Electricity liberalisation in Britain: the quest
for a satisfactory wholesale market design

David Newbery’

Britain was the exemplar of eectricity market reform, demonstrating the importance
of ownership unbundling and workable competition in generation and supply.
Privatisation created de facto duopolies that supported increasing price-cost
margins and induced excessive (English) entry. Concentration was ended by trading
horizontal for vertical integration in subsequent mergers. Competition arrived just
as the Pool was replaced by New Electricity Trading Arrangements (NETA)
intended to address its claimed shortcomings. NETA cost over £700 million, and
had ambiguous market impacts. Prices fell dramatically as a result of (pre-NETA)
competition, generating companies withdrew plant, causing fears about security of
supply and a subsequent widening of price-cost margins.

INTRODUCTION

The standard model of the electricity supply induéESI) in almost every
country before liberalisation was an effectivelyrtiaally integrated franchise
monopoly under either public ownership or costefie regulation. Investment in
generation and transmission were (in theory) choserdeliver the least-cost
expansion plan (subject to government energy palicjuel mix and plant choice),
financed by low-cost borrowing underwritten by frenchise revenue base. Britain
was no exception, with the entire ESI under stateesship since nationalisation in
1947. The Central Electricity Generation Board (B®wned all generation and
transmission in the whole of England and Waledingebulk power to twelve Area
Boards, responsible for distribution and supplyafli@g). In Scotland, the North of
Scotland Hydro-Electric Board (NSHEB) and the Saft8cotland Electricity Board
(SSEB) each held regional franchises that includgeseration, transmission,
distribution and supply. The Government set theuahikxternal Financial Limit
restricting (publicly provided) borrowing, which some years could be negative,
implying a net dividend payment to the Treasurye Triff structure was moderately
sophisticated, with a two-part zonal Bulk Supplyiffaharging for capacity (of both
generation and transmission), and variable costydg and regionally differentiated
losses). Area Boards offered a variety of tariffith various forms of peak-hour
capacity charges. While the pricing may have beephisticated, investment

" Professor, Department of Applied Economics, Umiter of Cambridge, Sidgwick Avenue,
Cambridge, England CB3 9DE (E-mail: dmgn@econ.cank | am indebted to Karsten Neuhoff and
Alex Henney for helpful comments.

Confpap\Enjourn\Britain 1 20/07/04



planning, and particularly investment delivery, vpa®r, slow and costly, and there
were few incentives to deliver cost efficiency.

Liberalising and restructuring the ESI was intendied replace this
command and control structure with its regulateargbs by a decentralised market-
driven system that would nevertheless deliver seaaiable electricity efficiently
and at competitive prices. At the time the Goveminuecided to restructure and
privatise the ESI, there were few models availabite United States had evolved the
contractual form of investor-owned franchise mori@sounder state cost-of-service
regulation that was criticised for poor incentivesanded investments, and in some
states, high prices. Chile, on the other side ef pkanet, had been reforming,
restructuring and gradually privatising its ESIcginl978, while Norway already
operated a spot market for club members for whideszergy, but remained publicly
owned. With no obvious model to follow, consideeapblitical pressure to deliver a
competitive outcome (in contrast to the earlievgiisations of telecoms, gas and
water), and a tight timetable, the challenge wagldsign a set of markets and
institutions to deliver these objectives. Of conajée importance, the design had to
allow a smooth and predictable transition to a melabased system not just for
electricity, but for the nationalised coal industtigree-quarters of whose (largely
uneconomic) output was sold to the ESI, which im tepended on coal for three-
guarters of its output. The generation and didfidbucompanies were to be sold to
the general public and therefore needed predictalEnues on which they could be
valued.

2 RESTRUCTURING AND PRIVATISATION

Two different solutions were adopted for Britaimdayet another for
Northern Ireland). Th&lectricity Act 1989 created the post of the Director General
of Electricity Supply, the DGES, to regulate théunal monopoly wires businesses
of the National Grid Company (NGC) and the Regidgaltricity Companies, and
to set price caps, which would be reset at perimliews every 4-5 years. He had a
duty to ensure that reasonable demands for elgctiere met, that licence holders
were able to finance their activities, to promatenpetition in generation and supply,
to protect customer interests, and to promoteieffaty. The Office of Electricity
Regulation, Offer, was set up by the Governmerarasmdependent body under the
Electricity Act, headed by the DGES.

In England and Wales, thH8ectricity Act divided the CEGB, with its 74
power stations and the national grid, into four panies. Sixty per cent of
conventional generating capacity (40 power statiwwith 30 GW capacity) were
placed in National Power, and the remainder (2Bosof 20 GW) were placed in
PowerGen. The original plan was to place the 1deauncstations with 8 GW in
National Power, which had been given the bulk efftsesil generation in the hope
that its resulting size would be financially viableAt a late stage the financial
advisors made it clear the nuclear stations wetesaleable at a reasonable price.
They were transferred to Nuclear Electric and lkepiublic ownership until 1996.
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The high-tension grid, together with 2 GW of pumgeatage generationyere
transferred to the National Grid Company (NGC). egéh four companies were
vested (i.e. created) as public limited compangss) on March 31st 1990, at the
same time as the twelve distribution companies, mmown as the Regional
Electricity Companies (RECs). NGC was transfetethe joint ownership of the
RECs, and the RECs were sold to the public in Dbeer990. The pumped-storage
generation of NGC was separated and sold to Migsiamgy at the end of 1995, and
the RECs sold their shares in NGC in a flotatiorttenStock Market, also at the end
of 1995. Sixty per cent of National Power and P@esr were subsequently sold to
the public in March 1991, with the balance soldMarch 1995. Competition in
generation was introduced by requiring all genesafjoublic and private) to sell their
electricity in a wholesale market, the Electridtyol.

TheElectricity Act also set out a time-table for introducing comjmetiinto
supply. At privatisation, the 5,000 consumers withre than 1 MW demand were
free to contract with any supplier (who could birgcly from the Electricity Pool),
but all other consumers had to buy from their IR&EIC, which had a franchise
monopoly. In 1994 the franchise limit was lowetedlO0 kW, and another 45,000
customers were free to choose their supplier.tiggan late 1998, the remaining 22
million customers had that right, and by mid-1998 REC franchises finally ended.

The Scottish system, with about 10 GW capacity, &les restructured on
March 31, 1990, when the North of Scotland HydreeElic Board became Scottish
Hydro-Electric, and the non-nuclear assets of thalSof Scotland Electricity Board
were transferred to Scottish Power. Both weregtised as vertically integrated
regulated utilities in June 1991, free to sell ithte English market, using the English
Pool price as the reference price for Scottishirigpdnd operating under the same
system of regulation.

The publicly owned nuclear stations were restrectuagain when the 5
newer Advanced Gas-cooled Reactors (AGRs) with ebdBW, together with the
new Pressurised Water Reactor at Sizewell, wersfeered from Nuclear Electric
together with the 2 AGRs from Scottish ElectricBigtish Energy. British Energy
was then privatised in 1996. Nuclear Electric'eemaining old Magnox reactors
with about 3 GW (which had negative net value) weaasferred to the publicly
owned British Nuclear Fuels Ltd, the fuel (re)prggiag company.

21 Market and institutional design

The most interesting institutional change in regtming the British ESI
was the creation of the Electricity Pool - a comspay bulk electricity spot market
that determined the merit order and wholesale pfcelectricity in Britain. This
operated as a compulsory day-ahead last priceoaugtith non-firm bidding,

! Turbines pump water up to a hill-top reservoiridgroff-peak periods, allowing generation in peak
periods or to provide rapid response to meet dadistin generation.
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capacity payments for plant declared available efddhed as an exponential
function of the reserve margin), and firm acceghts to transmission (with
generators compensated if transmission constrgiresented their bids being
accepted). Each day generators bid their plaot tim¢ pool before 10 a.m. and
received their dispatch orders and a set of halffpgorices by 5 p.m. for the
following day. Bids had to be valid for the 48 Hadfurly periods, although
generators could specify various technical paramdminimum load, ramp rates,
etc) in some detail to force a particular pattdrose over the day, and also influence
whether the plant would set the price.

The half-hourly System Marginal Price (SMP) was tlst of generation
from the most expensive generation set acceptetliding start-up costs where
appropriate), based on a forecast of demand armimgntransmission constraints.
Generators declared available received capacityneats and, if dispatched, the
SMP, which together made up the Pool Purchase, ®iee. All companies buying
electricity from the pool paid the Pool Sellingderi PSP, whose difference from the
PPP was the uplift, which covered a variety of o{teyments made to generators.
The System Operator (National Grid) used the saatkef ancient) software GOAL
to dispatch plant as the former CEGB. As the ssmresompanies had copies of
GOAL, they could shape the rather complex indivigalant bids (start-up, no-load,
and three incremental prices plus various techrpeahmeters) to optimise their
revenue, rather than bidding the true parameters.

The various institutions required to manage thesigalised system were
codified in the Pooling and Settlement Agreementmaltilateral contractual
arrangement signed by generators and supplierswhizvided the wholesale market
mechanism for trading electricity. It defined ties, and required almost all parties
wishing to trade electricity in England and Wales do so using the Pool's
mechanisms. It provided the supporting financitlement processes to compute
bills and ensure payment, but did not act as aehankker.

National Grid Company (NGC) owns and controls higbltage
transmission, and as the Transmission System @pgerafas responsible for
scheduling and despatch. Elsewhere the SystematOpis often legally required to
be independent of generation and transmission. €€ acted as the Ancillary
Services Provider, the Settlement System Admin@trand the Pool Funds
Administrator, though again the provision of thesevices can be and often are
separated from the provision of transmission sesvic

In addition to the Pool, which acted both as a codity spot market
producing the reference price and a balancing mankast generators and suppliers
signed bilateral financial contracts for varyingipées to hedge the risk of pool price
volatility. The standard contract was a Contramt Differences (CfD) which
specified a strike price (E/MWh) and volume (MWéid was settled with reference
to the pool price, so that generators were notiredjuo produce electricity in order
to meet their contractual obligations. These Cf@dd be one or two-sided, offering
different hedging possibilities. Partly because thmarket structure was so
concentrated, and partly because of the pass-thnmatgre of the franchise contracts,
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other markets were slow to develop and remaineg iuid. The Electricity
Forward Agreements market emerged as a screerdtoage-the-counter market that
allowed contracts to be traded anonymously andfgiortpositions balanced. It
failed to evolve into a futures market, partly hessaof the illiquidity caused by the
large number of products (four-hourly periods farking and non-working days, for
SMP, PPP and uplift), but mainly because the uyithgrl market was so
uncompetitive.

Contracts are not only important for risk-sharing twvere also critical in
managing the transition from a vertically integdat®@mpany able to pass all its costs
through to its captive customers to a market-bashabtry in which customers were
free to buy from the cheapest supplier. The twgomnteaansitional problems facing
the designers were that British deep-mined coal eeasiderably more expensive
than imported coal (and was soon to be revealednupetitive against gas), and that
nuclear generation had failed to set aside definfblds for decommissioning. The
surplus available to build up a decommissioningifafter paying for operating and
fuel cycle costs were likely to be far too low givile likely equilibrium Pool price.
The second problem was dealt with by imposing a-fdesil Fuel Obligation
(NFFO) on the RECs (to buy electricity generatedmfr non-fossil fuels,
overwhelmingly nuclear power), and imposing a Rdasél Levy (FFL) on all fossil
generation (initially at the rate of 10.8% of theaf sales price). This levy was paid
to Nuclear Electric to build up a fund to meetlighilities (of about £9.1 billion,
which can be compared with the privatisation prdsdeom selling off the CEGB of
just under £10 billion).

The first problem of transition was handled by aieseof take-or-pay
contracts between the generators and the stié-stahed British Coal for the first
three years at above world market prices. Therges in turn held contracts to
supply the RECs for almost all their output, for topthree years, that allowed the
costs of the coal contracts to be recovered frasetttontract salésThere was the
additional and very important benefit that the preind loss accounts of the
generators and RECs could be confidently projefiiedhe first three years, and
these provided the necessary financial assurantegf@rivatisation to proceed.

There are two routes to effective competition inegation. The first and
more satisfactory route is to ensure that capaciijvided between sufficiently many
competing generators that no one generator has milisbnce over the price. This
option was ruled out by the tight Parliamentaryetiable which gave too little time to
reconsider plans and to divide the generation carapdurther once it became clear
that nuclear power was unsaleable. At privatisatioe two fossil generators set the
pool price over 90 per cent of the time (the batabeing set by Pumped Storage,
which arbitraged a limited amount of electricitgrir the off-peak to the peak hours).
Nuclear Electric, Scotland and France supplied-tmmk power that hardly ever set
the pool price. Green and Newbery (1992) calcdi#ttat a duopoly unconstrained

2 The details of the various contracts requiredsateout in more detail in Henney (1994, pp120-4)
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by entry would have significant market power andildde able to raise pool prices
to very high levels (shown in figure 4 below).

The second and indirect route to competitive pgiéto induce generators
to sell a sufficiently large fraction of their outpunder contract, and expose them to a
credible threat of entry if the contract price (anerage pool price) rises above the
competitive level. A generator that has sold posvecontract only receives the pool
price for the uncontracted balance. If this igrals fraction of the total (and it is
usually about 10-20 per cent), then there is littlegain from bidding high in the
pool. High bids run the risk that the plant is scheduled, leading to the loss of the
difference between the SMP and the avoidable eost,the trade-off between lost
profit on uncontracted marginal plant and highé&aimarginal profits is increasingly
unattractive as contract cover increases. Costraotd entry threats are
complimentary - entry threats encourage gener&osign contracts, and contracts
facilitate entry.

The advantage of the creating sufficiently many gannes for competition
is that it does not need to rely on the continusatestability of entry, and it works
well even when the competitive price is well beltwe entry price, in periods of
excess capacity. As this route was not choserramis and entry threats were all
that remained, at least if price regulation waddoavoided. On vesting, the three
generating companies were provided with CfDs fatuslly their entire forecast
output, for periods of between one and three ydduis. both managed the transition
to a free market and initially reduced their inoento exercise spot market power to
negligible levels, though not their ability to takedvantage of transmission
constraints and to game capacity availability.

2.2 Regulation of domestic suppliers, entry and the “dsh for gas”

Initially a minority of the market was free to bpgwer in the Pool or by
contract, and the captive customers required regyl@assurance that their prices
would be reasonable. This was assured by allowiagRECs to pass through the
regulated charges for transmission and distributiand requiring them to
demonstrate that they had purchased any power ®alfbef their captive
customers “economically”. In advising on marketigesand regulation, Professor
Stephen Littlechild (who was subsequently appoirntedfirst DGES) recognised
that the main problem facing the ideal of a contpvetiES| was the overwhelming
market power of the incumbents. If restructuringlldonot be relied upon to
deliver lower concentration, then entry was theyoalte to eventual competition.
Entry of new merchant Independent Power ProdudBRs would be helped by
the existence of long-term contracts for gas aedtetity. The solution was to
allow the RECs to offer long-term Power PurchaseeAments (PPASs) to IPPs,
and to hold equity as an incentive to sign theseraots. The PPAs allowed the
IPPs to sign long-term contracts for gas (usuadligetor-pay) and to issue
comparable duration bonds. The economic purchagiqgirement was designed
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to reduce the risk of “sweet-heart deals”, andjoaliy, the franchise would end
in 1998, limiting the possible damage to captivstamers.

The solution was accepted, and substantial entyroed. Within a few
months contracts (generally of 15 years durati@u) been signed for some 5 GW
of gas-fired CCGT plant, which, in addition to timeumbents' planned 5 GW of
similar plant, would displace about 25 million t@snof coal, or nearly half the
1992 generation coal burn of 60 million tonnes. eTiew CCGT capacity
amounted to about one-sixth of existing capacitliictv was in any case more
than adequate to meet peak demand. The “dash $bragd the switch from coal
more than halved the size of the remaining deep roo@Eng industry. The coal
labour force had fallen from nearly 200,000 attihee of the 1984-5 coal miners'
strike to about 70,000 by 1990, but pit closureduced numbers to 20,000 by
1993 and less than 10,000 by 1998. Figure 1 shbwsapid entry of gas-fired
generation, and the resulting evolution of capaoitynected to the National Grid.
The decline in CCGT owned by PowerGen and Nati®uwaler reflects industrial
restructuring discussed below.

Capacity payments were made to each generatirtpsketred available for
despatch, and were equal to the Loss of Load PitipgdbOLP) multiplied by the
excess of the Value of Lost Load (VOLL, initiallgtsat £2,500/MWh and indexed
to the retail price index) over the station's hiite (if not despatched) or the SMP
(if despatched). This was set the day ahead andegrmanipulable by declaring
plant unavailable, and then re-declaring availaiethe day to collect the now
raised payment. This practice was investigated Hey regulator and new audit
procedures were agreed to reduce the incentivesnisreporting unavailability
(Offer, 1992), together with new Pool rules for garting LOLP. This was now
determined by the highest declared or re-declaapddity in the current and seven
previous days, so that there was an eight-day ktgvden declaring a plant
unavailable and its impact on LOLP. A somewhav@ese implication was that the
actual LOLP could be unity (certain power cuts) lertthe value used to reward
capacity could be almost zero. Newbery (1998c) edgthat the computation of
LOLP seemed excessive, given the high level o&bdlty over the first decade,
and its overestimate may have contributed in gathé high capacity payments.
On the other hand, the VOLL seemed rather low, atsidk and Wolak (1997)
found that large consumers in one area were ch&gdd3/MWh in each of the
three peak (or “triad”) half-hours in 1994/5 foiidgconnection chargésAs it was
the product of VOLL and LOLP that determines cafyapayments, these two
possible errors may have been offsetting.

% Admittedly, these charges are not known accwratetil after the peak, but large customers
subscribe to moderately accurate forecasting ss\itat can predict when prices are likely to bg ve
high. The very low observed price response suggésts consumers value not adjusting load in
response to high prices, and by implication attatleven higher value to not losing load.
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Figure 1 Plant Capacity connected in England and Was, 1990-2003
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In the 1994-95 financial year, the generators eafife421 million from
capacity payments, or £24.5/kW/year compared t8285million from selling at the
SMP. Capacity payments were thus 20% of total ensn for generation
(excluding other ancillary services supplied by eyators to the pool), and far
higher than in earlier years when plant was mollg tntracted. These capacity
payments would have been sufficient to build 3GWhedv plant, or nearly 6% of
total capacity. In the period 1995-97, the annwarage capacity payment was
over £30/kW/yr. During this period, the annual gr@hnection charge varied from
8/kW to -£10/kW. The cost of keeping a new openleeyas turbine to provide
reserve power might be £20/kW in interest and dggutien, and perhaps £6/kW for
O&M (MMC, 1996), so capacity payments should hagerbmore than enough for
security of supply.

High capacity payments could also provide incestivior large
generators to withhold plant, as Newbery (1995) alestrated. Depending on the
contract cover and plant margin, generators wittmaaket share of about 30%
might have an incentive to withdraw plant, exat¢tlg opposite incentive to that
intended. Green (2004) examined the evidence amubfthat this strategy did not
appear to have been significant. Later, dissatisfacwith capacity payments
would be one of the factors causing the DGES tevevhe workings of the Pool
and recommend the changes that resulted in the E&wtricity Trading
Arrangements (NETA) of 2001, after which capaciayments were abolished.

In addition to dispatching stations, NGC as SO disal to resolve
transmission constraints by paying out-of merit egators to run if required
(“constrained on”) or not to run (“constrained 9ffti an export-constrained zone
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even if in the unconstrained dispatch. Under tbeically integrated CEGB the
dispatch schedule automatically determined the rdgezonstrained efficient
dispatch, and the grid appeared adequately sizexufih that organisational form,
but in the market-driven unbundled industry, thetsoof resolving constraints
rapidly increased (to £255 million in 1993-4 or I&WI/yr). NGC offered an
incentive deal to the RECs to share the benefiteddicing these and other costs,
an idea that taken up by Offer. The resulting pgoatrol for NGC contained
incentives to reduce constraint (and other angilarvice) costs, essentially by
sharing the costs with a cap and collar. NGC praagpt at contracting for some
plant behind constraints, making minor reinforcetada the grid, and scheduling
maintenance to minimise these costs, reducing tbesstraint costs to less than
10% of their peak value.

Another criticism of the Pool was that it was ohbif a market, lacking
any demand side bidding. That was not quite caorastNGC operated an annual
tender auction for the provision of standing resete assist in its system
management function. Standing reserve was proviglezpen-cycle gas turbine and
pumped storage plant, but also by demand reducsinpdshon-centrally despatched
small generators, though all had to offer amountsexcess of 3MW. Large
consumers could therefore specify their availgbiind willingness to reduce
demand in various seasons and at various timeaypfathd NGC then accepted bids
for which the total cost of providing load reductowere less than VOLL. In
1997/98 1,809 MW of centrally despatched generatind 458 MW of demand
modification and small-scale generation were coteth (NGC, 1997). The offer
curve of such bids suggests that while there wame snoderately cheap demand side
flexibility, beyond a quite modest level consumeegsded a higher value than VOLL
to be willing to curtail load, again suggestingtth@OLL may have been under-
estimated, and that short-run demand elasticitieglectricity were very low (with
current control and metering devicéshn addition, the Pool developed a less
successful form of demand-side bidding directly itite Pool, and again, its failure
was an additional source of pressure to refornPt.

The Pool Purchasing Price determined the priceawf funconstrained)
energy and capacity, but generators and consumeistarested in the price at their
location. It was appreciated that the theoretiohltion to efficient spatial pricing is
locational marginal pricing (LMP) developed by BoHbaramanis & Schweppe
(1984). As NGC developed a more satisfactory smiutio the rather hastily
designed system put in place at privatisation,as wecognised that LMP faced a
number of potentially serious drawbacks, not leaktwhich was that its
performance in the presence of considerable marketer was untested (and
largely unknown). The additional basis risk of trafat a large number of grid
points whose price could diverge considerably ftbenPool price would require a

4 Enthusiasts continue to believe that low cost W@IT enable even domestic consumers to time-shift
loads such as freezers, hot water and storagerfeatel air conditioners where their thermal irrti
allows electricity to be stored for modest periguishe form of heat (or cold). Evidence that ttgs i
cheaper than carrying generation reserves remparses
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large number of potentially illiquid contracts tover risk. The possible gain in
allocating the costs of transmission constraints lasses more precisely was not
thought worth the loss in transparency and marlatidity. NGC therefore
retained zonal access charges based on the indedneests of reinforcing the
grid to meet demands and supplies in that zone. HIS& publishes annu&kven
Year Satements (looking ahead seven years) which update predistaf demand
and supply by zone and indicate where new generatiight best locate. The
transmission charges are paid by consumers baselrmand at the three half-
hours of system maximum demand separated by 10 (dags‘triad”), and by
generators based on declared net capacity (or outpthe triad if facing a
negative grid charge).

The more serious weakness in locational pricing thag in contrast to
the CEGB period, transmission losses were not boyngenerators, distorting the
merit order, while firm access rights rewardedheatthan penalising, generators
in export constrained zones. Scotland was the oBkviexample, and two
successive attempts by Offer to introduce transorisksses were successfully
appealed to the courts.

2.3 Performance after privatisation

Privatisation and restructuring the CEGB deliveredibstantial
improvements in efficiency, as Newbery and Pol{t©97) document. They
estimated that after the first five years, costsemgermanently 6% lower than
under the counterfactual continued public ownershiph a present discounted
value at the public sector discount rate of 6% etpua 100% return on the sales
value of £10 billion. Labour productivity doubledeal fuel costs per unit
generated fell dramatically (even in the publickyn@d nuclear company), and
substantial new investment occurred at considerkier unit cost than before
privatisation. The contrast with Scotland was #tigk where a similar social cost-
benefit study by Pollitt (1999) found negligiblefieilency improvements. One
reason was undoubtedly that the two Scottish comepanere not restructured,
and remained vertically integrated, making it mdificult for competitors to
gain access to their home market, even though rallpiScotland was able to
trade in the English electricity Pool. Scotland vaasexporter through a severely
constrained interconnector that was not efficieptliged, and had only two local
generators, reducing the prospects of competitibigure 2 shows the average
price of domestic electricity in Edinburgh, Scotlanand London, England.
Initially, London was 10% more expensive than Edngh, but by 2001
Edinburgh was almost 10% more expensive than London

This raises the question, currently exercisingrédgulator (now named
Ofgem, the Office of Gas and Electricity Marketsjddahe proposed GB System
Operator, NGC, on how access to these scarce ameectors should be
determined and priced (NGC, 2004). If full nodalkpry is thought problematic,
then “market splitting”, in which the SO determine$ien constraints isolate

Confpap\Enjourn\Britain 10

20/07/04



markets, and then sets market clearing pricesdh eane, as in Norway, would
seem attractive. In particular, it would allow Esgl generators to contract with
Scottish consumers, and this counterflow would asde more export capacity
from Scotland, as the constraint only applies to electricity flows. English
generators would effectively be paid to export totind an amount equal to the
excess of the English marginal price over the &totimarginal price (which
should include transmission losses), and would beuable to compete effectively
in that market. Under the existing system Scottjsherators could price locally
up to the English Pool price, as the shadow prfadie export constraint was not
made explicit and they did not pay for the quitbstantial transmission losses.

Figure 2 Domestic electricity prices at 2003 pricesxcluding VAT
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Source: DTIEnergy Prices, various issues. Figures are averages for

credit customers taking 3,300 kWh/yr

The lesson that vertical unbundling (at least legald preferably
ownership) is essential for effective competitioss been accepted in the new
Electricity Directive, and in the consultation fbe British Electricity Trading and
Transmission Arrangements (BETTA) that starteddf3®

5 Marginal transmission losses from Northern geioesato the load centres were often greater than
10%. Despite various attempts and judicial reviefge “is of the opinion that it is not legally
possible for it to approve this Modification Propis(to introduce cost-reflective charging for
transmission losses). Ofgdmformation Note of 30 January 2004.

® The Energy Bill introduced in November 2003 atmgreate a single GB-wide set of arrangements
for trading energy and to access to and use afglesGB transmission system, but is subject to Roya
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Privatisation, combined with unbundling and a tpament wholesale
market, provided incentives for considerable edficy improvements, but the
concentrated market structure initially allowed theumbent generators to retain
these cost reductions as enhanced profits. Thelsoost-benefit analysis of
Newbery and Pollitt (1997) found that while the mlesimple sum of net benefits
of privatising the CEGB was nearly £10 billion, somers lost relative to the
counterfactual in which fuel prices fell and the@EEhad set prices as in the past,
while the owners of the generation companies gaeegd substantially.

Figure 3 summarises a long and turbulent periodprading in the
England and Wales wholesale market, during theeelite of the Pool until 2001,
and under the New Electricity Trading ArrangemegNETA) thereafter. Hourly
and daily price volatility was very considerablygheér than the smoothed figures
shown. Averaged over the year 1997/8, for exanthkeaverage spread between
the highest and lowest half-hourly PPP prices atawais 180% of the average
price on that day, and the standard deviation tfHwurly prices over the year is
78% of the average PPP.

Figure 3 Real wholesale electricity and fuel price$990-2003
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Assent in July 2004.

7 Some of this variability is predictable and cdmerefore be hedged. Characterising the
unpredictability of prices, which is a measureiskrrequires correcting for predictable time vaoias
over the day, week and year. The standard deviafighe difference between the actual half-hourly
price and the moving average for that hour wasMW¥ or 55% of the average price.
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Figure 3 shows the fuel cost of generating elatyritom coal at 36%
thermal efficiency and from gas at 50% gross efficly (55% net efficiency), and
hence the margin between the yearly moving avenabelesale price and
avoidable cost. The line with diamond markers gigashe right hand scale the
Herfindahl Hirschman Index (HHI) of market concewitbn of coal-fired plant
(for most of this period the price-setting planthis is the sum of the squared
percentage shares of available capacity, so tlkainttial value of just over 5000
represents the equivalent of a duopblythe evolution of prices is divided into
periods identified by Sweeting (2001). To underdttrem it is first necessary to
discuss the determinants of imperfectly competit@guilibrium prices in an
electricity pool.

3 CHARACTERISING MARKET EQUILIBRIUM IN A POOL

Modelling price formation to understand market povand market
efficiency is a challenging problem that is not fidly solved. Green and Newbery
(1992) modelled the English Electricity Pool by gitteag Klemperer and Meyer's
(1989) supply function equilibrium (SFE) model. Tinedel is difficult to solve and
typically gives a continuum of equilibrium pricefigure 4 reproduces their
calibrated model for England and Wales, ignoringtiaets and entry threats.

This approach is attractive and appears to be sigopdy companies’
claims that they bid supply schedules. It assun&@sgie-price gross pool with bids
that hold for a reasonable period of time over Wwhdemand varies - as with daily
bidding in the English Pool. In its simplest formassumes that the supply functions
bid are continuous and differentiable, and thatatains linear with constant slope
but varies over the 48 half-hours. Each generatooses a supply function that
maximises his profits given the residual demandakes, made up of the variable
total demandless the total supplies bid by other generators. Adhishas to be valid
over the whole daily range of residual demandse&usof choosing a single quantity
to submit to the market that would determine alsimgice (as under the Cournot
assumption), he has to choose a continuous funatiating the quantity that he is
willing to offer at each price realisation. The sétfeasible solutions will be Nash
equilibria in supply functions.

8 The number of equivalent firms is 10,000/HHI.
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Figure 4 Equilibrium price range ignoring entry thr eats and contracts
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There are, however, difficulties with this approathost pools (and the
English Pool in particular) restrict bids to a $ngrice for each quantity offered,
producing a step function or ladder rather thaaordicuously differentiable function.
The Amsterdam Power Exchange is a good examplegwheir web site provides
the bid and offer ladders for each hour, theirrggetion providing the market
clearing price for that hour. Fabra et. al (200/§ua that this radically alters the
nature of the equilibrium, and requires modellihg tmarket as a last-price auction,
following on the earlier paper of von der Fehr &tadbord (1993). They solve this if
there is a single period and a known inelastic eehfap to a binding price cap), but
cannot characterise the solution for bids that nmedd for many periods (48 in
Britain) with uncertain or varying demand. Hortaesu Puller (2004) use data that
is in step function form, which they then smoottdatermine the marginal revenue
of the residual demand facing each generator, antbdstrate that at least for the
larger companies their bids appear to be profitimiging against this smoothed
schedule. Newbery (1992) suggested that if germmsredadomised over the positions
of the steps in a step function, they could repicadifferentiable supply function,
but it remains an open question whether this wieldin optimal response to such
behaviour on the part of other generators.

Standard Cournot oligopoly models are simpler, lsardefended in tight
market conditions, but suggest a more determiniicome than supply function
models with their range of indeterminacy. Increglsinconsulting companies are
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developing price-formation models, the best of Widapture the strategic aspects of
supply function models with more careful modellivfigthe non-convexities of start-
up costs which can dramatically influence the obgiroviding additional power for
short periods.

Despite this apparent diversity of approach andrétieer unsatisfactory
theoretical foundations of bidding models, the emimk from various markets is
consistent with the SFE story. Competition is matense (closer to Bertrand) and
prices closer to avoidable costs with spare availehpacity, but as the margin of
available capacity decreases, competition becoesssimtense and outcomes closer
to Cournot (as in the SFE). However, there remain additional considerations
before we can understand the English price evalgimown in figure 3. First, while
the possession of market power is legal, abusiigyribt, and dominant generators
need to be aware of the threat of competition eefees. That is the simplest
explanation of incumbent bidding behaviour from @94, where an acceptable level
of prices at which to aim was arguably the entigeprThe second important feature
of the Pool is that it is a repeated auction, reggeavery day and with the evidence of
bids and outcomes available with a relatively stagto the participants.

The European Commissions provides a charactensatio collective
dominance as a situation in which the market cheriatics are conducive to tacit co-
ordination and such co-ordination is sustainabigt is it is profitable and deviations
can be deterred. The market characteristics tleat@mducive to tacit co-ordination
include concentration, transparency, maturity, \withomogenous product produced
by companies with similar costs and market shdiaesg an inelastic demand, and
with barriers to entry. Evidence supporting suchinding would include excess
price-cost margins, profits and an insensitivity psfces to cost falls. With the
important exception of barriers to entry, the EstglPool appeared to have all these
defining characteristics and behaviour. Tacit dadir@tion was therefore to be
expected, and market surveillance should cleakly g&count of this possibility.

3.1 Tacit co-ordination in the Electricity Pool

Andrew Sweeting (2001) tested for tacit co-ordmvatiby looking at
individual company bids, subtracting all other bitsm total demand to determine
residual demand, and asking whether the bids wefit pnaximising given the
residual demand (but ignoring contract positioki.finds that in the first period up
until 1994 both incumbents bid less aggressiveqin ttvould be (short-run) profit
maximising, and that the prices were on averaganarthe level at which entry was
just profitable. If we were to conjecture what tgies collectively dominant
incumbents might co-ordinate on, given close regnfascrutiny, then keeping the
price at the entry level while dividing the marketproportion to some objective
criterion (such as plant capacity) would be pldesith would also explain why both
companies were keen to build new CCGTs even wheir #tonomics were
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marginal? for this would allow them to justify an increasethrket share (or in
practice, in this prisoners’ dilemma, maintain nedrkhare in response to investment
by the other company).

As figure 3 shows, fuel costs continued to fall gdram electricity prices,
to the point that the regulator claimed that thepresented excess profits. He
imposed price caps (on both the annual averagerdknaad time-weighted Pool
price) until the generators divested enough plantimprove competition. The
companies sold 6,000 MW to Eastern (later TXU) wath earn-out clause of
£6/MWh ostensibly to compensate for the sulphur permitasferred with the
plant and to reduce the buyer’s risk, but with éldelitional consequence of raising
their rival’'s marginal cost when bidding into thedP

Sweeting found that during the period 1996 (afteestiture when the price
cap ended) to 1998, bids seemed to be best respandethus each firm was non-
collusively maximising profits. The price-cost margncreased as the regulatory
threat of market abuse was replaced by (rathexeg)acompetitive pressure, and the
incumbents were probably quite happy to have skaldt @t prices reflecting market
power, in a market that was continuing to expegerapid entry. The ability to
sustain a high price-cost margin depends on themmlof excess capacity, which
was threatening to increase rapidly unless more plaat were withdrawn or
scrapped. At the same time Offer and Parliamenvtih the select committee that
investigated the energy industries) were becomiegeasingly convinced that the
Pool was not working well, and that the detailddswf the dispatch algorithm were
being manipulated to increase profits (Offer, 198B8a Henney (2001) notes other
sources of discontent, notably the Labour Partgseb that the Pool used “an
operating and pricing system that was not competiind was weighted against
coal” (Robinson, 2001).

4 THE NEW ELECTRICITY TRADING ARRANGEMENTS (NETA)

In October 1997, the Minister for Science, Energg aechnology asked
the DGES to review the electricity trading arrangata might and to report results
by July 1998. Offer's objectives, approved by thevé&dnment, were to consider
whether, and if so what, changes in the electraiitgngements would best meet the
needs of customers with respect to price, choiocality and security of supply;
enable demand to be met efficiently and econorgicaftable costs and risks to be
reduced and shared efficiently, provide transparerespond flexibly to changing
circumstances; promote competition in electricigrkets, facilitating entry and exit

® While it is true that IPPs also entered, they stidon rather favourable long-term contracts not
available to the incumbent generators. Certainkgmyithe early gas prices and CCGT efficiencies, and
compared to the opportunity cost of coal, the eouns of investment were very marginal, as the
House of Commons (1993) argued.

1 That is, Eastern paid £6/MWh to the selling conyptor all electricity generated, increasing the

effective marginal cost by that amount.
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from such markets; avoid discrimination againstigalar energy sources; and be
compatible with Government policies (Offer, 19980,83-4).

The process that led to the eventual ending oPti@ and its replacement
by NETA have been extensively described and @éttielsewhere (e.g. Newbery,
1998b,c). Shuttleworth (1999), writing after theblieation of Offer’s Interim
Conclusion (Offer, 1998d), noted that “it is difficult to fihany rigorous analysis to
underpin the reform proposals”, while Newbery (1§98oncluded that “(T)he
present review appears to have relied mainly uposuhstantiated claims,
inappropriate analogies, unquantified criticisms)d aa remarkably uncritical
assessment by the participants of the debate, wtitb@emmissioning the kind of
detailed analysis one might have expected from gulatory agency claiming
industry expertise.”

The Pool Review (Offer, 1998e) argued that the complexities ofceri
formation in the Pool allowed generators to exeramre market power than would
have been possible had the market been structuoeel like a classic commodity
market. It criticised the opaque method of deteimgirprice based on a scheduling
algorithm(GOAL) devised for the vertically integedt (between transmission and
generation) CEGB, as well as the capacity paymeamid,the concept of a single-
price auction. It also criticised the Pooling arett®ment Agreement (PSA) for
blocking desirable changes, because as a conedgedn parties it could only be
changed with their agreement, and, given the va@imgngements, it was rare for any
change to make all parties better off. The recondagons Pool Review were
accepted and NETA went live on 27 March 2001. NE€placed the PSA by a
Balancing and Settlement Code with a well-definedhmd of making modifications,
giving Ofgem more influence in the process. Thel Beased to exist. Electricity was
now to be traded in four voluntary, overlapping ardrdependent markets operating
over different time scales. Bilateral contract negslcover the medium and long run,
while forward markets offer standard contracts¢daad, peak hours) for periods up
to several years ahead. A short-term “prompt” ildtmarket (OTC and exchange),
operating from at least 24 hours to Gate Closulie 8urs before a trading period,
subsequently reduced to one hour in July 2002pwelll parties to adjust their
portfolio of contracts to match their predicted gbgl positions. This short-term
market would yield information to construct a spdte for each half-hour (e.g. the
UKPX Reference Price Data).

At Gate Closure, the official end of the bilatenzdrkets, all parties had to
announce their Final Physical Notifications (FPdljite System Operator (SO). The
SO would then accept bids and offers for balanttiegsystem. These bids and offers
would be fed into the Balancing Mechanism to predcash-out prices for clearing
imbalances between traders’ FPNs and their aghetefed) positions.

The most obvious difference between NETA and thel Pothat under
the Pool all generation was centrally dispatchedenmder NETA plant is self-
dispatched. The obligation to balance output wigmend is now placed on each
generator, with the SO’s task confined to ensusysgtem stability. The Pool, that
acted as both a wholesale market for all elecyriaitd allowed NGC as SO to
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balance the system, was replaced by a Balancinghdhéem (also operated by
NGC as SO) for the residual imbalances of partiest fail to self-balance.
Whereas the Pool operated as a uniform single-paiggtion for buying and
selling all power (including that needed for systéralance), the Balancing
Mechanism is run as a discriminatory (pay-as-bidgtian. NGC charges for
balancing through the Balancing Services Use ofé®yshargé’

Elexon determines two cash-out prices: the weightestage of accepted
offers determines the System Buy Price (SBP) aatl ¢h bids the System Sell
Price (SSP). Any party found to be out-of-balandeemv metered amounts are
compared with FPNs is charged either the SBP €¥ tire short, that is the FPN is
more than the metered output (for a generatorgss than metered consumption
(for a consumer), or they receive the SSP if they lang (and have to spill
power). The critical feature of the original desigfithe Balancing Mechanism is
that these prices are normally different (SBBSP)}? and penalise each party’s
imbalances, whether or not they amplify or reduoe system imbalance as a
whole. Figure 6 below gives an indication of thidatility.

As a result of the initially extreme volatility dhe balancing prices a
considerable number of modifications were made. ©Oh¢he more important
(P78, shown on figure 6) made the reverse balangiig (i.e. the price facing
parties who were in the opposite position to therall market, e.g. long when the
market was short, and hence aiding balance) waudrt to the spot price, and
hence not penalise those helping balance the systative to their selling in the
spot market. The idea of moving to a single mailgbaancing price has been
mooted but so far rejected by Ofgem.

Note that there are two distinguishing charactegsof the Balancing
Mechanism, either of which could be changed inddpetly. The first is that
there are (normally) two different prices for beiagort or long. The second
characteristic is that these prices are determirged a discriminatory auction in
which bids and offers pay or are paid as bid, #&edaiverage cost of securing the
services is then charged déit.One consequence of this combination is that it is
more risky for a generator to offer balancing sesi If a generator has an
accepted offer to increase output, and then suffdoss of output, he is likely to
have to pay more than he is paid. He may thergiogéer to retain the spinning
reserve for his own insurance. A single final balag price would make such an

1 Ofgem is wedded to the fiction that it is possit distinguish between the cost of trades that ar
required to balance thsystem and the penal charges levied through the caslprés forindividual
imbalance, and has elaborate rules for drawingdistinction.

12 The prices were equal by about 25% of the timd, 8P exceeded SBP very occasionally (0.1% of
the time) in the first 18 months.

3 The Dutch balancing market is at the other extrdtmaperates a uniform price auction to determine
a single price for those 15-minute periods in which system is either long or short for the whole
period, and charges those who are short while dingurthose long. There is the potential (not yet
used) to add a penalty of 1Euro/MWh to both imbeden If the system is both short and long within
the 15 minute period it determines two prices, atifely one for each sub-period in which the
imbalance is in one direction.
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offer never any worse than self-insuring and nolynbktter, and would thus
promote a more liquid balancing market.

4.1 The evolution of market structure

During the period in which NETA was under discussiNational Power
and PowerGen had to decide on their future stratiediie face of considerable
uncertainty about market developments and impendixgess capacity. Until
1995, the Regional Electricity Companies (RECs) hagn protected against
take-over by Golden Shares, but these lapsed ahe following few months eight
of the 12 RECs were targeted. Six were successfaityuired, two by other UK
regulated utilities, one by the vertically integ@tScottish electric utility, Scottish
Power, and two by US utilities. The two RECs ttedeby National Power and
PowerGen were referred to the Monopolies and Msrgammission and then
blocked by the DTI. One of these was subsequemthght by another US utility
group.

The logic of combining risky generation with thefsetting risks of
downstream customers was amplified by the veryuealde low debt position of
these regulated utilities, and made them irreséstib the duopoly generators, but
their market power made vertical reintegration ketli to pass the competition
authorities** The obvious solution was for the companies tosligeneration so that
they could pass scrutiny when they bid for supplypanies, that in preparation for
full retail liberalisation were being unbundledrfraghe REC distribution businesses.
The urgency of achieving this objective was incedaby the uncertainty over the
new trading arrangements. Thus on 25 November 1B68erGen entered
undertakings with the Secretary of State to séiD@ MW of plant and to end the
earn-out clause on its 1996 power station salestimn for clearance to acquire East
Midlands Electricity’s distribution and supply bosgs. Similarly National Power
agreed to sell the 4,000 MW Drax station in ordebtly the supply business of
Midlands Electric. The delicate task facing NatioRawer and PowerGen was to
sell the plant for attractive prices into a markledit was in danger of being
oversupplied with increasing gas generation. Haeertew Labour Government
helped by imposing a moratorium on building new-fiigesl plant in 1997 to assist
the coal mining industry during the period of sagtiout the Pool (and also
imposed a so-called Climate Change Levy that wasalig a tax on energy rather
than carbon, again protecting coal). The DTI edkmhathat this delayed the
building of 5,800 MW of gas-fired capacity.

The solution was to ensure that the price-cost margmained high
while plant was offered for sale, and Sweeting ©Y0dentifies the period from

14 Risks could have been hedged by long-term casttaetween generation and supply companies,
but the transaction costs of writing long-term caats to cover all contingencies (such as the gndin
of the Pool, the Emissions Trading System, Clim&bange Levy, Renewables Obligation
Certificates) might make vertical integration mat&ractive. Supply companies also suffer from dredi
risk as they are typically under-capitalised untmsbined with generation or distribution.
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1998-early 2000 as one in which National Power RudverGen could have
increased their individual profits if they had baver prices. That is consistent
with co-ordinating on a higher-price equilibriumath short-run myopic profit

maximisation would deliver. During this period plawas profitably sold,

indicated by the falling HHI in figure 3, and thieamging shares in figure 5.

Figure 5 Capacity ownership of coal generation, 1982002
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The companies buying the plant were warned by Oftfeahthere was
no guarantee that prices would remain high, pddibu given the impending
arrival of NETA, which Ofgem was claiming would et§ lead to prices at least
10% lower than otherwise. Nevertheless, Edison ibtispaid £1.3 billion for the
2000 MW stations at Fiddler's Ferry and FerrybridgeJuly 1999, or £314/kW,
and increased the plant output by more than 30%h ‘e new buyers keen to
improve the returns on their purchases by incrgaglant output, figure 3 shows
that the earlier co-ordinated duopoly equilibriurasano longer sustainable and
the price-cost margin collapsdmkfore NETA went live, but after the fall in
concentration (HHI). Edison Mission subsequently $s two stations in October
2001 for less than half the purchase price (inogré balance sheet impairment of
$1.15 billion on the $2 billion purchase cost).

4.2 The impact of the new trading arrangements on marke
performance

The intellectual case for replacing the Pool thioudich all energy was
traded by a voluntary Balancing Mechanism covenather less than 2% of
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energy was that this would force both buyers afiédrseto haggle over the price
of electricity without the clear and transparergnsils delivered by the Pool. If
parties were forced by a risky, opaque and poténiienal imbalance market to
contract ahead, consumers would have time to shopnd for better deals,
making the market more competitive. This argumgnbies two important facts.
The first is that about 90% of electricity tradesfdre NETA was under contract,
and the annual contract round was a period of gtdraggling. NETA did not
change that.

The second is that the relative bargaining strerajttyenerators and
consumers depends more on the ability of generatdnsld the market to ransom
than the fine details of the spot or balancing rearkrhis strength is best
measured by the extent to which consumers can theiettotal demand from all
other generators, and the number of generatorsatiapivotal (i.e. essential) for
meeting demand. The loss to a generator of nahgeal the difference between
the price and variable cost (shown in figure 3)erdas that to a consumer of not
being able to buy power is potentially the differeretween the value of lost load
and the price, which may be hundreds of times agelaPivotal generators
therefore have very considerable bargaining powany market design.

Three factors influence this bargaining power —rthmber of competing
generators, the reserve margin, and (in the longerthe ease of entry. Entry was
extremely easy in the Pool, but, after verticaégnation and with the removal of a
guaranteed market of final resort, considerablkigisunder NETA. The Pool
reserve margin was normally quite adequate as w@tref earlier entry, while
competition had just become intense as the Pookd&nadnd was already
demonstrating its impact on spot and contract priCEhe claim that NETA
therefore was necessary (and sufficient) to miéiggeénerator market power is
unsubstantiated.

There was a rather more confused claim that repjaei single price
auction (like the Pool) by a pay-as-bid or discriatdbry auction would obviously
lower the average price, ignoring the auction ditere on revenue equivalence. A
more sophisticated claim was advanced by CurrielD§R20who argued that
repeated single-price auctions encouraged collugimme than discriminatory
auctions. Newbery and McDaniel (2003) argued thattheoretical, empirical and
experimental evidence on auction design appliedhéo electricity market was
ambiguous. Fabra et al (2003) developed simple modemparing the two
auction designs and were able to demonstrate th#i wredictable and
unchanging demand, a discriminatory auction woigdbylower (short-run) prices
than a single price auction, but would typicallgdeto a less efficient use of plant.
They were not able to produce results for multigeband repeated auctions.

Offer (1999) estimated the costs of switching toTREat about £700
million (spread over a five year period) followeg ddditional annual costs of £30
million.™ Offer justified this cost by claiming that pricesuld fall 10% as a

*“The costs of implementing and operating the neding arrangements are estimated to be between
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direct result (although this would be a transfenfrgenerators to consumers, not a
net social benefit). The Government helped by réngpthe gas moratorium, but
in the event prices fell so far that CCGT entry ywason hold indefinitely. Ofgem
was able to claim that the “Evidence of the fireiy of NETA shows wholesale
prices around 40% below those under the former tita@g Pool.” (Ofgem,
2002). While this may exaggerate the fall, figureh®ws that compared to 1999,
prices at the time of NETA were indeed substantiddiwer. Newbery and
McDaniel (2003) argued that the price fall was ttueompetition, not NETA, as
prices fell before NETA, and as electricity canbet stored, future prospects of
changed trading should have had no impact on preANprices. John Bower
(2002) (who supplied the plant data used in Figtiradlemonstrated this more
rigorously using formal econometric tests. Evard @neen (2003) confirmed this
finding for Bower’s specification, but raised theegtion whether the announced
end of the Pool would unravel the collusive equilitn by backward induction
for the point at which the Pool (and transpareiitipg) would end. They found
support for a variable “para-NETA” that takes ttzdue 0 until October 2000, and
1 thereafter. An alternative and simpler explamaifothat indeed collusion ended,
but because of the actual fall in concentrationgaent set in motion, not by the
anticipated NETA, but by the desire of the incuntbeo integrate forward into
supply, expressed as early as 1995.

In the medium run the average price in any elattrimarket will be
determined by the conditions and costs of entry exitl (and possibly on the
threat of price caps or other regulatory intervamgi that might reduce expected
profits). The first publication of the Joint Enerd@ecurity of Supply (JESS)
Working Group in June 2002 stated that “Capacitygims are healthy and are
expected to remain s0.” Their next report in Febr2003 indicated no change.
Shortly thereafter, generating companies startedxfmerience financial distress
and some went into administration. British Enerdglge privatised nuclear
company, had to be bailed out by the Governmerd, surviving companies
started to scrap or mothball plant. The plant resenargin fell to below the
NGC'’s target margin of 20%, and in the summer 0030NGC’s forecasts
suggested a rapidly deteriorating situation. Irpoese, Winter 2003/4 forward
peak prices rose from £25/MWh to over £35/MWh anthe mothballed plant
was returned to the system.

In the event the winter was mild (only 15% of wistén the past 75
years were as mild), demand was lower than theiguswear, and there were no
capacity shortages. The Third JESS Report in Noeen#)03 claimed that
forward markets were delivering the appropriatenalg and participants were
responding as they should, although the scare lexvea worrying lack of
information about the status and likely time neettedeturn mothballed plant.
The impact of plant removal and narrowing resenaegims can be seen in figure

about £136m to £146m per annum, for a five yeaioderThereafter the operating costs are expected
to be of the order of £30m per annum.” (Offer, 19894). These continuing costs almost certainly
understate the extra costs of maintaining 24-7rgafioors for balancing.
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3, where the price-cost margin has returned a deramble way towards a more
sustainable equilibrium (although one that in 2@@4 still too low to justify new
build).

What can we conclude from this expensive change market
arrangements? First, the costs of balancing haga bwreased, to the detriment
of non-portfolio generators (i.e. new entrants 8niish Energy) and intermittent
suppliers like wind® The balancing prices are considerably more velatind
unpredictable than the Pool prices that served msra liquid balancing market.
Figure 6 shows 7-day moving averages of the buysafidprices, and, to give a
sense of the risk in the SBP, gives one standarititen of the 7-day half-hourly
buy prices, as well as the underlying spot price.

Figure 6 Spot and cash-out weekly moving average ipes June 2001-April
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The costs of balancing will depend on whether tlagtigpant is a
generator or supplier. As contestability is a keguk, the relevant question is
whether the Balancing Mechanism (BM) unreasonahiges the risk to a small

16 Although the net surplus of the Balancing Mechkamiis recycled, there are transfers between
different types of participants, while there arér@xeal costs in requiring all participants tolicgie
the SO balancing function, especially in maintagspinning reserve.
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entrant. This can be estimated as the risk of lgatanpay the buy price (SBP)
after a generator suffers a forced outage, in otdeneet an assumed contract
position. If a generator fails at a random momemt stays off-line for 24 hours,
the cost will be the 24-hour average of the SBinftbat moment. In the year
before the P78 rule change indicated above, theateg cost of such an outage
(relative to an assumed variable cost of £12/MWhaswEL7/MWh or
£0.4/kW/event compared to £13/MWh or £0.32/kW/evantler the Pool for
1997-8. The variance was, however, twice as highraer the Pool. In the year
following P78, the average cost had fallen to £M\/iVior £0.3/kW/event and the
variance had also fallen to 150% that of the Pool.

Figure 7 illustrates the cost duration curve folabaing under NETA
from April 1 2003-31 Mar 2004 compared to the Pioal997-98. Thus 5% of the
time the cost would be £30/MWh for the following Bdurs in both the Pool and
the recent BM and 1% of the time it would be £70/K\% the BM compared
with £44/MWh under the Pool. The risks in the eatfys of NETA were very
much higher and led to claims that plant was iogdfitly part-loaded to avoid
penal imbalance costs, at considerably higher cost.

Figure 7 Cost of 24-hour failure under the Pool andNETA
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One should interpret this finding with some carg,tl@e Pool required
bids to remain valid for 24 hours while bids antes to the BM can be changed
on a short time scale and in response to a petéiyetening of the market when
a large unit goes off-line, making it more risky fgenerators to handle outages.
Even if we ignore such responses, if a large plare to go down, the demand in
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the BM might be such as to considerably increasestiort-run cost, but without
knowing the shape of the bids and offers it is hardstimate by how much.

The effect on suppliers is that they would overtcaat on average as the
SBP is more penal than spilling the surplus at38&, and this would (slightly)
raise the cost and risk of selling. This may hate tesirable effect of
encouraging contracting, which tends to mitigateegator market power in the
spot market, although at the expense of increadeamand and hence market
power in the contract market. The low liquidity mibst electricity markets (and
certainly the British markets) makes the cost dfatancing contract positions
high and again acts as an entry barrier.

Second, the BM mutes scarcity signals by payingegsors their bid
price and not the marginal price (in order to naitegmarket power and possibly
reduce volatility). This, together with the lack iotegration with spot, forward
and contract markets, and the lack of any capamityment, makes the entry
decision more uncertain and risky, and may lealbuwer reserve margins. If so,
then the lower reserve margins and the extra eomsts will allow a higher
average wholesale price, refuting Offer’s claimttNETA alone (i.e. regardless
of market structure) would reduce wholesale priogsl0%. Again, this claim
needs to be examined carefully, for example, fqreaking generator that can
offer balancing services of an hour duration af/\&vort notice. If this generator
burns distillate at a cost of £50/MWh, then if ieng to bid the SBP it would earn
£21/kW/yr under NETA (net of fuel costs) runningetd09 hours the SBP
exceeded £50/MWh, and £12.6/kW/yr under the Poohing the corresponding
662 hours. One obvious problem with this calculai®that while it is riskless to
offer capacity to the Pool at the avoidable cosE®®/MWh, it requires skilled
bidding to achieve the SBP in a pay-as-bid mairketiertheless, while a peaking
generator might have some difficulty paying itsdgcharges (which vary across
the country) from +£9/kW/yr to -£7/kW/yr) and othéixed costs (perhaps
£6/kW/yr) under the Pool, NETA appears to providasonable incentives apart
from the problem of bidding. This could be circumied by offering such
services to NGC on contract to bid into the BM.

The early complaints of wind generators and CHP they were
discriminated against have not been adequatelgdesjainst more recent market
conditions — certainly CHP output dropped dramdtichut that was arguably
because of the adverse spark-spread (electtigstygas cost). Wind power now
typically sells on contract to supply companies wten better manage the
imbalance risk within their entire portfolio, arglin any case massively rewarded
by Renewable Obligation Certificates that increéise electricity price from
around £25/MWh to £65/MWh.

5 CONCLUSIONS

The British experiments have demonstrated a nundfermportant
lessons for electricity market liberalisation. Eir®@wnership unbundling of
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transmission from generation helps support a coithgetwholesale market,

which in turn puts pressure on companies to redosés. Scotland failed this test
and failed to improve its performance. Second,ciffit pricing of scarce

interconnector capacity and charging correctlylémses might have allowed the
Scottish market to import English competition, buas blocked by the courts.
Third, while competition drives down costs, concatgd markets can sustain
inefficiently high price-cost margins. Pivotal geatrs retain market power that
is best addressed by reducing concentration, athantry that increases the
reserve margin also helps. Tacit co-ordinationikisly given electricity market

characteristics, and is best addressed by encogragintracts and reducing
concentration. Fourth, investment in generation lmarfiacilitated by a transparent
Pool, domestic franchises, and wholesale marketepoRritain replaced nearly
one-third of its (already adequate) capacity byhsanweans. Entry (including

returning mothballed plant to service) is respoadiv price signals (the forward
spark-spread).

Fifth, unbundling and liberalisation increases rigk generators and
encourages them to seek vertical integration witbpBers. This offers the
opportunity for the regulator and competition auites to trade horizontal for
vertical integration and to reduce concentratiantha cost of increased entry
barriers. A better alternative is to start from arenfragmented structure. That
would allow one to consider legal restraints onhswertical integration to
encourage more contracting and market liquidityt Wwa lack evidence on the
costs and advantages of such enforced competition.

Sixth, the British contractual approach to libesafion that requires
licences to be held by both potentially competitimad natural monopoly
segments has worked better than many of the Cansihalternatives (and
arguably the US’s onerous duty on regulators tavelel‘just and reasonable”
prices). Licences require the holders to provigerdgulator with the information
needed for adequate market monitoring, and allovketabuses to be swiftly and
cheaply addressed.

Finally, such apparently basic issues as the delityaor not of capacity
payments (or obligations) and the design of theledade and balancing markets
remain unresolved. The ideal of a Pool with adeguadmpetition, capacity
payments, and a better governance structure ferahénges was never tried, and
might have worked as well or better than NETA, witth emphasis on bilateral
contracting and opaque balancing costs. On baldWE&A replaced the Pool's
flawed governance structure by one more suscepbhilecremental improvement
(though at the cost of greater regulatory uncetgitiailed to increase either the
liquidity of markets or the participation of theiér demand side, increased trading
costs, replaced capacity payments by a pay-asdd@hbing mechanism, and cost
over £700 million.

Once it settled down and the obvious changes weademNETA
probably delivers similar outcomes as the Pool fexisting generation. Entry is
now more difficult than before, but that is notedgl due to NETA. Vertical
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integration has reduced the demand for suppliersowtract, the end of the
domestic franchise has removed the logical coypdety to contracts with new
independent generators, but the removal of the Bech market of last resort
almost certainly raises entry costs. Just at tme that FERC has embraced the
concept of a Pool (with locational marginal prigirgs the benchmark for the
Standard Market Design, Britain has abandoned semebose main failing was
its poor market structure and governance.
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