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ABSTRACT


In the last 15 years there have been many changes in the Electricity Supply Industry in the UK.  The first major change occurred in 1990 with the privatisation of the former nationalised industry.   Until April 1st 2005, there were significant differences in the way electricity was generated, transmitted,  distributed and supplied in Scotland on the one hand and England and Wales on the other.  Since that date, the structure is being progressively integrated into a uniform system covering England and Wales and Scotland.   In Scotland, the tradition had always been for vertical integration whereas in England and Wales, generation was always separate from distribution and supply to consumers

At privatisation two vertically integrated companies were formed for Scotland, while in England   generation was initially in the hands of three generators (one of which only ran nuclear stations) and 12 regional electricity supply companies.  Throughout the 1990s, it was the generators who largely controlled the wholesale prices of electricity as there was no demand side bidding.  This was done through an Electricity Pool.   In Scotland there was no Pool System.  Progressively further generators entered the market in England and Wales, sometimes as completely new entities and sometimes by purchasing generating plant from the fossil fuel generators.

In parallel with the privatisation, deregulation took place and this progressively allowed consumers to purchase electricity from any supplier.  Since the middle of 1999 all areas of England and Wales have been deregulated.  Also during the 1990s the regulators for the electricity and gas markets, OFFER and OFGAS respectively, were merged into a single regulator – OFGEM (the Office of Gas and Electricity Markets).  Subsequently the consumer watchdog functions of the Regulator were transferred to a separate organisation Energy Watch which now provides protection for the consumer.  

On 27th March 2001 a significant change took place in England and Wales with the Introduction of the New Electricity Trading Arrangements (NETA).   This had a profound way in which the markets operated and saw both generation and demand side bidding setting the wholesale price of electricity.  Other developments in the electricity market were the introduction of the Renewables Obligation on 1st April 2002, in the last few months the European Union Emission Trading System, and finally BETTA – the British Electricity Transmission and Trading Arrangements on April 1st 2005.

This paper reviews these recent changes, expands on the general review of the last 20 years given by Tovey (2003, 2004).  Those papers also contain a more detailed review of the structure of the electricity companies and a review of the impacts of the Renewables Obligation.  

INTRODUCTION

For the last two decades, the total UK demand for electricity has been rising at 1.8% per annum, and in the last few years this rate has increased to over 2% (Fig. 1).   The net demand for the whole UK now stands at 381.3 TWh per year (DTI, 2004), an increase of 3.05% on the year before.   Of this figure, just under 50 TWh was generated in Scotland (Scottish Executive, 2004) but only two thirds of this was actually consumed in Scotland.  16 TWH of this figure was transferred over inter-connectors to the Northern Ireland Grid (400 MW inter-connector capacity) and the England and Wales Grid (1200 MW inter-connector capacity).  Historically, Scotland has also been a net supplier of electricity to England and Wales Electricity Grid.   
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The structure of the electricity supply industry in Scotland has always been different from that in England and Wales.  In Scotland, both before privatisation on 1st April 1990 and since that time, there have been two vertically integrated companies, which have covered all aspects of electricity from generation, through transmission and distribution, to supply of electricity to customers.  Initially, the companies were State Monopolies, covering specific regions of Scotland, and since that time there have been two privatised companies – Scottish Power and Scottish Hydro-Electric.  The latter is now part of   the Scottish and Southern Group.  Some significant changes took place in the way electricity is transmitted in Scotland on 1st April 2005.

Fig. 1.  Electricity generated in the UK 1970 – 2003 showing also the variation in fuel source over the years.

Before privatisation there was a single Generating Company (Central Electricity Generating Board: CEGB) in England and Wales which generated and transmitted electricity but did not sell electricity to consumers.  Instead the CEGB sold the electricity to 12 regional Electricity Boards who distributed and supplied electricity to consumers only within their region. The situation prior to privatisation is summarised in Fig. 2 while details of the different Regional Electricity Boards in England, Wales and Scotland are shown in Fig. 3. 
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Two other regions of the United Kingdom are connected via inter-connectors, but continue to remain separate in terms of operation.  These are Northern Ireland which is connected to the South of Scotland and the Isle of Man which is connected to the England and Wales Grid with a capacity of 40MW.  The most northerly group of islands – the Shetlands ( not shown in Fig. 2) has an isolated island system, while the Hebrides and Orkney Islands are connected to the Scottish Hydro Network.   Currently there is also a 2000 MW inter-connector with the Electricité de France. Further inter-connectors to Norway rated at 1320 MW and to the Netherlands, also of 1320 MW, are under consideration. 
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FUELS USED IN THE GENERATION OF ELECTRICITY IN THE UK

While there are normally major flows of electricity from Scotland to England and Wales, there are also significant flows of power south of the border.  This is because the majority of the generation is in the north and most of the demand is in the south.  Since 1990, when coal represented 65% of the generating capacity with oil at 11%, nuclear at 21% and gas less than 1%, the proportion of fuels used has changed significantly as shown in Table. 1. While the total nuclear generation in the UK is just over 20%, in Scotland it is over 40%.  With 10% hydro generation in Scotland only 50% of electricity generation comes from fossil fuels.  

After a prolonged period of reduction in the use of coal, there was a significant shift in 2003 with an increase in the amount of coal burnt and a consequential reduction in gas burnt in the generation of electricity.  The situation changed back towards gas in 2004, but in the first few months of 2005, the continued high prices of gas has once again seen an increase in the coal burn.  The proportion of electricity obtained from France declined in 2003 due to the high summer demand in that country and for the first time, the UK was a net exporter of electricity in the third quarter of 2003.   The total generation of electricity from renewable resources in 2004 was 3.9%, well short of the UK Government target of 4.9% for the year long period from April 1st 2004.   

Table 1.   Fuel used in the generation of Electricity in the UK


1990

(at privatisation)
2001

(at start of NETA)
2002
2003
2004

Coal
62.9%
37.4%
35.4%
38.1%
36.5%

Oil
10.6%
1.7%
1.5%
1.9%
1.1%

Gas (CCGT)
0.7%
31.5%
33.6%
31.6%
34.7%

Nuclear
20.5%
24.5%
24.3%
23.7%
21.1%

Hydro
0.6%
0.4%
0.5%
0.3%
0.5%

Other Renewables
1.1%
2.3%
2.5%
2.7%
3.4%

Other Fuels

1.2%
1.3%
1.5%
1.9%

Imports (France)
3.8%
1.1%
0.9%
0.2%
0.8%

The UK has been one of a very few countries that saw a substantial drop in emissions from carbon dioxide.   This was almost entirely due to the change in fuel mix for the generation of electricity.  In the last few years, this trend has reversed and though emissions are still well below 1990 levels, the rises call into doubt the UK’s ability to meet it’s target reductions by 2010.   Indeed in 2003, a rise of 5% occurred in the electricity supply industry.  The UK National Allocation Plan published at the end of April 2004, (DEFRA, 2004) will have severe impacts of the Electricity Supply Industry.  The Plan allocates a 16.4% reduction in emission for this industry from 2002 levels, the largest reduction of any industry in the UK.

There is very little centralised combined heat and power (CHP) in the UK (unlike Russia), and no scheme is associated with the major electricity companies.   There is no infrastructure to deal with city-wide schemes for heat supply, nor is there any likelihood that large city wide schemes will now be built in the UK.    There are, however, many small institutional CHP schemes in Universities, Hospitals etc, but these mostly have capacities less than 10 MW, with an average size of just 650 kW.  Unlike Russia, there are no central heating facilities for towns and cities – each building generally has its own heating supply.

Nuclear generation is provided by reactor types unique to the United Kingdom.  With the exception of one pressurised water reactor (PWR), the nuclear reactors are all gas cooled.  They are either of the older MAGNOX variety or the newer Advanced Gas Cooled Reactor (AGR).   The MAGNOX reactors are now approaching 40 years in age, and most of these will be closed within the next 5 years.   Currently there are no plans to build new nuclear reactors in the UK.     The year 2004 saw a significant drop in the output of the nuclear stations and this is likely to drop further with the scheduled closure of all the Magnox Stations in the next 4 – 5 years.

CHANGES TO THE SUPPLY OF ELECTRICITY TO CONSUMERS

There have been two distinct stages in the supply of electricity since privatisation in 1990.   Though large consumers (>1MW) were able to choose any licensed supplier from 1990, and medium consumers (> 100kW) from 1994.  The Electricity Supply in the UK was fully deregulated for all 20 million domestic customers over a period of nine months from 5th September 1998.   After Deregulation, all customers had the choice as to from whom they could purchase the electricity.   In many cases, the alternative suppliers were other Regional Electricity Companies, although there emerged an increasing number of independent companies for whom there was no historic geographical base.  Many of these new companies have suffered in an increasingly competitive market and some have gone into receivership, while others have been purchased by one of the larger companies.

Before deregulation prices were regulated by the formula 

                   RPI  -  X  +  E  +  F,  

where

RPI  represents the Retail Price Index (i.e. a measure of the inflation from one year to the next),  

X      was a factor set by the regulator which initially was 5 – 8%, but reduced progressively, 

E     was the efficiency factor, and 

F      represented the fossil fuel levy which was used to promote renewable generation.

Further details on the operation of this formula may be found in Tovey (2004).

While the regulator OFFER (Office for Electricity Regulation) initially took on the responsibility of both regulation and acting as a consumer watchdog, by 1999 it had been merged with the Gas Regulator (OFGAS) to form OFGEM (the Office of Gas and Electricity Markets).  In 2000, the functions of the Consumer Watchdog were transferred from the Regulator to a separate body: Energy Watch.   Energy Watch is funded by the Department of Trade and Industry costing approximately £13million pounds.   This money is obtained from the Regulator from income obtained from licences issued in the Electricity generation and supply industry.

In 1999 it became possible for all customers to purchase their electricity either from one of the regionally based electricity companies or from an increasing number of licensed suppliers.   In almost all cases, the local electricity companies tariffs were amongst the most expensive and this was seen as an incentive for consumers to switch supplier.  However, many consumers still have not changed and there are still significant savings for the domestic consumer – up to £100 a year that may be made by wise switching of suppliers.   At present there is a 28-day rule which means that consumers may not switch more frequently than this period.  

Several internet based companies now provide a service for consumers to compare prices between suppliers and also provide an easy method for consumers to change from one supplier to another.  As a result of privatisation and deregulation the price of both gas and electricity to the domestic consumer has fallen in real terms.   Electricity, despite recent rises is still cheaper than it was (in real terms) in 1970  while for gas, the price is only 70% of the price in 1970 (Fig. 4).

[image: image11.png]


[image: image12.wmf]Wholesale Contract Prices since the start of NETA


[image: image13.wmf]Settled

bilaterally

between

contract

parties


CHANGES IN STRUCTURE OF COMPANIES IN THE ELECTRICITY INDUSTRY

At the onset of privatisation, the supply of electricity was dominated by 14 Regional Electricity Companies (RECs) who also acted as the Distributed Network Operator in their own area.   Progressively there was vertical integration with generating companies such as PowerGen (part of E.ON) acquiring East Midlands Electricity and National Power acquiring Midlands Electricity Board.   Subsequently there was a take over by over some RECs by others (e.g. MANWEB was acquired by Scottish Power), while in other cases there was a direct merger (e.g. Scottish Hydro and Southern Electricity).  Foreign Companies then took control in some areas – e.g. Electricité de France successively acquired London Electricity,  SEEBOARD and SWEB.

Further restructuring took place such that there are now just 6 major players in the retail of electricity which have a regional base:  nPower (3 regions), PowerGen (3 regions),  Electricité de Farnce (3 regions),  Scottish Power  (2 regions), and Scottish and Southern (3 regions).   In addition British Gas has a substantial presence in the electricity market across the country having entered the area following deregulation.   Further details of these changes, many of which have taken place in the last few years are summarised in Tovey (2004). 

[image: image14.wmf]Settled

bilaterally

between

contract

parties

[image: image15.wmf]3


[image: image16.wmf]3


[image: image17.wmf]3


TRANSMISSION AND DISTRIBUTION OF ELECTRICITY IN THE UK

Until April 1st 2005, the transmission and distribution systems in the UK differed between England and Wales on the one hand and Scotland on the other.   In both regions, distribution at lower voltages has been and continues to be the responsibility of the Distribution Network Operator (DNO).  Following privatisation the DNO in each of the 14 sub-regions of both England and Wales and Scotland were the responsibility of the REC.  In England and Wales, transmission included all voltages of 275 kV and above (i.e. 275 kV and 400 kV), while voltages of 132 kV and below were the responsibility of the DNO.   In Scotland, the situation was more complex with generally voltages of 132 kV and above being classed as transmission and lower voltages as distribution.  The differences in approach between the two regions of the UK has meant that much work has been necessary to integrate the two systems into the British Electricity Trading and Transmission Arrangements  (BETTA).

Fig. 6 shows the transmission network in the UK as of April 1st 2005.   The majority of transmission in England and Wales is at 400 kV with 275 kV being used in the urban areas.  In Scotland there is little transmission at 400 kV but a substantial amount at 132 kV.  With BETTA, the two inter-connectors will become part of the integrated GB Transmission System.
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         Major changes in the ownership of the Distribution Network Operation have taken place in the last few years.  Many of these changes were discussed in Tovey (2004).  In the last year, E.ON  (the parent company of PowerGen), acquired the Aquila Network in the midlands Electricity Area and merged it with its operation in the East Midlands Area under the trading name of Central-Networks (Fig. 7).   In only seven of the original 14 areas is the DNO the same company as the Regional Supplier.
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THE ELECTRICITY MARKET AFTER PRIVATISATION

Following privatisation wholesale electricity prices in England and Wales, but not Scotland were determined using an Electricity Pool through which all electricity was traded.  The POOL with generating side bidding, but no demand side bidding.   Full details of how this system worked are given in Tovey (2003), but the following is a short summary of the operation of the POOL.

All generators above a certain threshold were required to bid into the POOL, and all successful generators were paid the System Marginal Price (SMP) – i.e. the price of the highest successful bid irrespective of what their actual bid was.   It was thus quite possible for a generator to bid £0 per MWH and this would guarantee that the operator would generate and would be paid at a price determined by the SMP.   Because there were vertically integrated companies in Scotland, they were not involved in this bidding (at least as far as their own customers were concerned).   The lack of competition in Scotland has meant that customers north of the border are paying higher prices than those south of the border.

To ensure system stability there was provision for both capacity to be made available and to in part of the country where there was a shortage of power to “constrain-ON” certain stations and to “constrain-OFF” stations where there was a surplus of electricity.   The System Operator could pass on the charges from non-optimal despatch of electricity to the customer and there was little incentive, other than by regulation, to ensure that the costs incurred and prices charged to cover these costs were as low as possible.  The main players in the POOL towards the end of the 1990s are shown in Fig. 8
THE NEW ELECTRICITY TRADING ARRANGEMENTS

The New Electricity Trading Arrangements (NETA) came into force on 27th March 2001 and represented a major change in the way electricity was traded in England and Wales but not Scotland.   Tovey, (2003) gave an in depth review of the operation of NETA, while much technical information about specific operational detail may by found in a series of papers from the Regulator (e.g. OFGEM, 2000).    From 2001, major discussions took place to incorporate trading in Scotland within the same system as in England and Wales.  This new system which went live on 1st April 2005 is known as the British Electricity Trading and Transmission Arrangements (BETTA).   Currently there is a transition to full integrate the GB wide scheme.  In England and Wales, the changes were somewhat marginal affecting primarily transmission, while in Scotland major changes have taken place.  The following is a brief summary of how NETA works.  This will be followed by the recent changes needed in the move to BETTA.

Under NETA (and BETTA), and unlike the POOL mechanism, most electricity (>95%) is traded outside the NETA Balancing Mechanism through bilateral agreements or trades through a broker..   Both generating and demand side bidding takes place and this effectively prevents some of the price fixing problems which arose in the POOL. The System Operator (National Grid Company. NGC) is not involved in these transactions but it is a requirement that the volume of trade (not the price) is notified to NGC.  Trading may be done for any time period in the future and it is not unusual to see the volume of electricity traded for a particular half hour period take place several times over. NETA favours those generators and suppliers who can guarantee specific levels of generation or supply in advance.   It also favours those generators and suppliers who can guarantee agreed flexibility in output / demand at short notice.   Conversely, those generators or suppliers who cannot guarantee specific levels of generation / demand suffer financially.    Situations such as equipment failure etc. can lead to substantial losses for the companies involved. System Security is maintained by the Balancing Mechanism.   

Trading takes place in half-hour blocks for each day of the year for each Balancing Mechanism (BM) unit.   A generation BM unit will typically be a single generating set in a power station.   Small generating sets can be consolidated into a single BM unit. On the demand side, a BM unit might be a single large customer or a collection of smaller customers.   The final trading position of each BM unit must be declared by 1 hour before the start of the actual half hour period in question.   Prior to June 12th 2002, this period was 3.5 hours.  This cut-off time is known as “Gate Closure”.  Thus Gate Closure for the half hour period from 12:30 – 13:00 will be at 11:30.   The final trading position is known as the Final Physical Notification (FPN).  

If a generator or supplier deviate from the agreed FPN level, they will be subject to charges by the System Operator for any shortfall or excess causing this imbalance.   If a generator produces more than the agreed amount of electricity, or a supplier has a demand less than the agreed amount, then the generator / supplier is paid at the System Sell Price (SSP).  If the generator falls short in his commitment,  or a supplier has too much demand, then they are charged at the System Buy Price (SBP).   In the early days of operation of NETA, the system Buy Price was high and reached over £100 per MWh while the System Sell Price was relatively low.   In the four years since NETA began the two prices have converged as shown in Fig. 9.   Since the System Buy Price is normally noticeably higher than the System Sell Price,  most generators and suppliers tend to err on the side of having too much electricity on the system.   Part of the reason for the convergence was a change in the method by which the System Sell Price and System Buy Price was calculated.   Since late 2004 there has been a general increase in both the System Buy Price and System Sell Price reflecting changes in the wholesale market prices, but also the preliminary measures to adopt BETTA came into force in September 2004 even though the “Go-Live” date was 1st April 2005.
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Fig. 9.   The average daily System Buy Price (SBP) and System Sell Prices (SSP) since the start of NETA.  There has been significant convergence of the two prices, although there are still days when the two prices differ significantly.  The last data points on the right refer to 19th April 2005.  Data from Elexon (2005).

To ensure system stability, the System Operator requires the flexibility to adjust the availability of electricity to account for unexpected changes in demand (from weather changes, unexpected events such as popular television programs, unexpected equipment failures, or interruption to the transmission network).   This is achieved by inviting the BM units to modify their FPN level to either increase or reduce the amount of electricity on the system.    To increase the amount of electricity on the system involves an OFFER to provide this increase.  This may be done by either increasing the generation output or by reducing the demand.   Any changes made under such an OFFER will result in the relevant BM Unit being paid for the change.   Conversely if the amount of electricity on the system is to be reduced, the BM Units can make a BID.   For a generating BM Unit this will mean a BID to reduce generation, whereas for a demand BM Unit this will represent a BID to increase demand.   Agreements for such BIDs will result in the relevant BM Units paying for this modification of level to the FPN level.   

In many cases, a generator or supplier may BID or OFFER different prices for ranges of deviation from FPN.   Thus a BID to deviate by say 25 MW might be £30 per MWh, but a deviation between 25 and 50MW might be £40 per MWh.  Normally the System Operator accepts the cheapest OFFER or BID so as to keep prices down, but sometimes system constraints may prevent this.  There is no obligation for a BM unit to participate in the Balancing Mechanism, but some companies specialise in providing BM Services and can make 25% or more by this means.   Details of how these BIDs and OFFERs work (including graphical explanations) may be found  in Tovey (2003).

Once an OFFER or BID has been agreed between the System Operator and the relevant BM Units,  it cannot be cancelled.  Instead there is provision for UNDO BIDs to cancel an OFFER, and UNDO OFFERs to cancel a BID.  This is illustrated in Fig. 10 where it is noticed that any UNDO OFFER or UNDO BID will not be at the same as the original BID or OFFER and thus this will be a net benefit to the BM Unit concerned and a penalty on the System Operator.   In this way there is a control on the operation of the System Operator which was not present in the POOL.

The OFFERs and corresponding UNDO BIDs and the BIDs and UNDO OFFERs, are normally submitted in pairs and agreed as  BID – OFFER Acceptances or BOAs (Fig. 10).   


Fig. 10.  Examples of BID / OFFER Pairs: Note the undo BIDs and UNDO offers are usually priced to be beneficial to the BM Unit.

BALANCING MECHANISM CHARGING

While system stability may be achieved using the balancing mechanism, there is a further possibility where the System Operator may contract with either a Generator or Supplier to specifically provide balancing services.  Indeed in April 2004 Ironbridge Power Station had one 500 MW unit providing such services.  Such units may run at half load so that their output can be readily increased or decreased.  Separate calculations are made for these services under the “Balancing Services Adjustment Data” (BSAD) and are accordingly factored into the calculations.  This is used to determine the overall state of the electricity market in any half hour.   This is achieved by comparing the total BSAD purchases and OFFERs with the total BSAD sales and BIDs.   This will determine whether there is a net surplus of electricity on the system (i.e. the system is “long”) or whether there is a deficit (i.e. it is “short”).   This represents a change from when NETA was first introduced.  

The calculations of the System Sell Price (SSP) and System Buy Price (SBP) now depend on whether the system is “long” or “short” and whether the relevant BM unit has an imbalance in the direction of the overall system or the reverse.

When the electricity on the transmission system is in the same direction as the imbalance for a particular generator or supplier (e.g. both the system and the BM unit are “long”)  then  the SSP and SBP are calculated using the volume weighted average of the net BSAD sales and accepted BIDs (if the system is “long”),  or the corresponding net BSAD purchases and accepted OFFERs if the system is “short”.   These two situations are illustrated for a generator in Fig. 11.




                   Excess Electricity on System                  To little electricity on system 

Fig. 11.   Situations where BM unit has an imbalance in same direction as overall system.

When the transmission system and the BM unit have imbalances in the opposite direction – i.e. the system is “long” and the BM unit is “short” and vic-versa,  a different procedure is adopted for the calculation of the imbalance charges both the SSP and SBP are calculated from the volume weighted average prices of the short term trading market occurring in the three days before the half hour in which the electricity was physically dispatched.

IMPACT of NEW ELECTRICITY TRADING ARRANGEMENTS on COMPANIES

During the 1990s there was a substantial investment in new combined cycle gas turbine generation (see Table 1) and consequently by the start of NETA there was a considerable over-capacity of generation. At the onset of NETA, the wholesale prices for electricity were already 20% below the levels in 1998, and a further 20% fall occurred in the first year of NETA (Fig. 12). 

While this was hailed as a success, unlike the situation with the POOL, which was generally favourable to generating companies, NETA appeared to have a disproportionate effect on the companies who only had concentrated solely or mainly on the generating side of the industry.  Vertically integrated or supply only companies were much more resilient.

Prices remained at low levels for the following 12 months (Fig. 12).   Several companies experienced financial difficulties around this time e.g. AES (solely a generating company) while the vertically integrated company which had only recently acquired Eastern Electricity became insolvent and ceased trading.  One reason that TXU was particularly affected was that the generating capacity was entirely of coal (which was then more expensive than gas), and furthermore the stations were the three oldest coal fired power stations in England and Wales and all were over 40 years old.   A further company, British Energy (the company which operates the more modern nuclear stations - i.e. the Advanced Gas Cooled Reactors and the Pressurised Water Reactor) required significant Government assistance to continue trading. Those companies which at the time were integrated vertically, were to some extent been cushioned by these changes, but even they have found it necessary to mothball relatively new (<8 years old) generating plant. 

In the summer of 2003, National Grid Transco expressed concern over the magnitude of the capacity reserve for the winter of 2003-2004 following the mothballing of plant.   This reserve had fallen to 16%, well below the normal level of 20 – 24%.  Past experience indicates that when this reserve falls below 20%, problems occur in guaranteeing supply.  Following this warning, and the subsequent rise in wholesale prices, several mothballed plants were re-commissioned and the level of reserve now stands at just over 20%.   It is clear that market signals alone are not sufficient to ensure adequate capacity and it required intervention by the System Operator to ensure supplies were maintained over the winter period..

Fig. 12.   Wholesale prices of electricity since the start of NETA.  The rise in late 2003 reflected the changes in the price of gas.  Data from Elexon  (2004)

THE BRITISH ELECTRICITY TRADING AND TRANSMISSION ARANGEMENTS (BETTA).

The purpose of the move from NETA to BETTA has been to bring Scotland in line with England and Wales.  The overall effect of this will be to see a reduced price for customers in Scotland, particularly in the North of Scotland.    At the same time the connection charges for generators in Scotland will change.  On the one hand they will have easier and overall cheaper access to the larger demand area in England and Wales.  On the other hand the charges to generators will still be higher in Scotland than in England and Wales.   Several other issues needed attention as the system under NETA was expanded to incorporate Scotland.   The start of transition towards BETTA began in autumn 2004 and the “Go-live” date was 1st April 2005.   Transition arrangements are still in place and will remain so for some time. 

Fig. 13 shows the newly defined transmission zone boundaries and the charges associated with both generation and consumption of electricity across the UK.   Because of the surplus of capacity in Scotland  the connection charges in Scotland are all over £10 be MW,  while in England and Wales the charges are all under this level and in some areas where there is a significant deficit (e.g. the South West)  generators will be paid for connecting to the system.   The aim of these prices is to send signals to try to encourage future generation development in the areas of particular need.   Despite the higher charges in Scotland,  these have come down significantly in many regions since BETTA came into force as issues such as inter-connector charges no longer apply.  Indeed in zone 3  (Western Islands including Skye), the connection charge has come down by just under 40% from £38 per kW to £23.10 per kW.

The charges for transmission for consumers are allocated differently from generators, and are based on the historic Regional Electricity Boundaries.  Charges are uniform within each boundary.   Again as a consequence of the surplus of generating capacity in the North of Scotland, the transmission losses for those customers is low and this is reflected in a near zero charge (Fig. 12).     On the other hand the trans-
































DEMAND ZONE CHARGES

Zone Name.
Half Hour Zonal Tariff (£/kW)
Non Half Hour Zonal Tariff (p/kWh)
Zone Name.
Half Hour Zonal Tariff (£/kW)
Non Half Hour Zonal Tariff (p/kWh)

Northern Scotland
£0.04
0.01 
Midlands
£15.03
2.06 

Southern Scotland
£4.11
0.56 
Eastern
£14.03
1.91 

Northern
£7.39
0.97 
South Wales
£18.32
2.37 

North West
£11.14
1.46 
South East
£15.99
2.17 

Yorkshire
£11.18
1.49 
London
£18.52
2.45 

N Wales & Mersey
£11.21
1.51 
Southern
£17.83
2.45 

East Midlands
£13.47
1.80 
South Western
£20.49
2.73 


mission charges for customers in the south west of England are relatively large at 2.73p per kWh.  These transmission charges are separate from the distribution loss charges which are the responsibility of the relevant DNO.  The differences in the definition of transmission and distribution between England and Wales on the one hand and Scotland on the other have required significant reconsideration of certain issues.  For instance all large generating stations in England and Wales are connected directly to the transmission system and the generating units and station loads are treated as separate BM units.   In Scotland some of the large stations are embedded in the distribution system and operate with a net transfer of energy – i.e. the station load is subtracted from the generated electricity.  

Prior to BETTA, there were three separate transmission systems: a) the England and Wales System operated by the National Grid Company (NGC – and part of National Grid Transco); b) in the South of Scotland  by Scottish Power, and c)  in the North of Scotland  by Scottish Hydro  (a part of Scottish and Southern).   Each of the above transmission companies were also the System Operator in their respective areas.  Following BETTA, there is now a single Great Britain (GB) System Operator which is NGC, and three separate transmission licence holders namely,  National Grid,  Scottish Power,  and Scottish Hydro.   Though National Grid is both the System Operator and a transmission licence holder, the Regulator will ensure that there is no discrimination against the other licence holders. The former inter-connectors between Scotland and England and Wales are now part of the GB transmission system and are no longer treated separately.   This is simplifying the way in which the generators in Scotland can access the electricity market in England and Wales.

OTHER DEVELOPMENTS IN THE ELECTRICITY MARKETS IN THE UK

Two other significant issues are affecting electricity supply in the UK.  On April 2002, the Renewables Obligation was introduced whereby each supplier of electricity is required to supply a target amount of electricity from a renewable source in each year.  This target value is being increased each year up to 2010 when it will be 10.4% (DTI, 2001).  The current target (April 1st 2005 to March 31st 2006) is 5.5%.   Suppliers failing to meet their obligation pay a buy-out fine currently standing at 3.233p per kWh.   These fines are then recycled to the suppliers in proportion to the actual percentage they generated.   Since there continues to be a significant shortfall in renewable generation, the certificates proving renewable generation are trading well about the face value at around 5 to 5.5p per kWh.  Fuller details of the operation of the Renewables Obligation were given in Tovey (2004).

The second development has been the introduction of the European Union Emissions Trading System on January 1st 2005.   The UK set particularly tough targets for the electricity supply industry at 132.2 million tonnes of carbon dioxide per year (DEFRA, 2004).   This represents 26 million tonnes less than in 2002.   When allowance is made for the increase in demand since 2002 and the continual drop in nuclear generation, a shortfall in carbon emission credits of around 35 – 37 million tonnes is predicted.  At the current trading price (mid April 2005) of 17.5 Euros a tonne, this will increase the price of a unit of electricity by around 0.11p or rather over 1%.  If trading prices rise towards the buy-out price of 40 Euros a tonne, then the rise will be double that predicted figure.   From 2008, the buy-out price is scheduled to rise to 100 Euros a tonne and this will provide further pressure and upward movement of prices.

CONCLUSIONS

The Electricity Market in the United Kingdom continues to evolve.  The recent key changes in the Electricity Market may be summarised as:

1. Following a significant fall in wholesale prices during the first year of operation of NETA, wholesale prices have, in general, tended to rise in the UK partly following the trend in wholesale gas prices.

2. After a continued shift away from coal generation from 1992, there was a 7.6% shift back towards coal between 2002 and 2003 and a consequential fall in gas generation.   Between 2003 and 2004,  coal again fell by over 4%, nuclear by 10.9% while this was compensate by a rise of nearly 10% in gas generation. In recent months (late 2004 and early 2005), the gas prices have been volatile reflecting the changes in the oil market, leading to volatility in the mix of gas and coal in the fuel.

3. After several years of significant changes in the structure and ownership of companies in the electricity supply industry, only one significant change tool place in 2004 – 2005.  The Aquila Distribution Network in the Midlands area was acquired by PowerGen (E.ON) and was subsequently  merged with the corresponding network in the East Midlands to form Central-Networks.

4. The British Electricity Trading and Trading Arrangements (BETTA) came into force on 1st April 2005.  BETTA extended the use of the New Trading arrangements in England and Wales to Scotland.  In Scotland, significant changes took place with the introduction of BETTA while in England and Wales the changes were confined primarily to transmission arrangements.

5. Since the introduction of BETTA, the Great Britain System Operator is the National Grid Company, formerly the System Operator solely for England and Wales.

6. The Transmission Licence of the NGC in England and Wales has been separated from the duties of the National Grid Company as System Operator.  Separate transmission licences exist for the two separate areas of Scotland: i.e. the Scottish Power Transmission Licence (SPTL) area and the Scottish Hydro Electricity Transmission (SHETL).

7. The former inter-connectors between England and Wales, and Scotland have now become part of the GB System and are no longer subject to separate charges.

8. New transmission connection charges throughout England, Wales and Scotland are now in place.   Connection charges for generators are higher in Scotland where there is a surplus of generation and lower in England and Wales, particularly in the south.  In the extreme far south west of England and Wales where there is a significant deficit in generation capacity, the connection charges for generators are negative – i.e. they get paid for connection.   Despite the much higher connection charges in Scotland they are up to 40% lower than they had been prior to the introduction of BETTA..

9. Transmission charges for consumers are now declared throughout Great Britain.   These are almost zero in the North of Scotland, but as much as 2.73p per kWh in the south west of England.   Consumers in Scotland have consequently seen a noticeable reduction in their overall electricity bills.

10. The Renewable Obligation is continuing to provide an incentive for generation of electricity from renewable resources.  At the same time a trading market has been established with the Renewable Obligation Certificates, which are currently trading at a premium of over 50% over their face value, reflecting the significant shortfall in the actual renewable generation as opposed to the set targets.

11. The introduction of the EU Emissions Trading Scheme on 1st January 2005 will have a noticeable effect on electricity generation in the UK and electricity prices are forecast to rise as a result.
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Scotland:


Two vertically integrated companies supplying discrete areas





England and Wales:


One Generating Company (CEGB) and 12 Regional Electricity Suppliers.
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Fig. 8.  A Schematic of the POOL in the UK in the late 1990s.  The actual list of generators varied from year to year,  the situation represents the position in about 1998.


*  Nuclear Electric and Scottish Nuclear are both part of British Energy


** Eastern Electricity  became a player in the market after both National Power and PowerGen were required by the Regulator to disposed of some of their generating capacity following irregularities in the fixing of prices in the POOL
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Fig. 3.   The Regional Electricity Companies (REC) at the time of privatisation in 1990.   Both Scottish Power and Scottish Hydro were vertically integrated with generation and supply.  In England and Wales,  the companies only supplied electricity,  none generated electricity (after Tovey 2004).
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BID / UNDO OFFER:   Pair –2   BID  £20/MWh : UNDO OFFER £23/MWh





BID / UNDO OFFER:   Pair –1   BID  £15/MWh : UNDO OFFER £18/MWh





OFFER / UNDO BID:       Pair +1   OFFER  £35/MWh :  UNDO BID £30/MWh
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Fig. 6.   The Transmission Network in England, Wales and Scotland.   The majority of transmission in England and Wales is at 400 kV with 275 kV used in urban areas such as London,  the Midlands,  Merseyside etc.   In Scotland a much of the transmission is at 132 kV.
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Fig. 5.   The situation in 2004 with regard to geographic supply areas.  This figure should be compared with Fig. 3 to see changes in the last 14 years.  The companies in areas 1 and 2 are UK owned while the parent companies for areas 3 and 4 are both German owned, and the parent company for areas 5 is French.  For more details of the changes that have taken place see Tovey (2004).
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GENERATION:  ZONE Charges


Zone No.�
Zone Name�
Zonal Tariff (£/kW)�
�
1 �
Peterhead�
£18.16�
�
2 �
North Scotland�
£20.93�
�
3 �
Skye�
£23.10�
�
4 �
Western Highland�
£18.92�
�
5 �
Central Highlands�
£15.36�
�
6 �
Cruachan�
£15.85�
�
7 �
Argyll�
£13.44�
�
8 �
Stirlingshire�
£12.61�
�
9 �
South Scotland�
£11.82�
�
10 �
North East England�
£8.09�
�
11 �
Humber, Lancashire & SW Scotland�
£4.91�
�
12 �
Anglesey�
£6.12�
�
13 �
Dinorwig�
£8.71�
�
14 �
South Yorks & North Wales�
£3.12�
�
15 �
Midlands & South East�
£1.32�
�
16 �
Central London�
-£5.71�
�
17 �
North London �
-£0.22�
�
18 �
Oxon & South Coast�
-£0.70�
�
19 �
South Wales & Gloucester�
-£2.55�
�
20 �
Wessex�
-£4.95�
�
21 �
Peninsula�
-£8.04�
�






OFFER / UNDO BID:   Pair +2  OFFER  £50/MWh :  UNDO BID £45/MWh
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Fig. 2 Summary of Electricity Supply in UK before privatisation
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Distribution Network Operators 2005:  Note the numbers are the same as the groupings in Fig. 5.


Scottish and Southern:  note the SWALEC area is operated by Western Power (6)


Scottish Power


PowerGen (E.ON UK) only in East Midlands area under the name Central Networks following merger in 2004 with Midlands Distribution Network. The Eastern area network is operated by EDF (5b), while their NORWEB area is operated by PPL


Electricité de France (EDF).   The London and SEEBOARD areas are the same as the supplier areas. However,  the SWEB area network is operated by PPL,  and EDF are also the network operator for region 5b


Western Power Distribution: PPL – an American based company operating the networks in the SWEB, SWALEC,  and NORWEB areas.


Recently (2004) merged with East Midlands under the name of Central-Networks owned by Powergen (E.ON UK).


Northern Electric and Yorkshire Electric Distribution: both owned by Mid American Energy.


United Utilities:  a UK company
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Map redrawn and simplified from NGC (2005).
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Fig. 13. The Transmission Zone Boundaries in operation since the start of BETTA on April 1st 2005).   Any generator within the zone pays (or is paid) the connection charges shown. The Demand Transmission charges are paid according to DNO area.  For Half Hourly metered consumers these are charged on a capacity basis otherwise they are charged on the units consumed.





Fig. 7.   The Distribution Network Operators in April 2005.   Note the significant changes compared to Figs. 3, and 5.   Only 50% of the areas now have the same geographic supplier and network operator.  See notes for changes in ownership in last 12 months
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Electricity Supply Areas in 2004





Scottish and Southern Group: now supplies in following geographic areas:


Scottish Hydro Electric


Southern Electric


South Wales (SWALEC)





Scottish Power Group: now supplies in following geographic areas:


Scottish Power


MANWEB





nPower: now supplies in following geographic areas:


Midlands


Yorkshire
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PowerGen: now supplies in following geographic areas:


East Midlands


Eastern


NORWEB





Electricité de France: now supplies in following geographic areas:
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Data for both generation and demand transmission charges derived from NGC (2005).
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Fig. 4.   Changes in the real price of electricity and gas from 1970 to present day (1990 prices are set to index value 100).   The key dates in both markets are highlighted.  Deregulation had a more profound effect on electricity prices than on gas. 
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						Coal								Fuel		Petrol		Fuel, light				RPI

						and smoke-						Heating		and		and		petrol				all

						less fuels		Gas		Electricity				light		oil		and oil				Items

												Current fuel price index numbers 1990=100

		1970				12.9		18.7		12.3		9.0		13.2		15.8		14.1				14.7

		1971				14.4		20.3		13.5		10.0		14.6		16.8		15.3				16.1

		1972				15.9		21.4		14.5		10.3		15.7		17.2		16.2				17.2

		1973				16.6		21.6		14.8		11.3		16.1		18.2		16.8				18.8

		1974				18.4		22.7		17.9		19.1		18.9		25.8		21.5				21.8

		1975				24.6		26.2		26.0		21.6		25.1		35.1		29.8				27.1

		1976				30.5		32.1		32.4		27.7		31.1		37.3		33.7				31.6

		1977				35.5		37.4		36.9		34.4		36.0		40.0		37.6				36.6

		1978				39.4		38.5		40.7		34.9		38.8		38.0		38.5				39.6

		1979				46.2		39.9		44.2		44.1		42.7		50.0		45.3				44.9

		1980				58.9		46.6		56.2		59.1		53.4		64.0		57.9				53.0

		1981				69.1		58.7		67.6		70.3		64.8		75.7		69.0				59.3

		1982				74.2		73.1		74.2		79.9		73.8		81.7		77.2				64.4

		1983				78.9		81.9		76.9		90.3		79.3		87.4		82.6				67.4

		1984				85.0		84.9		78.0		90.7		81.6		90.4		85.3				70.7

		1985				90.5		88.3		80.5		98.5		85.1		96.2		89.9				75.0

		1986				93.2		89.9		82.2		84.6		86.2		83.7		85.1				77.6

		1987				94.0		89.1		81.8		78.3		85.6		84.4		85.1				80.8

		1988				95.1		89.8		86.2		71.3		87.6		83.5		86.0				84.7

		1989				96.5		93.6		92.5		76.7		92.6		89.5		91.4				91.3

		1990				100.0		100.0		100.0		100.0		100.0		100.0		100.0				100.0

		1991				106.4		107.0		110.1		96.2		107.9		107.4		107.7				105.9

		1992				110.5		106.8		115.8		84.7		110.3		110.5		110.4				109.8

		1993				111.1		102.7		115.4		89.9		108.9		119.3		113.4				111.5

		1994				118.2		108.9		119.2		90.0		113.7		124.8		118.7				114.3

		1995				120.2		112.5		120.8		89.9		116.1		131.2		122.9				118.2

		1996				121.4		112.7		120.3		99.1		116.4		137.8		126.3				121.1

		1997				122.4		111.6		114.5		96.5		112.7		151.5		131.6				124.9

		1998				123.6		107.8		109.3		80.8		107.8		159.1		134.5				129.1

		1999				126.0		107.1		108.0		90.5		107.4		172.5		141.7				131.2

		2000				128.2		104.5		105.7		126.9		107.0		195.2		157.5				135.0

		2001				134.2		107.3		104.8		123.5		107.8		185.2		153.1				137.4

		2002				141.2		114.1		105.3		116.6		111.1		179.3		147.8				139.7

		2003				144.2		116.2		106.3		129.2		113.4		185.8		154.5				143.8

		2004		p		151.7		124.7		112.7		147.0		121.4		196.2		163.5				148.0

								Gas		Electricity

		1970						127.2108843537		83.6734693878

		1971						126.0869565217		83.850931677

		1972						124.4186046512		84.3023255814

		1973						114.8936170213		78.7234042553

		1974						104.128440367		82.1100917431

		1975						96.6789667897		95.9409594096

		1976						101.582278481		102.5316455696

		1977						102.1857923497		100.8196721311

		1978						97.2222222222		102.7777777778

		1979						88.864142539		98.4409799555

		1980						87.9245283019		106.0377358491

		1981						98.9881956155		113.9966273187

		1982						113.5093167702		115.2173913043

		1983						121.5133531157		114.0949554896

		1984						120.0848656294		110.3253182461

		1985						117.7333333333		107.3333333333

		1986						115.8505154639		105.9278350515

		1987						110.2722772277		101.2376237624

		1988						106.0212514758		101.7709563164

		1989						102.5191675794		101.3143483023

		1990						100		100

		1991						101.0387157696		103.9660056657

		1992						97.2677595628		105.4644808743

		1993						92.1076233184		103.4977578475

		1994						95.2755905512		104.2869641295

		1995						95.1776649746		102.1996615905

		1996						93.063583815		99.3393889348

		1997						89.3514811849		91.6733386709

		1998						83.50116189		84.6630518978

		1999						81.631097561		82.3170731707

		2000						77.4074074074		78.2962962963

		2001						78.0931586608		76.2736535662

		2002						81.6750178955		75.3758052971

		2003						80.8066759388		73.9221140473

		2004						84.2567567568		76.1486486486
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total

coal + oil

CCGT

nuclear

renewables

TWH
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203.171

0

22.805

5.647

238.325

210.018

0

24.013
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245.15

215.223

0
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Amendment Sheet

		5.1.3  Electricity generated and supplied

		1970 to 2003

		September 2004

		At publication revision marks in this table were omitted.

		They have now been added.





Table 5.1.3

		5.1.3  Electricity generated and supplied																								5.1.3  Electricity generated and supplied

		1970 to 2003																								1970 to 2003 (continued)

																						GWh																										GWh

		Major power producers																								Other generators										All generating companies

				Electricity		Electricity														Electricity used		Electricity														Electricity supplied (gross)

				generated		used on		Total		Conventional				Nuclear		Hydro				in pumping		Supplied				Total		Conventional		CCGT		Non-				Total		Conventional		CCGT		Nuclear		Non-		Electricity

						works				thermal		CCGT				Natural		Pumped		at pumped		(net)						thermal				thermal						thermal						thermal		supplied

																flow		storage		storage stations		(3)

		1970		232,378		16,429		215,949		188,175		-		22,805		3,846		1,123		1,487		214,462				15,674		14,996		-		678				231,623		203,171		-		22,805		5,647		230,136		1970

		1971		240,080		17,143		222,937		195,181		-		24,013		2,835		908		1,209		221,728				15,388		14,837		-		551				238,325		210,018		-		24,013		4,294		237,116		1971

		1972		246,843		17,439		229,404		200,048		-		25,639		2,847		870		1,184		228,220				15,746		15,175		-		571				245,150		215,223		-		25,639		4,288		243,966		1972

		1973		263,140		18,157		244,983		216,796		-		24,310		3,214		663		882		244,101				17,655		17,008		-		647				262,638		233,804		-		24,310		4,524		261,756		1973

		1974		254,688		17,763		236,925		203,478		-		29,232		3,520		695		896		236,029				17,222		16,660		-		562				254,147		220,138		-		29,232		4,777		253,251		1974

		1975		255,084		17,136		237,948		207,159		-		26,463		3,186		1,140		1,430		236,518				15,766		15,175		-		591				253,714		222,334		-		26,463		4,917		252,284		1975

		1976		258,656		17,962		240,694		205,048		-		31,153		3,128		1,365		1,729		238,965				17,013		16,414		-		599				257,707		221,462		-		31,153		5,092		255,978		1976

		1977		265,649		18,468		247,181		207,904		-		34,660		3,320		1,297		1,608		245,573				16,434		15,848		-		586				263,615		223,752		-		34,660		5,203		262,007		1977

		1978		270,677		17,907		252,770		215,761		-		32,462		3,378		1,169		1,429		251,341				16,034		15,387		-		647				268,804		231,148		-		32,462		5,194		267,375		1978

		1979		283,186		18,744		264,442		226,329		-		33,335		3,617		1,161		1,424		263,018				15,720		15,062		-		658				280,162		241,391		-		33,335		5,436		278,738		1979

		1980		269,945		17,765		252,180		215,418		-		32,291		3,298		1,173		1,453		250,727				14,132		13,509		-		623				266,312		228,927		-		32,291		5,094		264,859		1980

		1981		263,658		16,983		246,675		208,589		-		33,191		3,906		989		1,196		245,479				13,264		12,801		-		463				259,939		221,390		-		33,191		5,358		258,743		1981

		1982		259,410		16,940		242,470		198,822		-		38,721		3,873		1,054		1,272		241,198				12,613		11,943		-		670				255,083		210,765		-		38,721		5,597		253,811		1982

		1983		264,589		17,380		247,209		197,600		-		43,911		3,882		1,816		2,337		244,872				12,152		11,486		-		666				259,361		209,086		-		43,911		6,364		257,024		1983

		1984		270,471		17,643		252,828		200,240		-		47,256		3,358		1,974		2,613		250,215				11,319		10,685		-		634				264,148		210,925		-		47,256		5,966		261,535		1984

		1985		284,712		18,903		265,809		205,906		-		53,767		3,435		2,701		3,494		262,315				12,112		11,467		-		645				277,922		217,373		-		53,767		6,781		274,427		1985

		1986		287,330		18,819		268,511		210,452		-		51,843		4,087		2,129		2,993		265,518				12,957		12,278		-		679				281,469		222,730		-		51,843		6,895		278,476		1986

		1987		287,701		18,740		268,961		215,290		-		48,205		3,460		2,006		2,804		266,157				13,551		12,831		-		720				282,512		228,121		-		48,205		6,186		279,708		1987

		1988		293,100		19,341		273,759		211,932		-		55,642		4,160		2,025		2,888		270,871				14,840		14,085		-		755				288,599		226,018		-		55,642		6,939		285,711		1988

		1989		297,890		19,315		278,575		209,169		-		63,602		3,992		1,812		2,572		276,003				15,747		15,007		-		740				294,322		224,176		-		63,602		6,544		291,751		1989

		1990		302,936		18,632		284,304		219,364		-		58,664		4,384		1,892		2,626		281,678				15,824		14,738		280		806				300,128		234,101		280		58,664		7,082		297,502		1990

		1991		305,704		19,142		286,562		218,260		309		62,761		3,767		1,465		2,109		284,453				16,202		15,065		298		839				302,764		233,325		607		62,761		6,071		300,654		1991

		1992		303,715		19,157		284,558		206,245		2,964		69,135		4,579		1,635		2,257		282,301				16,246		15,020		394		832				300,804		221,265		3,358		69,135		7,046		298,547		1992

		1993		305,433		18,170		287,264		178,773		22,611		80,979		3,513		1,388		1,948		285,316				16,552		15,196		584		772				303,816		193,969		23,195		80,979		5,673		301,868		1993

		1994		307,476		16,696		290,780		168,321		36,815		79,962		4,265		1,417		2,051		288,729				18,207		16,700		738		769				308,987		185,021		37,553		79,962		6,451		306,936		1994

		1995		315,510		16,510		299,000		164,324		48,525		80,598		4,051		1,502		2,282		296,718				20,909		19,243		933		733				319,909		183,567		49,458		80,598		6,286		317,627		1995

		1996		326,235		14,967		311,268		155,574		65,604		85,820		2,763		1,507		2,430		308,838				23,519		19,091		3,358		1,070				334,787		174,665		68,962		85,820		5,340		332,357		1996

		1997		324,133		15,411		308,722		127,961		86,682		89,341		3,299		1,439		2,477		306,245				25,384		19,703		4,192		1,489				334,106		147,664		90,874		89,341		6,227		331,629		1997

		1998		333,764		16,140		317,624		128,235		93,005		90,590		4,225		1,569		2,594		315,030				27,669		20,766		5,157		1,746				345,293		149,001		98,162		90,590		7,540		342,699		1998

		1999		336,608		15,461		321,147		113,493		112,768		87,672		4,409		2,804		3,774		317,373				30,298		21,769		6,785		1,745				351,445		135,262		119,553		87,672		8,958		347,671		1999

		2000		341,783r		14,952		326,831r		125,468r		116,110		78,334		4,316		2,603		3,499		323,332r				33,933		21,926r		10,318		1,690				360,764r		147,394		126,428		78,334		8,608r		357,266r		2000

		2001		353,057r		16,066r		336,991		127,119r		121,344r		82,985		3,203r		2,340		3,210		333,781				30,393r		20,068r		8,531		1,794				367,384r		147,187r		129,875r		82,985		7,337r		364,175r		2001

		2002		353,994r		15,746r		338,248		121,298r		129,384r		81,090		3,914		2,562		3,463		334,785				32,087r		19,930r		10,049r		2,108r				370,335r		141,228r		139,433r		81,090		8,584r		366,872r		2002

		2003		362,600		15,746		346,854		141,198		118,546		81,911		2,559		2,641		3,546		343,308				34,528		22,365		10,222		1,941				381,382		163,563		128,768		81,911		7,141		377,836		2003

		(1)  Electricity generated less electricity used on works.																								(3)  Electricity supplied (gross) less electricity used in pumping at pumped storage station.

		(2)  Includes electricity supplied by gas turbines and oil engines.  From 1988 also includes electricity produced by plants using																								(4)  Natural flow hydro, wind, wave and solar photovoltaics.

		renewable sources.
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		5.1.3  Electricity generated and supplied																								5.1.3  Electricity generated and supplied

		1970 to 2003																								1970 to 2003 (continued)

																						GWh																										GWh

		Major power producers																								Other generators										All generating companies

				Electricity		Electricity														Electricity used		Electricity														Electricity supplied (gross)

				generated		used on		Total		Conventional				Nuclear		Hydro				in pumping		Supplied				Total		Conventional		CCGT		Non-				Total		Conventional		CCGT		Nuclear		Non-		Electricity

						works				thermal		CCGT				Natural		Pumped		at pumped		(net)						thermal				thermal						thermal						thermal		supplied

																flow		storage		storage stations		(3)																																		total		coal + oil		CCGT		nuclear		renewables

		1970		232,378		16,429		215,949		188,175		-		22,805		3,846		1,123		1,487		214,462				15,674		14,996		-		678				231,623		203,171		-		22,805		5,647		230,136		1970						1970		231.623		203.171		0		22.805		5.647		230.136

		1971		240,080		17,143		222,937		195,181		-		24,013		2,835		908		1,209		221,728				15,388		14,837		-		551				238,325		210,018		-		24,013		4,294		237,116		1971						1971		238.325		210.018		0		24.013		4.294		237.116

		1972		246,843		17,439		229,404		200,048		-		25,639		2,847		870		1,184		228,220				15,746		15,175		-		571				245,150		215,223		-		25,639		4,288		243,966		1972						1972		245.15		215.223		0		25.639		4.288		243.966

		1973		263,140		18,157		244,983		216,796		-		24,310		3,214		663		882		244,101				17,655		17,008		-		647				262,638		233,804		-		24,310		4,524		261,756		1973						1973		262.638		233.804		0		24.31		4.524		261.756

		1974		254,688		17,763		236,925		203,478		-		29,232		3,520		695		896		236,029				17,222		16,660		-		562				254,147		220,138		-		29,232		4,777		253,251		1974						1974		254.147		220.138		0		29.232		4.777		253.251

		1975		255,084		17,136		237,948		207,159		-		26,463		3,186		1,140		1,430		236,518				15,766		15,175		-		591				253,714		222,334		-		26,463		4,917		252,284		1975						1975		253.714		222.334		0		26.463		4.917		252.284

		1976		258,656		17,962		240,694		205,048		-		31,153		3,128		1,365		1,729		238,965				17,013		16,414		-		599				257,707		221,462		-		31,153		5,092		255,978		1976						1976		257.707		221.462		0		31.153		5.092		255.978

		1977		265,649		18,468		247,181		207,904		-		34,660		3,320		1,297		1,608		245,573				16,434		15,848		-		586				263,615		223,752		-		34,660		5,203		262,007		1977						1977		263.615		223.752		0		34.66		5.203		262.007

		1978		270,677		17,907		252,770		215,761		-		32,462		3,378		1,169		1,429		251,341				16,034		15,387		-		647				268,804		231,148		-		32,462		5,194		267,375		1978						1978		268.804		231.148		0		32.462		5.194		267.375

		1979		283,186		18,744		264,442		226,329		-		33,335		3,617		1,161		1,424		263,018				15,720		15,062		-		658				280,162		241,391		-		33,335		5,436		278,738		1979						1979		280.162		241.391		0		33.335		5.436		278.738

		1980		269,945		17,765		252,180		215,418		-		32,291		3,298		1,173		1,453		250,727				14,132		13,509		-		623				266,312		228,927		-		32,291		5,094		264,859		1980						1980		266.312		228.927		0		32.291		5.094		264.859

		1981		263,658		16,983		246,675		208,589		-		33,191		3,906		989		1,196		245,479				13,264		12,801		-		463				259,939		221,390		-		33,191		5,358		258,743		1981						1981		259.939		221.39		0		33.191		5.358		258.743

		1982		259,410		16,940		242,470		198,822		-		38,721		3,873		1,054		1,272		241,198				12,613		11,943		-		670				255,083		210,765		-		38,721		5,597		253,811		1982						1982		255.083		210.765		0		38.721		5.597		253.811

		1983		264,589		17,380		247,209		197,600		-		43,911		3,882		1,816		2,337		244,872				12,152		11,486		-		666				259,361		209,086		-		43,911		6,364		257,024		1983						1983		259.361		209.086		0		43.911		6.364		257.024

		1984		270,471		17,643		252,828		200,240		-		47,256		3,358		1,974		2,613		250,215				11,319		10,685		-		634				264,148		210,925		-		47,256		5,966		261,535		1984						1984		264.148		210.925		0		47.256		5.966		261.535

		1985		284,712		18,903		265,809		205,906		-		53,767		3,435		2,701		3,494		262,315				12,112		11,467		-		645				277,922		217,373		-		53,767		6,781		274,427		1985						1985		277.922		217.373		0		53.767		6.781		274.427

		1986		287,330		18,819		268,511		210,452		-		51,843		4,087		2,129		2,993		265,518				12,957		12,278		-		679				281,469		222,730		-		51,843		6,895		278,476		1986						1986		281.469		222.73		0		51.843		6.895		278.476

		1987		287,701		18,740		268,961		215,290		-		48,205		3,460		2,006		2,804		266,157				13,551		12,831		-		720				282,512		228,121		-		48,205		6,186		279,708		1987						1987		282.512		228.121		0		48.205		6.186		279.708

		1988		293,100		19,341		273,759		211,932		-		55,642		4,160		2,025		2,888		270,871				14,840		14,085		-		755				288,599		226,018		-		55,642		6,939		285,711		1988						1988		288.599		226.018		0		55.642		6.939		285.711

		1989		297,890		19,315		278,575		209,169		-		63,602		3,992		1,812		2,572		276,003				15,747		15,007		-		740				294,322		224,176		-		63,602		6,544		291,751		1989						1989		294.322		224.176		0		63.602		6.544		291.751

		1990		302,936		18,632		284,304		219,364		-		58,664		4,384		1,892		2,626		281,678				15,824		14,738		280		806				300,128		234,101		280		58,664		7,082		297,502		1990						1990		300.128		234.101		0.28		58.664		7.082		297.502

		1991		305,704		19,142		286,562		218,260		309		62,761		3,767		1,465		2,109		284,453				16,202		15,065		298		839				302,764		233,325		607		62,761		6,071		300,654		1991						1991		302.764		233.325		0.607		62.761		6.071		300.654

		1992		303,715		19,157		284,558		206,245		2,964		69,135		4,579		1,635		2,257		282,301				16,246		15,020		394		832				300,804		221,265		3,358		69,135		7,046		298,547		1992						1992		300.804		221.265		3.358		69.135		7.046		298.547

		1993		305,433		18,170		287,264		178,773		22,611		80,979		3,513		1,388		1,948		285,316				16,552		15,196		584		772				303,816		193,969		23,195		80,979		5,673		301,868		1993						1993		303.816		193.969		23.195		80.979		5.673		301.868

		1994		307,476		16,696		290,780		168,321		36,815		79,962		4,265		1,417		2,051		288,729				18,207		16,700		738		769				308,987		185,021		37,553		79,962		6,451		306,936		1994						1994		308.987		185.021		37.553		79.962		6.451		306.936

		1995		315,510		16,510		299,000		164,324		48,525		80,598		4,051		1,502		2,282		296,718				20,909		19,243		933		733				319,909		183,567		49,458		80,598		6,286		317,627		1995						1995		319.909		183.567		49.458		80.598		6.286		317.627

		1996		326,235		14,967		311,268		155,574		65,604		85,820		2,763		1,507		2,430		308,838				23,519		19,091		3,358		1,070				334,787		174,665		68,962		85,820		5,340		332,357		1996						1996		334.787		174.665		68.962		85.82		5.34		332.357

		1997		324,133		15,411		308,722		127,961		86,682		89,341		3,299		1,439		2,477		306,245				25,384		19,703		4,192		1,489				334,106		147,664		90,874		89,341		6,227		331,629		1997						1997		334.106		147.664		90.874		89.341		6.227		331.629

		1998		333,764		16,140		317,624		128,235		93,005		90,590		4,225		1,569		2,594		315,030				27,669		20,766		5,157		1,746				345,293		149,001		98,162		90,590		7,540		342,699		1998						1998		345.293		149.001		98.162		90.59		7.54		342.699

		1999		336,608		15,461		321,147		113,493		112,768		87,672		4,409		2,804		3,774		317,373				30,298		21,769		6,785		1,745				351,445		135,262		119,553		87,672		8,958		347,671		1999						1999		351.445		135.262		119.553		87.672		8.958432		347.671

		2000		341,783r		14,952		326,831r		125,468r		116,110		78,334		4,316		2,603		3,499		323,332r				33,933		21,926r		10,318		1,690				360,764r		147,394		126,428		78,334		8,608r		357,266r		2000						2000		360.764		147.394		126.428		78.333885		8.608		357.266

		2001		353,057r		16,066r		336,991		127,119r		121,344r		82,985		3,203r		2,340		3,210		333,781				30,393r		20,068r		8,531		1,794				367,384r		147,187r		129,875r		82,985		7,337r		364,175r		2001						2001		367.384		147.186563869		129.875		82.985		7.337436131		364.1746

		2002		353,994r		15,746r		338,248		121,298r		129,384r		81,090		3,914		2,562		3,463		334,785				32,087r		19,930r		10,049r		2,108r				370,335r		141,228r		139,433r		81,090		8,584r		366,872r		2002						2002		370.3345193156		141.2277330747		139.433		81.09		8.5837862409		366.8715193156

		2003		362,600		15,746		346,854		141,198		118,546		81,911		2,559		2,641		3,546		343,308				34,528		22,365		10,222		1,941				381,382		163,563		128,768		81,911		7,141		377,836		2003						2003		381.3823331772		163.5625883312		128.768		81.911		7.140744846		377.8363331772

		(1)  Electricity generated less electricity used on works.																								(3)  Electricity supplied (gross) less electricity used in pumping at pumped storage station.

		(2)  Includes electricity supplied by gas turbines and oil engines.  From 1988 also includes electricity produced by plants using																								(4)  Natural flow hydro, wind, wave and solar photovoltaics.

		renewable sources.
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