7%		62.7%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		5.9%		5.9%		5.9%		5.9%		5.9%		5.9%		24.49																																		5.9%		5.9%		5.9%		5.9%		24.49																										5.9%		5.9%		5.9%		5.9%		24.49																										5.9%		5.9%		5.9%		5.9%		24.49

				Coke Oven Gas - Boilers		8.8%		8.8%		8.8%		8.8%		8.8%		8.8%		9.20																																		8.8%		8.8%		8.8%		8.8%		9.20																										8.8%		8.8%		8.8%		8.8%		9.20																										8.8%		8.8%		8.8%		8.8%		9.20

				Fuel Oil - Boilers		5.9%		5.9%		5.9%		5.9%		5.9%		5.9%		21.06																																		5.9%		5.9%		5.9%		5.9%		21.06																										5.9%		5.9%		5.9%		5.9%		21.06																										5.9%		5.9%		5.9%		5.9%		21.06

				Natural Gas - Boilers		29.9%		29.9%		29.9%		29.9%		29.9%		29.9%		14.81																																		29.9%		29.9%		29.9%		29.9%		14.81																										29.9%		29.9%		29.9%		29.9%		14.81																										29.9%		29.9%		29.9%		29.9%		14.81

				Other Solid - Boilers		49.5%		49.5%		49.5%		49.5%		49.5%		49.5%		32.52																																		49.5%		49.5%		49.5%		49.5%		32.52																										49.5%		49.5%		49.5%		49.5%		32.52																										49.5%		49.5%		49.5%		49.5%		32.52

		Process Breakdowns

		Compressed Air				1%		1%		1%		1%		1%		1%

		Drying / Separation

		High Temperature Processes				88%		87%		87%		87%		87%		87%

		Lighting				1%		1%		1%		1%		1%		1%

		Low Temperature Processes				1%		2%		2%		2%		2%		2%

		Motors / Drives				3%		3%		3%		3%		3%		3%

		Other				5%		5%		5%		5%		5%		5%

		Refrigeration

		Space Heating				1%		1%		1%		1%		1%		1%





bricks

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Non-Ferrous Metals										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				1.80		7.30		7.00		7.40		6.40		5.50		24.49		24.49		24.49		24.49		24.49		24.49		24.49		44.1		178.8		171.4		181.2		156.7		134.7		12.50%		12.50%		12.50%		12.50%		5.79		5.79		5.87		6.15		24.49		24.49		24.49		24.49		24.49		141.70		141.81		143.87		150.71		12.50%		12.50%		12.50%		12.50%		5.49		5.63		5.77		6.02		24.49		24.49		24.49		24.49		24.49		134.5		138.0		141.4		147.5		12.50%		12.50%		12.50%		12.50%		3.86		4.27		4.67		5.57		24.49		24.49		24.49		24.49		24.49		94.6		104.5		114.5		136.4

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				13.60		13.80		13.40		12.60		14.70		14.37				60.76		58.16		52.49		46.19		44.79		43.81		826.3		802.6		703.4		582.0		658.4		629.5		28.10%		28.30%		27.80%		25.50%		13.01		13.11		13.07		12.55				31.65		35.92		31.82		36.09		411.68		470.91		415.73		453.06		28.00%		27.90%		27.60%		25.50%		12.30		12.58		12.75		12.29				31.65		35.92		31.82		36.09		389.2		451.7		405.6		443.5		28.00%		28.00%		28.00%		28.00%		8.65		9.56		10.47		12.47				31.65		35.92		31.82		36.09		273.8		343.4		333.2		450.2

		Electricity - Self Generated				10.60		10.80		10.30		6.24		3.80		4.13				69.57		69.57		69.57		69.57		69.57		69.57		737.5		751.4		716.6		434.1		264.4		287.3		7.60%		7.70%		7.50%		7.40%		3.52		3.57		3.52		3.64				69.57		69.57		69.57		69.57		244.76		248.17		245.23		253.46		7.60%		7.70%		7.50%		7.80%		3.34		3.47		3.46		3.76				69.57		69.57		69.57		69.57		232.2		241.5		241.0		261.5		7.80%		7.80%		7.80%		7.80%		2.41		2.66		2.92		3.48				29.62		29.62		29.62		29.62		71.4		78.9		86.4		102.9

		Fuel Oil				3.00		4.10		4.02		3.14		4.10		3.60		21.06		21.06		21.06		21.06		21.06		21.06		21.06		63.2		86.3		84.7		66.1		86.3		75.8		8.10%		8.90%		9.50%		11.30%		3.75		4.12		4.46		5.56		21.06		21.06		21.06		21.06		21.06		78.96		86.83		94.03		117.16		8.50%		9.50%		10.20%		11.80%		3.73		4.28		4.71		5.69		21.06		21.06		21.06		21.06		21.06		78.6		90.2		99.2		119.8		8.00%		8.00%		8.00%		8.00%		2.47		2.73		2.99		3.56		21.06		21.06		21.06		21.06		21.06		52.1		57.5		63.0		75.1

		LPG

		Natural Gas				18.10		16.20		13.60		14.80		16.30		15.10		14.81		14.81		14.81		14.81		14.81		14.81		14.81		268.1		239.9		201.4		219.2		241.4		223.6		31.50%		30.30%		30.20%		31.00%		14.58		14.04		14.19		15.26		14.81		14.81		14.81		14.81		14.81		215.95		207.88		210.20		226.02		31.40%		30.60%		30.30%		31.60%		13.79		13.79		13.99		15.23		14.81		14.81		14.81		14.81		14.81		204.2		204.3		207.3		225.5		31.80%		31.80%		31.80%		31.80%		9.82		10.86		11.89		14.17		14.81		14.81		14.81		14.81		14.81		145.5		160.8		176.1		209.8

		Other Solid				7.10		5.70		6.80		8.30		6.10		4.90		32.52		32.52		32.52		32.52		32.52		32.52		32.52		230.9		185.4		221.1		269.9		198.4		159.3		12.20%		12.30%		12.50%		12.30%		5.65		5.70		5.87		6.06		32.52		32.52		32.52		32.52		32.52		183.65		185.30		191.04		196.92		12.00%		11.80%		11.90%		10.80%		5.27		5.32		5.50		5.20		32.52		32.52		32.52		32.52		32.52		171.4		173.0		178.7		169.3		11.90%		11.90%		11.90%		11.90%		3.68		4.06		4.45		5.30		32.52		32.52		32.52		32.52		32.52		119.6		132.1		144.7		172.4

		Propane

		Waste

		Total				54.2		57.9		55.1		52.5		51.4		47.6																2170		2244		2099		1753		1606		1510										46.3		46.3		47.0		49.2												1277		1341		1300		1397										43.9		45.1		46.2		48.2												1210		1299		1273		1367										30.9		34.1		37.4		44.6												757		877		918		1147

		(MTonnes)				1.11		1.03		1.11		1.13		1.18		1.10

		SEC (GJ/T)				48.83		56.21		49.66		46.44		43.56		43.27

		Escalation Factor																																																		0.95		1.05		1.15		1.37																												0.95		1.05		1.15		1.37																												0.95		1.05		1.15		1.37

		SEC Trend																																																		-10.1%		-18.6%		-24.6%		-33.7%																												-14.7%		-20.8%		-25.9%		-35.1%																												-40.0%		-40.0%		-40.0%		-40.0%

		Self Generation Efficiency				35.2%		35.2%		35.2%		35.2%		35.2%		35.2%																																				35.2%		35.2%		35.2%		35.2%																												35.2%		35.2%		35.2%		35.2%																												50.0%		50.0%		50.0%		50.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		24.49																																		100.0%		100.0%		100.0%		100.0%		24.49																										100.0%		100.0%		100.0%		100.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				5%		5%		5%		5%		5%		5%

		Drying / Separation

		High Temperature Processes				65%		65%		65%		65%		65%		65%

		Lighting

		Low Temperature Processes

		Motors / Drives				23%		23%		23%		23%		23%		23%

		Other

		Refrigeration

		Space Heating				7%		7%		7%		7%		7%		7%





cement&lime&plaster

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Non-Metallic Minerals										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				8.66		8.02		7.62		7.26		8.10		7.20				60.76		58.16		52.49		46.19		44.79		43.81		526.2		466.4		400.0		335.3		362.8		315.4		23.80%		23.80%		23.80%		23.80%		8.39		8.69		8.94		9.85				31.65		35.92		31.82		36.09		265.69		312.09		284.50		355.35		23.80%		23.80%		23.80%		23.80%		5.83		6.15		6.57		8.01				31.65		35.92		31.82		36.09		184.6		220.9		209.1		289.0		23.80%		23.80%		23.80%		23.80%		4.77		5.27		5.82		7.09				31.65		35.92		31.82		36.09		151.0		189.4		185.1		255.9

		Electricity - Self Generated				0.00		0.00		0.00		0.20		0.20		0.20				0.00		0.00		0.00		29.62		29.62		29.62		0.0		0.0		0.0		5.9		5.9		5.9		0.70%		0.70%		0.70%		0.70%		0.25		0.26		0.26		0.29				29.62		29.62		29.62		29.62		7.31		7.57		7.79		8.58		0.70%		0.70%		0.70%		0.70%		0.17		0.18		0.19		0.24				29.62		29.62		29.62		29.62		5.1		5.4		5.7		7.0		0.70%		0.70%		0.70%		0.70%		0.14		0.16		0.17		0.21				29.62		29.62		29.62		29.62		4.2		4.6		5.1		6.2

		Fuel Oil				10.85		10.05		9.55		9.35		10.50		9.30		21.06		21.06		21.06		21.06		21.06		21.06		21.06		228.5		211.7		201.1		196.9		221.1		195.9		30.70%		30.70%		30.70%		30.70%		10.83		11.21		11.53		12.70		21.06		21.06		21.06		21.06		21.06		228.05		236.02		242.88		267.48		30.70%		30.70%		30.70%		30.70%		7.52		7.93		8.48		10.33		21.06		21.06		21.06		21.06		21.06		158.4		167.1		178.5		217.6		30.70%		30.70%		30.70%		30.70%		6.16		6.80		7.50		9.14		21.06		21.06		21.06		21.06		21.06		129.6		143.2		158.0		192.6

		LPG

		Natural Gas				15.85		14.68		13.95		13.65		15.32		13.50		14.81		14.81		14.81		14.81		14.81		14.81		14.81		234.7		217.4		206.6		202.2		226.9		199.9		44.80%		44.80%		44.80%		44.80%		15.80		16.35		16.83		18.53		14.81		14.81		14.81		14.81		14.81		234.02		242.21		249.25		274.49		44.80%		44.80%		44.80%		44.80%		10.98		11.58		12.37		15.07		14.81		14.81		14.81		14.81		14.81		162.6		171.5		183.2		223.3		44.80%		44.80%		44.80%		44.80%		8.98		9.92		10.95		13.34		14.81		14.81		14.81		14.81		14.81		133.0		147.0		162.2		197.6

		Other Solid

		Propane

		Waste

		Total				35.4		32.8		31.1		30.5		34.1		30.2																989		896		808		740		817		717										35.3		36.5		37.6		41.4												735		798		784		906										24.5		25.8		27.6		33.6												511		565		576		737										20.0		22.1		24.4		29.8												418		484		510		652

		(MTonnes)				378.00		350.00		332.00		325.00		364.00		334.00

		SEC (GJ/kT)				93.54		93.57		93.73		93.72		93.74		90.42

		Escalation Factor																																																		1.05		1.16		1.28		1.56																												1.05		1.16		1.28		1.56																												1.05		1.16		1.28		1.56

		SEC Trend																																																		-5.0%		-11.0%		-17.0%		-25.0%																												-34.0%		-37.0%		-39.0%		-39.0%																												-46.0%		-46.0%		-46.0%		-46.0%

		Self Generation Efficiency										50.0%		50.0%		50.0%																																				50.0%		50.0%		50.0%		50.0%																												50.0%		50.0%		50.0%		50.0%																												50.0%		50.0%		50.0%		50.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - Boilers		0.0%		0.0%		0.0%		100.0%		0.0%				14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air

		Drying / Separation				35%		35%		35%		35%		35%		35%

		High Temperature Processes				35%		35%		35%		35%		35%		35%

		Lighting				1%		1%		1%		1%		1%		1%

		Low Temperature Processes

		Motors / Drives				24%		24%		24%		24%		24%		24%

		Other

		Refrigeration

		Space Heating				5%		5%		5%		5%		5%		5%





glass&glassware

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Bricks										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				1.71		1.22		1.05		0.70		0.83		0.86		24.49		24.49		24.49		24.49		24.49		24.49		24.49		41.9		29.9		25.7		17.1		20.3		21.1		4.10%		4.00%		4.20%		4.30%		0.91		0.85		0.89		0.99		24.49		24.49		24.49		24.49		24.49		22.19		20.89		21.77		24.15		4.00%		4.10%		4.10%		4.20%		0.69		0.75		0.79		0.90		24.49		24.49		24.49		24.49		24.49		17.0		18.5		19.3		22.0		4.10%		4.10%		4.10%		4.00%		0.48		0.51		0.55		0.61		24.49		24.49		24.49		24.49		24.49		11.8		12.6		13.5		14.9

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				1.59		1.41		1.39		1.27		1.50		1.56				60.76		58.16		52.49		46.19		44.79		43.81		96.6		82.0		73.0		58.7		67.2		68.3		8.20%		8.50%		8.70%		8.60%		1.81		1.81		1.84		1.97				31.65		35.92		31.82		36.09		57.35		65.10		58.59		71.18		8.30%		8.60%		9.10%		9.90%		1.44		1.58		1.75		2.12				31.65		35.92		31.82		36.09		45.6		56.9		55.8		76.5		7.90%		7.90%		7.80%		8.20%		0.93		0.99		1.05		1.25				31.65		35.92		31.82		36.09		29.3		35.6		33.3		45.0

		Electricity - Self Generated

		Fuel Oil				0.65		0.47		0.23		0.26		0.31		0.32		21.06		21.06		21.06		21.06		21.06		21.06		21.06		13.7		9.9		4.8		5.5		6.5		6.7		1.40%		1.50%		1.40%		1.30%		0.31		0.32		0.30		0.30		21.06		21.06		21.06		21.06		21.06		6.51		6.74		6.24		6.28		1.30%		1.30%		1.30%		1.30%		0.23		0.24		0.25		0.28		21.06		21.06		21.06		21.06		21.06		4.7		5.0		5.3		5.9		1.50%		1.50%		1.50%		1.50%		0.18		0.19		0.20		0.23		21.06		21.06		21.06		21.06		21.06		3.7		4.0		4.2		4.8

		LPG				2.04		1.57		1.83		1.54		1.82		1.89		17.80		17.80		17.80		17.80		17.80		17.80		17.80		36.3		27.9		32.6		27.4		32.4		33.6		7.90%		7.80%		6.80%		5.30%		1.75		1.66		1.44		1.22		17.80		17.80		17.80		17.80		17.80		31.07		29.60		25.62		21.64		7.80%		7.60%		6.50%		5.40%		1.35		1.40		1.25		1.16		17.80		17.80		17.80		17.80		17.80		24.1		24.9		22.3		20.6		8.90%		8.90%		8.90%		8.90%		1.04		1.12		1.19		1.35		17.80		17.80		17.80		17.80		17.80		18.6		19.9		21.2		24.1

		Natural Gas				14.25		13.15		12.64		11.92		14.07		14.64		14.81		14.81		14.81		14.81		14.81		14.81		14.81		211.0		194.8		187.2		176.5		208.4		216.8		69.50%		69.20%		70.10%		71.70%		15.36		14.75		14.84		16.44		14.81		14.81		14.81		14.81		14.81		227.44		218.52		219.72		243.53		69.80%		69.60%		70.20%		70.40%		12.11		12.81		13.53		15.07		14.81		14.81		14.81		14.81		14.81		179.3		189.7		200.3		223.2		68.80%		68.80%		68.90%		68.60%		8.06		8.64		9.23		10.44		14.81		14.81		14.81		14.81		14.81		119.3		127.9		136.7		154.6

		Other Solid				1.59		1.59		1.53		1.37		1.62		1.69		32.52		32.52		32.52		32.52		32.52		32.52		32.52		51.7		51.7		49.8		44.6		52.7		55.0		8.00%		8.10%		7.90%		7.90%		1.77		1.73		1.67		1.81		32.52		32.52		32.52		32.52		32.52		57.49		56.16		54.37		58.92		7.90%		7.90%		7.90%		7.90%		1.37		1.45		1.52		1.69		32.52		32.52		32.52		32.52		32.52		44.6		47.3		49.5		55.0		7.90%		7.90%		7.90%		7.90%		0.93		0.99		1.06		1.20		32.52		32.52		32.52		32.52		32.52		30.1		32.3		34.4		39.1

		Propane

		Waste				0.95		0.55		0.24		0.15		0.18		0.19				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.90%		0.90%		0.90%		0.90%		0.20		0.19		0.19		0.21				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.90%		0.90%		0.90%		0.90%		0.16		0.17		0.17		0.19				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.90%		0.90%		0.90%		0.90%		0.11		0.11		0.12		0.14				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0

		Total				22.8		20.0		18.9		17.2		20.3		21.2																451		396		373		330		387		402										22.1		21.3		21.2		22.9												402		397		386		426										17.3		18.4		19.3		21.4												315		342		353		403										11.7		12.6		13.4		15.2												213		232		243		282

		(MTonnes)				8.80		7.80		6.90		6.40		7.40		7.70

		SEC (GJ/T)				2.59		2.56		2.74		2.69		2.75		2.75

		Escalation Factor																																																		0.97		1.04		1.11		1.26																												0.97		1.04		1.11		1.26																												0.97		1.04		1.11		1.26

		SEC Trend																																																		0.0%		-10.0%		-16.3%		-20.1%																												-21.5%		-22.3%		-23.8%		-25.4%																												-47.0%		-47.0%		-47.0%		-47.0%

		Self Generation Efficiency

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Process Breakdowns

		Compressed Air

		Drying / Separation				10%		10%		10%		10%		10%		10%

		High Temperature Processes				85%		85%		85%		85%		85%		85%

		Lighting

		Low Temperature Processes

		Motors / Drives				5%		5%		5%		5%		5%		5%

		Other

		Refrigeration

		Space Heating





pottery

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Cement, Lime & Plaster										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				75.83		61.68		56.05		48.00		47.90		45.30		24.49		24.49		24.49		24.49		24.49		24.49		24.49		1857.1		1510.5		1372.7		1175.5		1173.1		1109.4		63.00%		60.00%		55.00%		50.00%		48.17		49.07		47.72		50.14		24.49		24.49		24.49		24.49		24.49		1179.67		1201.61		1168.73		1227.95		51.00%		41.00%		30.00%		30.00%		34.61		29.67		22.97		27.52		24.49		24.49		24.49		24.49		24.49		847.7		726.7		562.5		673.9		30.00%		30.00%		30.00%		30.00%		18.56		20.30		22.05		26.42		24.49		24.49		24.49		24.49		24.49		454.4		497.2		540.0		646.9

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				8.24		6.70		6.09		6.00		6.20		6.00				60.76		58.16		52.49		46.19		44.79		43.81		500.7		389.7		319.7		277.1		277.7		262.9		9.00%		9.00%		9.00%		9.00%		6.88		7.36		7.81		9.03				31.65		35.92		31.82		36.09		217.79		264.36		248.49		325.72		8.00%		8.00%		9.00%		9.00%		5.43		5.79		6.89		8.25				31.65		35.92		31.82		36.09		171.8		208.0		219.3		297.9		9.00%		9.00%		9.00%		9.00%		5.57		6.09		6.61		7.92				31.65		35.92		31.82		36.09		176.2		218.8		210.5		286.0

		Electricity - Self Generated

		Fuel Oil				1.00		1.00		0.96		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		21.06		21.06		21.1		21.1		20.2		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		0.0		0.0		0.0		0.0

		LPG

		Natural Gas				16.00		13.01		11.83		14.90		14.80		14.20		14.81		14.81		14.81		14.81		14.81		14.81		14.81		237.0		192.7		175.2		220.7		219.2		210.3		21.00%		21.00%		21.00%		21.00%		16.06		17.17		18.22		21.06		14.81		14.81		14.81		14.81		14.81		237.80		254.33		269.86		311.89		21.00%		21.00%		21.00%		21.00%		14.25		15.20		16.08		19.26		14.81		14.81		14.81		14.81		14.81		211.1		225.1		238.1		285.3		21.00%		21.00%		21.00%		21.00%		12.99		14.21		15.43		18.49		14.81		14.81		14.81		14.81		14.81		192.4		210.5		228.6		273.9

		Other Solid

		Propane

		Waste				0.00		0.00		0.00		0.70		2.30		3.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		7.00%		10.00%		15.00%		20.00%		5.35		8.18		13.02		20.06				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		20.00%		30.00%		40.00%		40.00%		13.57		21.71		30.62		36.69				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		40.00%		40.00%		40.00%		40.00%		24.74		27.07		29.40		35.22				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0

		Total				101.1		82.4		74.9		69.6		71.2		68.5																2616		2114		1888		1673		1670		1583										76.5		81.8		86.8		100.3												1635		1720		1687		1866										67.9		72.4		76.6		91.7												1231		1160		1020		1257										61.9		67.7		73.5		88.1												823		926		979		1207

		(MTonnes)				22.00		18.00		16.50		16.30		16.80		16.20

		SEC (GJ/T)				4.59		4.58		4.54		4.27		4.24		4.23

		Escalation Factor																																																		0.85		0.93		1.01		1.21																												0.85		0.93		1.01		1.21																												0.85		0.93		1.01		1.21

		SEC Trend																																																		-11.0%		-13.0%		-15.0%		-18.0%																												-21.0%		-23.0%		-25.0%		-25.0%																												-28.0%		-28.0%		-28.0%		-28.0%

		Self Generation Efficiency

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Process Breakdowns

		Compressed Air

		Drying / Separation				5%		5%		5%		5%		5%		5%

		High Temperature Processes				87%		87%		87%		87%		87%		87%

		Lighting

		Low Temperature Processes

		Motors / Drives				8%		8%		8%		8%		8%		8%

		Other

		Refrigeration

		Space Heating





chemicals

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Glass & Glassware										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				0.65		0.61		0.56		0.52		0.47		0.43		24.49		24.49		24.49		24.49		24.49		24.49		24.49		15.9		14.9		13.7		12.7		11.5		10.5		0.50%		0.50%		0.50%		0.50%		0.15		0.14		0.13		0.13		24.49		24.49		24.49		24.49		24.49		3.59		3.33		3.17		3.10		0.50%		0.50%		0.50%		0.50%		0.12		0.12		0.11		0.11		24.49		24.49		24.49		24.49		24.49		3.1		2.9		2.8		2.8		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				4.94		4.93		4.91		4.90		4.88		4.87				60.76		58.16		52.49		46.19		44.79		43.81		300.2		286.7		257.7		226.3		218.6		213.4		14.30%		13.80%		12.20%		10.10%		4.20		3.75		3.16		2.56				31.65		35.92		31.82		36.09		132.83		134.85		100.41		92.24		9.00%		13.00%		17.00%		21.00%		2.25		3.10		3.89		4.81				31.65		35.92		31.82		36.09		71.2		111.5		123.7		173.7		10.00%		10.00%		10.00%		10.00%		1.58		1.59		1.61		1.64				31.65		35.92		31.82		36.09		50.0		57.3		51.2		59.3

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		1.00%		2.20%		5.60%		0.00		0.27		0.57		1.42				0.00		19.75		19.75		19.75		0.00		5.37		11.24		27.98		9.00%		9.00%		9.00%		9.00%		2.25		2.15		2.06		2.06				19.75		19.75		19.75		19.75		44.4		42.4		40.7		40.7		19.00%		19.00%		19.00%		19.00%		3.00		3.03		3.06		3.12				19.75		19.75		19.75		19.75		59.2		59.8		60.4		61.6

		Fuel Oil				14.52		13.15		11.79		10.42		9.06		7.69		21.06		21.06		21.06		21.06		21.06		21.06		21.06		305.8		276.9		248.3		219.4		190.8		162.0		39.40%		44.70%		41.20%		36.40%		11.56		12.16		10.66		9.21		21.06		21.06		21.06		21.06		21.06		243.51		256.09		224.42		193.98		38.00%		32.00%		29.00%		25.00%		9.50		7.64		6.63		5.73		21.06		21.06		21.06		21.06		21.06		200.1		161.0		139.7		120.7		13.00%		13.00%		13.00%		13.00%		2.05		2.07		2.09		2.13		21.06		21.06		21.06		21.06		21.06		43.2		43.7		44.1		45.0

		LPG

		Natural Gas				12.43		13.43		14.64		15.74		16.85		17.95		14.81		14.81		14.81		14.81		14.81		14.81		14.81		184.1		198.9		216.8		233.1		249.5		265.8		45.80%		40.00%		43.90%		47.40%		13.44		10.88		11.35		11.99		14.81		14.81		14.81		14.81		14.81		199.06		161.15		168.16		177.64		43.50%		45.50%		44.50%		44.50%		10.87		10.87		10.18		10.20		14.81		14.81		14.81		14.81		14.81		161.0		160.9		150.8		151.1		58.00%		58.00%		58.00%		58.00%		9.16		9.25		9.34		9.53		14.81		14.81		14.81		14.81		14.81		135.6		137.0		138.3		141.1

		Other Solid

		Propane

		Waste

		Total				32.5		32.1		31.9		31.6		31.3		30.9																806		778		737		692		670		652										29.3		27.2		25.9		25.3												579		561		507		495										25.0		23.9		22.9		22.9												480		479		458		489										15.8		15.9		16.1		16.4												288		298		294		307

		Quantity Units (MTonnes)				2.96		3.01		3.05		3.10		3.14		3.19

		SEC (GJ/kT)				10993.24		10671.10		10459.02		10187.10		9955.41		9699.06

		Escalation Factor																																																		0.99		1.00		1.01		1.03																												0.99		1.00		1.01		1.03																												0.99		1.00		1.01		1.03

		SEC Trend																																																		-8.9%		-16.4%		-21.3%		-24.5%																												-22.4%		-26.6%		-30.4%		-31.6%																												-51.0%		-51.0%		-51.0%		-51.0%

		Self Generation Efficiency																																																				75.0%		75.0%		75.0%																												75.0%		75.0%		75.0%		75.0%																												75.0%		75.0%		75.0%		75.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		0.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				5%		5%		5%		5%		5%		5%

		Drying / Separation

		High Temperature Processes				85%		85%		83%		83%		83%		83%

		Lighting

		Low Temperature Processes

		Motors / Drives				5%		5%		5%		5%		5%		5%

		Other

		Refrigeration

		Space Heating				5%		5%		7%		7%		7%		7%





Mech Eng

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Pottery										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				0.10		0.10		0.10		0.10		0.10		0.10		24.49		24.49		24.49		24.49		24.49		24.49		24.49		2.4		2.4		2.4		2.4		2.4		2.4		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				2.90		2.90		2.80		2.80		2.80		2.80				60.76		58.16		52.49		46.19		44.79		43.81		176.2		168.7		147.0		129.3		125.4		122.7		20.00%		22.00%		24.00%		24.00%		3.04		3.00		3.20		3.28				31.65		35.92		31.82		36.09		96.07		107.81		101.71		118.31		19.00%		21.00%		23.00%		26.00%		2.15		2.35		2.56		3.01				31.65		35.92		31.82		36.09		67.9		84.5		81.3		108.8		26.00%		26.00%		26.00%		26.00%		2.22		2.34		2.43		2.66				31.65		35.92		31.82		36.09		70.3		84.0		77.3		96.1

		Electricity - Self Generated

		Fuel Oil				0.40		0.40		0.40		0.40		0.40		0.40		21.06		21.06		21.06		21.06		21.06		21.06		21.06		8.4		8.4		8.4		8.4		8.4		8.4		1.00%		1.00%		0.00%		0.00%		0.15		0.14		0.00		0.00		21.06		21.06		21.06		21.06		21.06		3.20		2.87		0.00		0.00		1.00%		1.00%		1.00%		0.00%		0.11		0.11		0.11		0.00		21.06		21.06		21.06		21.06		21.06		2.4		2.4		2.3		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		0.0		0.0		0.0		0.0

		LPG

		Natural Gas				13.10		13.00		13.00		12.90		12.90		12.80		14.81		14.81		14.81		14.81		14.81		14.81		14.81		194.0		192.5		192.5		191.0		191.0		189.6		74.00%		73.00%		73.00%		74.00%		11.23		9.96		9.72		10.11		14.81		14.81		14.81		14.81		14.81		166.32		147.49		143.99		149.70		76.00%		75.00%		73.00%		72.00%		8.58		8.40		8.11		8.35		14.81		14.81		14.81		14.81		14.81		127.1		124.4		120.1		123.6		72.00%		72.00%		72.00%		72.00%		6.15		6.47		6.73		7.37		14.81		14.81		14.81		14.81		14.81		91.1		95.9		99.7		109.2

		Other Solid

		Propane				0.30		0.20		0.20		0.20		0.20		0.20		17.80		17.80		17.80		17.80		17.80		17.80		17.80		5.3		3.6		3.6		3.6		3.6		3.6		5.00%		4.00%		3.00%		2.00%		0.76		0.55		0.40		0.27		17.80		17.80		17.80		17.80		17.80		13.51		9.71		7.11		4.86		4.00%		3.00%		3.00%		2.00%		0.45		0.34		0.33		0.23		17.80		17.80		17.80		17.80		17.80		8.0		6.0		5.9		4.1		2.00%		2.00%		2.00%		2.00%		0.17		0.18		0.19		0.20		17.80		17.80		17.80		17.80		17.80		3.0		3.2		3.3		3.6

		Waste

		Total				16.8		16.6		16.5		16.4		16.4		16.3																386		376		354		335		331		327										15.2		13.6		13.3		13.7												279		268		253		273										11.3		11.2		11.1		11.6												205		217		210		237										8.5		9.0		9.3		10.2												165		183		180		209

		Added Value (£M)				1.35		1.36		1.36		1.37		1.38		1.38

		SEC (GJ/£k)				12444.44		12205.88		12132.35		11970.80		11884.06		11811.59

		Escalation Factor																																																		0.96		1.01		1.05		1.15																												0.96		1.01		1.05		1.15																												0.96		1.01		1.05		1.15

		SEC Trend																																																		-5.9%		-19.6%		-24.5%		-29.3%																												-30.0%		-34.0%		-37.0%		-40.0%																												-47.0%		-47.0%		-47.0%		-47.0%

		Self Generation Efficiency

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Process Breakdowns

		Compressed Air

		Drying / Separation				22%		22%		22%		22%		22%		22%

		High Temperature Processes				68%		68%		68%		68%		68%		68%

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes

		Motors / Drives				7%		7%		7%		7%		7%		7%

		Other

		Refrigeration

		Space Heating





ElecEng

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Chemicals										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				30.98		34.75		33.29		27.97		27.76		23.95		24.49		24.49		24.49		24.49		24.49		24.49		24.49		758.7		851.0		815.3		685.0		679.8		586.5		8.30%		7.60%		6.50%		5.00%		22.73		21.49		19.08		15.98		24.49		24.49		24.49		24.49		24.49		556.70		526.37		467.21		391.25		6.60%		6.00%		5.00%		3.60%		17.09		15.84		13.51		10.41		24.49		24.49		24.49		24.49		24.49		418.6		387.9		330.8		254.9		6.30%		5.70%		4.90%		3.40%		14.87		13.25		11.72		8.13		24.49		24.49		24.49		24.49		24.49		364.2		324.6		287.0		199.2

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported				-2.48		-2.48		-3.08		-2.62		-5.32		-7.85				60.76		58.16		52.49		46.19		44.79		43.81		-150.7		-144.2		-161.7		-121.0		-238.3		-343.9		-1.00%		-1.00%		-1.00%		-1.10%		-2.74		-2.83		-2.94		-3.51				31.65		35.92		31.82		36.09		-86.68		-101.58		-93.39		-126.85		-1.30%		-1.40%		-1.40%		-1.40%		-3.37		-3.70		-3.78		-4.05				31.65		35.92		31.82		36.09		-106.6		-132.7		-120.3		-146.1		-1.50%		-1.50%		-1.60%		-1.70%		-3.54		-3.49		-3.83		-4.07				31.65		35.92		31.82		36.09		-112.1		-125.3		-121.7		-146.8

		Electricity - Purchased				52.43		49.37		50.76		57.34		47.35		54.31				60.76		58.16		52.49		46.19		44.79		43.81		3185.6		2871.4		2664.4		2648.5		2120.8		2379.3		17.70%		17.90%		17.90%		18.10%		48.48		50.62		52.54		57.83				31.65		35.92		31.82		36.09		1534.27		1818.36		1671.72		2087.21		14.00%		14.30%		14.60%		15.30%		36.26		37.75		39.44		44.23				31.65		35.92		31.82		36.09		1147.6		1355.8		1255.1		1596.3		14.10%		14.50%		15.00%		16.00%		33.29		33.72		35.87		38.28				31.65		35.92		31.82		36.09		1053.5		1211.1		1141.4		1381.6

		Electricity - Self Generated				15.58		15.58		15.58		15.58		20.89		21.54				32.35		32.35		32.35		32.35		31.51		26.94		504.0		504.0		504.0		504.0		658.3		580.2		6.10%		6.60%		7.40%		8.60%		16.71		18.67		21.72		27.48				25.59		25.13		24.26		23.41		427.55		469.07		526.87		643.16		10.80%		11.30%		11.90%		12.90%		27.97		29.83		32.15		37.29				21.30		21.18		20.93		20.63		595.9		631.8		672.9		769.5		11.60%		12.10%		12.80%		14.10%		27.38		28.14		30.61		33.74				21.17		21.08		20.87		20.62		579.7		593.0		638.8		695.6

		Fuel Oil				49.57		57.74		50.54		51.92		67.33		48.95		21.06		21.06		21.06		21.06		21.06		21.06		21.06		1043.9		1216.0		1064.4		1093.4		1418.0		1030.9		15.00%		14.10%		12.80%		10.90%		41.08		39.88		37.57		34.83		21.06		21.06		21.06		21.06		21.06		865.17		839.78		791.19		733.48		14.80%		14.00%		12.90%		11.20%		38.33		36.95		34.85		32.38		21.06		21.06		21.06		21.06		21.06		807.2		778.2		733.9		681.9		14.90%		14.20%		13.20%		11.50%		35.17		33.02		31.57		27.52		21.06		21.06		21.06		21.06		21.06		740.8		695.4		664.8		579.5

		LPG

		Natural Gas				126.96		103.00		107.24		110.08		125.10		111.58		14.81		14.81		14.81		14.81		14.81		14.81		14.81		1880.3		1525.4		1588.2		1630.3		1852.7		1652.5		53.20%		54.10%		55.70%		57.80%		145.70		153.00		163.48		184.68		14.81		14.81		14.81		14.81		14.81		2157.85		2265.91		2421.14		2735.16		54.40%		55.10%		56.30%		57.80%		140.89		145.44		152.10		167.09		14.81		14.81		14.81		14.81		14.81		2086.6		2153.9		2252.6		2474.7		53.90%		54.30%		55.00%		56.00%		127.24		126.26		131.53		133.99		14.81		14.81		14.81		14.81		14.81		1884.4		1870.0		1947.9		1984.3

		Other Solid				2.60		2.09		2.47		2.97		2.18		1.76		32.52		32.52		32.52		32.52		32.52		32.52		32.52		84.6		68.0		80.3		96.6		70.9		57.2		0.70%		0.70%		0.70%		0.70%		1.92		1.98		2.05		2.24		32.52		32.52		32.52		32.52		32.52		62.35		64.38		66.81		72.74		0.70%		0.70%		0.70%		0.60%		1.81		1.85		1.89		1.73		32.52		32.52		32.52		32.52		32.52		59.0		60.1		61.5		56.4		0.70%		0.70%		0.70%		0.70%		1.65		1.63		1.67		1.67		32.52		32.52		32.52		32.52		32.52		53.7		52.9		54.4		54.5

		Propane

		Waste

		Total				275.6		260.1		256.8		263.2		285.3		254.2																7306		6892		6555		6537		6562		5943										273.9		282.8		293.5		319.5												5517		5882		5852		6536										259.0		264.0		270.2		289.1												5008		5235		5186		5688										236.1		232.5		239.1		239.3												4564		4622		4612		4748

		Quantity Units (Units)				100.00		97.60		94.70		93.50		101.60		103.00

		SEC (PJ/Unit)				2.76		2.66		2.71		2.82		2.81		2.47

		Escalation Factor																																																		1.08		1.14		1.21		1.38																												1.08		1.14		1.21		1.38																												1.08		1.14		1.21		1.38

		SEC Trend																																																		-8.0%		-10.0%		-12.0%		-16.0%																												-13.0%		-16.0%		-19.0%		-24.0%																												-20.7%		-26.0%		-28.3%		-37.1%

		Self Generation Efficiency				66.4%		66.4%		66.4%		66.4%		66.4%		74.0%																																				72.4%		72.6%		73.2%		73.7%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Exported		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		48.1%		48.1%		48.1%		48.1%		42.0%		40.0%		24.49																																		19.7%		17.6%		14.1%		10.4%		24.49																										7.6%		7.0%		6.0%		4.7%		24.49																										7.2%		6.5%		5.4%		3.8%		24.49

				Fuel Oil - Boilers		28.8%		28.8%		28.8%		28.8%		28.8%		20.0%		21.06																																		27.0%		26.0%		23.9%		21.8%		21.06																										23.1%		22.5%		21.1%		19.6%		21.06																										22.3%		22.2%		21.5%		20.8%		21.06

				Natural Gas - Boilers		21.9%		21.9%		21.9%		21.9%		27.8%		20.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		20.0%		14.81																																		52.6%		55.8%		61.5%		67.4%		14.81																										69.0%		70.2%		72.7%		75.6%		14.81																										70.3%		71.1%		73.0%		75.3%		14.81

				Other Solid - Boilers		1.2%		1.2%		1.2%		1.2%		1.4%		0.0%		32.52																																		0.7%		0.6%		0.5%		0.4%		32.52																										0.3%		0.3%		0.2%		0.1%		32.52																										0.2%		0.2%		0.1%		0.1%		32.52

		Process Breakdowns

		Compressed Air								2%		2%		2%		2%

		Drying / Separation				27%		27%		26%		26%		26%		26%

		High Temperature Processes

		Lighting								1%		1%		1%		1%

		Low Temperature Processes				40%		40%		46%		46%		46%		46%

		Motors / Drives				4%		4%		10%		10%		10%		10%

		Other				20%		20%		8%		8%		8%		8%

		Refrigeration				5%		5%		3%		3%		3%		3%

		Space Heating				4%		4%		4%		4%		4%		4%





vehiclemftr

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Mechanical Engineering										1000000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				1.51		1.38		1.26		1.47		0.92		0.84		24.49		24.49		24.49		24.49		24.49		24.49		24.49		37.0		33.8		30.9		36.0		22.5		20.6		1.00%		1.00%		1.00%		1.00%		1.00		1.02		1.06		1.12		24.49		24.49		24.49		24.49		24.49		24.56		24.88		25.87		27.48		1.00%		1.00%		1.00%		1.00%		0.91		0.92		0.96		1.02		24.49		24.49		24.49		24.49		24.49		22.2		22.5		23.4		25.0		0.30%		0.30%		0.30%		0.30%		0.23		0.24		0.25		0.27		24.49		24.49		24.49		24.49		24.49		5.6		5.9		6.1		6.7

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				33.91		29.52		29.98		29.27		28.89		29.94				60.76		58.16		52.49		46.19		44.79		43.81		2060.4		1716.9		1573.7		1352.0		1294.0		1311.7		35.80%		35.60%		35.40%		35.30%		35.90		36.17		37.40		39.61				31.65		35.92		31.82		36.09		1136.19		1299.22		1190.00		1429.37		32.60%		32.20%		32.60%		32.30%		29.53		29.54		31.13		32.93				31.65		35.92		31.82		36.09		934.6		1060.9		990.7		1188.3		13.10%		13.10%		13.10%		13.10%		10.02		10.44		10.96		11.90				31.65		35.92		31.82		36.09		317.1		374.8		348.6		429.3

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.30%		0.40%		0.60%		0.00		0.30		0.42		0.67				18.51		18.51		18.51		18.51		0.00		5.64		7.82		12.46		3.20%		3.20%		3.20%		3.20%		2.90		2.94		3.06		3.26				18.51		18.51		18.51		18.51		53.7		54.3		56.6		60.4		19.20%		19.20%		19.20%		19.20%		14.68		15.29		16.06		17.44				18.51		18.51		18.51		18.51		271.8		283.1		297.3		322.8

		Fuel Oil				19.51		18.05		19.05		18.71		17.54		15.87		21.06		21.06		21.06		21.06		21.06		21.06		21.06		410.9		380.1		401.2		394.0		369.4		334.2		19.00%		18.70%		18.90%		18.80%		19.05		19.00		19.97		21.09		21.06		21.06		21.06		21.06		21.06		401.24		400.13		420.50		444.22		19.00%		19.20%		19.00%		19.10%		17.21		17.61		18.15		19.47		21.06		21.06		21.06		21.06		21.06		362.5		370.9		382.2		410.1		3.50%		3.50%		3.50%		3.50%		2.68		2.79		2.93		3.18		21.06		21.06		21.06		21.06		21.06		56.4		58.7		61.7		66.9

		LPG				0.00		0.00		0.00		0.00		0.00		0.00		17.80		17.80		17.80		17.80		17.80		17.80		17.80		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		17.80		17.80		17.80		17.80		17.80		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		17.80		17.80		17.80		17.80		17.80		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		17.80		17.80		17.80		17.80		17.80		0.0		0.0		0.0		0.0

		Natural Gas				46.22		45.93		38.69		37.93		28.30		29.94		14.81		14.81		14.81		14.81		14.81		14.81		14.81		684.5		680.2		573.0		561.7		419.1		443.4		35.80%		36.00%		35.90%		35.90%		35.90		36.58		37.93		40.28		14.81		14.81		14.81		14.81		14.81		531.66		541.69		561.69		596.53		35.80%		36.00%		35.80%		36.00%		32.43		33.02		34.19		36.70		14.81		14.81		14.81		14.81		14.81		480.3		489.0		506.4		543.5		56.30%		56.30%		56.30%		56.30%		43.05		44.85		47.09		51.13		14.81		14.81		14.81		14.81		14.81		637.6		664.2		697.4		757.2

		Other Solid				8.57		7.18		7.53		7.86		7.25		7.00		32.52		32.52		32.52		32.52		32.52		32.52		32.52		278.7		233.5		244.9		255.6		235.8		227.6		8.40%		8.40%		8.40%		8.40%		8.42		8.53		8.87		9.42		32.52		32.52		32.52		32.52		32.52		273.92		277.54		288.59		306.49		8.40%		8.40%		8.40%		8.40%		7.61		7.70		8.02		8.56		32.52		32.52		32.52		32.52		32.52		247.4		250.6		260.9		278.5		7.60%		7.60%		7.60%		7.60%		5.81		6.05		6.36		6.90		32.52		32.52		32.52		32.52		32.52		189.0		196.9		206.7		224.4

		Propane

		Waste

		Total				109.7		102.1		96.5		95.2		82.9		83.6																3471		3045		2824		2599		2341		2338										100.3		101.6		105.6		112.2												2368		2549		2494		2817										90.6		91.7		95.5		101.9												2101		2248		2220		2506										76.5		79.7		83.6		90.8												1477		1584		1618		1807

		Added Value (£M)				19571.00		18181.00		17731.00		17966.00		19180.00		19825.00

		SEC (GJ/£M)				5606.25		5613.55		5443.01		5301.12		4322.21		4216.39

		Escalation Factor																																																		0.96		1.00		1.05		1.14																												0.96		1.00		1.05		1.14																												0.96		1.00		1.05		1.14

		SEC Trend																																																		-4.8%		-7.4%		-8.3%		-10.3%																												-14.0%		-16.4%		-17.1%		-18.5%																												-27.4%		-27.4%		-27.4%		-27.4%

		Self Generation Efficiency																																																		80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				10%		10%		10%		10%		10%		10%

		Drying / Separation

		High Temperature Processes				9%		9%		9%		9%		9%		9%

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				15%		15%		15%		15%		15%		15%

		Motors / Drives				15%		15%		15%		15%		15%		15%

		Other

		Refrigeration

		Space Heating				48%		48%		48%		48%		48%		48%





fooddrink&tobacco

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Electrical Engineering										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				0.59		0.63		0.42		0.50		0.00		0.00		24.49		24.49		24.49		24.49		24.49		24.49		24.49		14.4		15.4		10.3		12.2		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				18.88		20.35		18.51		18.58		18.00		19.05				60.76		58.16		52.49		46.19		44.79		43.81		1147.1		1183.6		971.6		858.2		806.2		834.6		50.70%		50.40%		50.20%		50.00%		32.74		38.26		44.65		55.54				31.65		35.92		31.82		36.09		1036.36		1374.20		1420.77		2004.43		46.40%		46.40%		46.40%		46.40%		27.32		32.25		37.89		47.63				31.65		35.92		31.82		36.09		864.7		1158.4		1205.5		1718.9		24.50%		24.50%		24.50%		24.50%		11.56		14.02		16.63		21.30				31.65		35.92		31.82		36.09		365.9		503.5		529.1		768.8

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.40%		0.60%		0.80%		0.00		0.30		0.53		0.89				18.51		18.51		18.51		18.51		0.00		5.62		9.88		16.45		4.20%		4.20%		4.20%		4.20%		2.47		2.92		3.43		4.31				18.51		18.51		18.51		18.51		45.8		54.0		63.5		79.8		18.30%		18.30%		18.30%		18.30%		8.64		10.47		12.42		15.91				18.51		18.51		18.51		18.51		159.9		193.8		229.9		294.5

		Fuel Oil				8.71		9.21		10.05		10.72		10.05		8.75		21.06		21.06		21.06		21.06		21.06		21.06		21.06		183.4		194.0		211.7		225.8		211.7		184.3		23.20%		22.90%		23.10%		23.00%		14.98		17.38		20.55		25.55		21.06		21.06		21.06		21.06		21.06		315.56		366.08		432.70		538.05		23.20%		23.20%		23.20%		23.20%		13.66		16.12		18.94		23.81		21.06		21.06		21.06		21.06		21.06		287.7		339.6		398.9		501.5		3.40%		3.40%		3.40%		3.40%		1.60		1.95		2.31		2.96		21.06		21.06		21.06		21.06		21.06		33.8		41.0		48.6		62.3

		LPG

		Natural Gas				19.93		20.68		18.51		15.45		9.80		9.76		14.81		14.81		14.81		14.81		14.81		14.81		14.81		295.2		306.3		274.1		228.8		145.1		144.5		25.90%		26.10%		25.90%		26.00%		16.73		19.81		23.04		28.88		14.81		14.81		14.81		14.81		14.81		247.73		293.41		341.17		427.72		26.00%		26.00%		26.00%		26.00%		15.31		18.07		21.23		26.69		14.81		14.81		14.81		14.81		14.81		226.7		267.6		314.4		395.2		53.70%		53.70%		53.70%		53.70%		25.34		30.72		36.45		46.69		14.81		14.81		14.81		14.81		14.81		375.3		455.0		539.8		691.5

		Other Solid				0.13		0.08		0.13		0.17		0.13		0.08		32.52		32.52		32.52		32.52		32.52		32.52		32.52		4.2		2.6		4.2		5.5		4.2		2.6		0.20%		0.20%		0.20%		0.20%		0.13		0.15		0.18		0.22		32.52		32.52		32.52		32.52		32.52		4.20		4.94		5.78		7.22		0.20%		0.20%		0.20%		0.20%		0.12		0.14		0.16		0.21		32.52		32.52		32.52		32.52		32.52		3.8		4.5		5.3		6.7		0.10%		0.10%		0.10%		0.10%		0.05		0.06		0.07		0.09		32.52		32.52		32.52		32.52		32.52		1.5		1.9		2.2		2.8

		Propane

		Waste

		Total				48.2		51.0		47.6		45.4		38.0		37.6																1644		1702		1472		1331		1167		1166										64.6		75.9		88.9		111.1												1604		2044		2210		2994										58.9		69.5		81.7		102.6												1429		1824		1988		2702										47.2		57.2		67.9		86.9												936		1195		1350		1820

		Added Value (£M)				14376.00		13384.00		13097.00		13212.00		14088.00		14563.00

		SEC (GJ/£k)				3.36		3.81		3.64		3.44		2.70		2.58

		Escalation Factor																																																		1.46		1.77		2.10		2.69																												1.46		1.77		2.10		2.69																												1.46		1.77		2.10		2.69

		SEC Trend																																																		-8.3%		-11.1%		-12.2%		-14.4%																												-16.4%		-18.6%		-19.4%		-20.9%																												-33.0%		-33.0%		-33.0%		-33.0%

		Self Generation Efficiency				80.0%																																														80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				10%		10%		10%		10%		10%		10%

		Drying / Separation

		High Temperature Processes				9%		9%		9%		9%		9%		9%

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				15%		15%		15%		15%		15%		15%

		Motors / Drives				15%		15%		15%		15%		15%		15%

		Other

		Refrigeration

		Space Heating				48%		48%		48%		48%		48%		48%





textiles

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Vehicle Manufacture										1000000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				6.15		7.29		8.21		6.74		6.87		5.95		24.49		24.49		24.49		24.49		24.49		24.49		24.49		150.6		178.5		201.1		165.1		168.2		145.7		8.70%		8.70%		8.70%		8.70%		6.17		6.85		7.65		9.68		24.49		24.49		24.49		24.49		24.49		151.07		167.76		187.35		237.17		8.70%		8.70%		8.70%		8.70%		5.54		6.14		6.91		8.83		24.49		24.49		24.49		24.49		24.49		135.6		150.4		169.1		216.2		1.60%		1.60%		1.60%		1.60%		0.82		0.94		1.07		1.39		24.49		24.49		24.49		24.49		24.49		20.1		23.0		26.1		34.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				22.44		21.86		22.32		22.23		20.18		22.06				60.76		58.16		52.49		46.19		44.79		43.81		1363.5		1271.4		1171.6		1026.8		903.9		966.4		32.00%		31.70%		31.60%		31.40%		22.69		24.96		27.79		34.95				31.65		35.92		31.82		36.09		718.12		896.54		884.17		1261.43		29.80%		29.80%		29.80%		29.80%		18.96		21.04		23.65		30.24				31.65		35.92		31.82		36.09		600.2		755.8		752.6		1091.5		11.10%		11.10%		11.10%		11.10%		5.71		6.52		7.39		9.62				31.65		35.92		31.82		36.09		180.6		234.3		235.2		347.2

		Electricity - Self Generated				0.00		0.00		0.10		0.15		0.30		0.55				0.00		0.00		28.27		28.27		28.27		26.89		0.0		0.0		2.8		4.2		8.5		14.8		1.00%		1.30%		1.40%		1.60%		0.71		1.02		1.23		1.78				18.51		18.51		18.51		18.51		13.13		18.95		22.79		32.97		3.20%		3.20%		3.20%		3.20%		2.04		2.26		2.54		3.25				18.51		18.51		18.51		18.51		37.7		41.8		47.0		60.1		21.60%		21.60%		21.60%		21.60%		11.11		12.69		14.39		18.72				18.51		18.51		18.51		18.51		205.6		235.0		266.3		346.6

		Fuel Oil				12.02		11.93		11.05		11.14		10.72		9.71		21.06		21.06		21.06		21.06		21.06		21.06		21.06		253.1		251.2		232.7		234.6		225.8		204.5		14.20%		14.20%		14.20%		14.20%		10.07		11.18		12.49		15.81		21.06		21.06		21.06		21.06		21.06		212.04		235.46		262.96		332.88		14.20%		14.20%		14.20%		14.20%		9.04		10.03		11.27		14.41		21.06		21.06		21.06		21.06		21.06		190.3		211.1		237.4		303.5		3.20%		3.20%		3.20%		3.20%		1.65		1.88		2.13		2.77		21.06		21.06		21.06		21.06		21.06		34.7		39.6		44.9		58.4

		LPG

		Natural Gas				32.78		32.41		35.63		33.24		28.09		29.98		14.81		14.81		14.81		14.81		14.81		14.81		14.81		485.5		480.0		527.7		492.3		416.0		444.0		43.90%		43.90%		43.90%		43.90%		31.13		34.57		38.60		48.87		14.81		14.81		14.81		14.81		14.81		460.99		511.91		571.70		723.71		43.90%		43.90%		43.90%		43.90%		27.94		31.00		34.84		44.55		14.81		14.81		14.81		14.81		14.81		413.7		459.1		516.0		659.8		62.40%		62.40%		62.40%		62.40%		32.09		36.67		41.56		54.09		14.81		14.81		14.81		14.81		14.81		475.2		543.1		615.5		801.0

		Other Solid				0.25		0.17		0.21		0.29		0.21		0.17		32.52		32.52		32.52		32.52		32.52		32.52		32.52		8.1		5.5		6.8		9.4		6.8		5.5		0.20%		0.20%		0.20%		0.20%		0.14		0.16		0.18		0.22		32.52		32.52		32.52		32.52		32.52		4.61		5.12		5.72		7.24		0.20%		0.20%		0.20%		0.20%		0.13		0.14		0.16		0.20		32.52		32.52		32.52		32.52		32.52		4.1		4.6		5.2		6.6		0.10%		0.10%		0.10%		0.10%		0.05		0.06		0.07		0.09		32.52		32.52		32.52		32.52		32.52		1.7		1.9		2.2		2.8

		Propane

		Waste				0.00		0.00		0.34		0.34		0.22		0.22				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0

		Total				73.6		73.7		77.9		74.1		66.6		68.6																2261		2187		2143		1932		1729		1781										70.9		78.7		87.9		111.3												1560		1836		1935		2595										63.6		70.6		79.4		101.5												1382		1623		1727		2338										51.4		58.8		66.6		86.7												918		1077		1190		1590

		Added Value (£M)				13622.00		12655.00		12341.00		12505.00		13350.00		13800.00

		SEC (GJ/£M)				5405.96		5820.62		6309.05		5928.03		4988.01		4973.91

		Escalation Factor																																																		1.05		1.20		1.36		1.77																												1.05		1.20		1.36		1.77																												1.05		1.20		1.36		1.77

		SEC Trend																																																		-8.3%		-10.9%		-12.2%		-14.6%																												-17.7%		-20.1%		-20.8%		-22.1%																												-33.5%		-33.5%		-33.5%		-33.5%

		Self Generation Efficiency								70.0%		70.0%		70.0%		70.0%																																				80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		45.0%		45.0%		45.0%		35.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Fuel Oil - Boilers		0.0%		0.0%		10.0%		10.0%		10.0%		10.0%		21.06																																		0.0%		0.0%		0.0%		0.0%		21.06																										0.0%		0.0%		0.0%		0.0%		21.06																										0.0%		0.0%		0.0%		0.0%		21.06

				Natural Gas - Boilers		0.0%		0.0%		45.0%		45.0%		45.0%		55.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				10%		10%		10%		10%		10%		10%

		Drying / Separation

		High Temperature Processes				9%		9%		9%		9%		9%		9%

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				15%		15%		15%		15%		15%		15%

		Motors / Drives				15%		15%		15%		15%		15%		15%

		Other

		Refrigeration

		Space Heating				48%		48%		48%		48%		48%		48%





other

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Food, Drink & Tobacco										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				9.30		9.30		9.06		8.94		9.04		9.20		24.49		24.49		24.49		24.49		24.49		24.49		24.49		227.8		227.8		221.9		218.9		221.4		225.3		5.40%		5.40%		5.40%		5.40%		10.12		10.39		10.75		11.43		24.49		24.49		24.49		24.49		24.49		247.81		254.47		263.22		280.01		5.50%		5.50%		5.50%		5.50%		8.83		9.16		9.57		10.39		24.49		24.49		24.49		24.49		24.49		216.2		224.2		234.3		254.5		5.60%		5.60%		5.60%		5.60%		8.77		9.10		9.51		10.33		24.49		24.49		24.49		24.49		24.49		214.9		222.9		233.0		253.1

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported				0.00		0.00		0.00		0.00		0.00		0.00				60.76		58.16		52.49		46.19		44.79		43.81		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				31.65		35.92		31.82		36.09		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				31.65		35.92		31.82		36.09		0.0		0.0		0.0		0.0		-5.30%		-5.30%		-5.30%		-5.30%		-8.30		-8.62		-9.00		-9.78				31.65		35.92		31.82		36.09		-262.8		-309.5		-286.5		-352.9

		Electricity - Purchased				30.40		30.60		29.89		29.28		29.62		30.20				60.76		58.16		52.49		46.19		44.79		43.81		1847.1		1779.7		1568.9		1352.4		1326.7		1323.1		16.60%		16.60%		16.40%		16.20%		31.11		31.94		32.64		34.30				31.65		35.92		31.82		36.09		984.51		1147.38		1038.68		1237.93		9.90%		9.90%		9.90%		9.90%		15.89		16.48		17.22		18.71				31.65		35.92		31.82		36.09		502.8		592.0		548.1		675.2		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				31.65		35.92		31.82		36.09		0.0		0.0		0.0		0.0

		Electricity - Self Generated				3.10		2.75		2.75		2.94		2.97		3.00				24.95		24.95		24.95		24.95		24.95		24.95		77.3		68.6		68.6		73.3		74.1		74.8		1.90%		1.80%		1.90%		2.10%		3.56		3.46		3.78		4.45				24.95		24.95		24.95		24.95		88.81		86.40		94.34		110.92		6.70%		6.70%		6.70%		6.70%		10.75		11.15		11.66		12.66				24.95		24.95		24.95		24.95		268.2		278.2		290.8		315.8		20.80%		20.80%		20.80%		20.80%		32.59		33.81		35.33		38.38				24.95		24.95		24.95		24.95		813.0		843.4		881.4		957.4

		Fuel Oil				51.39		51.16		50.07		49.43		50.00		51.00		21.06		21.06		21.06		21.06		21.06		21.06		21.06		1082.3		1077.4		1054.5		1041.0		1053.0		1074.1		29.50%		29.50%		29.60%		29.60%		55.28		56.77		58.92		62.67		21.06		21.06		21.06		21.06		21.06		1164.17		1195.48		1240.76		1319.91		30.20%		30.20%		30.20%		30.20%		48.47		50.28		52.54		57.07		21.06		21.06		21.06		21.06		21.06		1020.7		1058.8		1106.5		1201.9		30.60%		30.60%		30.60%		30.60%		47.95		49.74		51.98		56.46		21.06		21.06		21.06		21.06		21.06		1009.8		1047.5		1094.7		1189.1

		LPG

		Natural Gas				81.21		80.84		79.13		78.11		79.01		80.60		14.81		14.81		14.81		14.81		14.81		14.81		14.81		1202.7		1197.2		1171.9		1156.8		1170.1		1193.7		46.60%		46.70%		46.70%		46.70%		87.32		89.86		92.95		98.88		14.81		14.81		14.81		14.81		14.81		1293.24		1330.87		1376.61		1464.42		47.70%		47.70%		47.70%		47.70%		76.55		79.41		82.99		90.14		14.81		14.81		14.81		14.81		14.81		1133.7		1176.1		1229.1		1335.0		48.30%		48.30%		48.30%		48.30%		75.68		78.51		82.05		89.12		14.81		14.81		14.81		14.81		14.81		1120.9		1162.8		1215.1		1319.9

		Other Solid				1.67		1.73		2.47		2.97		2.18		1.76		32.52		32.52		32.52		32.52		32.52		32.52		32.52		54.5		56.4		80.3		96.6		70.9		57.2		0.70%		0.70%		0.70%		0.60%		1.31		1.35		1.39		1.27		32.52		32.52		32.52		32.52		32.52		42.66		43.80		45.31		41.31		0.70%		0.70%		0.70%		0.60%		1.12		1.17		1.22		1.13		32.52		32.52		32.52		32.52		32.52		36.5		37.9		39.6		36.9		0.70%		0.70%		0.70%		0.70%		1.10		1.14		1.19		1.29		32.52		32.52		32.52		32.52		32.52		35.7		37.0		38.7		42.0

		Propane

		Waste

		Total				177.1		176.4		173.4		171.7		172.8		175.8																4492		4407		4166		3939		3916		3948										187.4		192.4		199.0		211.7												3821		4058		4059		4455										160.5		166.5		174.0		189.0												3178		3367		3448		3819										156.7		162.5		169.9		184.5												2931		3004		3176		3408

		Gross Output (£G)				58.30		57.60		57.00		56.30		55.60		55.00

		SEC (MJ/£)				3.04		3.06		3.04		3.05		3.11		3.20

		Escalation Factor																																																		1.07		1.11		1.16		1.26																												1.07		1.11		1.16		1.26																												1.07		1.11		1.16		1.26

		SEC Trend																																																		-1.1%		-2.1%		-3.1%		-5.1%																												-15.3%		-15.3%		-15.3%		-15.3%																												-17.3%		-17.3%		-17.3%		-17.3%

		Self Generation Efficiency				71.0%		71.0%		71.0%		71.0%		71.0%		71.0%																																				71.0%		71.0%		71.0%		71.0%																												71.0%		71.0%		71.0%		71.0%																												71.0%		71.0%		71.0%		71.0%

		Fuel Breakdowns

		Electricity - Exported		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		6.6%		6.6%		6.6%		6.6%		6.6%		6.6%		24.49																																		6.6%		6.6%		6.6%		6.6%		24.49																										6.6%		6.6%		6.6%		6.6%		24.49																										6.6%		6.6%		6.6%		6.6%		24.49

				Fuel Oil - Boilers		36.2%		36.2%		36.2%		36.2%		36.2%		36.2%		21.06																																		36.2%		36.2%		36.2%		36.2%		21.06																										36.2%		36.2%		36.2%		36.2%		21.06																										36.2%		36.2%		36.2%		36.2%		21.06

				Natural Gas - Boilers		57.2%		57.2%		57.2%		57.2%		57.2%		57.2%		14.81																																		57.2%		57.2%		57.2%		57.2%		14.81																										57.2%		57.2%		57.2%		57.2%		14.81																										57.2%		57.2%		57.2%		57.2%		14.81

		Process Breakdowns

		Compressed Air				2%		2%		2%		2%		2%		2%

		Drying / Separation				24%		24%		24%		24%		24%		24%

		High Temperature Processes

		Lighting				2%		2%		2%		2%		2%		2%

		Low Temperature Processes				41%		41%		41%		41%		41%		41%

		Motors / Drives				12%		12%		12%		12%		12%		12%

		Other				3%		3%		3%		3%		3%		3%

		Refrigeration				3%		3%		3%		3%		3%		3%

		Space Heating				13%		13%		13%		13%		13%		13%





papermfr

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Textiles, Leather & Clothing										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				7.10		8.20		8.90		9.70		7.60		6.53		24.49		24.49		24.49		24.49		24.49		24.49		24.49		173.9		200.8		218.0		237.6		186.1		159.9		13.50%		11.00%		9.00%		5.00%		6.34		5.11		4.19		2.30		24.49		24.49		24.49		24.49		24.49		155.24		125.22		102.49		56.36		13.50%		11.00%		9.00%		5.00%		5.76		4.70		3.88		2.18		24.49		24.49		24.49		24.49		24.49		141.1		115.0		95.1		53.4		13.50%		11.00%		9.00%		5.00%		4.80		3.91		3.24		1.82		24.49		24.49		24.49		24.49		24.49		117.6		95.8		79.2		44.5

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				10.90		9.70		9.50		11.10		13.48		12.18				60.76		58.16		52.49		46.19		44.79		43.81		662.3		564.2		498.7		512.7		603.8		533.6		25.10%		25.00%		25.00%		25.00%		11.79		11.62		11.63		11.51				31.65		35.92		31.82		36.09		373.02		417.40		369.92		415.28		24.50%		24.30%		24.30%		24.30%		10.46		10.37		10.48		10.60				31.65		35.92		31.82		36.09		331.0		372.6		333.6		382.4		23.50%		23.40%		23.40%		23.40%		8.36		8.32		8.41		8.50				31.65		35.92		31.82		36.09		264.6		299.0		267.7		306.9

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.70%		0.70%		0.70%		0.70%		0.30		0.30		0.30		0.31				18.51		18.51		18.51		18.51		5.5		5.5		5.6		5.7		1.60%		1.60%		1.60%		1.60%		0.57		0.57		0.58		0.58				18.51		18.51		18.51		18.51		10.5		10.5		10.6		10.8

		Fuel Oil				12.20		12.90		11.80		12.70		12.40		9.59		21.06		21.06		21.06		21.06		21.06		21.06		21.06		256.9		271.7		248.5		267.5		261.1		202.0		19.80%		19.00%		19.00%		18.00%		9.30		8.83		8.84		8.28		21.06		21.06		21.06		21.06		21.06		195.80		185.99		186.07		174.48		19.80%		19.00%		19.00%		18.00%		8.45		8.11		8.20		7.85		21.06		21.06		21.06		21.06		21.06		178.0		170.8		172.6		165.3		19.80%		19.00%		19.00%		18.00%		7.04		6.76		6.83		6.54		21.06		21.06		21.06		21.06		21.06		148.3		142.3		143.9		137.7

		LPG

		Natural Gas				20.80		20.20		17.90		23.30		18.30		20.22		14.81		14.81		14.81		14.81		14.81		14.81		14.81		308.0		299.2		265.1		345.1		271.0		299.5		41.60%		45.00%		47.00%		52.00%		19.53		20.92		21.86		23.93		14.81		14.81		14.81		14.81		14.81		289.29		309.78		323.69		354.47		41.50%		45.00%		47.00%		52.00%		17.72		19.21		20.28		22.67		14.81		14.81		14.81		14.81		14.81		262.4		284.5		300.3		335.8		41.60%		45.00%		47.00%		52.00%		14.80		16.01		16.90		18.90		14.81		14.81		14.81		14.81		14.81		219.2		237.1		250.3		279.8

		Other Solid

		Propane

		Waste

		Total				51.0		51.0		48.1		56.8		51.8		48.5																1401		1336		1230		1363		1322		1195										47.0		46.5		46.5		46.0												1013		1038		982		1001										42.7		42.7		43.1		43.6												918		948		907		943										35.6		35.6		36.0		36.3												760		785		752		780

		Quantity Units (Units)				100.00		90.00		93.00		96.00		100.00		102.00

		SEC (PJ/k)				510.00		566.67		517.20		591.67		517.80		475.69

		Escalation Factor																																																		0.93		0.93		0.94		0.95																												0.93		0.93		0.94		0.95																												0.93		0.93		0.94		0.95

		SEC Trend																																																		-1.0%		-2.0%		-3.0%		-5.0%																												-10.0%		-10.0%		-10.0%		-10.0%																												-25.0%		-25.0%		-25.0%		-25.0%

		Self Generation Efficiency																																																																																				80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				1%		1%		1%		1%		1%		1%

		Drying / Separation				42%		42%		42%		42%		42%		42%

		High Temperature Processes

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				16%		16%		16%		16%		16%		16%

		Motors / Drives				9%		9%		9%		9%		9%		9%

		Other

		Refrigeration

		Space Heating				29%		29%		29%		29%		29%		29%





plastics

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Other Industries										1000000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				0.08		0.08		0.07		0.08		0.08		0.08		24.49		24.49		24.49		24.49		24.49		24.49		24.49		2.0		2.0		1.7		2.0		2.0		2.0		0.30%		0.30%		0.30%		0.30%		0.08		0.09		0.09		0.10		24.49		24.49		24.49		24.49		24.49		1.96		2.09		2.23		2.49		0.30%		0.30%		0.30%		0.30%		0.07		0.07		0.08		0.09		24.49		24.49		24.49		24.49		24.49		1.8		1.7		1.9		2.1		0.30%		0.30%		0.30%		0.30%		0.06		0.06		0.07		0.08		24.49		24.49		24.49		24.49		24.49		1.4		1.5		1.7		2.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				7.70		7.91		6.42		6.91		7.36		7.33				60.76		58.16		52.49		46.19		44.79		43.81		467.9		460.0		337.0		319.2		329.7		321.1		26.90%		26.90%		26.90%		26.90%		7.18		7.67		8.17		9.13				31.65		35.92		31.82		36.09		227.27		275.37		259.88		329.59		26.90%		26.90%		26.90%		26.90%		6.42		6.32		6.78		7.80				31.65		35.92		31.82		36.09		203.1		227.0		215.6		281.4		26.90%		26.90%		26.90%		26.90%		5.04		5.56		6.13		7.35				31.65		35.92		31.82		36.09		159.6		199.7		194.9		265.3

		Electricity - Self Generated

		Fuel Oil				8.55		8.89		7.40		7.97		8.48		8.45		21.06		21.06		21.06		21.06		21.06		21.06		21.06		180.1		187.2		155.8		167.8		178.6		178.0		31.00%		31.00%		31.00%		31.00%		8.28		8.83		9.41		10.52		21.06		21.06		21.06		21.06		21.06		174.27		186.06		198.22		221.65		31.00%		31.00%		31.00%		31.00%		7.39		7.28		7.81		8.98		21.06		21.06		21.06		21.06		21.06		155.7		153.3		164.4		189.2		31.00%		31.00%		31.00%		31.00%		5.81		6.41		7.06		8.47		21.06		21.06		21.06		21.06		21.06		122.4		134.9		148.7		178.4

		LPG

		Natural Gas				8.24		8.61		7.18		7.74		8.24		8.20		14.81		14.81		14.81		14.81		14.81		14.81		14.81		122.0		127.5		106.3		114.6		122.0		121.4		30.00%		30.00%		30.00%		30.00%		8.01		8.55		9.11		10.18		14.81		14.81		14.81		14.81		14.81		118.60		126.62		134.90		150.84		30.00%		30.00%		30.00%		30.00%		7.16		7.05		7.56		8.69		14.81		14.81		14.81		14.81		14.81		106.0		104.4		111.9		128.8		30.00%		30.00%		30.00%		30.00%		5.62		6.20		6.83		8.20		14.81		14.81		14.81		14.81		14.81		83.3		91.8		101.2		121.4

		Other Solid				1.97		2.73		2.80		3.00		3.20		3.19		32.52		10.10		10.10		10.10		10.10		10.10		10.10		19.9		27.6		28.3		30.3		32.3		32.2		11.80%		11.80%		11.80%		11.80%		3.15		3.36		3.58		4.01		32.52		10.10		10.10		10.10		10.10		31.81		33.96		36.19		40.46		11.80%		11.80%		11.80%		11.80%		2.81		2.77		2.97		3.42		32.52		10.10		10.10		10.10		10.10		28.4		28.0		30.0		34.5		11.80%		11.80%		11.80%		11.80%		2.21		2.44		2.69		3.22		32.52		10.10		10.10		10.10		10.10		22.3		24.6		27.1		32.6

		Propane

		Waste

		Total				26.5		28.2		23.9		25.7		27.4		27.3																792		804		629		634		665		655										26.7		28.5		30.4		33.9												554		624		631		745										23.9		23.5		25.2		29.0												495		514		524		636										18.7		20.7		22.8		27.3												389		453		474		600

		Quantity Units (Units)				1000.00		926.00		924.00		957.00		999.00		1004.00

		SEC (PJ/MUnit)				26540.00		30475.16		25833.33		26854.75		27387.39		27141.43

		Escalation Factor																																																		1.07		1.18		1.30		1.56																												1.07		1.18		1.30		1.56																												1.07		1.18		1.30		1.56

		SEC Trend																																																		-6.0%		-9.0%		-12.0%		-18.0%																												-16.0%		-25.0%		-27.0%		-30.0%																												-34.0%		-34.0%		-34.0%		-34.0%

		Self Generation Efficiency

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Other Solid		Coke		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		32.52																																		0.0%		0.0%		0.0%		0.0%		32.52																										0.0%		0.0%		0.0%		0.0%		32.52																										0.0%		0.0%		0.0%		0.0%		32.52

				Wood waste		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		10.10																																		100.0%		100.0%		100.0%		100.0%		10.10																										100.0%		100.0%		100.0%		100.0%		10.10																										100.0%		100.0%		100.0%		100.0%		10.10

		Process Breakdowns

		Compressed Air

		Drying / Separation

		High Temperature Processes

		Lighting

		Low Temperature Processes

		Motors / Drives

		Other

		Refrigeration

		Space Heating





		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Paper Manufacture & Utilisation										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				27.99		27.23		25.78		23.67		22.46		20.00		24.49		24.49		24.49		24.49		24.49		24.49		24.49		685.5		666.9		631.4		579.7		550.0		489.8		9.30%		4.70%		2.00%		1.90%		14.34		7.53		3.48		4.16		24.49		24.49		24.49		24.49		24.49		351.30		184.34		85.30		101.85		3.60%		2.90%		2.20%		1.30%		4.42		3.68		3.03		2.15		24.49		24.49		24.49		24.49		24.49		108.3		90.0		74.1		52.6		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported				-0.86		-0.89		-0.95		-0.95		0.00		0.00				60.76		58.16		52.49		46.19		44.79		43.81		-52.3		-51.8		-49.9		-43.9		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				31.65		35.92		31.82		36.09		0.00		0.00		0.00		0.00		-1.70%		-1.70%		-1.60%		-1.50%		-2.09		-2.16		-2.20		-2.48				31.65		35.92		31.82		36.09		-66.1		-77.4		-70.0		-89.4		-1.70%		-1.90%		-1.80%		-1.80%		-1.67		-1.87		-1.89		-2.20				31.65		35.92		31.82		36.09		-53.0		-67.3		-60.2		-79.4

		Electricity - Purchased				31.44		31.59		32.62		34.15		34.47		35.05				60.76		58.16		52.49		46.19		44.79		43.81		1910.3		1837.3		1712.2		1577.4		1543.9		1535.5		23.10%		22.30%		20.80%		23.00%		35.63		35.71		36.22		50.34				31.65		35.92		31.82		36.09		1127.68		1282.86		1152.66		1816.87		22.30%		22.70%		23.30%		24.10%		27.40		28.78		32.06		39.80				31.65		35.92		31.82		36.09		867.1		1033.7		1020.0		1436.3		29.10%		30.50%		31.70%		33.80%		28.65		30.07		33.33		41.30				31.65		35.92		31.82		36.09		906.9		1080.2		1060.6		1490.5

		Electricity - Self Generated				3.58		3.79		4.00		4.21		5.89		6.76				34.80		34.80		34.80		34.80		29.19		28.46		124.6		131.9		139.2		146.5		171.9		192.4		7.00%		10.20%		12.70%		12.60%		10.80		16.34		22.12		27.58				23.04		22.68		22.40		21.93		248.79		370.55		495.37		604.71		14.90%		15.00%		14.60%		14.20%		18.31		19.02		20.09		23.45				20.21		20.20		20.23		20.25		370.0		384.1		406.4		474.9		12.80%		13.60%		13.80%		14.60%		12.60		13.41		14.51		17.84				20.19		20.18		20.25		20.29		254.5		270.7		293.8		361.9

		Fuel Oil				24.61		27.49		31.59		31.28		31.99		32.00		21.06		21.06		21.06		21.06		21.06		21.06		21.06		518.3		578.9		665.3		658.8		673.7		673.9		19.60%		16.40%		13.90%		12.60%		30.23		26.27		24.21		27.58		21.06		21.06		21.06		21.06		21.06		636.67		553.15		509.81		580.82		11.20%		11.10%		11.10%		11.10%		13.76		14.07		15.27		18.33		21.06		21.06		21.06		21.06		21.06		289.8		296.4		321.6		386.0		8.80%		9.50%		10.30%		11.50%		8.66		9.37		10.83		14.05		21.06		21.06		21.06		21.06		21.06		182.5		197.3		228.1		295.9

		LPG

		Natural Gas				36.46		36.53		43.82		48.02		50.92		57.00		14.81		14.81		14.81		14.81		14.81		14.81		14.81		540.0		541.0		649.0		711.2		754.1		844.2		41.00%		46.40%		50.60%		49.90%		63.24		74.31		88.12		109.22		14.81		14.81		14.81		14.81		14.81		936.57		1100.55		1305.10		1617.58		49.70%		50.00%		50.40%		50.80%		61.06		63.39		69.34		83.89		14.81		14.81		14.81		14.81		14.81		904.3		938.7		1027.0		1242.4		51.00%		48.30%		46.00%		41.90%		50.22		47.62		48.37		51.20		14.81		14.81		14.81		14.81		14.81		743.7		705.3		716.3		758.2

		Other Solid

		Propane

		Waste				0.47		0.59		0.34		0.34		0.22		0.22				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0

		Total				123.7		126.3		137.2		140.7		146.0		151.0																3726		3704		3747		3630		3694		3736										154.2		160.2		174.2		218.9												3301		3491		3548		4722										122.9		126.8		137.6		165.1												2473		2665		2779		3503										98.5		98.6		105.1		122.2												2035		2186		2239		2827

		Turnover (£M)				26.92		27.20		30.70		32.00		34.50		36.10

		SEC (GJ/£k)				4594.73		4644.49		4469.06		4397.50		4230.43		4183.66

		Escalation Factor																																																		1.45		1.56		1.76		2.24																												1.45		1.56		1.76		2.24																												1.45		1.56		1.76		2.24

		SEC Trend																																																		-14.0%		-17.0%		-20.0%		-21.0%																												-31.5%		-34.3%		-36.8%		-40.4%																												-45.1%		-48.9%		-51.7%		-55.9%

		Self Generation Efficiency				56.6%		56.6%		56.6%		56.6%		66.0%		66.0%																																				73.7%		74.6%		75.5%		76.8%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Exported		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		44.0%		44.0%		44.0%		44.0%		37.0%		38.0%		24.49																																		12.9%		11.7%		10.8%		9.3%		24.49																										0.5%		0.3%		0.2%		0.1%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Coke Oven Gas - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		9.20																																		0.0%		0.0%		0.0%		0.0%		9.20																										0.0%		0.0%		0.0%		0.0%		9.20																										0.0%		0.0%		0.0%		0.0%		9.20

				Fuel Oil - Boilers		10.0%		10.0%		10.0%		10.0%		14.0%		4.7%		21.06																																		14.5%		15.1%		16.3%		17.5%		21.06																										21.0%		21.1%		21.7%		22.1%		21.06																										21.5%		21.4%		22.2%		22.7%		21.06

				Natural Gas - Boilers		46.0%		46.0%		46.0%		46.0%		49.0%		57.3%		14.81																																		72.5%		73.0%		72.7%		73.0%		14.81																										78.5%		78.6%		78.1%		77.8%		14.81																										78.5%		78.6%		77.8%		77.3%		14.81

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81

				Other Solid - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		32.52																																		0.1%		0.2%		0.2%		0.2%		32.52																										0.0%		0.0%		0.0%		0.0%		32.52																										0.0%		0.0%		0.0%		0.0%		32.52

		Process Breakdowns

		Compressed Air				4%		4%		4%		4%		4%		4%

		Drying / Separation				52%		52%		52%		52%		52%		52%

		High Temperature Processes

		Lighting				2%		2%		2%		2%		2%		2%

		Low Temperature Processes				3%		3%		3%		3%		3%		3%

		Motors / Drives				19%		19%		19%		19%		19%		19%

		Other				2%		2%		2%		2%		2%		2%

		Refrigeration				2%		2%		2%		2%		2%		2%

		Space Heating				16%		16%		16%		16%		16%		16%





		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Plastics & Rubber										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				3.53		3.36		3.28		3.36		3.44		3.52		24.49		24.49		24.49		24.49		24.49		24.49		24.49		86.4		82.3		80.3		82.3		84.2		86.2		6.35%		6.35%		6.35%		6.35%		4.01		4.35		4.69		5.65		24.49		24.49		24.49		24.49		24.49		98.11		106.45		114.86		138.39		6.35%		6.35%		6.35%		6.35%		3.51		3.84		4.17		5.07		24.49		24.49		24.49		24.49		24.49		86.0		94.0		102.2		124.1		6.35%		6.35%		6.35%		6.35%		3.06		3.42		3.81		4.81		24.49		24.49		24.49		24.49		24.49		74.8		83.8		93.4		117.7

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				20.54		19.59		19.11		19.59		20.07		20.55				60.76		58.16		52.49		46.19		44.79		43.81		1248.0		1139.4		1003.1		904.9		898.9		900.3		36.68%		36.68%		36.68%		36.68%		23.12		25.09		27.07		32.61				31.65		35.92		31.82		36.09		731.80		901.15		861.30		1177.03		33.98%		33.98%		33.98%		33.98%		18.77		20.52		22.32		27.09				31.65		35.92		31.82		36.09		594.1		737.1		710.2		977.6		30.98%		30.98%		30.98%		30.98%		14.90		16.68		18.59		23.43				31.65		35.92		31.82		36.09		471.5		599.2		591.5		845.6

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.30%		0.30%		0.30%		0.30%		0.19		0.21		0.22		0.27				19.23		19.23		19.23		19.23		3.64		3.95		4.26		5.13		3.00%		3.00%		3.00%		3.00%		1.66		1.81		1.97		2.39				19.23		19.23		19.23		19.23		31.9		34.9		37.9		46.0		6.00%		6.00%		6.00%		6.00%		2.89		3.23		3.60		4.54				19.23		19.23		19.23		19.23		55.5		62.1		69.3		87.3

		Fuel Oil				8.80		8.39		8.19		8.39		8.59		8.80		21.06		21.06		21.06		21.06		21.06		21.06		21.06		185.3		176.7		172.5		176.7		180.9		185.3		15.84%		15.84%		15.84%		15.84%		9.99		10.84		11.69		14.09		21.06		21.06		21.06		21.06		21.06		210.33		228.21		246.23		296.67		15.84%		15.84%		15.84%		15.84%		8.75		9.57		10.41		12.63		21.06		21.06		21.06		21.06		21.06		184.3		201.5		219.2		266.0		15.84%		15.84%		15.84%		15.84%		7.62		8.53		9.51		11.98		21.06		21.06		21.06		21.06		21.06		160.5		179.7		200.2		252.3

		LPG

		Natural Gas				22.68		21.63		21.10		21.63		22.16		22.69		14.81		14.81		14.81		14.81		14.81		14.81		14.81		335.9		320.3		312.5		320.3		328.2		336.0		40.83%		40.83%		40.83%		40.83%		25.74		27.93		30.13		36.31		14.81		14.81		14.81		14.81		14.81		381.20		413.62		446.26		537.69		40.83%		40.83%		40.83%		40.83%		22.56		24.66		26.82		32.55		14.81		14.81		14.81		14.81		14.81		334.0		365.2		397.2		482.1		40.83%		40.83%		40.83%		40.83%		19.64		21.99		24.50		30.88		14.81		14.81		14.81		14.81		14.81		290.8		325.6		362.9		457.3

		Other Solid

		Propane

		Waste

		Total				55.6		53.0		51.7		53.0		54.3		55.6																1856		1719		1568		1484		1492		1508										63.0		68.4		73.8		88.9												1425		1653		1673		2155										55.2		60.4		65.7		79.7												1230		1433		1467		1896										48.1		53.9		60.0		75.6												1053		1250		1317		1760

		(MTonnes)				4.30		4.10		4.00		4.10		4.20		4.30

		SEC (GJ/T)				12.92		12.92		12.92		12.92		12.92		12.92

		Escalation Factor																																																		1.17		1.31		1.46		1.84																												1.17		1.31		1.46		1.84																												1.17		1.31		1.46		1.84

		SEC Trend																																																		-3.0%		-6.0%		-9.0%		-13.0%																												-15.0%		-17.0%		-19.0%		-22.0%																												-26.0%		-26.0%		-26.0%		-26.0%

		Self Generation Efficiency																																																		77.0%		77.0%		77.0%		77.0%																												77.0%		77.0%		77.0%		77.0%																												77.0%		77.0%		77.0%		77.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				3%		3%		3%		3%		3%		3%

		Drying / Separation

		High Temperature Processes

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				41%		41%		41%		41%		41%		41%

		Motors / Drives				22%		22%		22%		22%		22%		22%

		Other

		Refrigeration				6%		6%		6%		6%		6%		6%

		Space Heating				25%		25%		25%		25%		25%		25%






_993979295.xls
Chart2

		

		1990		1990		1990

		1995		1995		1995

		2000		2000		2000

		2001		2001		2001

		2005		2005		2005

		2007		2007		2007

		2008		2008		2008

		2010		2010		2010

		2012		2012		2012

		2015		2015		2015

		2020		2020		2020



Projected  CO2, CH4 and N20 Emissions (kt) (EP65, ETSU, DETR)

Prorated Kyoto Limit (87.5% x 1990 values)

Proposed Cap 1

kt CO2 Equivalent

370254.98714513

323973.113751989

323514.833333333

323973.113751989

292021.958068887

323973.113751989

300734.406810878

323973.113751989

332973.113751989

335584.20177884

323973.113751989

328973.113751989

332081.549377403

323973.113751989

326973.113751989

328578.896975966

323973.113751989

325973.113751989

321573.592173092

323973.113751989

323973.113751989

337330.274161107

323973.113751989

321973.113751989

360965.297143129

323973.113751989

387741.638035495



summary

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		All CCL Sectors (1)										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				163.12		157.07		147.08		133.56		129.77		121.79																3,995		3,847		3,602		3,271		3,178		2,983										126		129		131		137												3,079		3,170		3,204		3,346										93		96		95		101												2,271		2,358		2,327		2,469										65		75		84		93												1,589		1,842		2,066		2,290

		Coke - Exported				0.00		0.00		0.00		0.00		0.00		0.00																- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0

		Coke Oven Gas				50.28		49.24		46.47		44.66		44.73		48.68																463		453		428		411		412		448										48		48		46		32												443		439		420		296										43		44		42		29												399		406		388		269										37		39		38		28												341		357		352		262

		Coke Oven Gas - Exported				0.00		0.00		0.00		0.00		0.00		0.00																- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0

		Electricity - Exported				-3.34		-3.37		-4.03		-3.57		-5.32		-7.85																(203)		(196)		(212)		(165)		(238)		(344)										(3)		(3)		(3)		(4)												(87)		(102)		(93)		(127)										(5)		(6)		(6)		(7)												(173)		(210)		(190)		(235)										(14)		(14)		(15)		(16)												(428)		(502)		(468)		(579)

		Electricity - Purchased				171.14		160.96		160.47		167.90		161.17		169.30																10,398		9,361		8,423		7,755		7,219		7,417										170		174		178		197												5,368		6,258		5,662		7,125										126		133		142		156												4,001		4,784		4,506		5,635										101		107		115		129												3,195		3,828		3,650		4,643

		Electricity - Self Generated				37.20		37.84		37.74		33.99		38.55		40.28																1,610		1,644		1,624		1,350		1,360		1,321										39		47		56		69												1,173		1,351		1,548		1,805										66		70		74		83												1,659		1,735		1,812		2,012										81		85		90		100												1,903		1,984		2,106		2,325

		Fuel Oil				176.35		187.47		177.97		176.93		198.17		180.33																3,714		3,948		3,748		3,726		4,173		3,798										174		173		170		172												3,663		3,641		3,582		3,623										143		144		145		148												3,008		3,036		3,063		3,127										121		124		128		132												2,545		2,612		2,695		2,784

		LPG				0.00		0.00		0.00		0.00		0.00		0.00																- 0		- 0		- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0										- 0		- 0		- 0		- 0												- 0		- 0		- 0		- 0

		Natural Gas				345.30		314.78		320.24		331.57		352.71		351.94																5,114		4,662		4,743		4,911		5,224		5,212										395		418		448		503												5,852		6,186		6,628		7,451										366		381		398		441												5,413		5,643		5,895		6,536										325		332		349		370												4,811		4,922		5,169		5,476

		Other Solid				192.70		184.63		178.34		176.83		175.39		171.39																6,267		6,004		5,800		5,751		5,704		5,574										184		184		183		171												5,968		5,980		5,948		5,546										167		169		167		154												5,429		5,481		5,432		5,021										141		148		149		151												4,582		4,804		4,839		4,901

		Propane				0.30		0.20		0.20		0.20		0.20		0.20																5		4		4		4		4		4										1		1		0		0												14		10		7		5										0		0		0		0												8		6		6		4										0		0		0		0												3		3		3		4

		Waste				0.47		0.59		0.34		1.04		2.52		3.22																- 0		- 0		- 0		- 0		- 0		- 0										5		8		13		20												- 0		- 0		- 0		- 0										14		22		31		37												- 0		- 0		- 0		- 0										25		27		29		35												- 0		- 0		- 0		- 0

		Total				1,134		1,089		1,065		1,063		1,098		1,079		- 0		- 0		- 0		- 0		- 0		- 0		- 0		31,362		29,727		28,159		27,013		27,035		26,411		- 0		- 0		- 0		- 0		1,138		1,179		1,222		1,298		- 0		- 0		- 0		- 0		- 0		25,473		26,933		26,906		29,070		- 0		- 0		- 0		- 0		1,013		1,053		1,088		1,144		- 0		- 0		- 0		- 0		- 0		22,016		23,239		23,238		24,838		- 0		- 0		- 0		- 0		882		923		968		1,023		- 0		- 0		- 0		- 0		- 0		18,542		19,851		20,412		22,106

		All Industry Sectors - direct only (from ETSU CO2 emissions report)										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				183.79		179.23		170.27		156.11		149.51		139.57																4501.02		4389.34		4169.91		3823.13		3661.50		3418.07										144.24		147.71		149.38		156.48												3532.49		3617.54		3658.23		3832.31										109.22		112.69		111.78		118.91												2674.91		2759.90		2737.55		2912.10										74.33		84.32		93.34		102.47												1820.43		2065.01		2285.86		2509.54

		Coke - Exported				0.00		0.00		0.00		0.00		0.00		0.00																0.00		0.00		0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00

		Coke Oven Gas				50.28		49.24		46.47		44.66		44.73		48.68																462.58		453.01		427.52		410.87		411.52		447.86										48.18		47.72		45.68		32.19												443.21		439.06		420.28		296.18										43.38		44.16		42.13		29.27												399.11		406.27		387.58		269.26										37.10		38.84		38.30		28.49												341.29		357.32		352.35		262.08

		Coke Oven Gas - Exported				0.00		0.00		0.00		0.00		0.00		0.00																0.00		0.00		0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00										0.00		0.00		0.00		0.00												0.00		0.00		0.00		0.00

		Electricity - Exported				-3.34		-3.37		-4.03		-3.57		-5.32		-7.85																-202.94		-196.00		-211.53		-164.90		-238.28		-343.91										-2.74		-2.83		-2.94		-3.51												-86.68		-101.58		-93.39		-126.85										-5.46		-5.85		-5.98		-6.52												-172.66		-210.15		-190.39		-235.46										-13.52		-13.98		-14.72		-16.05												-427.89		-502.04		-468.45		-579.10

		Electricity - Purchased				295.76		279.32		275.32		284.11		278.75		289.17																17970.38		16245.25		14451.55		13123.04		12485.21		12668.54										313.24		328.47		345.42		392.60												9913.90		11798.81		10991.28		14169.06										245.14		260.96		282.19		322.55												7758.68		9373.56		8979.34		11640.89										162.24		174.36		189.67		219.09												5134.98		6262.99		6035.34		7907.11

		Electricity - Self Generated				37.20		37.84		37.84		34.34		39.05		41.03																1609.63		1644.35		1626.97		1360.44		1374.66		1341.27										39.98		48.87		58.95		72.76												1196.85		1392.71		1600.61		1880.29										76.01		80.13		85.08		96.88												1838.15		1931.40		2028.12		2270.95										119.28		127.07		137.44		157.74												2610.72		2773.46		2984.82		3393.10

		Fuel Oil				257.64		267.36		255.29		256.17		276.76		251.12																5425.90		5630.60		5376.41		5394.94		5828.57		5288.59										256.74		260.47		264.84		280.39												5406.90		5485.57		5577.58		5905.05										215.08		221.04		228.95		246.23												4529.52		4655.16		4821.75		5185.62										153.59		159.33		166.42		177.49												3234.59		3355.42		3504.75		3737.91

		LPG				2.04		1.57		1.83		1.54		1.82		1.89																36.31		27.95		32.57		27.41		32.40		33.64										1.75		1.66		1.44		1.22												31.07		29.60		25.62		21.64										1.35		1.40		1.25		1.16												24.08		24.90		22.29		20.58										1.04		1.12		1.19		1.35												18.55		19.89		21.23		24.10

		Natural Gas				526.05		492.07		485.84		496.43		496.99		500.87																7790.80		7287.56		7195.29		7352.13		7360.42		7417.88										563.34		597.15		639.86		726.51												8343.00		8843.77		9476.38		10759.55										511.71		538.39		568.87		643.32												7578.42		7973.52		8424.93		9527.58										482.39		507.33		542.53		603.41												7144.19		7513.49		8034.89		8936.50

		Other Solid				205.21		196.38		190.54		189.52		187.80		183.52																6629.42		6325.22		6133.58		6095.93		6035.51		5896.55										197.12		197.82		197.40		186.22												6339.83		6357.76		6339.10		5966.02										178.99		180.75		179.86		168.49												5757.71		5815.84		5782.46		5402.67										149.95		157.33		159.03		162.20												4826.78		5061.84		5111.55		5202.55

		Propane				0.30		0.20		0.20		0.20		0.20		0.20																5.34		3.56		3.56		3.56		3.56		3.56										0.76		0.55		0.40		0.27												13.51		9.71		7.11		4.86										0.45		0.34		0.33		0.23												8.04		5.98		5.93		4.13										0.17		0.18		0.19		0.20												3.04		3.20		3.33		3.65

		Waste				1.42		1.14		0.92		1.53		2.92		3.63																0.00		0.00		0.00		0.00		0.00		0.00										5.55		8.37		13.21		20.26												0.00		0.00		0.00		0.00										13.73		21.88		30.80		36.88												0.00		0.00		0.00		0.00										24.85		27.18		29.52		35.36												0.00		0.00		0.00		0.00

		Total				1,556		1,501		1,460		1,461		1,473		1,452																44,228		41,811		39,206		37,427		36,955		36,172										1,568		1,636		1,714		1,865												35,134		37,873		38,003		42,708										1,390		1,456		1,525		1,657												30,396		32,736		33,000		36,998										1,191		1,263		1,343		1,472												24,707		26,911		27,866		31,397

		Total direct (excl emissions from electricity)				1,223		1,184		1,147		1,143		1,155		1,122		- 0		- 0		- 0		- 0		- 0		- 0		- 0		24,648		23,921		23,127		22,943		23,095		22,162		- 0		- 0		- 0		- 0		1,215		1,259		1,309		1,400		- 0		- 0		- 0		- 0		- 0		24,023		24,681		25,411		26,659		- 0		- 0		- 0		- 0		1,068		1,115		1,158		1,238		- 0		- 0		- 0		- 0		- 0		20,799		21,431		21,992		23,086		- 0		- 0		- 0		- 0		910		962		1,016		1,095		- 0		- 0		- 0		- 0		- 0		16,961		17,874		18,846		20,097

		Data Table

				Scenario		1990		1995		2000		2005		2010		2015		2020

		Option 1 CCL:  9 Negotiated Agreement Sectors (excl textiles)

		9 Negotiated Agreement Sectors (excl textiles) - all firms

		C emissions (kt)		BAU		31,362		26,411		25,473		26,933		26,906		27,988		29,070

		(direct & indirect)		ACE		31,362		26,411		22,016		23,239		23,238		24,038		24,838

				ATP		31,362		26,411		18,542		19,851		20,412		21,259		22,106

		CO2 emissions (kt)		BAU		114,996		96,841		93,402		98,755		98,656		102,623		106,591

		(direct & indirect)		ACE		114,996		96,841		80,724		85,208		85,205		88,140		91,074

				ATP		114,996		96,841		67,988		72,786		74,843		77,949		81,055

		9 Negotiated Agreement Sectors (excl textiles) - IPPC sized firms only

		CO2 emissions (kt)		BAU		82,430		69,417		66,951		70,788		70,717		73,561		76,405		all years scaled to 1995, using IPC data in Marshall (file tab0207)

		(direct & indirect)		ACE		82,430		69,417		57,864		61,078		61,076		63,179		65,283		all years scaled to 1995, using IPC data in Marshall (file tab0207)

				ATP		82,430		69,417		48,734		52,174		53,648		55,874		58,101		all years scaled to 1995, using IPC data in Marshall (file tab0207)

				BAU		100%		100%		100%		100%		100%		100%		100%

				ACE		100%		100%		86%		86%		86%		86%		85%

				ATP		100%		100%		73%		74%		76%		76%		76%

		Option 3: All major downstream CO2 emitters (industrial & commercial; powergen; oil refineries)

		Carbon Emissions (kt)

		Industry (IPPC sectors)(direct only)		BAU		24,648		22,162		24,023		24,681		25,411		26,035		26,659

		Power generators (EP65)		CL		62,939		54,520		36,100		44,100		40,300		47,500		52,100

		Refineries (EP65)		CL		4,900		5,300		5,400		5,700		6,100		6,700		7,300

		Total Carbon emissions				92,487		81,982		65,523		74,481		71,811		80,235		86,059

		CO2 Emissions (kt)

		Industry (IPPC sectors)(direct only)		BAU		73,849		66,400		71,976		73,948		76,133		78,003		79,872		data for IPPC processes known (taken from Marshall report, 1995 year)

		Power generators (EP65)		CL		230,775		199,905		175,159		213,976		195,538		230,473		252,792		data for 1990 and 1995 known (taken from Salway)

		Refineries (EP65)		CL		17,967		19,433		19,800		20,900		22,367		24,567		26,767

		Total Carbon emissions				322,590		285,738		266,935		308,824		294,038		333,042		359,431

		(SCALER FOR EP65 PROJECTIONS)

		Power generators (carbon)		CL		54,300		41,200		36,100		44,100		40,300		47,500		52,100

		Total UK Carbon emissions (EP65)		CL		158,300		150,800		149,700		162,000		161,800		173,700		184,200

		Total UK CO2 emissions (EP65)		CL		614,825		574,054		569,867		616,689		615,928		661,228		701,199		data for 1990 and 1995 known (taken from Salway)

		Chart table OPTION 3				1990		1995		2000		2001		2005		2007		2008		2010		2012		2015		2020

		Projected emissions BAU scenario (EP65&ETSU)		BAU&CL		322,590		285,738		266,935		275,313		308,824		305,127		301,431		294,038		309,640		333,042		359,431

		Projected N2O emissions  (kt)		UK CC Programme, 2nd report to IPCC		112		82		43		44		48		49		50		51		51		52		53

		Projected N20 (CO2 Equivalent)		310,000		34,627		25,544		13,299		13,634		14,973		15,167		15,361		15,748		15,903		16,136		16,523

		Projected CH4 emissions  (kt)				522		489		472		472		472		472		472		472		472		472		472

		Projected CH4 (CO2 Equivalent)		25		13,038		12,232		11,788		11,788		11,788		11,788		11,788		11,788		11,788		11,788		11,788

		Projected  CO2, CH4 and N20 Emissions (kt) (EP65, ETSU, DETR)				370,255		323,515		292,022		300,734		335,584		332,082		328,579		321,574		337,330		360,965		387,742

		Prorated Kyoto Limit (87.5% x 1990 values)				323,973		323,973		323,973		323,973		323,973		323,973		323,973		323,973		323,973		323,973

		Proposed Cap 1										332,973		328,973		326,973		325,973		323,973		321,973

		effect of CCL base case (5.5mtCO2 reduction)				322,590		285,738		261,435				303,324		299,627		295,931		288,538		327,542		353,931

		effect of CCL negotiated agreements (12% reduction)				322,590		285,738		258,901				300,790		297,093		293,397		286,004		325,008		351,397

		Target by 2080-2012(87.5% of 1990)				282,267		282,267		282,267				282,267		282,267		282,267		282,267		282,267		282,267

		Cap - Continuous reduction								300,000				292,348		289,827		287,307		282,267		272,186

		Cap - Stepped reduction								300,000				300,000		300000		282,267		282,267		282,267

		Total UK CO2 emissions (EP65)		CL		614,825		574,054		569,867				616,689		615,928		661,228		701,199

		CCL sectors

		Trade Association		IPPC sectors (ETSU projections)

		Aluminium		inlc Non-ferrous metals

		Non-ferrous metals		Non-ferrous metals

		Cement & lime		Cement & lime

		Chemicals		Chemicals

		Ceramics		"Potteries"

		Glass		Glass

		Paper		Paper

		Iron & steel		Iron & steel

		Food & drink		Food & drink
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Projected emissions BAU scenario (EP65&ETSU)

effect of CCL negotiated agreements (12% reduction)

Target by 2080-2012(87.5% of 1990)

Cap - Stepped reduction

Cap - Continuous reduction

CO2 kt

Figure 1  Option 3 
(All major downstream emissions)
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Projected  CO2, CH4 and N20 Emissions (kt) (EP65, ETSU, DETR)

Prorated Kyoto Limit (87.5% x 1990 values)

Proposed Cap 1

kt CO2 Equivalent



iron&steel

		coverage of methane by strawman

		coverage																		kt 1995

		* all IPPC process except waste facilities - includes offshore oil & gas, electricity supply industries

		* fugitive emissions from oil & natural gas

		* industrial processes

				1990				1995				2000

				Kt CH4		kt CO2 eq		Kt CH4		kt CO2 eq		Kt CH4		kt CO2 eq

		conversion factor				25				25				25

		A Fuel Combustion

		1 Energy industries		7.5				14.5				47.5

		2  Manufacturing & construction		13.1				12.9				13.1

		3 Transport		31.5				25.4				31.5

		4 Other sectors		53				37.1				53

		5  other		0.2				0.2				0.2

		Fugitive from Fues

		1 Solid Fuels		818.6				360.6				318.6

		2 Oil & natural gas		500.9				461.9				410.9

		Industrial Processes		0.8				0.7				0.8

		Total Industrial Emissions		1425.6				913.3				875.6

		Total Strawman coverage		521.5		13,038		489.3		12,232		471.5		11,788

		source: Salway, 1998										source:  Climate Change, UK Programme, Feb 1997





nonferrous metala

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Iron & Steel										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				16.47		16.1		15.24		16.96		15.64		17.31		24.49		24.49		24.49		24.49		24.49		24.49		24.49		403.4		394.3		373.2		415.4		383.0		423.9		6.90%		9.40%		11.50%		13.60%		24.44		35.05		43.78		48.65		24.49		24.49		24.49		24.49		24.49		598.58		858.31		1072.16		1191.40		6.90%		9.40%		11.50%		13.60%		22.17		32.18		40.04		44.23		24.49		24.49		24.49		24.49		24.49		543.0		788.0		980.6		1083.1		6.90%		9.40%		11.50%		13.60%		18.82		28.30		36.40		43.05		24.49		24.49		24.49		24.49		24.49		460.9		693.1		891.4		1054.2

		Coke - Exported

		Coke Oven Gas				50.28		49.24		46.47		44.66		44.73		48.68		9.20		9.20		9.20		9.20		9.20		9.20		9.20		462.6		453.0		427.5		410.9		411.5		447.9		13.60%		12.80%		12.00%		9.00%		48.18		47.72		45.68		32.19		9.20		9.20		9.20		9.20		9.20		443.21		439.06		420.28		296.18		13.50%		12.90%		12.10%		9.00%		43.38		44.16		42.13		29.27		9.20		9.20		9.20		9.20		9.20		399.1		406.3		387.6		269.3		13.60%		12.90%		12.10%		9.00%		37.10		38.84		38.30		28.49		9.20		9.20		9.20		9.20		9.20		341.3		357.3		352.3		262.1

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				27.19		21.07		20.00		20.83		21.15		21.70				60.76		58.16		52.49		46.19		44.79		43.81		1652.1		1225.4		1049.8		962.1		947.3		950.7		7.70%		7.70%		7.70%		7.70%		27.28		28.71		29.31		27.54				31.65		35.92		31.82		36.09		863.28		1031.22		932.74		994.05		7.70%		7.70%		7.70%		7.70%		24.74		26.36		26.81		25.04				31.65		35.92		31.82		36.09		783.1		946.8		853.1		903.7		7.70%		7.70%		7.70%		7.70%		21.00		23.18		24.37		24.37				31.65		35.92		31.82		36.09		664.8		832.7		775.5		879.6

		Electricity - Self Generated				4.34		4.92		5.11		5.02		5.00		4.85				38.31		38.31		38.31		38.31		38.31		38.31		166.3		188.5		195.8		192.3		191.6		185.8		1.20%		1.20%		1.20%		1.20%		4.25		4.47		4.57		4.29				38.31		38.31		38.31		38.31		162.86		171.42		175.03		164.46		1.20%		1.20%		1.20%		1.20%		3.86		4.11		4.18		3.90				38.31		38.31		38.31		38.31		147.7		157.4		160.1		149.5		1.20%		1.20%		1.20%		1.20%		3.27		3.61		3.80		3.80				38.31		38.31		38.31		38.31		125.4		138.4		145.5		145.5

		Fuel Oil				31.86		32.43		28.60		30.34		35.29		36.69		21.06		21.06		21.06		21.06		21.06		21.06		21.06		671.0		683.0		602.3		639.0		743.2		772.7		9.00%		9.00%		9.00%		9.00%		31.88		33.56		34.26		32.19		21.06		21.06		21.06		21.06		21.06		671.41		706.69		721.56		678.00		9.00%		9.00%		9.00%		9.00%		28.92		30.81		31.34		29.27		21.06		21.06		21.06		21.06		21.06		609.1		648.8		659.9		616.4		9.00%		9.00%		9.00%		9.00%		24.55		27.10		28.49		28.49		21.06		21.06		21.06		21.06		21.06		517.0		570.7		599.9		599.9

		LPG

		Natural Gas				41.04		38.77		36.98		37.02		36.83		42.71		14.81		14.81		14.81		14.81		14.81		14.81		14.81		607.8		574.2		547.7		548.3		545.5		632.5		12.30%		13.00%		13.00%		14.50%		43.57		48.47		49.49		51.87		14.81		14.81		14.81		14.81		14.81		645.28		717.83		732.94		768.16		12.30%		13.00%		13.00%		14.50%		39.53		44.50		45.26		47.15		14.81		14.81		14.81		14.81		14.81		585.4		659.1		670.3		698.3		12.30%		13.00%		13.80%		14.50%		33.55		39.14		43.68		45.90		14.81		14.81		14.81		14.81		14.81		496.9		579.7		646.9		679.7

		Other Solid				181.33		175.11		166.60		162.59		164.93		162.97		32.52		32.52		32.52		32.52		32.52		32.52		32.52		5896.9		5694.6		5417.8		5287.4		5363.5		5299.8		49.30%		46.90%		45.60%		45.00%		174.64		174.86		173.59		160.97		32.52		32.52		32.52		32.52		32.52		5679.15		5686.55		5645.29		5234.72		49.40%		46.80%		45.50%		45.00%		158.75		160.21		158.42		146.34		32.52		32.52		32.52		32.52		32.52		5162.4		5209.9		5151.7		4758.8		49.30%		46.80%		44.70%		45.00%		134.48		140.90		141.48		142.43		32.52		32.52		32.52		32.52		32.52		4373.2		4582.2		4601.1		4631.9

		Propane

		Waste

		Total				352.5		337.6		319.0		317.4		323.6		334.9																9860		9213		8614		8455		8586		8713										354.2		372.8		380.7		357.7												9064		9611		9700		9327										321.3		342.3		348.2		325.2												8230		8816		8863		8479										272.8		301.1		316.5		316.5												6979		7754		8013		8253

		(MTonnes)				17.90		16.47		16.21		16.62		17.29		17.60

		SEC (GJ/T)				19.69		20.50		19.68		19.10		18.71		19.03

		Escalation Factor																																																		1.06		1.17		1.23		1.23																												1.06		1.17		1.23		1.23																												1.06		1.17		1.23		1.23

		SEC Trend																																																		-5.2%		-9.6%		-12.2%		-17.5%																												-14.0%		-17.0%		-19.7%		-25.0%																												-27.0%		-27.0%		-27.0%		-27.0%

		Self Generation Efficiency				62.7%		62.7%		62.7%		62.7%		62.7%		62.7%																																				62.7%		62.7%		62.7%		62.7%																												62.7%		62.7%		62.7%		62.7%																												62.7%		62.7%		62.7%		62.7%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		5.9%		5.9%		5.9%		5.9%		5.9%		5.9%		24.49																																		5.9%		5.9%		5.9%		5.9%		24.49																										5.9%		5.9%		5.9%		5.9%		24.49																										5.9%		5.9%		5.9%		5.9%		24.49

				Coke Oven Gas - Boilers		8.8%		8.8%		8.8%		8.8%		8.8%		8.8%		9.20																																		8.8%		8.8%		8.8%		8.8%		9.20																										8.8%		8.8%		8.8%		8.8%		9.20																										8.8%		8.8%		8.8%		8.8%		9.20

				Fuel Oil - Boilers		5.9%		5.9%		5.9%		5.9%		5.9%		5.9%		21.06																																		5.9%		5.9%		5.9%		5.9%		21.06																										5.9%		5.9%		5.9%		5.9%		21.06																										5.9%		5.9%		5.9%		5.9%		21.06

				Natural Gas - Boilers		29.9%		29.9%		29.9%		29.9%		29.9%		29.9%		14.81																																		29.9%		29.9%		29.9%		29.9%		14.81																										29.9%		29.9%		29.9%		29.9%		14.81																										29.9%		29.9%		29.9%		29.9%		14.81

				Other Solid - Boilers		49.5%		49.5%		49.5%		49.5%		49.5%		49.5%		32.52																																		49.5%		49.5%		49.5%		49.5%		32.52																										49.5%		49.5%		49.5%		49.5%		32.52																										49.5%		49.5%		49.5%		49.5%		32.52

		Process Breakdowns

		Compressed Air				1%		1%		1%		1%		1%		1%

		Drying / Separation

		High Temperature Processes				88%		87%		87%		87%		87%		87%

		Lighting				1%		1%		1%		1%		1%		1%

		Low Temperature Processes				1%		2%		2%		2%		2%		2%

		Motors / Drives				3%		3%		3%		3%		3%		3%

		Other				5%		5%		5%		5%		5%		5%

		Refrigeration

		Space Heating				1%		1%		1%		1%		1%		1%





non-metallic mins

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Non-Ferrous Metals										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				1.80		7.30		7.00		7.40		6.40		5.50		24.49		24.49		24.49		24.49		24.49		24.49		24.49		44.1		178.8		171.4		181.2		156.7		134.7		12.50%		12.50%		12.50%		12.50%		5.79		5.79		5.87		6.15		24.49		24.49		24.49		24.49		24.49		141.70		141.81		143.87		150.71		12.50%		12.50%		12.50%		12.50%		5.49		5.63		5.77		6.02		24.49		24.49		24.49		24.49		24.49		134.5		138.0		141.4		147.5		12.50%		12.50%		12.50%		12.50%		3.86		4.27		4.67		5.57		24.49		24.49		24.49		24.49		24.49		94.6		104.5		114.5		136.4

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				13.60		13.80		13.40		12.60		14.70		14.37				60.76		58.16		52.49		46.19		44.79		43.81		826.3		802.6		703.4		582.0		658.4		629.5		28.10%		28.30%		27.80%		25.50%		13.01		13.11		13.07		12.55				31.65		35.92		31.82		36.09		411.68		470.91		415.73		453.06		28.00%		27.90%		27.60%		25.50%		12.30		12.58		12.75		12.29				31.65		35.92		31.82		36.09		389.2		451.7		405.6		443.5		28.00%		28.00%		28.00%		28.00%		8.65		9.56		10.47		12.47				31.65		35.92		31.82		36.09		273.8		343.4		333.2		450.2

		Electricity - Self Generated				10.60		10.80		10.30		6.24		3.80		4.13				69.57		69.57		69.57		69.57		69.57		69.57		737.5		751.4		716.6		434.1		264.4		287.3		7.60%		7.70%		7.50%		7.40%		3.52		3.57		3.52		3.64				69.57		69.57		69.57		69.57		244.76		248.17		245.23		253.46		7.60%		7.70%		7.50%		7.80%		3.34		3.47		3.46		3.76				69.57		69.57		69.57		69.57		232.2		241.5		241.0		261.5		7.80%		7.80%		7.80%		7.80%		2.41		2.66		2.92		3.48				29.62		29.62		29.62		29.62		71.4		78.9		86.4		102.9

		Fuel Oil				3.00		4.10		4.02		3.14		4.10		3.60		21.06		21.06		21.06		21.06		21.06		21.06		21.06		63.2		86.3		84.7		66.1		86.3		75.8		8.10%		8.90%		9.50%		11.30%		3.75		4.12		4.46		5.56		21.06		21.06		21.06		21.06		21.06		78.96		86.83		94.03		117.16		8.50%		9.50%		10.20%		11.80%		3.73		4.28		4.71		5.69		21.06		21.06		21.06		21.06		21.06		78.6		90.2		99.2		119.8		8.00%		8.00%		8.00%		8.00%		2.47		2.73		2.99		3.56		21.06		21.06		21.06		21.06		21.06		52.1		57.5		63.0		75.1

		LPG

		Natural Gas				18.10		16.20		13.60		14.80		16.30		15.10		14.81		14.81		14.81		14.81		14.81		14.81		14.81		268.1		239.9		201.4		219.2		241.4		223.6		31.50%		30.30%		30.20%		31.00%		14.58		14.04		14.19		15.26		14.81		14.81		14.81		14.81		14.81		215.95		207.88		210.20		226.02		31.40%		30.60%		30.30%		31.60%		13.79		13.79		13.99		15.23		14.81		14.81		14.81		14.81		14.81		204.2		204.3		207.3		225.5		31.80%		31.80%		31.80%		31.80%		9.82		10.86		11.89		14.17		14.81		14.81		14.81		14.81		14.81		145.5		160.8		176.1		209.8

		Other Solid				7.10		5.70		6.80		8.30		6.10		4.90		32.52		32.52		32.52		32.52		32.52		32.52		32.52		230.9		185.4		221.1		269.9		198.4		159.3		12.20%		12.30%		12.50%		12.30%		5.65		5.70		5.87		6.06		32.52		32.52		32.52		32.52		32.52		183.65		185.30		191.04		196.92		12.00%		11.80%		11.90%		10.80%		5.27		5.32		5.50		5.20		32.52		32.52		32.52		32.52		32.52		171.4		173.0		178.7		169.3		11.90%		11.90%		11.90%		11.90%		3.68		4.06		4.45		5.30		32.52		32.52		32.52		32.52		32.52		119.6		132.1		144.7		172.4

		Propane

		Waste

		Total				54.2		57.9		55.1		52.5		51.4		47.6																2170		2244		2099		1753		1606		1510										46.3		46.3		47.0		49.2												1277		1341		1300		1397										43.9		45.1		46.2		48.2												1210		1299		1273		1367										30.9		34.1		37.4		44.6												757		877		918		1147

		(MTonnes)				1.11		1.03		1.11		1.13		1.18		1.10

		SEC (GJ/T)				48.83		56.21		49.66		46.44		43.56		43.27

		Escalation Factor																																																		0.95		1.05		1.15		1.37																												0.95		1.05		1.15		1.37																												0.95		1.05		1.15		1.37

		SEC Trend																																																		-10.1%		-18.6%		-24.6%		-33.7%																												-14.7%		-20.8%		-25.9%		-35.1%																												-40.0%		-40.0%		-40.0%		-40.0%

		Self Generation Efficiency				35.2%		35.2%		35.2%		35.2%		35.2%		35.2%																																				35.2%		35.2%		35.2%		35.2%																												35.2%		35.2%		35.2%		35.2%																												50.0%		50.0%		50.0%		50.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		24.49																																		100.0%		100.0%		100.0%		100.0%		24.49																										100.0%		100.0%		100.0%		100.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				5%		5%		5%		5%		5%		5%

		Drying / Separation

		High Temperature Processes				65%		65%		65%		65%		65%		65%

		Lighting

		Low Temperature Processes

		Motors / Drives				23%		23%		23%		23%		23%		23%

		Other

		Refrigeration

		Space Heating				7%		7%		7%		7%		7%		7%





bricks

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Non-Metallic Minerals										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				8.66		8.02		7.62		7.26		8.10		7.20				60.76		58.16		52.49		46.19		44.79		43.81		526.2		466.4		400.0		335.3		362.8		315.4		23.80%		23.80%		23.80%		23.80%		8.39		8.69		8.94		9.85				31.65		35.92		31.82		36.09		265.69		312.09		284.50		355.35		23.80%		23.80%		23.80%		23.80%		5.83		6.15		6.57		8.01				31.65		35.92		31.82		36.09		184.6		220.9		209.1		289.0		23.80%		23.80%		23.80%		23.80%		4.77		5.27		5.82		7.09				31.65		35.92		31.82		36.09		151.0		189.4		185.1		255.9

		Electricity - Self Generated				0.00		0.00		0.00		0.20		0.20		0.20				0.00		0.00		0.00		29.62		29.62		29.62		0.0		0.0		0.0		5.9		5.9		5.9		0.70%		0.70%		0.70%		0.70%		0.25		0.26		0.26		0.29				29.62		29.62		29.62		29.62		7.31		7.57		7.79		8.58		0.70%		0.70%		0.70%		0.70%		0.17		0.18		0.19		0.24				29.62		29.62		29.62		29.62		5.1		5.4		5.7		7.0		0.70%		0.70%		0.70%		0.70%		0.14		0.16		0.17		0.21				29.62		29.62		29.62		29.62		4.2		4.6		5.1		6.2

		Fuel Oil				10.85		10.05		9.55		9.35		10.50		9.30		21.06		21.06		21.06		21.06		21.06		21.06		21.06		228.5		211.7		201.1		196.9		221.1		195.9		30.70%		30.70%		30.70%		30.70%		10.83		11.21		11.53		12.70		21.06		21.06		21.06		21.06		21.06		228.05		236.02		242.88		267.48		30.70%		30.70%		30.70%		30.70%		7.52		7.93		8.48		10.33		21.06		21.06		21.06		21.06		21.06		158.4		167.1		178.5		217.6		30.70%		30.70%		30.70%		30.70%		6.16		6.80		7.50		9.14		21.06		21.06		21.06		21.06		21.06		129.6		143.2		158.0		192.6

		LPG

		Natural Gas				15.85		14.68		13.95		13.65		15.32		13.50		14.81		14.81		14.81		14.81		14.81		14.81		14.81		234.7		217.4		206.6		202.2		226.9		199.9		44.80%		44.80%		44.80%		44.80%		15.80		16.35		16.83		18.53		14.81		14.81		14.81		14.81		14.81		234.02		242.21		249.25		274.49		44.80%		44.80%		44.80%		44.80%		10.98		11.58		12.37		15.07		14.81		14.81		14.81		14.81		14.81		162.6		171.5		183.2		223.3		44.80%		44.80%		44.80%		44.80%		8.98		9.92		10.95		13.34		14.81		14.81		14.81		14.81		14.81		133.0		147.0		162.2		197.6

		Other Solid

		Propane

		Waste

		Total				35.4		32.8		31.1		30.5		34.1		30.2																989		896		808		740		817		717										35.3		36.5		37.6		41.4												735		798		784		906										24.5		25.8		27.6		33.6												511		565		576		737										20.0		22.1		24.4		29.8												418		484		510		652

		(MTonnes)				378.00		350.00		332.00		325.00		364.00		334.00

		SEC (GJ/kT)				93.54		93.57		93.73		93.72		93.74		90.42

		Escalation Factor																																																		1.05		1.16		1.28		1.56																												1.05		1.16		1.28		1.56																												1.05		1.16		1.28		1.56

		SEC Trend																																																		-5.0%		-11.0%		-17.0%		-25.0%																												-34.0%		-37.0%		-39.0%		-39.0%																												-46.0%		-46.0%		-46.0%		-46.0%

		Self Generation Efficiency										50.0%		50.0%		50.0%																																				50.0%		50.0%		50.0%		50.0%																												50.0%		50.0%		50.0%		50.0%																												50.0%		50.0%		50.0%		50.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - Boilers		0.0%		0.0%		0.0%		100.0%		0.0%				14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air

		Drying / Separation				35%		35%		35%		35%		35%		35%

		High Temperature Processes				35%		35%		35%		35%		35%		35%

		Lighting				1%		1%		1%		1%		1%		1%

		Low Temperature Processes

		Motors / Drives				24%		24%		24%		24%		24%		24%

		Other

		Refrigeration

		Space Heating				5%		5%		5%		5%		5%		5%





cement&lime&plaster

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Bricks										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				1.71		1.22		1.05		0.70		0.83		0.86		24.49		24.49		24.49		24.49		24.49		24.49		24.49		41.9		29.9		25.7		17.1		20.3		21.1		4.10%		4.00%		4.20%		4.30%		0.91		0.85		0.89		0.99		24.49		24.49		24.49		24.49		24.49		22.19		20.89		21.77		24.15		4.00%		4.10%		4.10%		4.20%		0.69		0.75		0.79		0.90		24.49		24.49		24.49		24.49		24.49		17.0		18.5		19.3		22.0		4.10%		4.10%		4.10%		4.00%		0.48		0.51		0.55		0.61		24.49		24.49		24.49		24.49		24.49		11.8		12.6		13.5		14.9

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				1.59		1.41		1.39		1.27		1.50		1.56				60.76		58.16		52.49		46.19		44.79		43.81		96.6		82.0		73.0		58.7		67.2		68.3		8.20%		8.50%		8.70%		8.60%		1.81		1.81		1.84		1.97				31.65		35.92		31.82		36.09		57.35		65.10		58.59		71.18		8.30%		8.60%		9.10%		9.90%		1.44		1.58		1.75		2.12				31.65		35.92		31.82		36.09		45.6		56.9		55.8		76.5		7.90%		7.90%		7.80%		8.20%		0.93		0.99		1.05		1.25				31.65		35.92		31.82		36.09		29.3		35.6		33.3		45.0

		Electricity - Self Generated

		Fuel Oil				0.65		0.47		0.23		0.26		0.31		0.32		21.06		21.06		21.06		21.06		21.06		21.06		21.06		13.7		9.9		4.8		5.5		6.5		6.7		1.40%		1.50%		1.40%		1.30%		0.31		0.32		0.30		0.30		21.06		21.06		21.06		21.06		21.06		6.51		6.74		6.24		6.28		1.30%		1.30%		1.30%		1.30%		0.23		0.24		0.25		0.28		21.06		21.06		21.06		21.06		21.06		4.7		5.0		5.3		5.9		1.50%		1.50%		1.50%		1.50%		0.18		0.19		0.20		0.23		21.06		21.06		21.06		21.06		21.06		3.7		4.0		4.2		4.8

		LPG				2.04		1.57		1.83		1.54		1.82		1.89		17.80		17.80		17.80		17.80		17.80		17.80		17.80		36.3		27.9		32.6		27.4		32.4		33.6		7.90%		7.80%		6.80%		5.30%		1.75		1.66		1.44		1.22		17.80		17.80		17.80		17.80		17.80		31.07		29.60		25.62		21.64		7.80%		7.60%		6.50%		5.40%		1.35		1.40		1.25		1.16		17.80		17.80		17.80		17.80		17.80		24.1		24.9		22.3		20.6		8.90%		8.90%		8.90%		8.90%		1.04		1.12		1.19		1.35		17.80		17.80		17.80		17.80		17.80		18.6		19.9		21.2		24.1

		Natural Gas				14.25		13.15		12.64		11.92		14.07		14.64		14.81		14.81		14.81		14.81		14.81		14.81		14.81		211.0		194.8		187.2		176.5		208.4		216.8		69.50%		69.20%		70.10%		71.70%		15.36		14.75		14.84		16.44		14.81		14.81		14.81		14.81		14.81		227.44		218.52		219.72		243.53		69.80%		69.60%		70.20%		70.40%		12.11		12.81		13.53		15.07		14.81		14.81		14.81		14.81		14.81		179.3		189.7		200.3		223.2		68.80%		68.80%		68.90%		68.60%		8.06		8.64		9.23		10.44		14.81		14.81		14.81		14.81		14.81		119.3		127.9		136.7		154.6

		Other Solid				1.59		1.59		1.53		1.37		1.62		1.69		32.52		32.52		32.52		32.52		32.52		32.52		32.52		51.7		51.7		49.8		44.6		52.7		55.0		8.00%		8.10%		7.90%		7.90%		1.77		1.73		1.67		1.81		32.52		32.52		32.52		32.52		32.52		57.49		56.16		54.37		58.92		7.90%		7.90%		7.90%		7.90%		1.37		1.45		1.52		1.69		32.52		32.52		32.52		32.52		32.52		44.6		47.3		49.5		55.0		7.90%		7.90%		7.90%		7.90%		0.93		0.99		1.06		1.20		32.52		32.52		32.52		32.52		32.52		30.1		32.3		34.4		39.1

		Propane

		Waste				0.95		0.55		0.24		0.15		0.18		0.19				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.90%		0.90%		0.90%		0.90%		0.20		0.19		0.19		0.21				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.90%		0.90%		0.90%		0.90%		0.16		0.17		0.17		0.19				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.90%		0.90%		0.90%		0.90%		0.11		0.11		0.12		0.14				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0

		Total				22.8		20.0		18.9		17.2		20.3		21.2																451		396		373		330		387		402										22.1		21.3		21.2		22.9												402		397		386		426										17.3		18.4		19.3		21.4												315		342		353		403										11.7		12.6		13.4		15.2												213		232		243		282

		(MTonnes)				8.80		7.80		6.90		6.40		7.40		7.70

		SEC (GJ/T)				2.59		2.56		2.74		2.69		2.75		2.75

		Escalation Factor																																																		0.97		1.04		1.11		1.26																												0.97		1.04		1.11		1.26																												0.97		1.04		1.11		1.26

		SEC Trend																																																		0.0%		-10.0%		-16.3%		-20.1%																												-21.5%		-22.3%		-23.8%		-25.4%																												-47.0%		-47.0%		-47.0%		-47.0%

		Self Generation Efficiency

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Process Breakdowns

		Compressed Air

		Drying / Separation				10%		10%		10%		10%		10%		10%

		High Temperature Processes				85%		85%		85%		85%		85%		85%

		Lighting

		Low Temperature Processes

		Motors / Drives				5%		5%		5%		5%		5%		5%

		Other

		Refrigeration

		Space Heating





glass&glassware

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Cement, Lime & Plaster										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				75.83		61.68		56.05		48.00		47.90		45.30		24.49		24.49		24.49		24.49		24.49		24.49		24.49		1857.1		1510.5		1372.7		1175.5		1173.1		1109.4		63.00%		60.00%		55.00%		50.00%		48.17		49.07		47.72		50.14		24.49		24.49		24.49		24.49		24.49		1179.67		1201.61		1168.73		1227.95		51.00%		41.00%		30.00%		30.00%		34.61		29.67		22.97		27.52		24.49		24.49		24.49		24.49		24.49		847.7		726.7		562.5		673.9		30.00%		30.00%		30.00%		30.00%		18.56		20.30		22.05		26.42		24.49		24.49		24.49		24.49		24.49		454.4		497.2		540.0		646.9

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				8.24		6.70		6.09		6.00		6.20		6.00				60.76		58.16		52.49		46.19		44.79		43.81		500.7		389.7		319.7		277.1		277.7		262.9		9.00%		9.00%		9.00%		9.00%		6.88		7.36		7.81		9.03				31.65		35.92		31.82		36.09		217.79		264.36		248.49		325.72		8.00%		8.00%		9.00%		9.00%		5.43		5.79		6.89		8.25				31.65		35.92		31.82		36.09		171.8		208.0		219.3		297.9		9.00%		9.00%		9.00%		9.00%		5.57		6.09		6.61		7.92				31.65		35.92		31.82		36.09		176.2		218.8		210.5		286.0

		Electricity - Self Generated

		Fuel Oil				1.00		1.00		0.96		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		21.06		21.06		21.1		21.1		20.2		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		0.0		0.0		0.0		0.0

		LPG

		Natural Gas				16.00		13.01		11.83		14.90		14.80		14.20		14.81		14.81		14.81		14.81		14.81		14.81		14.81		237.0		192.7		175.2		220.7		219.2		210.3		21.00%		21.00%		21.00%		21.00%		16.06		17.17		18.22		21.06		14.81		14.81		14.81		14.81		14.81		237.80		254.33		269.86		311.89		21.00%		21.00%		21.00%		21.00%		14.25		15.20		16.08		19.26		14.81		14.81		14.81		14.81		14.81		211.1		225.1		238.1		285.3		21.00%		21.00%		21.00%		21.00%		12.99		14.21		15.43		18.49		14.81		14.81		14.81		14.81		14.81		192.4		210.5		228.6		273.9

		Other Solid

		Propane

		Waste				0.00		0.00		0.00		0.70		2.30		3.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		7.00%		10.00%		15.00%		20.00%		5.35		8.18		13.02		20.06				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		20.00%		30.00%		40.00%		40.00%		13.57		21.71		30.62		36.69				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		40.00%		40.00%		40.00%		40.00%		24.74		27.07		29.40		35.22				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0

		Total				101.1		82.4		74.9		69.6		71.2		68.5																2616		2114		1888		1673		1670		1583										76.5		81.8		86.8		100.3												1635		1720		1687		1866										67.9		72.4		76.6		91.7												1231		1160		1020		1257										61.9		67.7		73.5		88.1												823		926		979		1207

		(MTonnes)				22.00		18.00		16.50		16.30		16.80		16.20

		SEC (GJ/T)				4.59		4.58		4.54		4.27		4.24		4.23

		Escalation Factor																																																		0.85		0.93		1.01		1.21																												0.85		0.93		1.01		1.21																												0.85		0.93		1.01		1.21

		SEC Trend																																																		-11.0%		-13.0%		-15.0%		-18.0%																												-21.0%		-23.0%		-25.0%		-25.0%																												-28.0%		-28.0%		-28.0%		-28.0%

		Self Generation Efficiency

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Process Breakdowns

		Compressed Air

		Drying / Separation				5%		5%		5%		5%		5%		5%

		High Temperature Processes				87%		87%		87%		87%		87%		87%

		Lighting

		Low Temperature Processes

		Motors / Drives				8%		8%		8%		8%		8%		8%

		Other

		Refrigeration

		Space Heating





pottery

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Glass & Glassware										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				0.65		0.61		0.56		0.52		0.47		0.43		24.49		24.49		24.49		24.49		24.49		24.49		24.49		15.9		14.9		13.7		12.7		11.5		10.5		0.50%		0.50%		0.50%		0.50%		0.15		0.14		0.13		0.13		24.49		24.49		24.49		24.49		24.49		3.59		3.33		3.17		3.10		0.50%		0.50%		0.50%		0.50%		0.12		0.12		0.11		0.11		24.49		24.49		24.49		24.49		24.49		3.1		2.9		2.8		2.8		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				4.94		4.93		4.91		4.90		4.88		4.87				60.76		58.16		52.49		46.19		44.79		43.81		300.2		286.7		257.7		226.3		218.6		213.4		14.30%		13.80%		12.20%		10.10%		4.20		3.75		3.16		2.56				31.65		35.92		31.82		36.09		132.83		134.85		100.41		92.24		9.00%		13.00%		17.00%		21.00%		2.25		3.10		3.89		4.81				31.65		35.92		31.82		36.09		71.2		111.5		123.7		173.7		10.00%		10.00%		10.00%		10.00%		1.58		1.59		1.61		1.64				31.65		35.92		31.82		36.09		50.0		57.3		51.2		59.3

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		1.00%		2.20%		5.60%		0.00		0.27		0.57		1.42				0.00		19.75		19.75		19.75		0.00		5.37		11.24		27.98		9.00%		9.00%		9.00%		9.00%		2.25		2.15		2.06		2.06				19.75		19.75		19.75		19.75		44.4		42.4		40.7		40.7		19.00%		19.00%		19.00%		19.00%		3.00		3.03		3.06		3.12				19.75		19.75		19.75		19.75		59.2		59.8		60.4		61.6

		Fuel Oil				14.52		13.15		11.79		10.42		9.06		7.69		21.06		21.06		21.06		21.06		21.06		21.06		21.06		305.8		276.9		248.3		219.4		190.8		162.0		39.40%		44.70%		41.20%		36.40%		11.56		12.16		10.66		9.21		21.06		21.06		21.06		21.06		21.06		243.51		256.09		224.42		193.98		38.00%		32.00%		29.00%		25.00%		9.50		7.64		6.63		5.73		21.06		21.06		21.06		21.06		21.06		200.1		161.0		139.7		120.7		13.00%		13.00%		13.00%		13.00%		2.05		2.07		2.09		2.13		21.06		21.06		21.06		21.06		21.06		43.2		43.7		44.1		45.0

		LPG

		Natural Gas				12.43		13.43		14.64		15.74		16.85		17.95		14.81		14.81		14.81		14.81		14.81		14.81		14.81		184.1		198.9		216.8		233.1		249.5		265.8		45.80%		40.00%		43.90%		47.40%		13.44		10.88		11.35		11.99		14.81		14.81		14.81		14.81		14.81		199.06		161.15		168.16		177.64		43.50%		45.50%		44.50%		44.50%		10.87		10.87		10.18		10.20		14.81		14.81		14.81		14.81		14.81		161.0		160.9		150.8		151.1		58.00%		58.00%		58.00%		58.00%		9.16		9.25		9.34		9.53		14.81		14.81		14.81		14.81		14.81		135.6		137.0		138.3		141.1

		Other Solid

		Propane

		Waste

		Total				32.5		32.1		31.9		31.6		31.3		30.9																806		778		737		692		670		652										29.3		27.2		25.9		25.3												579		561		507		495										25.0		23.9		22.9		22.9												480		479		458		489										15.8		15.9		16.1		16.4												288		298		294		307

		Quantity Units (MTonnes)				2.96		3.01		3.05		3.10		3.14		3.19

		SEC (GJ/kT)				10993.24		10671.10		10459.02		10187.10		9955.41		9699.06

		Escalation Factor																																																		0.99		1.00		1.01		1.03																												0.99		1.00		1.01		1.03																												0.99		1.00		1.01		1.03

		SEC Trend																																																		-8.9%		-16.4%		-21.3%		-24.5%																												-22.4%		-26.6%		-30.4%		-31.6%																												-51.0%		-51.0%		-51.0%		-51.0%

		Self Generation Efficiency																																																				75.0%		75.0%		75.0%																												75.0%		75.0%		75.0%		75.0%																												75.0%		75.0%		75.0%		75.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		0.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				5%		5%		5%		5%		5%		5%

		Drying / Separation

		High Temperature Processes				85%		85%		83%		83%		83%		83%

		Lighting

		Low Temperature Processes

		Motors / Drives				5%		5%		5%		5%		5%		5%

		Other

		Refrigeration

		Space Heating				5%		5%		7%		7%		7%		7%





chemicals

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Pottery										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				0.10		0.10		0.10		0.10		0.10		0.10		24.49		24.49		24.49		24.49		24.49		24.49		24.49		2.4		2.4		2.4		2.4		2.4		2.4		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				2.90		2.90		2.80		2.80		2.80		2.80				60.76		58.16		52.49		46.19		44.79		43.81		176.2		168.7		147.0		129.3		125.4		122.7		20.00%		22.00%		24.00%		24.00%		3.04		3.00		3.20		3.28				31.65		35.92		31.82		36.09		96.07		107.81		101.71		118.31		19.00%		21.00%		23.00%		26.00%		2.15		2.35		2.56		3.01				31.65		35.92		31.82		36.09		67.9		84.5		81.3		108.8		26.00%		26.00%		26.00%		26.00%		2.22		2.34		2.43		2.66				31.65		35.92		31.82		36.09		70.3		84.0		77.3		96.1

		Electricity - Self Generated

		Fuel Oil				0.40		0.40		0.40		0.40		0.40		0.40		21.06		21.06		21.06		21.06		21.06		21.06		21.06		8.4		8.4		8.4		8.4		8.4		8.4		1.00%		1.00%		0.00%		0.00%		0.15		0.14		0.00		0.00		21.06		21.06		21.06		21.06		21.06		3.20		2.87		0.00		0.00		1.00%		1.00%		1.00%		0.00%		0.11		0.11		0.11		0.00		21.06		21.06		21.06		21.06		21.06		2.4		2.4		2.3		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		21.06		21.06		21.06		21.06		21.06		0.0		0.0		0.0		0.0

		LPG

		Natural Gas				13.10		13.00		13.00		12.90		12.90		12.80		14.81		14.81		14.81		14.81		14.81		14.81		14.81		194.0		192.5		192.5		191.0		191.0		189.6		74.00%		73.00%		73.00%		74.00%		11.23		9.96		9.72		10.11		14.81		14.81		14.81		14.81		14.81		166.32		147.49		143.99		149.70		76.00%		75.00%		73.00%		72.00%		8.58		8.40		8.11		8.35		14.81		14.81		14.81		14.81		14.81		127.1		124.4		120.1		123.6		72.00%		72.00%		72.00%		72.00%		6.15		6.47		6.73		7.37		14.81		14.81		14.81		14.81		14.81		91.1		95.9		99.7		109.2

		Other Solid

		Propane				0.30		0.20		0.20		0.20		0.20		0.20		17.80		17.80		17.80		17.80		17.80		17.80		17.80		5.3		3.6		3.6		3.6		3.6		3.6		5.00%		4.00%		3.00%		2.00%		0.76		0.55		0.40		0.27		17.80		17.80		17.80		17.80		17.80		13.51		9.71		7.11		4.86		4.00%		3.00%		3.00%		2.00%		0.45		0.34		0.33		0.23		17.80		17.80		17.80		17.80		17.80		8.0		6.0		5.9		4.1		2.00%		2.00%		2.00%		2.00%		0.17		0.18		0.19		0.20		17.80		17.80		17.80		17.80		17.80		3.0		3.2		3.3		3.6

		Waste

		Total				16.8		16.6		16.5		16.4		16.4		16.3																386		376		354		335		331		327										15.2		13.6		13.3		13.7												279		268		253		273										11.3		11.2		11.1		11.6												205		217		210		237										8.5		9.0		9.3		10.2												165		183		180		209

		Added Value (£M)				1.35		1.36		1.36		1.37		1.38		1.38

		SEC (GJ/£k)				12444.44		12205.88		12132.35		11970.80		11884.06		11811.59

		Escalation Factor																																																		0.96		1.01		1.05		1.15																												0.96		1.01		1.05		1.15																												0.96		1.01		1.05		1.15

		SEC Trend																																																		-5.9%		-19.6%		-24.5%		-29.3%																												-30.0%		-34.0%		-37.0%		-40.0%																												-47.0%		-47.0%		-47.0%		-47.0%

		Self Generation Efficiency

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Process Breakdowns

		Compressed Air

		Drying / Separation				22%		22%		22%		22%		22%		22%

		High Temperature Processes				68%		68%		68%		68%		68%		68%

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes

		Motors / Drives				7%		7%		7%		7%		7%		7%

		Other

		Refrigeration

		Space Heating





Mech Eng

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Chemicals										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				30.98		34.75		33.29		27.97		27.76		23.95		24.49		24.49		24.49		24.49		24.49		24.49		24.49		758.7		851.0		815.3		685.0		679.8		586.5		8.30%		7.60%		6.50%		5.00%		22.73		21.49		19.08		15.98		24.49		24.49		24.49		24.49		24.49		556.70		526.37		467.21		391.25		6.60%		6.00%		5.00%		3.60%		17.09		15.84		13.51		10.41		24.49		24.49		24.49		24.49		24.49		418.6		387.9		330.8		254.9		6.30%		5.70%		4.90%		3.40%		14.87		13.25		11.72		8.13		24.49		24.49		24.49		24.49		24.49		364.2		324.6		287.0		199.2

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported				-2.48		-2.48		-3.08		-2.62		-5.32		-7.85				60.76		58.16		52.49		46.19		44.79		43.81		-150.7		-144.2		-161.7		-121.0		-238.3		-343.9		-1.00%		-1.00%		-1.00%		-1.10%		-2.74		-2.83		-2.94		-3.51				31.65		35.92		31.82		36.09		-86.68		-101.58		-93.39		-126.85		-1.30%		-1.40%		-1.40%		-1.40%		-3.37		-3.70		-3.78		-4.05				31.65		35.92		31.82		36.09		-106.6		-132.7		-120.3		-146.1		-1.50%		-1.50%		-1.60%		-1.70%		-3.54		-3.49		-3.83		-4.07				31.65		35.92		31.82		36.09		-112.1		-125.3		-121.7		-146.8

		Electricity - Purchased				52.43		49.37		50.76		57.34		47.35		54.31				60.76		58.16		52.49		46.19		44.79		43.81		3185.6		2871.4		2664.4		2648.5		2120.8		2379.3		17.70%		17.90%		17.90%		18.10%		48.48		50.62		52.54		57.83				31.65		35.92		31.82		36.09		1534.27		1818.36		1671.72		2087.21		14.00%		14.30%		14.60%		15.30%		36.26		37.75		39.44		44.23				31.65		35.92		31.82		36.09		1147.6		1355.8		1255.1		1596.3		14.10%		14.50%		15.00%		16.00%		33.29		33.72		35.87		38.28				31.65		35.92		31.82		36.09		1053.5		1211.1		1141.4		1381.6

		Electricity - Self Generated				15.58		15.58		15.58		15.58		20.89		21.54				32.35		32.35		32.35		32.35		31.51		26.94		504.0		504.0		504.0		504.0		658.3		580.2		6.10%		6.60%		7.40%		8.60%		16.71		18.67		21.72		27.48				25.59		25.13		24.26		23.41		427.55		469.07		526.87		643.16		10.80%		11.30%		11.90%		12.90%		27.97		29.83		32.15		37.29				21.30		21.18		20.93		20.63		595.9		631.8		672.9		769.5		11.60%		12.10%		12.80%		14.10%		27.38		28.14		30.61		33.74				21.17		21.08		20.87		20.62		579.7		593.0		638.8		695.6

		Fuel Oil				49.57		57.74		50.54		51.92		67.33		48.95		21.06		21.06		21.06		21.06		21.06		21.06		21.06		1043.9		1216.0		1064.4		1093.4		1418.0		1030.9		15.00%		14.10%		12.80%		10.90%		41.08		39.88		37.57		34.83		21.06		21.06		21.06		21.06		21.06		865.17		839.78		791.19		733.48		14.80%		14.00%		12.90%		11.20%		38.33		36.95		34.85		32.38		21.06		21.06		21.06		21.06		21.06		807.2		778.2		733.9		681.9		14.90%		14.20%		13.20%		11.50%		35.17		33.02		31.57		27.52		21.06		21.06		21.06		21.06		21.06		740.8		695.4		664.8		579.5

		LPG

		Natural Gas				126.96		103.00		107.24		110.08		125.10		111.58		14.81		14.81		14.81		14.81		14.81		14.81		14.81		1880.3		1525.4		1588.2		1630.3		1852.7		1652.5		53.20%		54.10%		55.70%		57.80%		145.70		153.00		163.48		184.68		14.81		14.81		14.81		14.81		14.81		2157.85		2265.91		2421.14		2735.16		54.40%		55.10%		56.30%		57.80%		140.89		145.44		152.10		167.09		14.81		14.81		14.81		14.81		14.81		2086.6		2153.9		2252.6		2474.7		53.90%		54.30%		55.00%		56.00%		127.24		126.26		131.53		133.99		14.81		14.81		14.81		14.81		14.81		1884.4		1870.0		1947.9		1984.3

		Other Solid				2.60		2.09		2.47		2.97		2.18		1.76		32.52		32.52		32.52		32.52		32.52		32.52		32.52		84.6		68.0		80.3		96.6		70.9		57.2		0.70%		0.70%		0.70%		0.70%		1.92		1.98		2.05		2.24		32.52		32.52		32.52		32.52		32.52		62.35		64.38		66.81		72.74		0.70%		0.70%		0.70%		0.60%		1.81		1.85		1.89		1.73		32.52		32.52		32.52		32.52		32.52		59.0		60.1		61.5		56.4		0.70%		0.70%		0.70%		0.70%		1.65		1.63		1.67		1.67		32.52		32.52		32.52		32.52		32.52		53.7		52.9		54.4		54.5

		Propane

		Waste

		Total				275.6		260.1		256.8		263.2		285.3		254.2																7306		6892		6555		6537		6562		5943										273.9		282.8		293.5		319.5												5517		5882		5852		6536										259.0		264.0		270.2		289.1												5008		5235		5186		5688										236.1		232.5		239.1		239.3												4564		4622		4612		4748

		Quantity Units (Units)				100.00		97.60		94.70		93.50		101.60		103.00

		SEC (PJ/Unit)				2.76		2.66		2.71		2.82		2.81		2.47

		Escalation Factor																																																		1.08		1.14		1.21		1.38																												1.08		1.14		1.21		1.38																												1.08		1.14		1.21		1.38

		SEC Trend																																																		-8.0%		-10.0%		-12.0%		-16.0%																												-13.0%		-16.0%		-19.0%		-24.0%																												-20.7%		-26.0%		-28.3%		-37.1%

		Self Generation Efficiency				66.4%		66.4%		66.4%		66.4%		66.4%		74.0%																																				72.4%		72.6%		73.2%		73.7%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Exported		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		48.1%		48.1%		48.1%		48.1%		42.0%		40.0%		24.49																																		19.7%		17.6%		14.1%		10.4%		24.49																										7.6%		7.0%		6.0%		4.7%		24.49																										7.2%		6.5%		5.4%		3.8%		24.49

				Fuel Oil - Boilers		28.8%		28.8%		28.8%		28.8%		28.8%		20.0%		21.06																																		27.0%		26.0%		23.9%		21.8%		21.06																										23.1%		22.5%		21.1%		19.6%		21.06																										22.3%		22.2%		21.5%		20.8%		21.06

				Natural Gas - Boilers		21.9%		21.9%		21.9%		21.9%		27.8%		20.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		20.0%		14.81																																		52.6%		55.8%		61.5%		67.4%		14.81																										69.0%		70.2%		72.7%		75.6%		14.81																										70.3%		71.1%		73.0%		75.3%		14.81

				Other Solid - Boilers		1.2%		1.2%		1.2%		1.2%		1.4%		0.0%		32.52																																		0.7%		0.6%		0.5%		0.4%		32.52																										0.3%		0.3%		0.2%		0.1%		32.52																										0.2%		0.2%		0.1%		0.1%		32.52

		Process Breakdowns

		Compressed Air								2%		2%		2%		2%

		Drying / Separation				27%		27%		26%		26%		26%		26%

		High Temperature Processes

		Lighting								1%		1%		1%		1%

		Low Temperature Processes				40%		40%		46%		46%		46%		46%

		Motors / Drives				4%		4%		10%		10%		10%		10%

		Other				20%		20%		8%		8%		8%		8%

		Refrigeration				5%		5%		3%		3%		3%		3%

		Space Heating				4%		4%		4%		4%		4%		4%





ElecEng

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Mechanical Engineering										1000000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				1.51		1.38		1.26		1.47		0.92		0.84		24.49		24.49		24.49		24.49		24.49		24.49		24.49		37.0		33.8		30.9		36.0		22.5		20.6		1.00%		1.00%		1.00%		1.00%		1.00		1.02		1.06		1.12		24.49		24.49		24.49		24.49		24.49		24.56		24.88		25.87		27.48		1.00%		1.00%		1.00%		1.00%		0.91		0.92		0.96		1.02		24.49		24.49		24.49		24.49		24.49		22.2		22.5		23.4		25.0		0.30%		0.30%		0.30%		0.30%		0.23		0.24		0.25		0.27		24.49		24.49		24.49		24.49		24.49		5.6		5.9		6.1		6.7

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				33.91		29.52		29.98		29.27		28.89		29.94				60.76		58.16		52.49		46.19		44.79		43.81		2060.4		1716.9		1573.7		1352.0		1294.0		1311.7		35.80%		35.60%		35.40%		35.30%		35.90		36.17		37.40		39.61				31.65		35.92		31.82		36.09		1136.19		1299.22		1190.00		1429.37		32.60%		32.20%		32.60%		32.30%		29.53		29.54		31.13		32.93				31.65		35.92		31.82		36.09		934.6		1060.9		990.7		1188.3		13.10%		13.10%		13.10%		13.10%		10.02		10.44		10.96		11.90				31.65		35.92		31.82		36.09		317.1		374.8		348.6		429.3

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.30%		0.40%		0.60%		0.00		0.30		0.42		0.67				18.51		18.51		18.51		18.51		0.00		5.64		7.82		12.46		3.20%		3.20%		3.20%		3.20%		2.90		2.94		3.06		3.26				18.51		18.51		18.51		18.51		53.7		54.3		56.6		60.4		19.20%		19.20%		19.20%		19.20%		14.68		15.29		16.06		17.44				18.51		18.51		18.51		18.51		271.8		283.1		297.3		322.8

		Fuel Oil				19.51		18.05		19.05		18.71		17.54		15.87		21.06		21.06		21.06		21.06		21.06		21.06		21.06		410.9		380.1		401.2		394.0		369.4		334.2		19.00%		18.70%		18.90%		18.80%		19.05		19.00		19.97		21.09		21.06		21.06		21.06		21.06		21.06		401.24		400.13		420.50		444.22		19.00%		19.20%		19.00%		19.10%		17.21		17.61		18.15		19.47		21.06		21.06		21.06		21.06		21.06		362.5		370.9		382.2		410.1		3.50%		3.50%		3.50%		3.50%		2.68		2.79		2.93		3.18		21.06		21.06		21.06		21.06		21.06		56.4		58.7		61.7		66.9

		LPG				0.00		0.00		0.00		0.00		0.00		0.00		17.80		17.80		17.80		17.80		17.80		17.80		17.80		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		17.80		17.80		17.80		17.80		17.80		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		17.80		17.80		17.80		17.80		17.80		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		17.80		17.80		17.80		17.80		17.80		0.0		0.0		0.0		0.0

		Natural Gas				46.22		45.93		38.69		37.93		28.30		29.94		14.81		14.81		14.81		14.81		14.81		14.81		14.81		684.5		680.2		573.0		561.7		419.1		443.4		35.80%		36.00%		35.90%		35.90%		35.90		36.58		37.93		40.28		14.81		14.81		14.81		14.81		14.81		531.66		541.69		561.69		596.53		35.80%		36.00%		35.80%		36.00%		32.43		33.02		34.19		36.70		14.81		14.81		14.81		14.81		14.81		480.3		489.0		506.4		543.5		56.30%		56.30%		56.30%		56.30%		43.05		44.85		47.09		51.13		14.81		14.81		14.81		14.81		14.81		637.6		664.2		697.4		757.2

		Other Solid				8.57		7.18		7.53		7.86		7.25		7.00		32.52		32.52		32.52		32.52		32.52		32.52		32.52		278.7		233.5		244.9		255.6		235.8		227.6		8.40%		8.40%		8.40%		8.40%		8.42		8.53		8.87		9.42		32.52		32.52		32.52		32.52		32.52		273.92		277.54		288.59		306.49		8.40%		8.40%		8.40%		8.40%		7.61		7.70		8.02		8.56		32.52		32.52		32.52		32.52		32.52		247.4		250.6		260.9		278.5		7.60%		7.60%		7.60%		7.60%		5.81		6.05		6.36		6.90		32.52		32.52		32.52		32.52		32.52		189.0		196.9		206.7		224.4

		Propane

		Waste

		Total				109.7		102.1		96.5		95.2		82.9		83.6																3471		3045		2824		2599		2341		2338										100.3		101.6		105.6		112.2												2368		2549		2494		2817										90.6		91.7		95.5		101.9												2101		2248		2220		2506										76.5		79.7		83.6		90.8												1477		1584		1618		1807

		Added Value (£M)				19571.00		18181.00		17731.00		17966.00		19180.00		19825.00

		SEC (GJ/£M)				5606.25		5613.55		5443.01		5301.12		4322.21		4216.39

		Escalation Factor																																																		0.96		1.00		1.05		1.14																												0.96		1.00		1.05		1.14																												0.96		1.00		1.05		1.14

		SEC Trend																																																		-4.8%		-7.4%		-8.3%		-10.3%																												-14.0%		-16.4%		-17.1%		-18.5%																												-27.4%		-27.4%		-27.4%		-27.4%

		Self Generation Efficiency																																																		80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				10%		10%		10%		10%		10%		10%

		Drying / Separation

		High Temperature Processes				9%		9%		9%		9%		9%		9%

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				15%		15%		15%		15%		15%		15%

		Motors / Drives				15%		15%		15%		15%		15%		15%

		Other

		Refrigeration

		Space Heating				48%		48%		48%		48%		48%		48%





vehiclemftr

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Electrical Engineering										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				0.59		0.63		0.42		0.50		0.00		0.00		24.49		24.49		24.49		24.49		24.49		24.49		24.49		14.4		15.4		10.3		12.2		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				18.88		20.35		18.51		18.58		18.00		19.05				60.76		58.16		52.49		46.19		44.79		43.81		1147.1		1183.6		971.6		858.2		806.2		834.6		50.70%		50.40%		50.20%		50.00%		32.74		38.26		44.65		55.54				31.65		35.92		31.82		36.09		1036.36		1374.20		1420.77		2004.43		46.40%		46.40%		46.40%		46.40%		27.32		32.25		37.89		47.63				31.65		35.92		31.82		36.09		864.7		1158.4		1205.5		1718.9		24.50%		24.50%		24.50%		24.50%		11.56		14.02		16.63		21.30				31.65		35.92		31.82		36.09		365.9		503.5		529.1		768.8

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.40%		0.60%		0.80%		0.00		0.30		0.53		0.89				18.51		18.51		18.51		18.51		0.00		5.62		9.88		16.45		4.20%		4.20%		4.20%		4.20%		2.47		2.92		3.43		4.31				18.51		18.51		18.51		18.51		45.8		54.0		63.5		79.8		18.30%		18.30%		18.30%		18.30%		8.64		10.47		12.42		15.91				18.51		18.51		18.51		18.51		159.9		193.8		229.9		294.5

		Fuel Oil				8.71		9.21		10.05		10.72		10.05		8.75		21.06		21.06		21.06		21.06		21.06		21.06		21.06		183.4		194.0		211.7		225.8		211.7		184.3		23.20%		22.90%		23.10%		23.00%		14.98		17.38		20.55		25.55		21.06		21.06		21.06		21.06		21.06		315.56		366.08		432.70		538.05		23.20%		23.20%		23.20%		23.20%		13.66		16.12		18.94		23.81		21.06		21.06		21.06		21.06		21.06		287.7		339.6		398.9		501.5		3.40%		3.40%		3.40%		3.40%		1.60		1.95		2.31		2.96		21.06		21.06		21.06		21.06		21.06		33.8		41.0		48.6		62.3

		LPG

		Natural Gas				19.93		20.68		18.51		15.45		9.80		9.76		14.81		14.81		14.81		14.81		14.81		14.81		14.81		295.2		306.3		274.1		228.8		145.1		144.5		25.90%		26.10%		25.90%		26.00%		16.73		19.81		23.04		28.88		14.81		14.81		14.81		14.81		14.81		247.73		293.41		341.17		427.72		26.00%		26.00%		26.00%		26.00%		15.31		18.07		21.23		26.69		14.81		14.81		14.81		14.81		14.81		226.7		267.6		314.4		395.2		53.70%		53.70%		53.70%		53.70%		25.34		30.72		36.45		46.69		14.81		14.81		14.81		14.81		14.81		375.3		455.0		539.8		691.5

		Other Solid				0.13		0.08		0.13		0.17		0.13		0.08		32.52		32.52		32.52		32.52		32.52		32.52		32.52		4.2		2.6		4.2		5.5		4.2		2.6		0.20%		0.20%		0.20%		0.20%		0.13		0.15		0.18		0.22		32.52		32.52		32.52		32.52		32.52		4.20		4.94		5.78		7.22		0.20%		0.20%		0.20%		0.20%		0.12		0.14		0.16		0.21		32.52		32.52		32.52		32.52		32.52		3.8		4.5		5.3		6.7		0.10%		0.10%		0.10%		0.10%		0.05		0.06		0.07		0.09		32.52		32.52		32.52		32.52		32.52		1.5		1.9		2.2		2.8

		Propane

		Waste

		Total				48.2		51.0		47.6		45.4		38.0		37.6																1644		1702		1472		1331		1167		1166										64.6		75.9		88.9		111.1												1604		2044		2210		2994										58.9		69.5		81.7		102.6												1429		1824		1988		2702										47.2		57.2		67.9		86.9												936		1195		1350		1820

		Added Value (£M)				14376.00		13384.00		13097.00		13212.00		14088.00		14563.00

		SEC (GJ/£k)				3.36		3.81		3.64		3.44		2.70		2.58

		Escalation Factor																																																		1.46		1.77		2.10		2.69																												1.46		1.77		2.10		2.69																												1.46		1.77		2.10		2.69

		SEC Trend																																																		-8.3%		-11.1%		-12.2%		-14.4%																												-16.4%		-18.6%		-19.4%		-20.9%																												-33.0%		-33.0%		-33.0%		-33.0%

		Self Generation Efficiency				80.0%																																														80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				10%		10%		10%		10%		10%		10%

		Drying / Separation

		High Temperature Processes				9%		9%		9%		9%		9%		9%

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				15%		15%		15%		15%		15%		15%

		Motors / Drives				15%		15%		15%		15%		15%		15%

		Other

		Refrigeration

		Space Heating				48%		48%		48%		48%		48%		48%





fooddrink&tobacco

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Vehicle Manufacture										1000000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				6.15		7.29		8.21		6.74		6.87		5.95		24.49		24.49		24.49		24.49		24.49		24.49		24.49		150.6		178.5		201.1		165.1		168.2		145.7		8.70%		8.70%		8.70%		8.70%		6.17		6.85		7.65		9.68		24.49		24.49		24.49		24.49		24.49		151.07		167.76		187.35		237.17		8.70%		8.70%		8.70%		8.70%		5.54		6.14		6.91		8.83		24.49		24.49		24.49		24.49		24.49		135.6		150.4		169.1		216.2		1.60%		1.60%		1.60%		1.60%		0.82		0.94		1.07		1.39		24.49		24.49		24.49		24.49		24.49		20.1		23.0		26.1		34.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				22.44		21.86		22.32		22.23		20.18		22.06				60.76		58.16		52.49		46.19		44.79		43.81		1363.5		1271.4		1171.6		1026.8		903.9		966.4		32.00%		31.70%		31.60%		31.40%		22.69		24.96		27.79		34.95				31.65		35.92		31.82		36.09		718.12		896.54		884.17		1261.43		29.80%		29.80%		29.80%		29.80%		18.96		21.04		23.65		30.24				31.65		35.92		31.82		36.09		600.2		755.8		752.6		1091.5		11.10%		11.10%		11.10%		11.10%		5.71		6.52		7.39		9.62				31.65		35.92		31.82		36.09		180.6		234.3		235.2		347.2

		Electricity - Self Generated				0.00		0.00		0.10		0.15		0.30		0.55				0.00		0.00		28.27		28.27		28.27		26.89		0.0		0.0		2.8		4.2		8.5		14.8		1.00%		1.30%		1.40%		1.60%		0.71		1.02		1.23		1.78				18.51		18.51		18.51		18.51		13.13		18.95		22.79		32.97		3.20%		3.20%		3.20%		3.20%		2.04		2.26		2.54		3.25				18.51		18.51		18.51		18.51		37.7		41.8		47.0		60.1		21.60%		21.60%		21.60%		21.60%		11.11		12.69		14.39		18.72				18.51		18.51		18.51		18.51		205.6		235.0		266.3		346.6

		Fuel Oil				12.02		11.93		11.05		11.14		10.72		9.71		21.06		21.06		21.06		21.06		21.06		21.06		21.06		253.1		251.2		232.7		234.6		225.8		204.5		14.20%		14.20%		14.20%		14.20%		10.07		11.18		12.49		15.81		21.06		21.06		21.06		21.06		21.06		212.04		235.46		262.96		332.88		14.20%		14.20%		14.20%		14.20%		9.04		10.03		11.27		14.41		21.06		21.06		21.06		21.06		21.06		190.3		211.1		237.4		303.5		3.20%		3.20%		3.20%		3.20%		1.65		1.88		2.13		2.77		21.06		21.06		21.06		21.06		21.06		34.7		39.6		44.9		58.4

		LPG

		Natural Gas				32.78		32.41		35.63		33.24		28.09		29.98		14.81		14.81		14.81		14.81		14.81		14.81		14.81		485.5		480.0		527.7		492.3		416.0		444.0		43.90%		43.90%		43.90%		43.90%		31.13		34.57		38.60		48.87		14.81		14.81		14.81		14.81		14.81		460.99		511.91		571.70		723.71		43.90%		43.90%		43.90%		43.90%		27.94		31.00		34.84		44.55		14.81		14.81		14.81		14.81		14.81		413.7		459.1		516.0		659.8		62.40%		62.40%		62.40%		62.40%		32.09		36.67		41.56		54.09		14.81		14.81		14.81		14.81		14.81		475.2		543.1		615.5		801.0

		Other Solid				0.25		0.17		0.21		0.29		0.21		0.17		32.52		32.52		32.52		32.52		32.52		32.52		32.52		8.1		5.5		6.8		9.4		6.8		5.5		0.20%		0.20%		0.20%		0.20%		0.14		0.16		0.18		0.22		32.52		32.52		32.52		32.52		32.52		4.61		5.12		5.72		7.24		0.20%		0.20%		0.20%		0.20%		0.13		0.14		0.16		0.20		32.52		32.52		32.52		32.52		32.52		4.1		4.6		5.2		6.6		0.10%		0.10%		0.10%		0.10%		0.05		0.06		0.07		0.09		32.52		32.52		32.52		32.52		32.52		1.7		1.9		2.2		2.8

		Propane

		Waste				0.00		0.00		0.34		0.34		0.22		0.22				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0

		Total				73.6		73.7		77.9		74.1		66.6		68.6																2261		2187		2143		1932		1729		1781										70.9		78.7		87.9		111.3												1560		1836		1935		2595										63.6		70.6		79.4		101.5												1382		1623		1727		2338										51.4		58.8		66.6		86.7												918		1077		1190		1590

		Added Value (£M)				13622.00		12655.00		12341.00		12505.00		13350.00		13800.00

		SEC (GJ/£M)				5405.96		5820.62		6309.05		5928.03		4988.01		4973.91

		Escalation Factor																																																		1.05		1.20		1.36		1.77																												1.05		1.20		1.36		1.77																												1.05		1.20		1.36		1.77

		SEC Trend																																																		-8.3%		-10.9%		-12.2%		-14.6%																												-17.7%		-20.1%		-20.8%		-22.1%																												-33.5%		-33.5%		-33.5%		-33.5%

		Self Generation Efficiency								70.0%		70.0%		70.0%		70.0%																																				80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		45.0%		45.0%		45.0%		35.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Fuel Oil - Boilers		0.0%		0.0%		10.0%		10.0%		10.0%		10.0%		21.06																																		0.0%		0.0%		0.0%		0.0%		21.06																										0.0%		0.0%		0.0%		0.0%		21.06																										0.0%		0.0%		0.0%		0.0%		21.06

				Natural Gas - Boilers		0.0%		0.0%		45.0%		45.0%		45.0%		55.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				10%		10%		10%		10%		10%		10%

		Drying / Separation

		High Temperature Processes				9%		9%		9%		9%		9%		9%

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				15%		15%		15%		15%		15%		15%

		Motors / Drives				15%		15%		15%		15%		15%		15%

		Other

		Refrigeration

		Space Heating				48%		48%		48%		48%		48%		48%





textiles

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Food, Drink & Tobacco										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				9.30		9.30		9.06		8.94		9.04		9.20		24.49		24.49		24.49		24.49		24.49		24.49		24.49		227.8		227.8		221.9		218.9		221.4		225.3		5.40%		5.40%		5.40%		5.40%		10.12		10.39		10.75		11.43		24.49		24.49		24.49		24.49		24.49		247.81		254.47		263.22		280.01		5.50%		5.50%		5.50%		5.50%		8.83		9.16		9.57		10.39		24.49		24.49		24.49		24.49		24.49		216.2		224.2		234.3		254.5		5.60%		5.60%		5.60%		5.60%		8.77		9.10		9.51		10.33		24.49		24.49		24.49		24.49		24.49		214.9		222.9		233.0		253.1

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported				0.00		0.00		0.00		0.00		0.00		0.00				60.76		58.16		52.49		46.19		44.79		43.81		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				31.65		35.92		31.82		36.09		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				31.65		35.92		31.82		36.09		0.0		0.0		0.0		0.0		-5.30%		-5.30%		-5.30%		-5.30%		-8.30		-8.62		-9.00		-9.78				31.65		35.92		31.82		36.09		-262.8		-309.5		-286.5		-352.9

		Electricity - Purchased				30.40		30.60		29.89		29.28		29.62		30.20				60.76		58.16		52.49		46.19		44.79		43.81		1847.1		1779.7		1568.9		1352.4		1326.7		1323.1		16.60%		16.60%		16.40%		16.20%		31.11		31.94		32.64		34.30				31.65		35.92		31.82		36.09		984.51		1147.38		1038.68		1237.93		9.90%		9.90%		9.90%		9.90%		15.89		16.48		17.22		18.71				31.65		35.92		31.82		36.09		502.8		592.0		548.1		675.2		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				31.65		35.92		31.82		36.09		0.0		0.0		0.0		0.0

		Electricity - Self Generated				3.10		2.75		2.75		2.94		2.97		3.00				24.95		24.95		24.95		24.95		24.95		24.95		77.3		68.6		68.6		73.3		74.1		74.8		1.90%		1.80%		1.90%		2.10%		3.56		3.46		3.78		4.45				24.95		24.95		24.95		24.95		88.81		86.40		94.34		110.92		6.70%		6.70%		6.70%		6.70%		10.75		11.15		11.66		12.66				24.95		24.95		24.95		24.95		268.2		278.2		290.8		315.8		20.80%		20.80%		20.80%		20.80%		32.59		33.81		35.33		38.38				24.95		24.95		24.95		24.95		813.0		843.4		881.4		957.4

		Fuel Oil				51.39		51.16		50.07		49.43		50.00		51.00		21.06		21.06		21.06		21.06		21.06		21.06		21.06		1082.3		1077.4		1054.5		1041.0		1053.0		1074.1		29.50%		29.50%		29.60%		29.60%		55.28		56.77		58.92		62.67		21.06		21.06		21.06		21.06		21.06		1164.17		1195.48		1240.76		1319.91		30.20%		30.20%		30.20%		30.20%		48.47		50.28		52.54		57.07		21.06		21.06		21.06		21.06		21.06		1020.7		1058.8		1106.5		1201.9		30.60%		30.60%		30.60%		30.60%		47.95		49.74		51.98		56.46		21.06		21.06		21.06		21.06		21.06		1009.8		1047.5		1094.7		1189.1

		LPG

		Natural Gas				81.21		80.84		79.13		78.11		79.01		80.60		14.81		14.81		14.81		14.81		14.81		14.81		14.81		1202.7		1197.2		1171.9		1156.8		1170.1		1193.7		46.60%		46.70%		46.70%		46.70%		87.32		89.86		92.95		98.88		14.81		14.81		14.81		14.81		14.81		1293.24		1330.87		1376.61		1464.42		47.70%		47.70%		47.70%		47.70%		76.55		79.41		82.99		90.14		14.81		14.81		14.81		14.81		14.81		1133.7		1176.1		1229.1		1335.0		48.30%		48.30%		48.30%		48.30%		75.68		78.51		82.05		89.12		14.81		14.81		14.81		14.81		14.81		1120.9		1162.8		1215.1		1319.9

		Other Solid				1.67		1.73		2.47		2.97		2.18		1.76		32.52		32.52		32.52		32.52		32.52		32.52		32.52		54.5		56.4		80.3		96.6		70.9		57.2		0.70%		0.70%		0.70%		0.60%		1.31		1.35		1.39		1.27		32.52		32.52		32.52		32.52		32.52		42.66		43.80		45.31		41.31		0.70%		0.70%		0.70%		0.60%		1.12		1.17		1.22		1.13		32.52		32.52		32.52		32.52		32.52		36.5		37.9		39.6		36.9		0.70%		0.70%		0.70%		0.70%		1.10		1.14		1.19		1.29		32.52		32.52		32.52		32.52		32.52		35.7		37.0		38.7		42.0

		Propane

		Waste

		Total				177.1		176.4		173.4		171.7		172.8		175.8																4492		4407		4166		3939		3916		3948										187.4		192.4		199.0		211.7												3821		4058		4059		4455										160.5		166.5		174.0		189.0												3178		3367		3448		3819										156.7		162.5		169.9		184.5												2931		3004		3176		3408

		Gross Output (£G)				58.30		57.60		57.00		56.30		55.60		55.00

		SEC (MJ/£)				3.04		3.06		3.04		3.05		3.11		3.20

		Escalation Factor																																																		1.07		1.11		1.16		1.26																												1.07		1.11		1.16		1.26																												1.07		1.11		1.16		1.26

		SEC Trend																																																		-1.1%		-2.1%		-3.1%		-5.1%																												-15.3%		-15.3%		-15.3%		-15.3%																												-17.3%		-17.3%		-17.3%		-17.3%

		Self Generation Efficiency				71.0%		71.0%		71.0%		71.0%		71.0%		71.0%																																				71.0%		71.0%		71.0%		71.0%																												71.0%		71.0%		71.0%		71.0%																												71.0%		71.0%		71.0%		71.0%

		Fuel Breakdowns

		Electricity - Exported		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		6.6%		6.6%		6.6%		6.6%		6.6%		6.6%		24.49																																		6.6%		6.6%		6.6%		6.6%		24.49																										6.6%		6.6%		6.6%		6.6%		24.49																										6.6%		6.6%		6.6%		6.6%		24.49

				Fuel Oil - Boilers		36.2%		36.2%		36.2%		36.2%		36.2%		36.2%		21.06																																		36.2%		36.2%		36.2%		36.2%		21.06																										36.2%		36.2%		36.2%		36.2%		21.06																										36.2%		36.2%		36.2%		36.2%		21.06

				Natural Gas - Boilers		57.2%		57.2%		57.2%		57.2%		57.2%		57.2%		14.81																																		57.2%		57.2%		57.2%		57.2%		14.81																										57.2%		57.2%		57.2%		57.2%		14.81																										57.2%		57.2%		57.2%		57.2%		14.81

		Process Breakdowns

		Compressed Air				2%		2%		2%		2%		2%		2%

		Drying / Separation				24%		24%		24%		24%		24%		24%

		High Temperature Processes

		Lighting				2%		2%		2%		2%		2%		2%

		Low Temperature Processes				41%		41%		41%		41%		41%		41%

		Motors / Drives				12%		12%		12%		12%		12%		12%

		Other				3%		3%		3%		3%		3%		3%

		Refrigeration				3%		3%		3%		3%		3%		3%

		Space Heating				13%		13%		13%		13%		13%		13%





other

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Textiles, Leather & Clothing										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				7.10		8.20		8.90		9.70		7.60		6.53		24.49		24.49		24.49		24.49		24.49		24.49		24.49		173.9		200.8		218.0		237.6		186.1		159.9		13.50%		11.00%		9.00%		5.00%		6.34		5.11		4.19		2.30		24.49		24.49		24.49		24.49		24.49		155.24		125.22		102.49		56.36		13.50%		11.00%		9.00%		5.00%		5.76		4.70		3.88		2.18		24.49		24.49		24.49		24.49		24.49		141.1		115.0		95.1		53.4		13.50%		11.00%		9.00%		5.00%		4.80		3.91		3.24		1.82		24.49		24.49		24.49		24.49		24.49		117.6		95.8		79.2		44.5

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				10.90		9.70		9.50		11.10		13.48		12.18				60.76		58.16		52.49		46.19		44.79		43.81		662.3		564.2		498.7		512.7		603.8		533.6		25.10%		25.00%		25.00%		25.00%		11.79		11.62		11.63		11.51				31.65		35.92		31.82		36.09		373.02		417.40		369.92		415.28		24.50%		24.30%		24.30%		24.30%		10.46		10.37		10.48		10.60				31.65		35.92		31.82		36.09		331.0		372.6		333.6		382.4		23.50%		23.40%		23.40%		23.40%		8.36		8.32		8.41		8.50				31.65		35.92		31.82		36.09		264.6		299.0		267.7		306.9

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.70%		0.70%		0.70%		0.70%		0.30		0.30		0.30		0.31				18.51		18.51		18.51		18.51		5.5		5.5		5.6		5.7		1.60%		1.60%		1.60%		1.60%		0.57		0.57		0.58		0.58				18.51		18.51		18.51		18.51		10.5		10.5		10.6		10.8

		Fuel Oil				12.20		12.90		11.80		12.70		12.40		9.59		21.06		21.06		21.06		21.06		21.06		21.06		21.06		256.9		271.7		248.5		267.5		261.1		202.0		19.80%		19.00%		19.00%		18.00%		9.30		8.83		8.84		8.28		21.06		21.06		21.06		21.06		21.06		195.80		185.99		186.07		174.48		19.80%		19.00%		19.00%		18.00%		8.45		8.11		8.20		7.85		21.06		21.06		21.06		21.06		21.06		178.0		170.8		172.6		165.3		19.80%		19.00%		19.00%		18.00%		7.04		6.76		6.83		6.54		21.06		21.06		21.06		21.06		21.06		148.3		142.3		143.9		137.7

		LPG

		Natural Gas				20.80		20.20		17.90		23.30		18.30		20.22		14.81		14.81		14.81		14.81		14.81		14.81		14.81		308.0		299.2		265.1		345.1		271.0		299.5		41.60%		45.00%		47.00%		52.00%		19.53		20.92		21.86		23.93		14.81		14.81		14.81		14.81		14.81		289.29		309.78		323.69		354.47		41.50%		45.00%		47.00%		52.00%		17.72		19.21		20.28		22.67		14.81		14.81		14.81		14.81		14.81		262.4		284.5		300.3		335.8		41.60%		45.00%		47.00%		52.00%		14.80		16.01		16.90		18.90		14.81		14.81		14.81		14.81		14.81		219.2		237.1		250.3		279.8

		Other Solid

		Propane

		Waste

		Total				51.0		51.0		48.1		56.8		51.8		48.5																1401		1336		1230		1363		1322		1195										47.0		46.5		46.5		46.0												1013		1038		982		1001										42.7		42.7		43.1		43.6												918		948		907		943										35.6		35.6		36.0		36.3												760		785		752		780

		Quantity Units (Units)				100.00		90.00		93.00		96.00		100.00		102.00

		SEC (PJ/k)				510.00		566.67		517.20		591.67		517.80		475.69

		Escalation Factor																																																		0.93		0.93		0.94		0.95																												0.93		0.93		0.94		0.95																												0.93		0.93		0.94		0.95

		SEC Trend																																																		-1.0%		-2.0%		-3.0%		-5.0%																												-10.0%		-10.0%		-10.0%		-10.0%																												-25.0%		-25.0%		-25.0%		-25.0%

		Self Generation Efficiency																																																																																				80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				1%		1%		1%		1%		1%		1%

		Drying / Separation				42%		42%		42%		42%		42%		42%

		High Temperature Processes

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				16%		16%		16%		16%		16%		16%

		Motors / Drives				9%		9%		9%		9%		9%		9%

		Other

		Refrigeration

		Space Heating				29%		29%		29%		29%		29%		29%





papermfr

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Other Industries										1000000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				0.08		0.08		0.07		0.08		0.08		0.08		24.49		24.49		24.49		24.49		24.49		24.49		24.49		2.0		2.0		1.7		2.0		2.0		2.0		0.30%		0.30%		0.30%		0.30%		0.08		0.09		0.09		0.10		24.49		24.49		24.49		24.49		24.49		1.96		2.09		2.23		2.49		0.30%		0.30%		0.30%		0.30%		0.07		0.07		0.08		0.09		24.49		24.49		24.49		24.49		24.49		1.8		1.7		1.9		2.1		0.30%		0.30%		0.30%		0.30%		0.06		0.06		0.07		0.08		24.49		24.49		24.49		24.49		24.49		1.4		1.5		1.7		2.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				7.70		7.91		6.42		6.91		7.36		7.33				60.76		58.16		52.49		46.19		44.79		43.81		467.9		460.0		337.0		319.2		329.7		321.1		26.90%		26.90%		26.90%		26.90%		7.18		7.67		8.17		9.13				31.65		35.92		31.82		36.09		227.27		275.37		259.88		329.59		26.90%		26.90%		26.90%		26.90%		6.42		6.32		6.78		7.80				31.65		35.92		31.82		36.09		203.1		227.0		215.6		281.4		26.90%		26.90%		26.90%		26.90%		5.04		5.56		6.13		7.35				31.65		35.92		31.82		36.09		159.6		199.7		194.9		265.3

		Electricity - Self Generated

		Fuel Oil				8.55		8.89		7.40		7.97		8.48		8.45		21.06		21.06		21.06		21.06		21.06		21.06		21.06		180.1		187.2		155.8		167.8		178.6		178.0		31.00%		31.00%		31.00%		31.00%		8.28		8.83		9.41		10.52		21.06		21.06		21.06		21.06		21.06		174.27		186.06		198.22		221.65		31.00%		31.00%		31.00%		31.00%		7.39		7.28		7.81		8.98		21.06		21.06		21.06		21.06		21.06		155.7		153.3		164.4		189.2		31.00%		31.00%		31.00%		31.00%		5.81		6.41		7.06		8.47		21.06		21.06		21.06		21.06		21.06		122.4		134.9		148.7		178.4

		LPG

		Natural Gas				8.24		8.61		7.18		7.74		8.24		8.20		14.81		14.81		14.81		14.81		14.81		14.81		14.81		122.0		127.5		106.3		114.6		122.0		121.4		30.00%		30.00%		30.00%		30.00%		8.01		8.55		9.11		10.18		14.81		14.81		14.81		14.81		14.81		118.60		126.62		134.90		150.84		30.00%		30.00%		30.00%		30.00%		7.16		7.05		7.56		8.69		14.81		14.81		14.81		14.81		14.81		106.0		104.4		111.9		128.8		30.00%		30.00%		30.00%		30.00%		5.62		6.20		6.83		8.20		14.81		14.81		14.81		14.81		14.81		83.3		91.8		101.2		121.4

		Other Solid				1.97		2.73		2.80		3.00		3.20		3.19		32.52		10.10		10.10		10.10		10.10		10.10		10.10		19.9		27.6		28.3		30.3		32.3		32.2		11.80%		11.80%		11.80%		11.80%		3.15		3.36		3.58		4.01		32.52		10.10		10.10		10.10		10.10		31.81		33.96		36.19		40.46		11.80%		11.80%		11.80%		11.80%		2.81		2.77		2.97		3.42		32.52		10.10		10.10		10.10		10.10		28.4		28.0		30.0		34.5		11.80%		11.80%		11.80%		11.80%		2.21		2.44		2.69		3.22		32.52		10.10		10.10		10.10		10.10		22.3		24.6		27.1		32.6

		Propane

		Waste

		Total				26.5		28.2		23.9		25.7		27.4		27.3																792		804		629		634		665		655										26.7		28.5		30.4		33.9												554		624		631		745										23.9		23.5		25.2		29.0												495		514		524		636										18.7		20.7		22.8		27.3												389		453		474		600

		Quantity Units (Units)				1000.00		926.00		924.00		957.00		999.00		1004.00

		SEC (PJ/MUnit)				26540.00		30475.16		25833.33		26854.75		27387.39		27141.43

		Escalation Factor																																																		1.07		1.18		1.30		1.56																												1.07		1.18		1.30		1.56																												1.07		1.18		1.30		1.56

		SEC Trend																																																		-6.0%		-9.0%		-12.0%		-18.0%																												-16.0%		-25.0%		-27.0%		-30.0%																												-34.0%		-34.0%		-34.0%		-34.0%

		Self Generation Efficiency

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Other Solid		Coke		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		32.52																																		0.0%		0.0%		0.0%		0.0%		32.52																										0.0%		0.0%		0.0%		0.0%		32.52																										0.0%		0.0%		0.0%		0.0%		32.52

				Wood waste		100.0%		100.0%		100.0%		100.0%		100.0%		100.0%		10.10																																		100.0%		100.0%		100.0%		100.0%		10.10																										100.0%		100.0%		100.0%		100.0%		10.10																										100.0%		100.0%		100.0%		100.0%		10.10

		Process Breakdowns

		Compressed Air

		Drying / Separation

		High Temperature Processes

		Lighting

		Low Temperature Processes

		Motors / Drives

		Other

		Refrigeration

		Space Heating





plastics

		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Paper Manufacture & Utilisation										1000

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				27.99		27.23		25.78		23.67		22.46		20.00		24.49		24.49		24.49		24.49		24.49		24.49		24.49		685.5		666.9		631.4		579.7		550.0		489.8		9.30%		4.70%		2.00%		1.90%		14.34		7.53		3.48		4.16		24.49		24.49		24.49		24.49		24.49		351.30		184.34		85.30		101.85		3.60%		2.90%		2.20%		1.30%		4.42		3.68		3.03		2.15		24.49		24.49		24.49		24.49		24.49		108.3		90.0		74.1		52.6		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00		24.49		24.49		24.49		24.49		24.49		0.0		0.0		0.0		0.0

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported				-0.86		-0.89		-0.95		-0.95		0.00		0.00				60.76		58.16		52.49		46.19		44.79		43.81		-52.3		-51.8		-49.9		-43.9		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				31.65		35.92		31.82		36.09		0.00		0.00		0.00		0.00		-1.70%		-1.70%		-1.60%		-1.50%		-2.09		-2.16		-2.20		-2.48				31.65		35.92		31.82		36.09		-66.1		-77.4		-70.0		-89.4		-1.70%		-1.90%		-1.80%		-1.80%		-1.67		-1.87		-1.89		-2.20				31.65		35.92		31.82		36.09		-53.0		-67.3		-60.2		-79.4

		Electricity - Purchased				31.44		31.59		32.62		34.15		34.47		35.05				60.76		58.16		52.49		46.19		44.79		43.81		1910.3		1837.3		1712.2		1577.4		1543.9		1535.5		23.10%		22.30%		20.80%		23.00%		35.63		35.71		36.22		50.34				31.65		35.92		31.82		36.09		1127.68		1282.86		1152.66		1816.87		22.30%		22.70%		23.30%		24.10%		27.40		28.78		32.06		39.80				31.65		35.92		31.82		36.09		867.1		1033.7		1020.0		1436.3		29.10%		30.50%		31.70%		33.80%		28.65		30.07		33.33		41.30				31.65		35.92		31.82		36.09		906.9		1080.2		1060.6		1490.5

		Electricity - Self Generated				3.58		3.79		4.00		4.21		5.89		6.76				34.80		34.80		34.80		34.80		29.19		28.46		124.6		131.9		139.2		146.5		171.9		192.4		7.00%		10.20%		12.70%		12.60%		10.80		16.34		22.12		27.58				23.04		22.68		22.40		21.93		248.79		370.55		495.37		604.71		14.90%		15.00%		14.60%		14.20%		18.31		19.02		20.09		23.45				20.21		20.20		20.23		20.25		370.0		384.1		406.4		474.9		12.80%		13.60%		13.80%		14.60%		12.60		13.41		14.51		17.84				20.19		20.18		20.25		20.29		254.5		270.7		293.8		361.9

		Fuel Oil				24.61		27.49		31.59		31.28		31.99		32.00		21.06		21.06		21.06		21.06		21.06		21.06		21.06		518.3		578.9		665.3		658.8		673.7		673.9		19.60%		16.40%		13.90%		12.60%		30.23		26.27		24.21		27.58		21.06		21.06		21.06		21.06		21.06		636.67		553.15		509.81		580.82		11.20%		11.10%		11.10%		11.10%		13.76		14.07		15.27		18.33		21.06		21.06		21.06		21.06		21.06		289.8		296.4		321.6		386.0		8.80%		9.50%		10.30%		11.50%		8.66		9.37		10.83		14.05		21.06		21.06		21.06		21.06		21.06		182.5		197.3		228.1		295.9

		LPG

		Natural Gas				36.46		36.53		43.82		48.02		50.92		57.00		14.81		14.81		14.81		14.81		14.81		14.81		14.81		540.0		541.0		649.0		711.2		754.1		844.2		41.00%		46.40%		50.60%		49.90%		63.24		74.31		88.12		109.22		14.81		14.81		14.81		14.81		14.81		936.57		1100.55		1305.10		1617.58		49.70%		50.00%		50.40%		50.80%		61.06		63.39		69.34		83.89		14.81		14.81		14.81		14.81		14.81		904.3		938.7		1027.0		1242.4		51.00%		48.30%		46.00%		41.90%		50.22		47.62		48.37		51.20		14.81		14.81		14.81		14.81		14.81		743.7		705.3		716.3		758.2

		Other Solid

		Propane

		Waste				0.47		0.59		0.34		0.34		0.22		0.22				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.00%		0.00%		0.00%		0.00%		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0

		Total				123.7		126.3		137.2		140.7		146.0		151.0																3726		3704		3747		3630		3694		3736										154.2		160.2		174.2		218.9												3301		3491		3548		4722										122.9		126.8		137.6		165.1												2473		2665		2779		3503										98.5		98.6		105.1		122.2												2035		2186		2239		2827

		Turnover (£M)				26.92		27.20		30.70		32.00		34.50		36.10

		SEC (GJ/£k)				4594.73		4644.49		4469.06		4397.50		4230.43		4183.66

		Escalation Factor																																																		1.45		1.56		1.76		2.24																												1.45		1.56		1.76		2.24																												1.45		1.56		1.76		2.24

		SEC Trend																																																		-14.0%		-17.0%		-20.0%		-21.0%																												-31.5%		-34.3%		-36.8%		-40.4%																												-45.1%		-48.9%		-51.7%		-55.9%

		Self Generation Efficiency				56.6%		56.6%		56.6%		56.6%		66.0%		66.0%																																				73.7%		74.6%		75.5%		76.8%																												80.0%		80.0%		80.0%		80.0%																												80.0%		80.0%		80.0%		80.0%

		Fuel Breakdowns

		Electricity - Exported		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		44.0%		44.0%		44.0%		44.0%		37.0%		38.0%		24.49																																		12.9%		11.7%		10.8%		9.3%		24.49																										0.5%		0.3%		0.2%		0.1%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Coke Oven Gas - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		9.20																																		0.0%		0.0%		0.0%		0.0%		9.20																										0.0%		0.0%		0.0%		0.0%		9.20																										0.0%		0.0%		0.0%		0.0%		9.20

				Fuel Oil - Boilers		10.0%		10.0%		10.0%		10.0%		14.0%		4.7%		21.06																																		14.5%		15.1%		16.3%		17.5%		21.06																										21.0%		21.1%		21.7%		22.1%		21.06																										21.5%		21.4%		22.2%		22.7%		21.06

				Natural Gas - Boilers		46.0%		46.0%		46.0%		46.0%		49.0%		57.3%		14.81																																		72.5%		73.0%		72.7%		73.0%		14.81																										78.5%		78.6%		78.1%		77.8%		14.81																										78.5%		78.6%		77.8%		77.3%		14.81

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81																										0.0%		0.0%		0.0%		0.0%		14.81

				Other Solid - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		32.52																																		0.1%		0.2%		0.2%		0.2%		32.52																										0.0%		0.0%		0.0%		0.0%		32.52																										0.0%		0.0%		0.0%		0.0%		32.52

		Process Breakdowns

		Compressed Air				4%		4%		4%		4%		4%		4%

		Drying / Separation				52%		52%		52%		52%		52%		52%

		High Temperature Processes

		Lighting				2%		2%		2%		2%		2%		2%

		Low Temperature Processes				3%		3%		3%		3%		3%		3%

		Motors / Drives				19%		19%		19%		19%		19%		19%

		Other				2%		2%		2%		2%		2%		2%

		Refrigeration				2%		2%		2%		2%		2%		2%

		Space Heating				16%		16%		16%		16%		16%		16%





		INDUSTRIAL SECTOR CARBON DIOXIDE EMISSIONS: DATABASE AND MODEL FOR THE UK

		ETSU Ref: RYTA 18795001/Z/2.  Copyright AEA Technology plc 1997

		SECTOR										1

		Plastics & Rubber										1

						Historical Data																																						Business As Usual																																		All Cost Effective																																		All Technically Possible

		Energy Sources				Energy Values (PJ)												Emission Factors (kg/GJ)														Emissions (kTC)												Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)								Percentage of 1990 Energy Values								Energy Values (PJ)								Emission Factors (kg/GJ)										Emissions (kTC)

						1990		1991		1992		1993		1994		1995		Default		1990		1991		1992		1993		1994		1995		1990		1991		1992		1993		1994		1995		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		2000		2005		2010		2020		Default		2000		2005		2010		2020		2000		2005		2010		2020

		Coal				3.53		3.36		3.28		3.36		3.44		3.52		24.49		24.49		24.49		24.49		24.49		24.49		24.49		86.4		82.3		80.3		82.3		84.2		86.2		6.35%		6.35%		6.35%		6.35%		4.01		4.35		4.69		5.65		24.49		24.49		24.49		24.49		24.49		98.11		106.45		114.86		138.39		6.35%		6.35%		6.35%		6.35%		3.51		3.84		4.17		5.07		24.49		24.49		24.49		24.49		24.49		86.0		94.0		102.2		124.1		6.35%		6.35%		6.35%		6.35%		3.06		3.42		3.81		4.81		24.49		24.49		24.49		24.49		24.49		74.8		83.8		93.4		117.7

		Coke - Exported

		Coke Oven Gas

		Coke Oven Gas - Exported

		Electricity - Exported

		Electricity - Purchased				20.54		19.59		19.11		19.59		20.07		20.55				60.76		58.16		52.49		46.19		44.79		43.81		1248.0		1139.4		1003.1		904.9		898.9		900.3		36.68%		36.68%		36.68%		36.68%		23.12		25.09		27.07		32.61				31.65		35.92		31.82		36.09		731.80		901.15		861.30		1177.03		33.98%		33.98%		33.98%		33.98%		18.77		20.52		22.32		27.09				31.65		35.92		31.82		36.09		594.1		737.1		710.2		977.6		30.98%		30.98%		30.98%		30.98%		14.90		16.68		18.59		23.43				31.65		35.92		31.82		36.09		471.5		599.2		591.5		845.6

		Electricity - Self Generated				0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.0		0.0		0.0		0.0		0.0		0.0		0.30%		0.30%		0.30%		0.30%		0.19		0.21		0.22		0.27				19.23		19.23		19.23		19.23		3.64		3.95		4.26		5.13		3.00%		3.00%		3.00%		3.00%		1.66		1.81		1.97		2.39				19.23		19.23		19.23		19.23		31.9		34.9		37.9		46.0		6.00%		6.00%		6.00%		6.00%		2.89		3.23		3.60		4.54				19.23		19.23		19.23		19.23		55.5		62.1		69.3		87.3

		Fuel Oil				8.80		8.39		8.19		8.39		8.59		8.80		21.06		21.06		21.06		21.06		21.06		21.06		21.06		185.3		176.7		172.5		176.7		180.9		185.3		15.84%		15.84%		15.84%		15.84%		9.99		10.84		11.69		14.09		21.06		21.06		21.06		21.06		21.06		210.33		228.21		246.23		296.67		15.84%		15.84%		15.84%		15.84%		8.75		9.57		10.41		12.63		21.06		21.06		21.06		21.06		21.06		184.3		201.5		219.2		266.0		15.84%		15.84%		15.84%		15.84%		7.62		8.53		9.51		11.98		21.06		21.06		21.06		21.06		21.06		160.5		179.7		200.2		252.3

		LPG

		Natural Gas				22.68		21.63		21.10		21.63		22.16		22.69		14.81		14.81		14.81		14.81		14.81		14.81		14.81		335.9		320.3		312.5		320.3		328.2		336.0		40.83%		40.83%		40.83%		40.83%		25.74		27.93		30.13		36.31		14.81		14.81		14.81		14.81		14.81		381.20		413.62		446.26		537.69		40.83%		40.83%		40.83%		40.83%		22.56		24.66		26.82		32.55		14.81		14.81		14.81		14.81		14.81		334.0		365.2		397.2		482.1		40.83%		40.83%		40.83%		40.83%		19.64		21.99		24.50		30.88		14.81		14.81		14.81		14.81		14.81		290.8		325.6		362.9		457.3

		Other Solid

		Propane

		Waste

		Total				55.6		53.0		51.7		53.0		54.3		55.6																1856		1719		1568		1484		1492		1508										63.0		68.4		73.8		88.9												1425		1653		1673		2155										55.2		60.4		65.7		79.7												1230		1433		1467		1896										48.1		53.9		60.0		75.6												1053		1250		1317		1760

		(MTonnes)				4.30		4.10		4.00		4.10		4.20		4.30

		SEC (GJ/T)				12.92		12.92		12.92		12.92		12.92		12.92

		Escalation Factor																																																		1.17		1.31		1.46		1.84																												1.17		1.31		1.46		1.84																												1.17		1.31		1.46		1.84

		SEC Trend																																																		-3.0%		-6.0%		-9.0%		-13.0%																												-15.0%		-17.0%		-19.0%		-22.0%																												-26.0%		-26.0%		-26.0%		-26.0%

		Self Generation Efficiency																																																		77.0%		77.0%		77.0%		77.0%																												77.0%		77.0%		77.0%		77.0%																												77.0%		77.0%		77.0%		77.0%

		Fuel Breakdowns

		Electricity - Purchased		Annual Factors (kg/GJ)		60.76		58.16		52.49		46.19		44.79		43.81																																				31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09																												31.65		35.92		31.82		36.09

		Electricity - Self Generated		Coal - Boilers		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		24.49																																		0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49																										0.0%		0.0%		0.0%		0.0%		24.49

				Natural Gas - CHP CCGT		0.0%		0.0%		0.0%		0.0%		0.0%		0.0%		14.81																																		100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81																										100.0%		100.0%		100.0%		100.0%		14.81

		Process Breakdowns

		Compressed Air				3%		3%		3%		3%		3%		3%

		Drying / Separation

		High Temperature Processes

		Lighting				3%		3%		3%		3%		3%		3%

		Low Temperature Processes				41%		41%		41%		41%		41%		41%

		Motors / Drives				22%		22%		22%		22%		22%		22%

		Other

		Refrigeration				6%		6%		6%		6%		6%		6%

		Space Heating				25%		25%		25%		25%		25%		25%
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