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Abstract 

Since the late 1980s many electricity markets have been deregulated around the world. 

A decade of experience shows that while privatisation can successfully replace public 

ownership in the electricity supply industry (ESI), creating a deregulated electricity 

market does not guarantee consumers will benefit if industry participants can exercise 

market power to maintain, or even raise, prices. This thesis seeks to establish how, and 

to what degree, the exercise of market power by generating firms is impacted by 

industry structure (i. e. the size and number of generating firms), trading arrangements 

(i. e. wholesale market clearing and settlement rules), and technology (i. e. the type and 

distribution of plant). 

A novel agent-based simulation (ABS) approach is used to model the strategic 

behaviour of generators in two deregulated European electricity markets. The England 

& Wales Electricity Pool ('the Pool'), where prices have been high and volatile since its 

inception in 1990, and the German wholesale bilateral market ('Germany'), created at 

the beginning of 1999, where prices have been consistently close to short-run marginal 

production costs. As both markets have similar patterns of demand, generation 

technologies, and an ESI largely in private ownership, the diametrically different market 

price outcomes present a paradox. However, traditional tools of economic analysis have, 

been relatively unsuccessful in analysing and explaining the cause of market power in 

electricity markets. 

The ABS methodology allows a `bottom-up' approach to be taken, that models the 

industry at the individual plant level with generating firms represented as autonomous 

adaptive agents each equipped with a rudimentary reinforcement learning capability. 

The agents compete with each other through a daily auction market, by developing 

endogenously their own trading strategies and learn to coordinate on focal point plant 

utilisation rates and jointly maximise profits. 
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Chapter 1. Introduction 

Over the last decade, the worldwide electricity supply industry (ESI) has undergone a 

dramatic shift in its ownership, the way that it operates, and how it is regulated. In many 

parts of the world, once inefficient, state owned monopolies have been broken up, 

privatised, and transformed into viable commercial enterprises with stock market 

listings. Underlying much of this change has been the realisation that the generation, 

transmission, distribution, and supply of electricity need not be a vertically integrated 

state-owned monopoly to ensure efficiency and reliability in supply. Perhaps the most 

radical shift has been the adoption of the market, and competition, as the primary drivers 

of investment and pricing decisions, rather than central planning. Even in those 

economies where competitive electricity markets have yet to be introduced the influence 

of government is waning. With the influx of private capital and expertise in the building 

of new power plants and transmission assets comes pressure for greater deregulation. 

1.1. Survey Electricity market deregulation 

A decade after the process began, most of the world's major economies are now on their 

way to full deregulation of their electricity markets. This shift in thinking is no better 

exemplified than in the guiding principles, published by the Thatcher government in its 

1988 White Paper (HMG 1988), which began the deregulation of the UK ESI: 

i. Electricity supply should be driven by customer need; 

ii. Competition would best guarantee consumers interests (i. e. prices would fall); 

iii. Regulation would be needed where natural monopolies occurred; 
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iv. Security and safety must be maintained; 

v. Consumers would have new rights, not just safeguards; 

vi. ESI employees would have a stake in the future with new career opportunities; 

and 

vii. Managers would be free to manage without government interference. 

1.1.1. Alternative deregulation approaches 

In this section, the economic, geographic and legislative contexts of global electricity 

market deregulation between 1980 - 2005 are examined. However, before the purpose 

and process of deregulation can be discussed, it is important to understand how it 

applies to the different components of the ESI, which in every country has four sectors: 

i. Generation: transforms energy from fossil fuel, nuclear fuel, hydro power, or 

renewable sources such as wind, solar or geothermal into electrical energy; 

ii. Transmission: transports electrical power, via the high voltage transmission 

network, to nodes at the interface with local distribution networks; 

W. Distribution: transports electrical power at low voltage from the transmission 

system nodes to final consumer; and 

iv. Supply: contracts with consumers to sell them electricity, meters their usage, 

collects payment, and disburses those funds back to the ESI to pay for generation, 

transmission and distribution. 

Broadly, there are four alternative models of ESI structure, ownership, and management 

[see for example Brennan et. al. (1996), Einhorn (1994), and Hunt & Shuttleworth 

(1996)]: 

i. Monopoly model: one firm has exclusive control over all sectors; 

U. Single Buyer model: a single firm has exclusive control over transmission, 

distribution, and supply sectors but buys bulk electricity supplies from a range of 

competing generating firms, usually on a long term contract basis; 

iii, Wholesale Competition model: a number of competing supply firms buy 

electricity from a number of competing generators, usually through a bulk 
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wholesale spot and forward commodity market, and then sell it on to consumers 

under a monopoly franchise; and 

iv. Retail Competition model: consumers may buy electricity from any supplier, 

or direct from generators, with electricity supply-demand imbalances being 

traded in a bulk wholesale spot and forward commodity market. 

Before 1990, most countries still followed the Monopoly model and most consumers 

were forced to buy their electricity from their local monopoly supply company. In most 

cases, that supplier would be part of a state owned, vertically integrated national 

monopoly that also controlled distribution, transmission, and generation. Pricing and 

investment decisions were determined by socio-political, rather than economic criteria. 

Electricity was widely regarded as a public good, a force for social cohesion, and a 

matter for national security. The process of ESI deregulation therefore is essentially one 

of transition from the Monopoly model to Retail Competition Model. 

ESI deregulation in most countries has tended to follow a similar pattern, beginning 

with the passage of primary enabling legislation, and creation of a regulatory framework 

to oversee its implementation [see EIA (2000a) and EIA (2000b) for current status of 

deregulation in different countries]. The different dimensions of change in the ESI 

deregulation that follow, though not necessarily in this order, are: 

i. Industry Restructuring: the unbundling of vertically integrated industry 

sectors, and the distribution of horizontally integrated assets within those 

sectors, between competing firms; 

U. Market Liberalisation: the creation of commercial arrangements to facilitate 

the buying and selling of electricity, and the introduction of competition and 

choice; 

iii. Privatisation: private ownership replaces government control of the ESI. 

Governments have liberalised their ESI for a number of reasons including the desire to 

raise capital from privatisation proceeds, to remove the burden of supporting a loss- 

making industry from the state, reduce prices to consumers, and increase industrial 

competitiveness. Broadly, all of these may be characterised as an attempt to increase 

overall economic efficiency in the ESI and the wider economy. 
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1.1.2. Competition and economic efficiency 

Economic efficiency in the ESI, as defined by Hunt & Shuttleworth (1996), is about 

giving the right incentives to use resources in the way that avoids waste. Joskow & 

Schmalensee (1983) describe how this might be achieved in the long and short-run 

along the dimensions of production efficiency and pricing efficiency: 

i. Short-run production efficiency: requires existing assets to be used as 

efficiently as possible and, given the price of fuels and other inputs, requires the 

set of trading arrangements that underlie the market to operate in such a way as 

to achieve least cost supply: 

ii. Long-run production efficiency: requires optimal choices to be made about 

asset investment and replacement in generation, transmission, distribution, and 

supply, given expectations of demand and fuel prices; 

iii. Short-run pricing efficiency: requires electricity prices to be set at the ESI's 

short-run marginal cost of production so that consumers get the right signals to 

use electricity when the value they place upon it exceeds the marginal cost of its 

production; 

iv. Long-run pricing efficiency: ensures that consumers respond appropriately in 

changing their usage patterns, planning the use of production facilities and 

investing where appropriate in energy efficient appliances. 

The general purpose of industry restructuring in most countries has been to bring about 

the creation of a perfectly competitive, or nearly competitive, market, by: 

i. Vertical disaggregation: involves breaking the link between the different 

sectors of the ESI either by forced divestment so that, for example, transmission 

and generation assets cannot be owned by the same firm. Alternatively, 

regulatory measures can be taken to ensure separate accounting and 

management functions, with arms length and non-discriminatory pricing within 

the same firm. 

U. Horizontal disaggregation: which allocates productive assets, such as power 

plants, between a number of competing firms within the same sector. This 
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necessitates regulatory choices be made about the number of competing firms, 

and how assets are allocated between them. 

Market liberalisation requires further regulatory choices be made about the most 

appropriate mechanisms for wholesale and retail trading. Brennan et. al. (1996) describe 

the main alternatives to organising wholesale market trading arrangements as: 

Pool trading: generators make bids to supply power into a single, centralised, 

official spot market, the PoolCo. All generators get paid the same system 

marginal price (SMP), so called `Pay SMP' pricing, which is the market clearing 

price that equates supply with demand. Suppliers also buy at a uniform price that 

is equal to SMP plus a regulated surcharge to cover transmission costs, and the 

PoolCo's operating costs. Little or no physical delivery of electricity is allowed 

outside the PoolCo, but generators and suppliers may sign financial contracts 

that allow each party to fix the price of electricity in advance of when it is used. 

A separate firm, the independent system operator (ISO), is tasked with calling 

the lowest cost combination of plants, so called economic despatch, and ensuring 

that supply and demand remain in balance at all times. Sometimes the role of 

operating the spot market is assigned to a separate independent market operator 

(IMO), but in many cases the owner of the transmission system is assigned the 

role of both IMO and ISO. 

U. Bilateral trading: here generators and suppliers negotiate contracts for physical 

delivery of power directly between themselves and the price paid is equal to the 

contract price, so called `Pay Bid' pricing. No centralised market is involved and 

generators and suppliers merely inform the ISO of their contract positions, 

especially the quantity, and time, at which deliveries are scheduled to take place. 

Delivery of electricity takes place through the transmission system, and the role 

of the ISO in ensuring a continuous balance between supply and demand 

remains the same as under Pool trading. However, in this case the ISO also 

contracts to buy and sell electricity in real time to compensate for imbalances 

between the notified contract positions and actual physical quantities of 

electricity produced by generators and demanded by suppliers. 
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Supply competition relies exclusively on bilateral contracting between suppliers ' and 

consumers. However, as electricity belonging to different supply companies is delivered 

through the same transmission and distribution networks a complex system of 

reconciliation must be carried out between firms in all four sectors of the ESI to ensure 

an accurate allocation of costs. 

In practice, the institutional detail that underlies these broad descriptions of industry 

restructuring and market liberalisation is different in every country. Not only have 

vertical and horizontal disaggregation been pursued to different degrees, wholesale 

trading arrangements often contain a combination of Pool and bilateral trading, and 

retail competition may only be allowed for categories of consumers above a minimum 

size, while others remain on regulated tariffs tied to a franchised supplier. Some large 

industrial consumers may even participate directly in wholesale trading. The experience 

of ESI deregulation around the world is discussed below, and an attempt is made to 

estimate the degree to which the overall objective of short-run economic efficiency has 

been achieved. 

1.1.3. International survey 

The dominant logic of state control in the world's ESI was changed, forever, when Chile 

instituted one of the world's first competitive electricity markets as part and parcel of 

wider economic reform beginning in 1982. The process of ESI deregulation in Chile has 

since been copied in many other countries. Argentina followed the Chilean example by 

opening its ESI to competition in 1992. Peru did so to a lesser extent in 1993, Colombia 

and Bolivia followed in 1994, and more recently Brazil in 1998/9 [see Gilbert & Kahn 

(1996), Rudnick (1996), Rudnick (1999), Rudnick (2000), and IADB (2000) for 

surveys]. Elsewhere in the Southern hemisphere, the Australian states of New South 

Wales and Victoria began deregulating their electricity industry in 1994 and introduced 

competitive wholesale markets soon after. In Australia's case, the process was instituted 

at state level, well before the federal government became involved. Since the end of 

1998, the National Electricity Market Act has been in force (NECA, 1999). This has 

resulted in the five southeastern states opening their markets to full wholesale and retail 

competition (NEMMCO, 2000). In 1996, New Zealand also followed the Australian and 

South American examples with the creation of a wholesale market. Since 1 April 1999, 
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every consumer has been free to choose their supplier [see EMCO (2000) for recent 

updates]. 

In contrast to Australia, federal authorities in the US took a more proactive stance in 

encouraging competition with a raft of measures such as the 1978 Public Utilities 

Regulatory Policy Act (PURPA)1. This created a class of unregulated generator, or 

independent power producer (IPP), which was able to sell to franchised utilities under 

long term power sales contracts. However, it was the Electricity Policy Act of 1992 that 

established the IPP sector in the US. Despite this legislative programme, the long 

history of private investment in investor owned utilities, and the influence of the free 

market in the US economy, rate-of-return regulation placed a dead hand on these efforts 

to increase competition. Individual states have been slow to pass the necessary 

legislation to open their local markets to full competition, and vertical integration has 

limited freedom of access to the interstate transmission system by IPPs and utilities 

wishing to trade surplus power outside their supply areas. Years of over-investment in 

capital intensive, but uneconomic plant, such as large nuclear facilities had created a 

significant disincentive to promoting competition. By allowing new entrants into the 

market, particularly with highly efficient combined cycle gas turbine? (CCGT) plant, 

politicians feared that this would lower market prices to such an extent that it would 

leave existing assets ̀ stranded' with local tax payers being forced to compensate public 

utility owners for their loss. 

Nevertheless, California took the bold step of introducing wholesale and retail 

competition to its entire market during 1998. In 1999 and 2000, this example was 

followed by other states that are traditional importers of power, particularly those on the 

Eastern seaboard [see EIA (2000c) for latest update] though some classes of household 

consumers may opt to remain on regulated tariffs rather than buy competitive retail 

supplies. Some states, especially those in the South and Mid-West that had plentiful and 

cheap electricity supplies already, were slower to implement reform although by mid 

2000 all but 8 states had begun the process of passing enabling legislation. Meanwhile, 

the Federal Energy Regulatory Commission (FERC) has sought to increase activity in 

1 Copies of the major legislative and regulatory documents can be obtained from FERC (2000) 
2A generation technology with high thermal efficiency (55-60%) that burns natural gas. For a summary of electricity generation 
technologies see European Commission (1999) 
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the interstate wholesale power market by establishing Regional Transmission 

Organisations under its Order 2000 initiative (FERC, 1999). 

Reform in the US has also had an impact on Canada, where Alberta and Ontario have 

both introduced legislation to deregulate their power sectors. Alberta has its own 

competitive wholesale market and will allow retail consumers to choose their electricity 

suppliers beginning January 1,2001 [see Alberta Resource Development (2000) for 

updates]. Ontario postponed deregulation of its ESI in 2000 but a competitive wholesale 

market may be in place by mid-2001. While Canada is a major exporter of power to the 

US, Mexico has generally imported additional supplies from the US to meet rapidly 

rising demand. It built four new cross-border transmission lines in 1999, and nine new 

licences were granted to IPPs for additional generation capacity. 

In Europe, the UK, Norway, Sweden, and Finland were the first enthusiastic advocates 

of electricity market reform and were active in creating some of the world's most 

influential competitive electricity markets in the early 1990s. It is these countries, 

followed by Spain and Germany, that have exerted the most pressure for similar 

deregulation measures to be undertaken in the European Union (EU). The other 

European countries are only now responding to the pressures for deregulation, prompted 

by the EU Electricity Market Directive (European Parliament, 1997) in force since 19 

February 1999. This directive requires all countries to open at least 33% of their 

electricity market to supply competition by February 2003. A number of countries have 

plans to open their markets more fully than the statutory minimum, as Figure 1.1 shows, 

and the European Commission (EC) estimated that 70% of power consumed in the EU 

was subject to supply competition by February 2000 [see Bergman et. al. (1999), EC 

(2000) for recent update]. The development of a fully integrated cross-border market for 

bulk wholesale electricity remains some way off. In particular, France has been slow to 

grant access to its transmission system which means that the Iberian Peninsula and UK 

Continental shelf are effectively isolated from the remainder of the European electricity 

market. 

Meanwhile, most Central and Eastern European countries still have significant structural 

problems to overcome in their electricity supply industries due to the legacy of central 

planning in the communist era. However, Poland, Hungary, the Czech Republic and 

Slovenia are already integrated fully into the European interconnected transmission 
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system of Western Europe, coordinated by The Union for the Coordination of 

Transmission of Electricity (UCTE). The privatisation of former state monopolies is 

underway, and plans are in place to open wholesale markets to electricity import and 

export trade with the EU countries. Current negotiations to allow accession of 12 new 

countries to the EU will extend the market further and Russia became a major exporter 

of power to the EU in 2000. 

Figure I. I. Estimated total supply competition in EU states by February 2003 

Greece 

Ireland 

France 

Bolown 

Italy 

Spin 

Naha 

Ned a ands 

DervTwk 

Finland 

C*ffm" 

Smden 

UK 

Perceikage ä nwket open to supply competition 

Source: European Commission and own estimates 

The energy producing nations of North Africa and the Middle East with their 

geographical proximity to Western Europe, are exploring actively the potential to 

convert surplus hydrocarbon resources into electricity as a means of adding value to 

their energy exports. Construction of a transmission system to ring the Mediterranean is 

already underway, with the support of the EU (EC, 1997), to facilitate the export of this 

energy. This will also allow many people living in those countries, who have so far had 

no access to electric power of any form, to benefit. Meanwhile, the Southern African 

Development Council (SADC), and the World Bank (ESMAP, 1999) have been active 

in repairing and reinforcing the transmission system between the twelve countries in 

southern Africa. The Southern Africa Power Pool was established in 1998 with plans for 

commercial exchanges of power between countries. 
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Asia remains the only region that has yet to be affected significantly by electricity 

market reform. Yet even here, the Singapore government has instituted a power market 

based on the Pool model while Hong Kong, Malaysia and South Korea began discussing 

market liberalisation and industry restructuring in 1999. India, Pakistan, Thailand, 

Indonesia, and China have all invited IPPs to build and operate facilities in their 

countries, though all electricity is still bought by the state. Countries such as Laos, 

Cambodia, and Myanmar are keen to export surplus hydroelectric power to the 

manufacturing centres of South East Asia where capacity shortages prior to the 1999 

Asian Crisis regularly halted manufacturing production. Japan has some of the highest 

electricity prices in the world, yet has not undertaken any significant reform, though 

nuclear accidents (FT, 1999h), and an economic slump, have created an environment 

where the state's role in the energy sector is beginning to be questioned. 

1.1.4. Electricity prices and costs benchmarking 

Figures 1.2 and 1.3 show that while the price of electricity for industrial and household 

consumers across the OECD has been relatively stable in nominal terms during the 

1990s it still differs widely between economies. In this respect, while Europe and North 

America account for approximately 32% of total global electricity consumption 

consumers in Europe paid more for electricity than in the US during the 1990s. Yet, 

even so, US deregulation was motivated at least in part by the expectation of lower 

prices. As all industrialised nations have access to the same generation, transmission, 

and distribution technologies, and can freely access international markets for generation 
fuels the reason for these differences must be due to economic inefficiencies in the 
functioning of their electricity markets. 

The major sources of economic inefficiency in electricity markets, prior to deregulation 

are directly attributable to government policies that: 

i. favour the use of indigenous energy sources over imported generation fuels and 

electricity supplies; and 

ii. create national or regional monopoly industry structures under government control 

that are run to meet socio-political rather than economic criteria. 
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Figure 1.2. OECD household electricity prices (Nominal US$ Ex. Tax) 1991 and 1999 
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Figure 1.3. OECD industrial electricity prices (Nominal US$ Ex. Tax) 1991 and 1999 
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In both cases, the effect of these policies is to maintain prices at levels above those that 

would prevail in a competitive market. Countries that began the process of electricity 

market restructuring, liberalisation, and privatisation in the 1990s effectively had to 

abandon these policies. 
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Comparative estimates of the efficiency of generating fuel and electricity markets in the 

OECD during 1991 and 1999 are summarised in Figures 1.4 and 1.5 respectively. For 

each country, a theoretical marginal cost of generation has been calculated from the 

variable fuel costs of a coal-fired power plant operating at 33% thermal efficiency. It is 

assumed that this theoretical plant approximates to the marginal generation capacity in 

these countries and that coal is imported at world market prices. Where countries, such 

as Norway, do not have significant coal-fired capacity, it is assumed that the marginal 

cost of imported supplies is defined by coal-fired capacity in neighbouring countries. 

Transmission losses, and the marginal cost of providing transmission, distribution and 

supply services has also been estimated from data reported from a range of deregulated 

markets worldwide. The underlying calculations and data sources are included at 

Appendix A. 

From this analysis it appears that, while the overall efficiency of electricity markets has 

improved since 1991, the revenue that could be earned from marginal generating plant is 

still significant in most countries. Overall, there seem to substantial remaining 

inefficiencies in electricity and related fuel markets in most OECD countries despite the 

amount of deregulation that has taken place. The central role that electricity plays in 

industrialised economies means that no country can afford to ignore the inefficiencies in 

its national ESI without impacting the macroeconomic issue of competitiveness. 

1.2. Market power 

Unfortunately, many countries have found that the process of electricity market 

deregulation, of itself, does not guarantee that efficiency will increase or that prices will 

fall. If firms in the ESI have the opportunity to exercise market power they may be able 

to maintain prices above the level expected in a competitive market. In this section, 

market power in the ESI is defined, its sources identified, and the regulatory difficulties, 

especially in controlling it in the generation sector, are examined. 

1.2.1. Definition and identification 

A precise definition of market power in electricity markets is provided by Borenstein 

(1999), who identifies three distinguishing features between a competitive market and 

one where market power is being exercised: 



In a competitive market, no firm takes an action, including output decisions or 

offer prices, with the intent of affecting the market price; 

Figure 1.4. Estimated marginal operating profits on industrial electricity sales in 1991 
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Figure 1.5. Estimated marginal operating profits on industrial electricity sales in 1999 
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U. In a competitive market, a firm is always willing to sell a unit of output so long 

as its marginal cost or opportunity cost of selling that unit is less than the price it 

receives for that unit; and 

W. A firm exercises market power when it reduces its output or raises the minimum 

price at which it is willing to sell output (its offer price), in order to change the 

market price. 

In practice, the potential for exercising market (or monopoly) power is substantial in all 

four sectors of the ESI and most countries have appointed an electricity regulator to put 

in place mechanisms to prevent its abuse. For example, it is almost universally accepted 

that the transmission and distribution sectors must remain natural monopolies because 

of the economies of scale in building transmission and distribution networks. Firms in 

these sectors are therefore subjected to regulatory monitoring and price controls as a 

means of curtailing the significant level of market power that they would otherwise be 

able to exercise as monopoly suppliers. 

In contrast, the supply sector is usually regarded as competitive because entry, and exit, 

from the industry is relatively easy. If a firm wishes to set itself up as an intermediary 

between the wholesale market and final consumers the only infrastructure necessary to 

run such an operation is a trading, billing, and accounting system supported by a 

relatively limited capital base. For example, the introduction of full competition into the 

supply sector in Germany, during 1999 gave even the smallest household consumers a 

choice of over 100 potential suppliers. Increasing use of the internet is expected to lower 

transaction costs and barriers to entry even further. Though short-term price controls 

may be needed while competition becomes fully established, the supply sector is usually 

regarded as a highly competitive one, and not a significant source of market power. 

It is the generation sector, where competition, not regulation, should theoretically 

restrain the wholesale price of electricity, that it has proved most difficult to control 

market power. For this reason, the generation sector is the focus of attention for the 

remainder of this thesis. 

The marginal cost of producing electricity from a power plant is the additional cost that 

would be incurred by producing an incremental unit of output. This is due to the 
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variable operating and maintenance costs attributable directly to the increase in 

production, excluding fixed operating and maintenance costs in addition to sunk costs 

associated with the initial plant investment. In this thesis, the marginal production cost 

of a power plant is defined as the cost of fuel used to generate 1 incremental megawatt 

hour (MWh) of electric power plus any associated variable costs of implementing 

environmental controls such as carbon and sulphur taxes, or flue gas desulphurisation3. 

Firms do not, of course, sell their output at the marginal production cost of each of their 

plants but at the market-clearing price that equilibrates industry supply and demand. 

Given the characteristics outlined above, the market clearing price in a competitive 

market should equal the marginal production cost of the plant supplying the last 1 MWh 

of electricity to meet demand. Any plant with lower marginal production costs than the 

market clearing price will be able to earn incremental revenues, which contribute to 

covering its fixed costs. The marginal plant will only just be able to cover its variable 

operating and maintenance costs. In contrast, where market power is being exercised, 

prices will be above the competitive level and the marginal plant will also be making 

incremental revenues, perhaps even in excess of its fixed costs4. 

Under certain circumstances, firms may face an opportunity cost if the fuel, or the 

electricity generated from it, can be put to an alternative use. For example, firms may 

temporarily close certain types of plant, and sell the fuel already purchased, rather than 

generate electricity, if higher returns can be achieved by doing so. Moreover, if 

electricity is generated it may be exported to another region, where prices are higher, 

providing transmission capacity is available at a price which is less than the price 

differential between the two regions. In an efficient market, providing there is sufficient 

transmission capacity the cost of fuel and electricity should equilibrate across both 

regions and generating firms should not be able to exercise market power. 

1.2.2. Measuring generator market power 

Given the different stages that countries are at in deregulating their markets it is difficult 

to identify, from end-user prices alone, to what degree electricity market inefficiency is 

3 Generation costs do not include transmission losses, which it is assumed are born by consumers, but do include the cost of 
generating any electricity consumed or lost within the plant before transmission. 
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due to generator market power because regulated tariffs may also introduce inefficiency 

in transmission distribution and supply sectors. However, an international survey of 

wholesale spot market prices by Wolak (1998) in England & Wales, NordPool, 

Australia and New Zealand for the period 1990-1997 compared the mean and volatility 

of the ratio of on-peak to off-peak prices. He found that in all cases generators were able 

to exercise market power to some degree but that this was only temporarily successful in 

some cases. In others, especially during high demand periods some markets have 

exhibited persistently high prices and significant temporary price spikes. 

This analysis has been updated in Table 1.1, for the period 1997 - 1999 but instead of 

relying on estimates of volatility as indicators of market power, an explicit estimate of 

marginal and opportunity costs of production in different countries has been made. Here 

the mean annual spot market price has been calculated for a range of deregulated 

markets. Day-ahead market prices have been compared with the marginal cost of 

generation and the Lerner Index5 computed. 

As in the previous section, a marginal plant efficiency of 33%6 is assumed although 

marginal generation costs are this time estimated from the demand weighted average 

cost of coal actually used by power plants in each country'. This has allowed the impact 

of inefficiencies in the fuel market to be isolated from inefficiencies in the electricity 

market. Wholesale spot markets are concerned with the provision of bulk electricity 

only and do not include any costs associated with transmission, distribution, or supply. 

By using day-ahead wholesale market price data, costs associated with transmission, 

distribution, and supply are eliminated from the analysis. Wherever the market price of 

electricity in Table 1.1 exceeds the marginal production cost this must be attributable 

solely to generating firms being able to exercise market power. From this analysis it is 

clear that some countries have found that deregulation of their ESI has not been 

sufficient to curtail market power in the generation sector (e. g. England & Wales). 

4 Strictly speaking, if the industry cost function is stepped, rather than continuous, output from the marginal plant may be sold at a 
price above its marginal cost, up to the marginal cost of the plant immediately above it, even where the market is otherwise fully 
competitive. This effect is likely to be small even in on-peak periods except where demand is close to total system capacity. 
5 The price cost-margin, or Lerner Index, is the difference between market price and marginal cost (P-MC) expressed as a fraction 
of Market Price (P) with a theoretical minimum of 0 and maximum of 1. 
6 Market prices and marginal costs are for day-ahead energy, including environmental costs, but excluding the costs associated 
with transmission losses, transmission constraints, reliability and ancillary services, taxes and duties. 
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Despite creating what in theory should be fully competitive commodity markets for 

electrical energy, there still appear to be substantial inefficiencies in these markets. As a 

result, a wave of re-regulation, aimed at controlling generator market power has begun 

in many countries. 

1.2.3. Global electricity market re-regulation 

In New Zealand, competition was slow to develop after deregulation, prompting a 

redesign of the wholesale market in 1998, along with successive rounds of legislation 

and industry restructuring (EMCO, 2000). A transmission system failure in Auckland 

during 1999 was a stark reminder that deregulation can cause significant economic 

damage. A further government enquiry was ordered in February 2000 (Ministry of 

Commerce, 2000) ' and the enquiry panel asked to evaluate whether the current 

regulatory regime met the Government's objective of ensuring electricity is delivered in 

an efficient, reliable and environmentally sustainable manner. When it reported its 

recommendations (MED, 2000), the panel recommended changes to both the trading 

arrangements so as to make price setting operate in real time and the governance 

structure of the market, transmission pricing, and retail competition be reformed. 

Significant mandatory restructuring of the industry also took place during 2000 in both 

the supply and generation sectors, all aimed at reducing prices in the wholesale, and 

ultimately, retail markets. 

In contrast, Australia has generally seen much lower wholesale market prices than New 

Zealand, though Table 1.1 shows that pockets of market power may exist in Queensland 

and South Australia where marginal plants appear to be earning substantial profits. Lack 

of adequate transmission capacity means that the market remains fragmented across 

regions, which may be a significant contributor to the remaining inefficiencies that have 

been identified in the analysis presented here. 

In the US, deregulation has suffered a major set back because of price spikes in a 

number of newly deregulated markets. In the Midwest, blackouts and wholesale market 

prices of $7,500, some 2000% above normal levels, occurred due to high temperatures 

in summer 1998 (FERC, 1998). These were repeated, though to a lesser extent, in 1999. 

7 This may include a mix of domestically produced coal and coal from a number of international sources. 
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In part, this was attributed to inadequate investment in transmission capacity since the 

opening of the interstate market, and the inability of market participants to enforce 

contracts they had signed for delivery of electricity. However, it is also clear that a 

number of generators were able to exploit the situation and make very substantial profits 

by exercising market power. 

Throughout the summer of 2000, California suffered continuously high prices with 

spikes as high as $750 and retail consumers in San Diego suffered a rise in their 

electricity bills of 200%. This followed similar problems in 1999 and it is clear that 

generators were able to exercise market power but the precise reason why this situation 

arose at all is not universally agreed. Hogan (2000a) attributed this to a combination of 

hot weather which had caused air conditioning demand to rise, lack of water in 

hydroelectric dams to the East, lack of new generation capacity investment, high gas 

prices, and transmission constraints8 that prevented imports into the state. Borenstein, 

Bushnell, & Wolak (2000) also made a similarly comprehensive diagnosis along the 

same lines. An earlier analysis by Borenstein & Bushnell (1997) warned that generators 

would be able to exercise market power under the industry structure that prevailed 

before deregulation, and pointed to the lack of hydro resources combined with 

inelasticity in demand as the major contributors. In Bushnell & Wolak (1999), 

transmission constraints within the state were identified as a major source of local 

market power and Borenstein, Bushnell & Stoft (1999) argued that small investments in 

additional transmission capacity would produce a significant payoff in terms of market 

efficiency. 

A report to the California Public Utilities Commission (CPUC), made in the immediate 

aftermath of the June 2000 crisis (CPUC, 2000), identified hot weather, ageing power 

plant and transmission infrastructure, and dysfunctional bidding behaviour by generators 

as the reason why wholesale market prices were 270% higher compared to the same 

period in 1999. Weaknesses in the rules that govern the operation of the market that 

allowed generators to withdraw capacity in the day-ahead market, were also highlighted 

(CPUC, 2000). In its submission to the CPUC enquiry, a major electricity trader in the 

US interstate power market also attributed the problem to legal restrictions that 

8 Transmission constraints occur when the (thermal) capacity of transmission lines is lower than the quantity demanded. This 

often occurs on lines, which link regions with surplus generation capacity to regions where generation capacity is insufficient.. 
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prevented local Californian utilities hedging their exposure to market prices. This long 

list of diagnoses, prompted CPUC to impose a cap on electricity prices, begin a major 

review of trading arrangements, and propose a merger of the California Power Exchange 

(Ca1PX) and ISO as a means of bringing these two organisations under greater 

regulatory control. 

Meanwhile an almost identical set of problems has emerged in the New York 

(NYPOOL) and New England (NEEPOOL) electricity markets. Price spikes in summer 
2000 resulted after summer temperatures rose. Once again, the regulatory authorities 
have responded by instituting price caps and the diagnosis of the cause is as diverse as 

that in California. Crampton & Wilson (1998) identified weaknesses in the trading 

arrangements that would allow `gaming' of the rules, and recommended that those 

governing settlement, demand-side participation, nodal pricing of transmission 

constraints, and the pricing of spinning reserves9 should be overhauled. Crampton & 

Lein (2000) also suggested a restructuring of the trading arrangements to eliminate 
flaws in the reserves market. The Lerner Index, in Figure 1.1, suggests that the 

Pennsylvania-New Jersey-Maryland (PJM) market has suffered the same problems of its 

East Coast neighbours during 1999 and 2000. 

In many of the cases discussed above, the incidence of price spikes has been the catalyst 

for re-regulation, and those spikes have been linked to periods of system stress when 

demand was high. However, in a competitive market, peaks in demand should not cause 

prices to rise to levels that are substantially above marginal cost, providing demand does 

not exceed supply. Borenstein, Bushnell & Knittel (1999) note that the potential for the 

exercise of market power in periods of peak demand in electricity markets is pervasive 

because generation (and transmission) capacity becomes exhausted, leaving residual 

demand to just a few dominant firms on the margin. This suggests that generating firms 

in many markets have latent market power and their ability to exercise it is only 

constrained by the level of demand. Above some trigger level, but short of total system 

capacity, market power may therefore become suddenly apparent which may explain 

why prices have spiked unexpectedly in markets that normally do not exhibit significant 

levels of market power at lower levels of demand. 

9 Spinning reserve is plant already synchronised with the system but running under part or no load which is ready to be brought 
on-line, within seconds or minutes, to compensate for unexpected failures (outages) of other plants on the system. 
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Borenstein & Bushnell (2000) suggest that to introduce deregulation without continued 

regulatory oversight is a mistake and that electricity is especially vulnerable to the 

exercise of market power, even by firms with relatively small market shares. The 

importance of continued regulatory oversight in the control of market power is also 

recognised explicitly by FERC and states that `mitigating the potential exercise of 

market power in the interest of economic and consumer benefits stands at the core of its 

mission' (FERC, 2000). 

In mainland Europe, prices in Germany fell immediately after deregulation occurred in 

1999, the reasons for which are discussed and analysed in Chapter 2. As Table 1.1 

shows, German prices appear to be converging with those in Nordpool, and at very low 

levels close to the marginal cost of production. The spontaneous emergence of an 

efficient market for electricity, with almost no regulatory intervention other than the 

initial legislative process of deregulation is in marked contrast to that which has 

occurred across the border in the Netherlands. Although, at the time of writing, the 

market in the Netherlands has been open for less than a year, it appears that the 

administrative system of allocating scarce cross-border transmission capacity has 

resulted in steadily rising prices during late 1999 and into 2000. In effect, the 

Netherlands market has become decoupled from the German market and the major 

generators operating there, appear to be in a position to exercise market power and 

raised prices above the competitive level. In an attempt to relieve the situation the Dutch 

Government has agreed to buy the transmission system from the vertically integrated 

firms that currently operate it (FT, 2000b). 

In NordPool, as Table 1.1 shows, low cost hydroelectric resources appear to have been 

sold at less than the opportunity cost of displacing coal fired generation through exports 

to neighbouring countries. However, this may reflect the additional cost of transmission 

tariffs, or transmission losses, associated with exporting to a third country such as 

Germany rather than real inefficiency. Alternatively, transmission constraints may be 

preventing exports that would otherwise occur on economic grounds. An increase in 

export transmission capacity, or a reduction in regulated tariffs, may therefore increase 

NordPool efficiency. In this respect projects to connect Norway and Sweden to 

mainland Europe via subsea cables have already been implemented, or are planned [see 

ABB (2000) and Nordel (2000) for updates]. 
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In the Spanish Pool, prices have been persistently high since its inception. This may be 

due to a number of factors including the spot market trading arrangements, the limited 

capacity on cross-border transmission lines to France and Portugal, vertical integration, 

and industry concentration. In a simulation of the strategic behaviour of generators in 

the Pool, Ocana & Romero (1998) found that prices would be 13% lower in a six firm 

structure than a four firm structure. However, since this study, the concentration of the 

generating sector has increased and with the proposed takeover of Iberdrola by Spain's 

largest generator, Endesa, may result in the merged firm gaining an 80% market share 

(FT, 2000a). Without significant additional competition entering the market, or a 

significant regulatory intervention to force plant divestments, the opportunity for Endesa 

to exercise market power, regardless of the trading arrangements is likely. 

In England & Wales, wholesale electricity prices rose, in real terms, between 1990 and 

1998. Indeed, prices only fell for end-users because the regulator, the Office of Gas and 

Electricity Markets (Ofgem)10 imposed real-terms reductions in the charges for 

transmission, supply, and distribution sectors. The cause of rising wholesale prices has 

been variously attributed to weaknesses in the trading arrangements, which govern the 

way that the England and Wales electricity spot market ('the Pool') operates, and 

industry concentration effects. This prompted the two year long Review of Electricity 

Trading Arrangements (RETA) which resulted in Ofgem proposing the replacement of 

the Pool with the New Electricity Trading Arrangements (NETA) in January 200011 

(Ofgem, 2000g). 

This will introduce bilateral trading of electricity, rather than mandatory Pool trading 

with generators and consumers receiving and paying on a Pay Bid, rather than on a Pay 

SMP basis. The regulator also forced the two largest owners of coal fired plant, National 

Power and PowerGen to divest respectively 4,000 MW and 2,000 MW of capacity in 

1996 (Ofgem, 1995b). A second round of forced divestment took place during 1999 

(Ofgem, 1998f) in an attempt to further reduce their scope for exercising market power. 

Both firms have continued to make further voluntary divestments in 2000. A detailed 

review of the literature relating to the operation of the Pool, regulatory actions taken to 

10 Ofgem was created by merging the Of ce of Electricity Regulation (Offer) and the Office for Gas Regulation (Ofgas) in 1999. 
For simplicity Ofgem will be used throughout. 
11 lie original start date in November 2000 was postponed to January 2001 when computer testing was not completed on time. 
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control generator market power, and the NETA proposal itself, are contained in Chapter 

4. However, the views of Ofgem were succinctly summarised in a press release on 27 

January 1999 (Ofgem, 1999a) which began with the headline "Pool prices must come 

down". This was followed, one week later, by another (Ofgem, 1999b) entitled "Reform 

of Electricity Trading Arrangements is a Priority" and followed them by launching an 

investigation into the price spikes that had occurred in January 1999 (Ofgem, 1999c). 

Almost as soon as this review had finished in May 1999 (Ofgem, 1999d) further price 

spikes occurred in July 1999 (Ofgem, 19990 that were reported on in October 1999 

(Ofgem, 1999g). Ofgem had also been engaged in investigating price spikes in Winter 

of 1997/98, for much of 1998 (Ofgem, 1998d). In effect, the operation of the Pool, and 

the level of wholesale market prices, had been under almost continuous review since 

early 1994. 
. 

It is clear that Ofgem sees a link between the trading arrangements and the exercise of 

market power by generators and that reforming the way that the market operates is the 

key to lower prices. Indeed, it has stated that it believes NETA should result in prices 

some 13% (FT, 1999d) than have previously prevailed. However, opinion is divided 

over whether NETA is really necessary. For example Green (1999c) argues that the 

problems of market power in England & Wales are due to industry structure and not 

Pool trading arrangements which he believes send the correct signals to generators. He 

goes on to point out that under certain circumstances prices might be higher under 

NETA if Pool trading were retained. 

However, Ofgem does not appear to be confident that restructuring the industry, and 

introducing NETA, will be sufficient to control generator market power. It referred two 

generators, AES and British Energy, to the competition authorities when they refused to 

accept new market abuse licence clauses (MALC) that would have capped implicitly the 

price of electricity Ofgem (2000a-e). The Competition Commission, however appeared 

to disagree with Ofgem (Competition Commission, 2000) and indicated that such a 

measure might only need to be in place while Pool trading remained in place, but not 

under NETA. 

In South America, the picture is complicated by the El Nino effect that has impacted 

rainfall in Chile and Columbia to the extent that scarce hydroelectric generation capacity 

32 



had to be rationed in 1998 and 1999. In Colombia, market prices did rise, but 

government intervention blunted its impact so that demand remained higher than would 

have otherwise been the case. The market mechanism, based on the England & Wales 

Pool, also seems to have been incapable of prompting the building of alternative fossil 

fuel plant despite the fact that this natural phenomenon was forecast well in advance. It 

is unclear to what extent the relatively concentrated generation sector, where 80% of 

capacity is controlled by four firms, has contributed to the difficulties and to what extent 

they were able to exercise market power. An investigation into a possible reform of the 

Colombian wholesale market, and perhaps a restructuring of the industry to reduce 

concentration in ownership of generation capacity, is underway as a result (Dyner et. al. 

2000, and Dyner & Garcia, 2000). 

Likewise, Fischer & Galetovic (2000) argue that it should have been feasible to manage 

the supply restrictions in Chile with no outages, which they attribute to rigidities in the 

pricing system, and deficiencies in the regulatory framework, that meant that the system 

could not respond to the supply shock. Based on a mandatory Pool system where 

generation plant is despatched on the basis of its estimated true marginal cost, market 

prices should reflect those in an efficient market. However, generators in Chile may still 

be able to exercise market power, as Lalor & Garcia (1996) report, because the grid 

system is split into two with the central grid (SIC) dominated by one generator. In 

comparison in the Northern Grid (SING), where large industrial firms dominate the 

demand side, prices are lower than in SIC. The process of despatch is also under the 

control of the major generators, that not only have superior information as a result, but 

can also influence the interpretation of operating procedures. This may discriminate 

against smaller firms. As a result, a review of the wholesale market began during 2000, 

some eighteen years after it was created (Rudnick 2000). 

In contrast, the Argentine ESI has remained substantially free of instances of generators 

exercising market power. No generator is allowed to control more than 10% of total 

system capacity and unlike Chile, the despatch of plant is carried out independently of 

generating firms. The only major regulatory failure may have been to monitor 

inadequately the expenditure of capital on distribution and transmission systems. This 

may have contributed to a ten day blackout of Buenos Aires in February 1999 (FT, 

1999a). 
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From this review of deregulated ESI, it is clear that many countries have not achieved 

an efficient market outcome and, as a result, regulatory intervention and re-regulation is 

occurring, primarily to control generator market power. However, because each country 

has approached the process in a different way, and has unique patterns of demand, fuel 

resources, and technology endowments, it is an open question as to what factors have 

led to the development of competitive and efficient electricity market in some countries, 

but not in others. The analysis presented above suggests an almost unique set of factors 

is at work in each market where market power has become a regulatory issue, but even 

within each market there appears to be little agreement on what those factors are. 

1.3. Research objectives 

This thesis seeks to establish how, and to what degree, the exercise of market power in 

wholesale electricity markets, by generating fines, is impacted by: 

i. Industry structure (i. e. the size and number of generating firms); 

U. Trading arrangements (i. e. wholesale market clearing and settlement rules); and 

i. Generation technology (i. e. the type and distribution of plant). 

These questions are analysed in the England & Wales and German electricity markets 
by analysing the strategic bidding behaviour of generators in the Pool and the German 

bilateral market with a novel discrete event simulation approach. 

1.3.1. Research questions 

The Pool and Germany encapsulate the extremes of a number of regulatory choices. 

Each country has chosen a different solution in regulating its industry structure, the 

design of trading arrangements, and distribution of technology between firms. Though 

there are many similarities between the markets, the key problem for regulators and 

policy makers is that apparently inconsequential differences in industry structure, 

demand, fuel mix, or trading arrangements, could make a significant difference to both 

generator market power and market price. 
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Industry structure 

Most countries have shied away from atomising their ESI during the deregulation 

process and have allowed relatively concentrated oligopolies of generating firms to 

remain, as for example when the Central Electricity Generating Board (CEGB) was 

broken up in England & Wales during 1989. Alternatively, where an oligopoly of 

regulated utilities already exists this is often left unchanged, as was the case in Germany 

in 1999. Under these circumstances, generating firms may not compete in a perfectly 

competitive manner but, realising their interdependence, they compete strategically so 

keeping prices above the short-run marginal cost of production. The generation sector is 

the major source of residual market power after an electricity market has been fully 

deregulated. The degree to which generating firms are able to exercise market power 

may have a significant impact on the price at which they can sell their output to the 

wholesale market because of the special characteristics of electricity supply and 

demand, namely the: 

i. low level of price elasticity; 

ii. limited capacity for storage; and 

iii. high degree of demand variability between off-peak and on-peak demand. 

As might be expected, market power is significantly lower in all markets during off- 

peak periods, when demand is lower and excess generation capacity is available. 

However, if the industry is operating at close to full capacity, even a small firm may 

find it profitable to withdraw capacity and raise prices. The low level of price elasticity, 

combined with the fact that competing firms cannot bring forward additional capacity, 

or drawn down supplies from storage, as in other energy markets, means that any 

reduction in revenue to lower sales volume would be more than offset by higher prices. 

When the ESI in England & Wales was originally deregulated in 1989, there was a 

widespread belief that even a relatively concentrated oligopoly of three (later four) 

generators plus a competitive fringe, would not be able to exercise market power and 

that prices would fall to the marginal cost of production. In reality, as Table 1.1 showed, 

prices remained well above marginal cost for a decade. In Germany, the industry has 

never suffered from the exercise of market power and prices have remained close to 
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marginal cost throughout 1999 and continued into 2000. As a result the German 

competition authorities have allowed a merger process to take place that created three 

(eventually four) large firms with a competitive fringe. In effect the regulatory processes 

have gone in opposite directions in these two markets, with opposite effects on prices. 

This illustrates the degree to which industry structure, its effect on market power, and 

how it should be regulated remain open questions. 

Trading arrangements 

Without a wholesale marketplace, generators and suppliers cannot compete and 

consumers cannot access competitively priced electricity. Many countries, such as 

England & Wales, California, Chile, Colombia, have adopted Pool based trading 

arrangements. Here the spot price of electricity is bought and sold at a uniform market 

clearing price, or system marginal price, in either a mandatory or voluntary auction, so 

called `Pay SMP' pricing. Other countries, such as Germany have adopted bilateral 

trading arrangements akin to those operating in most financial and commodity futures 

markets. Here generators and consumers buy and sell at whatever price they can agree 

bilaterally, so called `Pay Bid' pricing. It is not clear what contribution, if any, the 

bilateral trading arrangements in Germany have contributed to low prices or indeed, 

whether Pool trading arrangements have contributed to high prices. Indeed the question 

of whether Pay Bid or Pay SMP trading arrangements make any difference at all to 

wholesale electricity prices remains unresolved. 

Technology distribution 

The impact of the distribution of technology between generating firms has received less 

research attention that industry structure and the design of trading arrangements. In 

practice, the allocation of generating plant technology appears to have occurred by 

default, rather than by design, in most deregulated electricity markets. For example, in 

the case of England & Wales, technology was allocated between firms in 1989/90 is 

such a way that two large fossil fuel generators were created, one nuclear generator, and 

one pump storage12 generator. In effect, competition between generators is `stratified' so 

that only one or two firms served each sector of total demand. The particular cost and 

12 The two pump storage facilities Ffestiniog and Dinorwig use electricity to pump water up to a reservoir during off-peak hours 
then release it during on-peak hours when prices are higher. 
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operating constraints of nuclear and CCGT technology means that it is most efficient to 

operate it continuously throughout the year to serve baseload demand13. Mid-merit 

demand, which occurs during the working day and evening, is usually served by coal 

plant. Peak demand occurs in the late afternoon, especially in winter, and is served by 

marginal fossil fuel, or pump storage, plant that are thermally inefficient or, in the case 

of oil, burn a relatively high cost fuel. 

The alternative method of allocating technology is to give equal proportions of all 

technologies to each firm, as is the case in Germany. Here each firm had a `diversified' 

portfolio of technologies because of the local monopoly status that each had in its own 

regional market before deregulation. This arrangement was carried over into the new era 

without modification. In common with many other countries, the question of whether a 

stratified or a diversified technology allocation contributes to market power appears to 

have never been addressed. It therefore remains an open question as to what effect, if 

any, the distribution of generating technology between firms has on wholesale 

electricity prices. 

1.3.2. Methodological vacuum 

The regulatory problems discussed in the previous section are essentially about how to 

achieve competitive (or more competitive) prices when the structure of the generation 

sector is fundamentally imperfectly competitive. In the past, regulators and policy 

makers have tended to rely on classical economic models of imperfect competition 

which have been, and still are, applied to electricity markets to analyse market power 

and firm-level strategic behaviour. However, these traditional tools have left an 

analytical vacuum; the most significant of which is that electricity is a good that is 

usually sold by a relatively concentrated group of generators, which meet repeatedly in 

the wholesale market place, on a daily or even continuous basis. The repeated nature of 

this interaction is not captured by one and two-period models of imperfect competition 

such as Bertrand, Coumot, and von Stackelberg [see for example Kreps (1990) and 

Tirole (1995) for introductory texts]. They ignore the vital element of learning through 

time even though repeated interaction may give oligopolists an incentive, and 

13 National Power and PowerGen operated some coal plant that served baseload demand, especially in winter, but increasing entry 
by low cost CCGT capacity had effectively forced all but one coal plant (Drat) out of the baseload sector by 2000. 
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opportunity to coordinate their competitive strategies in order to keep prices above 

short-run marginal cost. Game theoretic models, especially in one-shot and finitely 

repeated settings, suffer a similar problem [see Fudenberg & Tirole (1998), and 

Myerson (1978) for discussions]. The multiplicity of potential equilibrium outcomes in 

infinitely repeated games, so called `supergames', also presents a major analytical 

challenge because it has proved impossible to determine why firms should coordinate 

upon one or another equilibrium outcome. 

Fudenberg & Levine (1999) criticise game theory's focus on equilibrium, especially 

Nash equilibrium, and question why observed play in a game might correspond to one 

of the expected equilibria. Instead they suggest that learning through repeated 
interaction between agents is crucial and propose an alternative explanation that 

equilibrium arises as the long-run outcome of a process in which less than fully rational 

players grope for optimality over time. Kirman & Salmon (1995) suggest two situations 

where firms (agents) may need to learn: 

i. either they are to some extent ignorant of their environment; or 

H. the environment is changing and they must modify their beliefs appropriately. 

They question the fundamental assumptions of full rationality and equilibrium that 

underlie economic and game theoretic models and instead pose the following questions: 

i. How should we model agents that who do not hold correct beliefs or who have 

to modify their beliefs for some reason? 

ii. What sort of learning mechanism is appropriate? 

iii. Do we model in virtual time or should we study the evolution of the whole 

model whilst agents are learning and taking actions in real time? 

iv. How do we take account of the feedback from agent's actions back through into 

the learning process itself? 

v. Do reasonable learning processes converge to anything, and if so what? 

These questions are particularly pertinent in electricity markets not only because 

demand, available capacity and fuel costs are constantly, and often dramatically 

changing on an hourly, or even minute-to-minute timescale, but also because generating 
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firms must constantly change their strategies in response. However as one firm adapts 

its strategy so must others react to that by changing their strategies. 

A discrete event simulation methodology that explicitly allows agents to repeatedly 

interact by operationalising underlying market processes offers a potential analytical 

solution. In this respect a new methodology that has become available in recent years, 

agent-based simulation (ABS) avoids many of the weakness faced by traditional 

economic and game theoretic models. It does not rely on the assumption, or 

computational analysis of equilibrium, though it may develop as a natural consequence 

of the interaction between the agents represented in the model through time. 

Feedback between elements in the model is modelled explicitly through agent-agent 

interaction opening up the possibility of non-linear responses and the emergence of 

complex system behaviour that may never reach equilibrium. Although drawing its 

inspiration from a different research tradition, ABS has many similarities with the 

system dynamics modelling (SD) framework [see Forrester (1961) and Sterman (2000) 

for a comprehensive introduction]. Here strategic and behavioural models of inter-firm 

interaction, especially in energy markets [for example Morecroft & van der Heidjden 

(1994), Bunn & Larsen (1997)] are in widespread use. In this respect, the work of Bunn 

& Larsen (1999) is informative. Here, they model the strategic and regulatory 

uncertainties that occur when firms and regulatory authorities first encounter a newly 

deregulated electricity market. This suggests that, even where no real history or 

experience exists, useful insights may still be gained from observing the responses of a 

discrete event simulation model. 

However, the ABS approach offers two crucial advances over SD in that it recognises 

that interactions between individual, disaggregated agents may be important and that the 

response of two otherwise identical agents to a change in their environment may be 

heterogeneous. Where agents themselves are also heterogeneous in terms of their 

physical characteristics, their experience, the information at their disposal, and their 

capacity to, gather and process more information, this opens up the possibility of 

developing a rich and complex ̀ bottom-up' model of a system. In contrast, SD models 

typically assume that agents of a similar type can be aggregated into single meta-agents 

with the implicit assumption that all will respond in an identical way to a change in their 
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environment. ABS recognises that randomness is a crucial element in the way that 

agents respond to their environment. This is an attractive feature because it allows 

experiential learning, through time, to be incorporated into ABS models using a goal 

seeking process of random search and selection. 

ABS has had widespread application in the biological sciences (Langton, 1995), and 

social sciences (Conte, Hegselmann & Tema, 1997) as well as many other fields such as 

politics, history, and linguistics. However, an introduction to the use of ABS in the field 

of economics (Tesfatsion, 2001) shows that its application is still largely limited to 

analysing theoretical problems. There are few, if any, examples of ABS being applied to 

modelling large-scale economic problems and it is an open question as to whether the 

technique could be applied to analysing the complexity of a real market. ABS also 

suffers from a lack of established modelling formalism inherent in the stock-flow 

framework of SD models. The lack of readily available ABS modelling software has 

also meant that the technique has been limited in its uptake. Given the potential that 

ABS offers in analysing the strategic behaviour of individual agents, establishing it as a 

viable methodology for the analysis of complex industries and markets, without 

requiring the simplifying assumptions common to classical economic and game 

theoretic models, is an attractive prospect. If successful, the possibility of being able to 

make much richer representations of the behaviour of individuals and firms in markets, 

where the impact of subtle changes to the environment can be modelled down to the 

level of individual agents, could become a reality. 

1.3.3. Research agenda 

This research has the dual objectives of developing a new methodology for analysing 

strategic behaviour in imperfectly competitive markets and applying that to the analysis 

and regulation of market power in deregulated electricity markets. It seeks to make 

contributions in the following areas: 

Methodology: develop an alternative method for modelling strategic behaviour 

in imperfectly competitive markets that addresses weaknesses in existing 

approaches; 
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U. Economic Theory: advance our understanding of the impact of industry 

structure, trading arrangements, and technology distribution on the exercise of 

market power; and 

iii. Regulatory practice: inform the process of deregulation, and re-regulation in 

the global ESI. 

1.4. Thesis organisation 

The remaining chapters of this thesis are organised as follows: 

2. Market power analysis and regulation: Outstanding regulatory issues in the Pool 

and German markets are identified, in particular, recent proposals to replace the Pool 

with NETA, along with plant divestments and closures. The impact of mergers in the 

German ESI is also analysed. Literature on the analysis of market power in the Pool, 

and other electricity markets, using traditional equilibrium economic and game theoretic 

models is reviewed along with empirical measures used by regulators to measure market 

power. Insights are drawn from auction literature on the potential impact of trading 

arrangements on market efficiency. 

3. A computational model of strategic rivalry: An alternative evolutionary economic 

approach is considered and the philosophy underlying ABS modelling is described as a 

means of addressing the weaknesses in the traditional methods of analysing imperfect 

competition. The architecture of an ABS model is described which has been developed 

for use in analysing strategic bidding behaviour by generators in wholesale electricity 

markets. Based on a pure reinforcement learning process the agents compete against 

each other in an auction market setting both to increase profits, and to reach a minimum 

target utilisation rate for their plant portfolio. The model is validated against the 

theoretical results from classical economic models of monopoly, duopoly, perfect 

competition, and also empirical results from the Pool. 

4. Trading arrangements and market power: The ABS model is applied to four 

alternative sets of trading arrangements, including the current Pool and NETA. The 

objective is to examine the impact of replacing the Pool's uniform price auction with a 
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discriminatory bilateral auction. The regulatory implications of the findings are then 

discussed. 

5. Industry structure and market power: The ABS model is applied to alternative ESI 

structures in England & Wales and Germany. The objective is to test the impact of 

proposed mergers and divestments among the major generating firms to form four large 

groups. The impact of plant closures as the second stage of a regulatory game is also 

analysed. 

6. Technology and market power: Further development of the ABS model is 

undertaken by allowing agents to develop endogenously their own utilisation rate 

targets. This focal point model is then used to analyse the impact of stratified and 

diversified technology allocations between firms. Differences in the distribution of 

technology between the Pool and German market are discussed, as is the UK regulator's 

initiative to force divestment of plant by the two largest fossil fuel generators. The 

objective is to test what impact the distribution of technology between firms, rather than 

their absolute capacity or market share, has on their ability to exercise market power. 

7. Conclusion: A summary of the research contribution is made and an explanation is 

given of the regulatory paradox of persistently high prices in the Pool as compared to 

the efficient outcome that has been achieved in Germany. Further research is outlined 

briefly. 

42 



Chapter 2. Market power analysis and regulation 

The effective regulation of market power is central to the proper functioning of all 

deregulated electricity markets. In this chapter, the dilemmas facing the regulators of the 

Pool and German markets are described. A variety of methods are then discussed and 

critiqued which have been applied to the measurement and analysis of market power by 

electricity markets around the world. 

2.1. Regulatory issues in the Pool and Germany 

The Pool was created in 1990 as a mandatory spot market in electric power in England 

& Wales. Designed largely by electrical engineers, economists and managers still 

working in the nationalised industry, it was shaped by four opposing forces: 

L The need to create a competitive market; 

U. Fears over future system reliability; 

W. Constraints imposed by the existing physical infrastructure; and 

iv. The fiscal and political objectives of the Thatcher government. 

To accommodate these conflicting pressures, the Pool designers tried to create a 

mechanism that would behave as a perfectly competitive market, while acknowledging 

that electricity was somehow ̀ different'. Special rules were imposed to accommodate 

the operating characteristics of generating plant, and more particularly the coal-fired 

plant that dominated UK electricity production at the time. In addition, they also tried to 

provide incentives that would encourage new entrants into the market, and also to 
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ensure that adequate levels of investment would be made to meet future demand. In 

many ways, the Pool was a classic piece of central planning compromise, like the 

nationalised system it replaced. Since it was never allowed to evolve in any significant 

way, the inefficiencies and rigidities that were designed into the system remained 

largely unchanged. However, recent proposals to transform the current Pool trading 

arrangements into a simpler bilateral market mechanism, under NETA, are designed to 

facilitate the transformation of the Pool into a traditional commodity market. 

The creation of the German market followed a quite different path. While the Pool was 

essentially prescriptive, mandatory, and subject to formal regulatory oversight the 

German bilateral market developed spontaneously during 1999 in response to enabling 

legislation passed by the German Government as part of its response to the EU 

Electricity Market Directive. Essentially, for the first year of its existence, the German 

market was a private commodity market, operated over the telephone, in which trades 

took place on a voluntary basis between generators, traders, suppliers, and large 

industrial consumers. There was no centrally organised Pool, as for example in Chile, 

England & Wales, Colombia, California, Spain, though Pool type markets began 

operation during 2000 in Leipzig and Frankfurt that operate alongside the informal 

bilateral market. Throughout 1999 and 2000 the only regulatory oversight has been from 

the German and European Commission competition authorities. The legislative 

background, industry structure, and trading arrangements in the Pool, its NETA 

successor, and the German market are discussed in the next section. 

2.1.1 England & Wales Pool 

In 1989 the UK Government passed the Electricity Act (HMG, 1990) which laid the 

foundations for the creation of a competitive market for electricity throughout the UK. 

In practical terms, this involved dividing ('Vesting') the assets of the old Central 

Electricity Generating Board (CEGB) into new corporate entities, appointing a regulator 

to supervise the development of competition, and designing a market, or set of trading 

arrangements, by which electricity could be exchanged between generators, suppliers, 

and consumers. 
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Restructuring and privatisation 

On 31 March 1990 (Vesting Day), the assets and liabilities of the ESI in England & 

Wales, Scotland and Northern Ireland were transferred into a number of separate 

corporate entities. The key objective of Vesting in England & Wales was to separate 

generation from the transmission, supply, and distribution businesses. In England & 

Wales, this created two fossil fuel generators, National Power, and PowerGen with 

capacities of 30,000 MW and 18,000 MW respectively. All 8,400 MW of nuclear 

capacity was transferred to two separate companies, Nuclear Electric in England & 

Wales and Scottish Nuclear in Scotland. By leaving only two generators in control of all 

of the fossil fuel plant, and hence in control of the mid-merit14 sector of the market, 

many believe the competitive structure of the industry was compromised from the 

outset. 

Twelve regional electricity companies (RECs) were also created in England & Wales to 

succeed the old Area Boards and were given responsibility for running the distribution 

network covering voltages ranging from 132 kilovolts (kW) down to 240V. They were 

given exclusive franchise rights to supply all but the largest industrial consumers in their 

local supply area. They were also given joint control of the National Grid Company 

(NGC), which runs the high voltage transmission network comprising 7,000 km of 

400kV and 275kV lines and over 200 substations covering England & Wales. NGC was 

also assigned the role of Independent System Operator (ISO), responsible for co- 

ordinating the despatch of plant and maintaining the overall reliability of the 

transmission system. It also retained temporary ownership of 2,100 MW of pump 

storage capacity used to balance temporarily short-term supply and demand fluctuations 

on the system, until fossil fuel plant could be ramped up15. 

In Scotland, two vertically integrated businesses were created, Scottish Power and 

Hydro-Electric, each with their own exclusive franchise customer area. The two Scottish 

generators participate in the market in England & Wales via cross-border transmission 

interconnectors but generators in England & Wales could not compete in Scotland 

14 gaseload plants have low marginal costs of production, are highly inflexible, and operate throughout the year during high (on- 
peak) and low (off-peak) demand periods. Mid-merit plants cost more to run, but are more flexible, and are crucial in meeting 
demand during on-peak hours especially during winter. Peaking plants are expensive to run but can start at short notice to meet 
peak demand, plant outages, or transmission constraints. 
15 It can take up to 6 hours to heat a coal plant's boilers ('ramping') sufficiently for it to be able to generate electricity. 
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because they had no right of access to the two Scottish transmission systems. However, 

since the EU Electricity Directive is now in force, competition is likely to increase in 

Scotland because of new cross-border flows coming from England & Wales (Ofgem, 

1998e). Northern Ireland, isolated from the rest of the UK, followed a similar vertically 

integrated route to deregulation with the creation of Northern Ireland Electric16. As 

Scotland and Northern Ireland operate under different trading arrangements to England 

& Wales, they will not be discussed further. 

Apart from the objective of introducing competition into electricity supply, the Thatcher 

Government was also keen to raise significant revenue from the sale of the deregulated 

ESI. In December 1990, the RECs were floated on the London Stock Exchange with 

NGC still held in their joint ownership. In 1991,60% each of National Power and 

PowerGen was also floated with the remainder floated in 1995. At Vesting all of the 

nuclear plant, including the old Magnox type, was put under the control of Nuclear 

Electric Ltd and Scottish Nuclear. British Energy was created in 1995 and took 

ownership of the modern nuclear plant, with the old plant remaining in the hands of 

Magnox Electric17. The flotation of British Energy on the London Stock Exchange in 

1996 completed the vertical disaggregation and the privatisation of the industry. 

Simultaneously breaking the vertically integrated CEGB into separate firms, and 

removing central planning control, meant that an economic process had to be created 

immediately to allow electricity to be traded. All of the firms discussed above became 

parties to the Pooling and Settlement Agreement (Electricity Pool, 1998) that is 

administered by the Pool Executive Committee (PEC)18. Each firm is represented on 

PEC with a vote proportional to its relative size. It is this industry body that was 

primarily responsible for the creation, and subsequent orderly operation of the wholesale 

market for electricity in England & Wales which is constituted of a day-ahead spot 

market and a forward market. The operation of these two markets is described below. 

16 In 1991, each of the firm's power plants was sold to separate independent operators leaving it responsible for the regulated 
businesses of transmission, distribution, and supply. It was eventually floated on the London stock exchange In 1993. 
17 Formed in 1996, Magnox Electric eventually merged with British Nuclear Fuels (BNFL) at the beginning of 1998. It remains 

under state control and accounts for approximately 5% of total UK output. A phased closure programme for all the Magnox plant 
was announced in 2000 that will take approximately 20 years to complete. 
"The term `Pool' is used in colloquial reference to the set of trading arrangements that constitute the day-ahead market for bulk 

electricity as well as, more correctly, the parties that are members of PEC. 
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Dav-ahead market 

The focal point of the wholesale market for electricity in England & Wales is the day- 

ahead market. This sets a price19 for electricity in each of the 48 half-hourly periods of 

the next day. It is tied closely to the forward market that generators and consumers use 

to hedge their exposure to volatile prices in the day-ahead market [detailed descriptions 

of how the market works are at Electricity Pool (1994a), Electricity Pool (1994b), and 

Electricity Pool (1998)]20. 

The day-ahead market begins with each generator submitting price and quantity bids to 

the National Grid Company (NGC), for up to three incremental levels of output from 

each of their generating units (gensets). NGC is both the ISO, as owner of the 

transmission system, and also the IMO which runs the market's clearing, settlement and 

payment systems. The day-ahead market is mandatory and all generators that wish to 

have their plant despatched must submit their bids by 10.00 a. m. each day. Once 

submitted, these bid prices cannot be changed and apply to the whole 24 hour period, 

starting at 5.00 a. m. on the next day. However, generators can further tailor their bids by 

also declaring different levels of genset availability throughout the next day. These 

availability declarations depend on the particular operating characteristics, maintenance, 

and shift patterns of generators' plants and may be re-declared at any time right up to 

the moment of despatch. 

On receipt of the price and quantity bids from the generators, NGC runs an optimisation 

algorithm to identify the optimal, lowest cost, combination of gensets that will meet its 

forecast of demand in each half-hour of the next day. This process creates the 

`Unconstrained Schedule' that NGC uses to begin planning the operational despatch of 

plants and to calculate the half-hourly system marginal price (SMP). This is effectively 

the bid price of the most expensive generating set that NGC has forecast will run in each 

half-hour of the next day. At around 4.00 p. m., on the day-ahead, NGC publishes21 SMP 

and also the Pool Purchase Price (PPP), which is SMP plus a Capacity Element (CE). 

This covers capacity payments made to all gensets included in the Unconstrained 

19 Bids and market prices are quoted in Megawatt hour (£/MWh) and quantities in Megawatts (MW). 
2D Summary descriptions of the operation of the Pool can be found at websites of Ofgem httu: //ww. ofoein. gov. uk, Electricity 
Association http: //www. electricitY. Org. uk, Electricity Pool http: //www. elecvool. com/about/about f. html, and NGC 
http"//www. ngc. co. uk. 
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Schedule, and was designed to provide sufficient revenue to encourage investment in 

plant to meet peak loads and so ensure that there would be sufficient security margin on 

the system. This is calculated from the Loss of Load Probability (LOLP), which is 

NGC's estimate of the probability of there being insufficient plant to meet demand in 

each period. LOLP is multiplied by the Value of Lost Load (VOLL), which is the 

regulator's estimate of the economic value of unserved load to consumers. In practice, 

VOLL was set at £2000 / MWh and has risen at the rate of inflation since then, while 

LOLP is generally very low except during periods when demand is close to total 

available system capacity. As LOLP rises exponentially when forecast demand begins to 

approach total system capacity, generators can gain significant additional revenue from 

it and have been accused of deliberately withdrawing capacity in order to drive it up [see 

for example, Ofgem (1998b), Ofgem (1999e-f) and Ofgem (2000d)]. 

A crucial, and contentious, feature of the Pool is that all scheduled gensets that are 

called to run get paid PPP for their output, regardless of the price they bid. Consumers 

also pay a uniform price, the Pool Selling Price (PSP) which, in low demand periods (so 

called "Table B") is equal to PPP. In high demand periods (so called "Table A") PSP 

includes an additional element, called `Uplift', which is made up of `Energy Uplift' and 

`Unscheduled Availability Payments'. Energy Uplift covers the cost of calling 

additional plants to run, not originally included in the Unconstrained Schedule, to meet 

deviations from forecast demand, and replace plant that has become unavailable through 

outages or generators' availability redeclarations. Unscheduled Availability Payments 

are made to gensets which were not included in the Unconstrained Schedule, but which 

were bid into the day-ahead market, to encourage investment in peaking plant. 

Consumers also pay PSP for all power lost in transmission, in proportion to their 

metered demand. They also pay `Transport Uplift' direct to NGC, on top of PSP, to 

cover the cost of maintaining transmission system stability (i. e. for the provision of 

ancillary services and reserve margin22), and relieving transmission constraints (i. e. 

compensating generators for plants that are constrained on or off). 

21 NGC notifies all relevant Pool members electronically at 4.00 p. m, and prices are also made publicly available in the Financial 
Times, published on the following day. 

22 As well as delivering raw energy the transmission system must do so at the correct voltage and frequency and there must be 

sufficient margin of safety to cover the possibility of unexpected plant outages (breakdowns) and fluctuations in demand. 
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The demand side of the day-ahead market is made up of the RECs, and very large 

industrial consumers. Despite their size, they have very little direct involvement in the 

price setting process. Some large industrial users make demand reduction bids directly 

into the Pool, in effect negative load, but the quantities involved typically amount to less 

than 2% of winter peak demand and they always bid above SMP so ensuring they 

collect Unscheduled Availability payments but are rarely called to curtail consumption. 

Furthermore, the complexity of the final metering, data collection, and PSP calculation 

means that large power users that have chosen to buy directly from the day-ahead 

market will not know the final price until three to four weeks after the power has been 

used. 

Forward market 

Despite the central importance of the day-ahead market, an equally vital part of the Pool 

is the forward market where RECs, large industrial consumers, and generators meet 

voluntarily to trade bilateral contracts. In practice, this is where the price of around 95% 

of electricity consumed in England & Wales is actually fixed. It operates like any other 

commodity forward market except that no physical deliveries of power occur as a result 

of the contracting process. Instead, the mandatory nature of the day-ahead market means 

that both of the main contracts traded, Contracts for Difference (CFDs), and Electricity 

Forward Agreements (EFAs), must be settled financially against prices set in the day- 

ahead market, usually PPP23. Hoare (1995) provides a detailed description of how these 

markets operate. 

The CFD market covers long term forward contracts, with durations stretching from six 

months to up to fifteen years and beyond, while the EFA market is for much shorter 

term contracts, usually one week to six months in duration. CFD contracts are usually 

for large quantities of power, perhaps covering the output of one or more large power 

plants, and are highly tailored and specific to the individual generator and consumer 

involved. In contrast, EFAs are for smaller, standardised, quantities. EFA trading is 

usually done via brokers, on the telephone, while CFDs because of their size and 

complexity are usually negotiated, face-to-face, mostly during regular April and October 

contracting rounds. In contrast to the day-ahead market, EFA and CFD market prices are 

23 See (Hoare, 1995) for a detailed description of CFD and EFA forward markets. 
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not publicly quoted, though private data vendors, brokers, and traders collect price 

information themselves. Despite the large volumes of power being contracted for, both 

EFA and CFD markets were highly illiquid until 1998 but in 1999 and 2000 there has 

been a gradual increase in trading activity. 

2.1.2. UK regulatory process 

In this section, the likely reasons for the persistent problem of generator market power, 

and the continued rise in prices is examined along with regulatory proposals to force 

further divestment, change the Pool trading arrangements, and limit investment in gas- 

fired capacity are discussed. 

The process of restructuring and privatisation, from 1987 " 1996, as described above, 

was essentially a political process under the direct control of government and was 

driven forward by the DTI and the UK Treasury. However, the 1989 Electricity Act also 

established the post of Director General of Electricity Supply ('the regulator') who is 

answerable to the Secretary of State for Trade & Industry with an original staff of 200 

that have now transferred to Ofgem. The regulator's primary responsibilities are to 

ensure an efficient and competitive electricity market and to protect the interests of 

consumers. The regulator therefore acts as a buffer between government departments 

and the industry. 

An important feature of the deregulation process in England & Wales has been the 

almost constant intervention of the regulator in the functioning of the market. As a 

result, this has created a considerable amount of regulatory uncertainty and risk. The 

structure of the industry created in 1990 was still, in large part, not subject to 

competitive forces. The regulator's solution to this has been to introduce competition 

wherever possible, or to impose regulated tariffs on monopoly parts of the business. 

Transmission and distribution 

Transmission and distribution systems are regarded as natural monopolies, and will 

remain regulated for the foreseeable future. The preferred regulatory method has been to 

use a relatively simple Retail Price Index escalator, minus a percentage X which is 
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periodically reviewed by the regulator, to determine the level of charges for 

transmission and distribution [see for example (Ofgem, 1995c) and (Ofgem, 1999h)]. 

Historically, this has always been set to ensure that prices fell, in real terms, year-on- 

year. As well as reviewing and resetting X periodically, the regulator has also imposed 

quality of supply benchmarks to ensure that monopoly suppliers of transmission and 

distribution services do not seek to maintain profits by eroding standards of service. 

In the generation and supply sectors, the regulatory process has been a much more 

complex task. The view taken at Vesting was that competition would be the main means 

by which prices would be restrained in these two sectors of the industry. In practice, this 

has not been the case with generation, where there have been almost constant regulatory 

reviews and interventions since 1990, and the introduction of supply competition was 

not completed until September 1999. 

supply 

One of the most important tasks faced by the regulator has been the introduction of 

retail supply competition (Ofgem, 1998c). In England & Wales the supply of electricity 

to consumers is restricted to companies holding electricity supply licences. The 

regulatory framework set up at Vesting created two types of supply licences. The 

`Public Electricity Supply Licence' gave the RECs certain rights and obligations 

relating to supplies to consumers within their own franchise area. In particular, this gave 

a monopoly right to supply electricity to consumers that had a peak demand below a 

certain threshold which was initially set at 1 MW - the franchise market. The second 

type of licence, the `Second Tier Licence', was held by RECs as well as generators 

(including the Scottish firms) and originally restricted them to selling to those 

consumers with peak demand over 1 MW, in the non-franchise market. The majority of 

these were large heavy industrial consumers, some of which connected directly to the 

transmission grid, numbering about 5,000 in total. In 1994, the threshold was reduced to 

100 kilowatts (kW), though the demand still had to be all on one site, which meant that 

another 50,000 consumers were eligible to buy their power from any source. By the end 

of 1998/99, approximately 70% of over 1 MW consumers had switched suppliers and 

50% of 100 kV consumers had done so. However, the local RECs remain responsible 

for delivery of power to consumers' premises, via their distribution networks, although 
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the responsibility for billing them goes to their new supplier. The RECs are merely 

reimbursed a regulated tariff fee for transporting the electricity. 

The franchise, versus non-franchise, market began to disappear in 1998 as more of the 

supply market was gradually opened up to competition (Ofgem, 1998a). Covering the 

remaining 26 million, mainly household consumers, this necessitated the installation of 

a highly complex settlement system to reconcile the billing of consumers to the process 

of settlement between the RECs and the many new suppliers that entered the market. By 

the time the process had been completed in May 1999, it was clear that fewer consumers 

than had been initially anticipated were willing to bother switching suppliers because 

the potential savings of around 15% on an average household bill amounted to only £35 

- £40. Ofgem (20000 estimates suggest that only 18% of small consumers had switched 

suppliers by July 2000. Green & McDaniel (1998) questioned whether the introduction 

of retail competition was worth it at a cost to the industry of £100m per year, for the 

first five years. They concluded that wealth would transfer from the ESI, and the coal 

industry, to consumers but overall the economy would lose out compared to having no 

supply competition for household consumers. However, the inertia of household 

consumers in switching suppliers, and the cost of inducing them to do so, made the 

supply businesses of RECs particularly attractive takeover targets for generators that 

were looking to maintain market share, despite the fact that margins were extremely 

low. 

Almost before privatisation had been completed, the industry had been subject to a wave 

of mergers and acquisitions resulting eventually in partial vertical reintegration of the 

industry. 

In 1994, the first hostile take-over bid was launched in the UK ESI when Trafalgar 

House bid for a REC, Northern Electric. Though the bid failed, it launched a wave of 

further bids for RECs and only one REC (Midlands Electricity) remained independent 

by 1997 with many being bought by overseas buyers, particularly from the US. 

Throughout this period, the UK competition authorities, in the shape of the Mergers and 

Monopolies Commission (MMC) and the Department of Trade and Industry (DTI) 

opposed bids launched by National Power for Southern Electric, and PowerGen for 

Midlands Electricity (MMC, 1996a) and (MMC 1996b). At the time, this was seen as an 
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overtly political action but the competition authorities believed that reintegration of the 

industry would damage competition. 

However, this policy was not applied consistently, and the vertically integrated Scottish 

Power was allowed to buy the REC, MANWEB (Oct 1995). As foreign buyers began to 

exit the market, disappointed with returns, further opportunities arose for generators tö 

reintegrate with RECs or at least their supply businesses. Eastern was allowed to lease 

plants from PowerGen and National Power in 1996 and has since built some of its own 

CCGT plant. The opening up of supply competition increased the rate of acquisitions 

with the other Scottish firm, Hydro Electric, agreeing to buy Southern Electric (Sep 

1998). Electricite de France (EDF) merged with London Electricity (Nov 1998) and also 

acquired the SWEB supply business. Even National Power and PowerGen were 

eventually allowed to buy supply businesses as the advent of full retail competition, new 

entry, and further divestment, made it harder to justify the earlier regulatory opposition. 

National Power bought the supply business of Midlands Electricity (Aug 1998), and 

PowerGen acquired East Midlands Electricity (Nov 1998). British Energy was the last 

of the original generators created at Vesting without a supply business but eventually 

succeeded in buying the supply business of SWALEC (June 1999). It sold this business 

in August 2000, to Scottish & Southern but secured a guarantee that it would continue 

to buy at least 20% of British Energy's output for the next ten years. 

The deal between Scottish & Southern and British Energy suggests that the attraction of 

owning a REC supply business for a generator is that it is a guaranteed outlet for 

production, given that so few of the 26 million household consumers have been willing 

to switch suppliers since supply competition began. Generators have, however, been 

very successful in encouraging the majority of large and medium sized consumers into 

direct supply contracts. By the end of 2000, most of the supply of electricity to end- 

users will be effectively controlled by generators, through a combination of vertical re- 

integration and direct contracting. This could potentially reduce the contestable 

wholesale trade for electricity because generators can sell the majority of their output 

through their supply businesses rather than on the open market. Some commentators 

believe that will reduce the ability of small generators, without their own supply 

businesses, to access consumers, and also makes it much harder for these small 

generators, new entrants, consumers, and the regulator to monitor market prices. Access 
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to information could therefore have a potentially important impact on the degree to 

which large generators exercise market power in future, an issue that will be explored in 

more detail later when the issue of Pool trading arrangements is analysed. 

Generation 

The primary objective of creating the competitive market for electricity, at least from 

the consumers' point of view, was to see lower prices. As Table 2.1 shows, the nominal 

Pool price, and final price to consumers, was higher than in 1998/99 than when the 

market opened. In real terms, end-user prices fell by around 30% across all categories 

between 1989/90 and 1998/99 though Pool prices were on average some 6% higher in 

real terms than in 1990/91. 

The regulator has always been extremely concerned by this ever since the Pool was 

implemented (Ofgem, 1991). More recently, it was noted that, on a time-weighted basis, 

the average winter day-ahead market price in 1997/98 was 12% higher, in real terms, 

than in the previous year, and 35% higher in nominal terms than in winter 1990/91 

when the market began trading (Ofgem, 1998d). The regulator estimated that gaming in 

the Pool had raised SMP by an estimated £90m in December 1998 as compared to 1996 

and 1997 (Ofgem, 1999a, Ofgem, 1999b). Price spikes in July 1999 prompted a further 

round of regulatory investigation after industrial consumers complained that these had 

caused them to halt production (FT, 1999e). As a result, the regulator suggested 

(Ofgem, 1999e) that generators' licences should include a `good behaviour clause', 

more formally known as the Market Abuse Licence Clause (MALC), that would allow 

consumers to sue them if they abuse their market power (FT, 1999g). 

Indeed, such has been the regulatory scrutiny during 1998-2000 it is possible that prices 

could have been higher but for the fact that generators have had to consider the 

regulator's likely response when deciding their bidding strategies (FT, 1999b). Since 

1995, SMP has been more stable than PPP because generators appear to have been able 

to offset a fall in SMP by withdrawing capacity to increase LOLP. Ofgem has been 

sensitive to this issue and launched an inquiry into the behaviour of Edison Mission 

Energy when it unexpectedly withdrew one of its plants from service, citing low prices 

and the desire to avoid costs, during summer of 2000. The result was that PPP rose and 
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Ofgem questioned the economic justification. Eventually no action was taken (Offer, 

2000d), but the simultaneous announcement by National Power and Magnox Electric 

that they too intended to close 1600 MW of plant might have raised PPP further. 

Table 2.1. Time weighted wholesale end user prices in England & Wales 1989190 -1998199 
Nominal average price (£ I MWh) 1989190 1990/91 1991192 1992/93 1993/94 1994195 1995/96 1996/97 1997198 1998/99 

SMP N/A 17.39 19.52 22.64 24.15 20.71 19.40 20.50 24.50 23.18 

Pool PSP NIA 17.44 20.81 22.80 24.43 23.91 23.86 23.72 25.35 24.22 

PPP N/A 18.36 22.43 24.18 26.61 26.32 25.90 25.60 25.75 24.56 

Large 39.20 NIA N/A N/A N/A 40.30 N/A 39.10 36.80 N/A 

Industry Medium 45.20 N/A N/A NIA N/A 45.10 N/A 42.90 41.20 N/A 

Commercial 46.70 N/A N/A WA 56.70 51.20 N/A 47.90 45.30 N/A 

Economy 7 48.50 53.10 58.60 59.70 58.20 57.90 57.30 56.30 53.70 53.00 
Household 

Standard Tariff 72.20 79.50 88.10 89.40 86.10 85.40 64.40 82.60 78.10 76.30 

Retail Price Index 121.1 129.3 136.7 140.6 143.9 147.7 152 155.8 160.4 163 

Real 1989/90 prices (£ I MWh) 1989190 1990191 1991192 1992193 1993194 1994195 1995/96 1996/97 1997198 1998199 

Pool SMP WA 16.29 17.29 19.50 20.32 16.98 15.46 15.94 18.50 17.22 

Pool Pool PSP N/A 16.33 18.44 19.64 20.56 19.60 19.01 18.44 19.14 17.99 

Pool PPP N/A 17.19 19.87 20.83 22.40 21.58 20.63 19.89 19.44 18.24 

Large 39.20 N/A N/A N/A NIA 33.04 N/A 30.39 27.78 N/A 

Industry Medium 45.20 WA N/A WA N/A 36.98 N/A 33.35 31.11 N/A 

Commercial 46.70 N/A NIA N/A 47.72 41.98 WA 37.23 34.20 N/A 

Household (Economy 7) 48.50 49.73 51.91 51.42 48.96 47.47 45.65 43.76 40.54 39.38 
Household 

Household (Standard) 72.20 74.46 78.05 77.00 72.46 70.02 67.24 64.20 58.96 56.69 

Sources: Datastream International: UK RPI (ex mortgage interest) at end of financial year (1 April), Ofgem Annual 
Report 98/99: Figure 37 and Figure 38 Household Tariffs (excluding VAT). Electricity Association: Industrial Price 
Survey 1998 

The general conclusion to be drawn is that consumer prices seem to have fallen because 

of RPI -X regulation on transmission, distribution and supply sectors, and a reduction 

in the fossil fuel levy, rather than a fall in wholesale market prices. As Figure 2.1 shows, 

both the mean and volatility of prices in the Pool's day-ahead market have been on an 

upward trend since Vesting. 

It is now clear that competition has not been as effective as was hoped when 

deregulation was first mooted. To counter the rising wholesale prices, particularly 

during on-peak periods, the regulator has been forced to intervene repeatedly in an effort 

to reduce prices. How to go about achieving that has been less certain, especially as the 

desire for lower prices always had to be balanced against maintaining an attractive 

environment for new entrants, one of the most significant of which was the imposition 

of a cap on Pool prices during 1994-96. Under this arrangement, National Power and 

PowerGen, agreed to bid their plants into the day-ahead market in such a way as to keep 

the annual average Pool day-ahead market price below £24/MWh (Ofgem, 1995a). The 
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lifting of this cap was contingent upon the divestment of 4,000 MW, and 2,000 MW, 

respectively of capacity by National Power and PowerGen. 

Figure 2.1. Monthly time weighted average Pool prices 
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Though there were several large spikes in price during the winter months of both 1994, 

and 1995, the companies managed to hit the price cap. However, their ability to achieve 

so precisely the regulator's target suggested that their ability to determine the level of 

market prices had not been diminished. The two firms eventually completed the plant 
disposals in June 1996 but only after the regulator had made the explicit threat (Ofgem, 

1994a to refer the whole matter to the Monopolies and Mergers Commission (MMC)24. 

All of this divested plant (Ofgem, 1995b) was eventually leased to a REC, Eastern 

Electricity, at a price of £5-6 for each MWh of output produced. This left National 

Power and PowerGen with significant influence over the operation of these plants. As 

they also run the marginal baseload plant, operating at night, they essentially set the 

price at which Mission Energy bought electricity to power its pump storage facility. 

Faced with mounting criticism, National Power stated that its plant bids for 26 January 

1996 were at marginal cost, a fact that Brealey & LaPuerta (1997) used to estimate the 

extent to which National Power and PowerGen were able to exercise market power at 

other times. They estimated a marginal cost of £10/MWh for mid-merit coal. From a 

24 The MMC later became the Competition Commission. 
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sample of periods throughout the rest of 1996, they assessed generators to be bidding 

about 50% above short-run marginal cost. Overall, they concluded that SMP was being 

set in 1996 about 13% above cost, both before and after the divestment of plant to 

Eastern. Given that much of the sample included the period when the price cap was in 

place, and immediately afterwards when Eastern was still learning how best to operate 

its new plant, it is not surprising that their estimate was somewhat lower than the earlier 

anecdotal evidence suggested. As Table 2.1 shows, average monthly time weighted 

SMP, PSP, and PPP were £22.73/MWh, 24.43/MWh, and 25.30/MWh respectively in 

the three years following the removal of the price cap in April 1996. These prices were 

approximately 300% higher than the short-run marginal cost of production for new 

CCGT plant and it is no surprise that IPPs, RECs, and incumbent generators found it 

attractive to rapidly increase the available gas-fired capacity as a result. Overall, the 

divestments in 1996 failed to curtail the exercise of market power, especially by 

National Power and PowerGen. Interestingly, the US Department of Justice's guidelines 

for competition is that no company in the market should be able to raise market prices 

by more than 5% above short-run marginal cost. So on this basis, the exercise of market 

power in the Pool was significant. 

2.1.3 German bilateral market 

When the German electricity market was liberalised in April 1998, implementing the 

European Union's (EU) Electricity Market Directive, all consumers were immediately 

allowed to choose their supplier. Unlike in other countries, the German ESI was 

exposed to fierce competition and market prices fell sharply towards, and even below, 

marginal production costs during 1999. Incumbent generating firms have been unable to 

exercise any significant level of market power and as Table 1.1. showed in the previous 

chapter, prices in Germany were consistently lower than in the Pool during 1999. 

The most obvious sign of the high level of competitive pressure was the fierce price war 

waged during 1999. Average industry tariffs were reduced by 27% from the beginning 

of the liberalisation to the beginning of 2000 with the lowest prices seen in the 

transmission areas owned by the largest operators (DJNIK, 2000). Within this broad 

aggregate, price falls of up to 60% have been reported for the largest industrial 

consumers (FT, 1999i) indicating that prices have fallen much less sharply for light 
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industry. Household consumers only started to benefit from the liberalisation towards 

the end of 1999, mostly because incumbent regional and municipal suppliers were 

forced to respond to new aggressive marketing campaigns by new entrants and the large 

vertically integrated generators. In general, however, it is large industrial consumers and 

supply companies themselves that are buying on the wholesale market and that have 

benefited the most from the liberalisation. 

A study by Birnbaum et al. (2000) claims that wholesale electricity prices will remain 

low in Germany because of the fragmented market structure, the high level of 

connectivity with electricity grids of neighbouring countries and a lack of any sign of 

collusive behaviour between firms. It is also true that German electricity prices have 

also been far below those in England & Wales. However, despite the apparent success 

that Germany had during 1999/2000 in avoiding the problems that have plagued the 

Pool, it remains an open question as to whether this will continue to be the case in the 

future. In particular, recent merger proposals, which could eventually include all of the 

largest generating firms in Germany, pose a significant regulatory problem. If 

authorised, these mergers would increase industry concentration in the generating sector 

and could therefore increase significantly generators' ability to exercise market power. 

Germany is the largest producer of electricity in Europe. Approximately 90% of 

electricity is generated in public power plants, while autoproduction of heavy industry 

and the railway account for the remaining 10%. Generation in Germany is largely 

thermal with 33% nuclear, 54% coal and 7% natural gas as the main fuel sources. Firms 

in the industry are to a growing extent owned by private investors, as public authorities 

have started to divest their shareholdings. Transmission and distribution systems are still 

vertically integrated with generation and supply businesses in Germany, but companies 

are compelled by law to keep separate accounts for each business. The German ESI is 

divided into three parts with 8 large companies operating the high-voltage grid and 

controlling more than 80% of generation capacity, approximately 80 regional electricity 

companies -and more than 800 municipalities and small suppliers. An important 

characteristic of the German ESI, as discussed by Drasdo et al. (1998), is the complex 

cross-ownership structure in which the eight large firms are financially interlinked and 

together control more than half of the 50 biggest generators. 
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Entry by foreign competitors, through acquisition of generation and supply assets, has 

been significant and Germany exchanges imports and exports of power with other 

countries, especially France, through high voltage transmission interconnections. Heavy 

industry accounts for 50% of demand with the remaining 50% equally split between 

commercial and household users. 

2.1.4. German regulatory process 

The liberalisation of the German electricity market, started in 1998, ending more than 

100 years of local monopoly supply. Germany implemented the EU Directive from 

1996 into a new energy law, the Energiewirtschaftsgesetz (EnWG), in April 1998, its 

first fundamental change since 1935. The EnWG introduced wholesale competition 

simultaneously with retail competition immediately for all classes of consumers but 

leaving a few small municipalities under the single buyer model to protect their local 

interests (e. g. revenues from electricity sales are often used to subsidise public 

transport). Germany renounced the idea of an' ISO and left questions like the detailed 

regulation of grid access and transmission pricing to be negotiated by different 

associations, mainly the electricity industry itself, and large power users. Results of 

these talks were the so-called associations agreement or Verbändevereinbarung (VV) in 

May 1998 and the grid code by the grid operators organisation [see Bergman et. al. 

(1999) for summary details]. 

With these legal changes, Germany, in contrast to most of its neighbours, opened its 

market fully to competition at once, ending an era of regional monopolies protected by 

demarcation agreements. Suddenly every consumer was able to choose from a wide 

range of different suppliers. However, practical problems still remained, mainly because 

of insufficient regulation of transmission. High transmission prices, several cases of 

transmission access being refused, and the vertically integrated structure of the German 

ESI with 8 large companies owning the grid and most of the generation capacity, 

provoked criticism. This lead to the revision of the first W. When W2 came into 

effect on 1 January 2000 it was designed to overcome these problems, abolishing 

distance-based tariffs apart from a transmission fee between two newly established 

zones and facilitating, access for small consumers. To succeed the developing spot 

markets in Frankfurt and Leipzig, and their associated futures exchanges, will require 
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transparent transmission rules and pricing. The proposed two-zone postage-stamp tariff 

was eventually dropped for a single ̀ pancake rate' that should facilitate efficient trading. 

All these profound alterations in the economic environment required a response from 

the industry. While the first changes in the industry structure were driven by the 

legislative process, the biggest driver for change has been the massive price decline that 

affected firms' profits. Entry by foreign competitors reinforced the trend to increased 

competition by either starting their own retail activities, for example Fortum from 

Finland with Hansestrom and Vattenfall with VASA Energy, or buying shares in 

German generators. The largest of these foreign acquisitions involved the purchase of 

25.1% of Energie Baden-Württemberg (EnBW) by EdF from the city of Stuttgart. Also 

26% of Berliner Licht-und Kraft AG (BEWAG) was acquired by Southern Energy and 

25.1% and 21.8% of Hamburgische Electricitäts-Werke (HEW) was bought by 

Vattenfall and Sydkraft respectively. 

In order to compensate for the drop in earnings most firms have announced cost cutting 

measures, principally consisting of reductions in the workforce, e. g. BEWAG has 

declared it will cut its workforce by 50% in three years according to Knödler (1999). 

This is on top of average reductions of the 30% that energy fines implemented between 

1991-1998 as part of the general restructuring of German industrial conglomerates. 

Another strategy, which has been followed most ambitiously by Rheinisch-Westfälische 

Elektrizitätswerke (RWE), is to gain new consumers. RWE wants to increase its share in 

the European energy market from 2.3% to 10% by 2010 as reported by Wintermann 

(1999) and FT (1999f), placing it among the ten largest energy groups in Europe. 

As overall demand is likely to stay approximately constant in future, firms have to grow 

by of taking market share from competitors and/or by acquiring them. Consequently 

1999 has also seen merger and acquisition activity between German firms with the 

result that one third of the smaller utilities have already been taken over or subsumed 

into joint ventures with larger rivals especially at the regional level, for example the 

creation of Energie Nord. In September 1999 VIAG and VEBA, two German 

conglomerates with their electricity subsidiaries Bayernwerk and PreussenElektra, 

respectively, revealed plans for the biggest merger in German economic history. A 
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month later, RWE announced that it intended to merge with Vereinigte 

Elektrizitätswerke (VEW), its smaller regional counterpart. 

These two mergers, Bayemwerk/Preussen and RWE/VEW, have been authorised by the 

relevant German and EU competition authorities and will control more than 50% of 

generation capacity and generation output. Two more mergers also seem likely, though 

not yet announced formally, since EnBW is increasing its share in its neighbour 

Neckarwerke Stuttgart (NWS), which is Germany's largest regional electricity company 

with participations in nuclear plants. With the city of Stuttgart agreeing to sell at least 

17.5% of its 42.5% stake in NWS to EnBW, already owner of 25% of NWS [see for 

example Die Welt (1999)], combining these stakes with the EdF shareholding in EnBW 

could produce a third large firm based in the south-west of Germany. 

It is only recently that the Cartel Office has been able to investigate competition issues 

in the German ESI. The Gesetz gegen Wettbewerbs-beschränkungen (GWB), the 

German Competition Act, did not bring the energy industry under the supervision of the 

Cartel Office until January 1999. Before, regional monopolies in the energy sector were 

tolerated and excluded from competition control. The Cartel Office investigated the 

proposed RWENEW merger, while the Bayernwerk/Preussen case was dealt with at the 

EU's Competition Commission, as the parent companies, VEBA and VIAG, both had 

strong positions in speciality chemicals. Both merger were authorised after the 

imposition of special conditions which forced them to divest a number of cross 

shareholdings (Wetzel, 2000), especially in commonly owned generators such as 

BEWAG and Vereinigte Energiewerke AG (VEAG) the East German utility. 

Another of these conditions was the implementation of a transparent transmission tariff 

regime under VV2. The Cartel Office fears that a duopoly may eventually be created in 

the German market and has announced its wishes at least four large energy suppliers to 

remain. Various foreign energy suppliers have announced their interest in VEAG, for 

example, Southern Energy, which already has a stake in BEWAG, and Vattenfall that 

partly owns HEW. If BEWAGNEAG joined forces a fourth large energy group, based 

in the north of Germany, would be created. In the near future, it seems that there are 

likely to be only four main competitors in the restructured German ESI. As shown in 

Figure 2.2 these groups would have a dominant capacity share. 
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Figure 2.2. Capacity shares in German ESI before and after proposed mergers 
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2.2. Measuring market power 

The wholesale price of electricity makes up approximately 70% of the final bill to a 

household consumer, and almost 95% for an industrial customer. The control of 

generator market power in England & Wales will therefore be essential if the price of 

electricity to final consumers is to continue falling. The scope for further significant 

savings in transmission, distribution, and supply, will be limited to those that can be 

gained from gradual efficiency savings and the development of new technology. 

However, effective action cannot be taken without a clear understanding of what allows 

generators to exercise market power. In this section, the key theoretical and empirical 

research that has been published on the topic is surveyed. 

2.2.1. Herfindahl and other empirical measures 

The standard economic assumption is that the greater the concentration of an industry 

the greater the potential for firms to exercise market power, and hence achieve a higher 

market price. The ability of a company to raise prices above marginal cost is usually 

taken as a key ingredient in identifying market power. Given the level of market power, 

revealed in the analysis above, it is not surprising that regulators try to reduce industry 

concentration in the generation sector as a way of subduing wholesale market prices. 

Two common methods of measuring the potential market power in an industry are the 

N-firm concentration ratio - the sum of the percentage market shares for the N largest 

firms - and the Hirschman-Herfindahl index (HHI)- the sum of squared percentage 

market shares for the entire industry [see for example Stigler (1968) and Borenstein et. 

al. (1996)]. With a maximum of 10,000, this latter measure is widely used by the UK 

competition authorities [see for example MMC, (1996a), MMC, (1996b), MMC, 

(1997)]. The US Department of Justice uses a guideline of 1800 in merger analysis. 

Table 2.2, calculates both the N-firm concentration ratio and HHI for the ESI in 

England, & Wales as it stood at the end of each financial year since its inception. 

This shows a very significant level of industry concentration in the beginning of the 

market, which has been reduced gradually by plant divestment, closure, and new entry. 

Most observers point to industry concentration as the root cause of high prices and some 
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have suggested an industry structure of 5 companies with equal shares [for example 

Henney (1987), Robinson (1988)] as a potential solution. This view has persisted within 

the industry and has been picked up elsewhere as a guiding principal in worldwide 

unbundling, [for example Benavides (1996)]. However, the market share of the mid- 

merit operators, still almost 60% at the end of 1998/99, that was the crucial issue. As 

National Power and PowerGen have significant control over both Eastern's and Mission 

Energy's bidding strategies, the reality is that these two generators had only lost control 

of 20% of their original capacity share of the market. Moreover, as most of the new 

entry has been baseload CCGT capacity, almost none of their control of the mid-merit 

and peaking sector has been lost during the critical on-peak hours when prices are high. 

The HHI was used in the UK by the regulator to justify the level of divestment imposed 

on National Power and PowerGen in 1995/96, and has been used very widely in the US 

(Joskow et. al. 1996). In the UK context, referring to the 6,000 MW transfer of power 

stations to. Eastern, Littlechild (1997) asserts that these "take the index to 1,600, 

equivalent to about six equal size firms. So, on this basis, competition has roughly 

doubled since Vesting". However, the HHI can be misleading and even the US 

Department of Justice suggests that it should only be interpreted as an incremental 

measure to assess specific mergers/demergers rather than an absolute statement of the 

competitive status of the industry. 

The analysis presented in Table 2.2 suggests that Littlechild's conclusion was misplaced 

because it failed to take into account the control that National Power and PowerGen 

retained over prices during on-peak hours. The importance of this is apparent from 

Figure 2.3 as these two generators not only had a dominant capacity, and market share, 

they also set SMP 70% of the time in Winter 1997/98. In addition, they controlled the 

majority of the remainder through their influence over Eastern and Mission Energy. 

2.2.2. Alternative methods 

An alternative, analytical approach was used by Green & Newbery (1992), Newbery 

(1995), Rudkevitch, et. al. (1998), Green (1999a) based on the supply function 

equilibrium model developed by Klemperer & Meyer (1989). They looked at 

deadweight loss, to ascertain what may result from the market failing to clear at short- 
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run marginal cost. Again, 5 companies, competing actively at the margin, were 

suggested as being required to reduce market power to an acceptable level. However, 

the analytical assumptions of differentiability, demand elasticity and linearity have been 

criticised as being quite restrictive (von der Fehr & Harbord, 1993). Moreover, whilst 

analysis based on the economic concept of deadweight loss can provide a useful 

regulatory perspective, it is an indirect measure of market power and not one that 

appeals generally to utility managers as a method of analysis. 

Bunn, Day, & Vlahos (1998) used a simulation approach to analyse the market power 

problem and attempted to estimate the potential profit that each generator could obtain 

by increasing the bid prices across some or all of its plant. Using a plant-by-plant model 

of the full system in England & Wales, they found that the number of companies had to 

reach 8 before market power became insignificant. This would suggest market shares of 

no more than 12%. They also showed that PowerGen, and more particularly National 

Power, had still retained significant latent market power even after the divestment to 

Eastern. This analysis contradicts the view that an HHI of market concentration of 

around 1600 (i. e. 6 firms with 16% market share each) should give no significant 

amount of market power. It also fits the empirical observation from Table 2.1. that, 

though the HHI value fell after 1996, prices remained high. 

Table 2.2. N-firm concentration ratio and HHI for England & Wales ESI 

Generator 1990/91 1991192 1992193 1993/94 1994/95 1995196 1996/97 1997198 1998/99 
National Power 47.91 46.97 42.14 40.10 38.84 33.82 26.64 27.36 25.22 

PowerGen 30.24 30.21 29.38 28.76 25.75 28.18 24.93 24.74 23.97 

Eastern 0.00 0.00 0.00 0.64 0.86 0.90 11.00 10.72 10.52 

Nuclear Electric 13.44 14.16 16.50 17.55 17.47 18.14 11.71 11.67 11.45 

Magnox Electric 0.00 0.00 0.00 0.00 0.00 0.00 5.05 4.95 4.81 

EDF 2.84 2.85 2.74 2.77 3.18 3.32 3.64 3.20 3.11 

Scot' & Southe 0.50 0.50 0.48 0.49 0.56 0.58 0.64 1.70 2.92 

Scottish Power 0.94 0.94 0.90 0.91 1.05 1.10 1.20 1.05 1.02 

Mission Energy 3.37 3.38 3.25 3.30 3.36 3.49 3.40 3.73 3.62 

IPP I Other 0.76 0.99 4.60 6.12 9.79 11.37 11.79 10.87 13.36 

5-firm CR 94.96 94.72 91.27 90.35 86.28 84.53 79.33 79.45 75.97 

Mid-merit CR 78.15 77.18 71.52 69.50 65.45 62.90 62.57 62.83 59.71 

Herfindahl 3411.03 3340.01 2930.35 2763.18 2500.36 2292.54 1641.49 1683.59 1538.19 

Source: England & Wales Electricity Pool (2000), NGC Seven Year Statements 1996,1997,1998, MMC Report on 
`Pacifioorp and the Energy Group plc". December 1997. HMSO. Cm3816. 
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Figure 2.3. Capacity, Output and SMP setting share by generator 
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While the dominance of National Power and PowerGen in the key mid-merit sector was 

not in dispute, it is not clear whether this was the only or even the main reason why they 

have been able to keep prices high. Wolak (1998) carried out an international 
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comparison of a variety of deregulated electricity markets and concluded that the market 

rules governing the operation of a re-structured electricity market, in combination with 

its market structure, can have a substantial impact on the ability of participants to 

exercise market power. 

In Germany, the fear of the competition authorities is that the proposed mergers might 

result in a situation where some companies can exercise market control. The GWB 

defines market control in § 19 as the state when a single company has a market share of 

at least one third, or a group of not more than three companies has a market share of at 

least 50%. A merged Bayernwerk/Preussen has a more than 20% share in electricity 

generation and of about 25% in generation capacity. Meanwhile, adding a RWE/VEW 

merger along with its associated share in VEAG would create a capacity share of well 

over 50%. Figure 2.4 shows the HHI for the German electricity market before and after 

the Bayernwerk/Preussen and RWE/VWE mergers. Additionally, the HHI has been 

calculated for all four mergers, taking into account an acquisition of NWS by EnBW, 

and BEWAG/VEAG merger. 

Figure 2.4. HHI calculation from German generation capacity 
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The HHI calculation is based on three different data sets. In the first set, generation 

capacity shares of the 10 biggest German generators are calculated from Vereinigung 
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deutscher Elektrizitätswerke, VDEW (1998) data and includes only fully owned plants. 

In the second data set, a firm's capacity share is assumed to also include plants in which 

it has at least a 60 % share. An alternative calculation is based on the generation share of 

total electricity demand in 1998 by each company's own plants and additionally the 

generation of other utilities in which these companies have a share of at least 60%. 

Depending on the database the HHI before the mergers is between 550 and almost 900 

and after the mergers between 800 and 1500. The U. S. Department of Justice regards 

markets with HHI below 1000 as not concentrated and between 1000 and 1800 as 

moderately concentrated. On this basis, the proposed mergers do not appear to threaten a 

significant increase in the ability of generating forms to exercise market power 

2.3. Insights from auction theory 

There has always been a strong suspicion, particularly from consumer groups, that the 

market mechanism embodied in the current Pool trading arrangements might be 

creating, or at least contributing to generator market power in the Pool. Changing the 

Pool trading arrangements, in their view, is therefore an essential prerequisite for 

reducing market prices. However, in the past, the regulator has been less convinced and 

when the whole issue of Pool trading arrangements was last reviewed (Ofgem, 1994b) 

he found there was insufficient evidence to instigate further reform. The main 

conclusion was that a Pay SMP mechanism, where generators are all paid an identical 

price, offered some economic advantages over a Pay Bid mechanism, where generators 

are paid their own bid price (Ofgem, 1994c). 

A lesser debate has also gone on with respect to the payment of Capacity and 

Unscheduled Availability payments. By strategically withdrawing capacity, especially 

when the demand is high and the available spare capacity is low, large generators could 

dramatically increase the LOLP component of the final price calculation. A number of 

consumer groups have called for these payments to be scrapped on the grounds that 

SMP is already sufficiently high to encourage new entry and that no other commodity 

market has similarly administered costs imposed. The main debate about the trading 

arrangements in the Pool has, however, centred on the replacement of the Pay SMP 

mechanism with some kind of Pay Bid mechanism. 
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2.3.1. Theoretical issues 

Auction theory addresses the issue of efficiency in trading arrangements directly, 

usually by using game theoretic approaches to analysing the various auction types (e. g. 

`First Price, `Second Price', `English', Dutch'). These models generally assume a 

benchmark model where bidders: 

i. are risk neutral; 

U. have their own private valuations of the good (the `independent-private-values' 

assumption); 

iii. are symmetric; and 

iv. make or receive payments as a function of bids alone. 

The general results are that the final price achieved is invariant to the auction 

mechanism [see Eatwell et. al. (1998), Rothkopf & Harstad (1994), McAfee & 

McMillan (1987)]. However, despite being a cornerstone of modem auction theory, this 

Revenue Equivalence Theorem only applies where a single unit of an indivisible good is 

being auctioned, in a single period setting. In contrast, theory is much less well 

developed where these conditions are relaxed, and particularly where multi-unit, multi- 

period bidding occurs with an oligopoly of asymmetric bidders. 

The multi-unit auction analogue of the first-price auction is the ̀ discriminatory' auction 

where bidders make sealed bids indicating the quantity of goods they are willing to buy 

at a range of prices. The auctioneer allocates the goods to the highest bid first, according 

to the quantity demanded, and so on down the sequence of received bids until all the 

goods have been allocated. In some cases, the seller may reserve the right to increase the 

total number of goods allocated, for example to take advantage of unexpectedly high 

demand, or to scale back the sale if bids fall below some reserve price. Bidders pay for 

the goods at the price equal to their individual bids (i. e. Pay Bid). Likewise, the 

uniform-price auction is the multi-unit analogue of the second-price auction which is 

run in the same way as a discriminatory auction except that successful bidders all pay 

the same price regardless of the bids they actually made. This price is equal to the 

highest marginal bid price accepted (i. e. Pay SMP). Trading in a Pool is therefore done 
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under a uniform price auction format and in a bilateral market under a discriminatory 

auction format. 

Some researchers have argued that the uniform-price auction has a lower `winners 

curse' and results in greater revenue to the seller than would a discriminatory auction 

[see for example Milgrom (1989), Bikhchandani & Huang (1993)]. However, this work 

was based on single unit auction theory and Back & Zender (1993) were able to show 

the result was critically dependent on the assumption that the good was indivisible. 

They concluded that uniform-price auctions are no longer universally superior to 

discriminatory auctions. Wang & Zender (1994) go on to show that the two auction 

types cannot be ranked because, at least theoretically, there are always discriminatory 

auction equilibria that dominate uniform-price equilibria, and vice versa. However, as 

Das & Sundaram (1997) point out even this conclusion is not clear cut. Not all 

equilibria are equally plausible; auction markets do not work in isolation and often 

interact with forward, and other secondary markets, and the impact of non-competitive 

bidders creates noise that affects the actions of competitive bidders. 

2.3.2. Empirical observations 

Nevertheless, largely as a result of the early theoretical research described above, a 

number of governments began experimenting with uniform price auctions although 

analysis of the results presents a mixed picture. For example, when the US Treasury 

switched to uniform-price auctions, for 2-year and 5-year treasury note sales in 1992, 

the results were inconclusive. A study by Simon (1994) argues that the uniform-price 

auction cost the US Treasury money while Nyborg & Sundaresan (1996), compared 

actual bids and market price data, before and after the switch, and found no significant 

difference in prices under the two different sets of trading arrangements. Their 

explanation for the apparent revenue equivalence was that both a `when issued' forward 

market, and secondary market, operates in parallel with the regular auctions. These 

significantly contribute to the dissemination of information between potential bidders 

and helped relieve information asymmetries which would otherwise lead to market 

inefficiencies. 
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Similar analysis in other markets include a Nyborg, Rydqvist & Sundaresan (1997) 

study of bid price data during 1990 - 1994 for the Swedish Treasury market. This 

suggests that the government might be better to switch to uniform-price auction from 

the current discriminatory auction though the results were not conclusive. Umlauf 

(1993) studied Mexican treasury auctions, and Tenorio (1993) Zambian Foreign 

exchange auctions. Both studies report higher seller revenues under a uniform-price 

auction format. 

A subject that has recently become topical is the sale of gold reserves by European 

central banks in preparation for the Euro, and the funding of debt relief to third world 

nations. In 1959, the IMF also sold some of its gold reserves in a series of 35 

discriminatory auctions and 10 uniform price auctions that showed significantly higher 

revenue from the discriminatory auctions. Interestingly, when the UK Treasury began 

selling its gold reserves in 1999 it chose to use a uniform-price format (Bank of 

England, 1999). Though it is too early to tell what effect the choice of auction 

mechanism has had on revenues, the Treasury has reserved the right to change this 

format in later auctions which suggests there is still some residual uncertainty. Indeed, 

the UK authorities decided against introducing uniform-price auctions for treasury 

securities, a few years earlier, because of the inconclusive results from the US treasury 

note auctions described above (Bank of England, 1995). 

None of the studies cited above, address the question of what impact the numbers, and 

size, of bidders have on the market price. This is surprising given that the switch to 

uniform-price auctions by the US Treasury was prompted, at least in part, by concerns 

raised by the 1991 Salomon bond trading scandal. Here, one large broker-dealer, 

Salomon Brothers, made unauthorised use of client accounts to secretly acquire 

substantial quantities of bonds, in 2-year treasury note auctions, which exceeded explicit 

US Treasury limits that prohibit any one bidder acquiring more than 35% of an issue 

(Jegadeesh, 1993). Nyborg, Rydqvist, & Sudaresan (1997) also note there are only 16 

dealers in Swedish treasuries and that one dealer will frequently succeed in bidding for 

the entire auction. 

The possibility of implicit, or explicit, collusive behaviour developing among a 

relatively small number of bidders that compete regularly at these auctions, or even one 
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bidder dominating the entire auction, is an important factor not so far considered. 

Indeed, one explanation for the inconclusive results of the empirical studies on auctions 

in financial markets may be in part due to the concentration of large dealers that 

dominate these markets. Smith (1990) also addresses the possibility of non-competitive 

behaviour at auctions, though from a sociological rather than economic point of view. 

He suggests that bidders should be thought of as social groups with norms, values, and 

behavioural rules. He provides empirical evidence from New York jewellery auctions 

where regularly repeated auctions are attended by an essentially closed group of bidders 

that have come to clear understandings about how and when they will compete for 

particular lots on offer. These resulted in bids, and prices, which fitted the group's 

notion of "worth" not the typically assumed efficient outcome where all bidders bid 

their reservation (marginal) price. 

The importance of behavioural learning through repetition in auctions is further 

illustrated in experiments by Cox (1984). These show that subjects often do not follow 

the dominant bidding strategy to begin with, but gradually learn to adopt the strategy 

over time as their experience increases through repetition. Laboratory experiments by 

Isaac & Walker (1985), where subjects were allowed to discuss and coordinate bidding 

strategies, covered many different auction types including multi-unit auctions, and 

resulted in a significant level of collusion in many cases. 

Overall, the literature therefore presents a rather confusing picture. Studies of treasury 

and other financial market auctions are rather inconclusive which seems to suggest that 

there may be no significant difference between uniform-price and discriminatory 

auctions. However, the existence of forward when issued markets before treasury 

auctions and secondary markets afterwards suggests that the results may be confounded 

by the interrelationships between prices in linked markets. This result may also explain 

why out of 42 countries, surveyed in 1994, all but two were still using discriminatory 

auctions to market government debt (Bartolini & Cottarelli, 1997). What is also unclear 

is the potential effect that imperfect competition between bidders might be having on 

these results. A number of experimental and empirical studies suggest that where 

bidders participate in repeated rounds of auctions they can quickly learn to cooperate to 

prevent prices reaching competitive levels. As all of these examples are of regularly 

repeated auctions, often with the same relatively small group of participants bidding, it 
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is possible that implicit collusion may be masking underlying differences between 

auction mechanisms that would otherwise become apparent in a more competitive 

environment. In fact, the only really clear cut conclusion that we can draw from the 

literature is that single-unit auction theory cannot successfully be applied to multi-unit 

auctions. 

Electricity market auctions are of particular interest, because they involve multi-unit 

bidding, often by relatively concentrated groups of bidders, some of whom have very 

significant market shares. Not only that, the rules which govern these markets usually 

require the same bidders to compete regularly, at least daily, in order to offer their 

output through a centralised auction process which offers significant potential for 

learning and implicit collusion. 

Rothkopf (1999) highlights the central importance of repetition in electricity auctions, a 

fact that has often been ignored in traditional auction theory, and stresses the fact that 

tacit collusion is a much greater problem when bidders meet repeatedly whichever 

auction method is chosen. To combat these implicit and explicit collusion problems, he 

suggests delaying the release of information about bids and auction outcomes, 

particularly from sealed bid auctions, and stresses the need for effectively enforced 

prohibitions on active conspiracy between bidders. However, delaying information is at 

variance with increasing information availability to increase efficiency and cannot 

provide a complete solution. The conclusion he draws about electricity trading 

arrangements in California is that a sealed bid auction is better than a progressive 

auction but that to avoid collusion care must be taken in deciding which information to 

release. 

Collusive behaviour stemming from the repetitive nature of daily Pool bidding is not the 

only reason why prices might be higher than those expected in a perfectly competitive 

market. In her empirical analysis of the strategic bidding behaviour of generators in the 

Pool, Wolfram (1998) found evidence that strategic bid increases are indeed occurring, 

and that this is particularly prevalent for bidders with large portfolios of plant. They 

tend to bid higher than other bidders, all else equal, because they receive a larger payoff 

on all their lower price units, have the necessary spare capacity, and biggest incentive to 

bid in such a way as to raise the marginal price setting bid. This is also consistent with 
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the findings of Bunn, Day, & Vlahos (1998) that, even in the absence of collusion, 

generators could still exercise market power in the current Pool. The importance of 

generators' ability to influence the marginal bid price was also investigated in the early 

days of the Pool by von der Fehr (1991) who believed that even a small change to the 

institutional set-up of the Pool could make a significant difference to the final market 

price. Using a game theoretic approach, he showed that if the Pool was modified so that 

the second highest bid, rather than the highest, was used to set the uniform price then 

this would remove immediately the ability of firms to influence it, making marginal cost 

bidding a dominant strategy. 

2.3.3. Auction theory conclusions 

The general conclusion that can be drawn from the literature available on multi-unit, 

multi-period auctions is that where bidders are not symmetric and have market power, 

large bidders can, and do, actively seek to influence the marginal market price to keep 

prices well above marginal cost. From the point of view of the Pool, the opportunity for 

generators to learn about each other's bidding behaviour, and adapt their bidding 

strategies accordingly, is also clearly offered by the daily repetition of the day-ahead 

market, and by the provision of extensive bid information. Though the literature 

contains some useful analogies and experimental analysis of uniform price and 

discriminatory auctions, none are sufficiently similar to any currently existing electricity 

market to provide concrete evidence, either way, that Pool based or bilateral trading 

arrangements lower prices. Nor do they provide any evidence as to whether Pay SMP or 

Pay Bid contributes to the market power of generators. 

2.4. Economic and game theoretic analysis of imperfect competition 

Using the Bertrand model of imperfect competition as the basis of their analysis, the 

designers of the Pool believed in 1989 that all generators would bid their plants at the 

marginal cost of production. In hindsight, it is now obvious that this bears little 

resemblance to the practical reality which is that National Power, PowerGen, and then 

Eastern, were able to bid in much more strategically sophisticated ways than was 

initially assumed. As a result, prices remained high. As discussed in the previous 

chapter, this error was later compounded by the decision to allow National Power and 
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PowerGen to choose which plants they were to divest and also to lease, rather than sell, 

these plants to Eastern. Though endorsed by sophisticated equilibrium modelling [see 

for example, Green & Newbery (1992), Newbery (1995) and Green (1996)], and by 

empirical analysis of industry concentration ratios, it is clear that these approaches still 

failed to capture important elements of either the market mechanism, and/or the industry 

structure, which were contributing to generator market power. 

2.4.1. Classical economic models 

Fundamentally, all models of imperfect competition are an attempt to understand the 

strategic interaction of firms. Unlike firms in the extreme case of a monopoly, or a 

perfectly competitive industry setting, an imperfectly competitive market requires each 

firm to take account of the impact of its actions on the actions of other firms. The 

simplest models of imperfect competition are the Bertrand, Cournot, von Stackelberg, 

and kinked demand duopoly models. 

The Bertrand model simply assumes that a symmetrical duopoly of firms, each capable 

of supplying the entire market demand, simultaneously bids a single price to the market. 

Knowing that each has an incentive to slightly underbid the other, neither firm has any 

choice but to bid at marginal cost. The model therefore predicts the same outcome as 

that for a perfectly competitive market. The Cournot model takes the opposite approach, 

by assuming that a symmetric duopoly of firms decides to bid simultaneously a single 

quantity to the market. A central auctioneer is assumed to allocate the quantities offered 

until demand is satisfied, and sets the market price, which remains above marginal cost. 

What distinguishes these models of duopoly is the conjectures each firm makes about 

the other firm's action and reaction. Each model makes different assumptions about the 

conjectures that firms make and then finds an equilibrium outcome at which no firm 

would wish to change its bidding strategy based on its conjecture about the other firm. 

In the Bertrand model, each firm believes that the other will not change the price that it 

is quoting. In the Cournot model, however, each assumes the other will act in a way that 

keeps fixed the quantity it sells. In each case it is possible to compute the reaction 

function of each firm to the bid price or quantity offered by the other. 
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The von Stackelberg model takes a slightly more sophisticated approach to the 

interaction of firms and relaxes the assumption that players bid simultaneously. In this 

case, Firm 1 knows that Firm 2 will observe its choice of quantity and react to it because 

Firm 2 has Cournot conjectures. In this case, Firm 1 believes that Firm 2 will be 

influenced by its choice of quantity. Firm 1, is known as the von Stackelberg leader, and 

Firm 2 the von Stackelberg follower. In the case where both firms attempt to act as von 

Stackelberg leaders then there is no single equilibrium. 

The final model to consider is that of a kinked demand curve [see both Sweezy (1939) 

and Hall & Hitch (1939)] that assumes both firms have symmetrical conjectures about 

each other. From the point of view of Firm 1, it assumes that Firm 2 will continue to 

produce the same quantity providing Firm 1 does not attempt to increase its quantity 

output. If Firm 1 does attempt to increase its output then it assumes Firm 2 will react by 

matching the new quantity output. As Firm 2 has identical conjectures about Firm 1, 

both firms see the demand curve as having a kink in it and therefore have little incentive 

to lower price to gain market share. 

The obvious weakness of all the classical models of imperfect competition, discussed so 

far, is that in almost all real markets, including Pool and bilateral markets, firms 

compete by making both price and quantity bids. Klemperer & Meyer (1989) tackled 

this problem by proposing a supply function equilibrium model. Here firms are assumed 

to make bids consisting of price quantity pairs. This was the model which Green & 

Newbery (1992) used in their analysis of the Pool. They pointed out that a firm could 

achieve any point on the residual demand curve with either a price or quantity bid, once 

its competitor had made its choice, resulting in multiple equilibria. However, these 

disappeared once an element of uncertainty was introduced, for example, about demand. 

Unfortunately, to make their analysis tractable they were limited to analysing an 

industry containing symmetric firms, with identical marginal costs. This is a significant 

step away from the complex pattern of plant ownership, and the asymmetric nature of 

marginal costs in the Pool. In addition, -their assumption of demand elasticity of 500 

MW for each £1/MWh rise in price is far higher than empirical observation suggests. 

Nevertheless, the model did predict prices well above marginal cost, even for markets 

where the industry was highly fragmented, confirming that industry structure, and hence 

market power, is a potentially more serious issue than initially predicted. 
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Kreps & Scheinkman (1983) also tried to resolve the price versus quantity debate by 

taking the view that capital was a sluggish variable, while prices could be adjusted 

quickly. This led to a model of capacity competition followed by price competition. In 

the first period, firms simultaneously selected capacities, then played a pricing game 

subject to the capacity constraints imposed by the choices made in the first period. They 

showed that the Cournot outcome is the equilibrium solution to this two-stage model. 

The Kreps & Scheinkman model therefore dealt with the major criticisms of the 

Cournot model (i. e. that it lacked a mechanism for setting price) and the Bertrand model 

(i. e. that with unlimited capacities, it gave unrealistic solutions). 

In practice, none of these models describes adequately competition in any ESI, but each 

contains elements, which match observed phenomena. For example, the Bertrand model 

is a good descriptor of a sealed bid market, which is fundamentally what the Pool day- 

ahead market is, but fails because real generators clearly do not have unlimited capacity. 

However, it is interesting to note that there was excess capacity in the early days of the 

market, when prices were lower. Indeed, there is still excess capacity during off-peak 

hours when prices are also generally much closer to marginal cost. As for the Cournot 

model, the assumption of a duopoly of generators with a finite capacity fitted the 

industry structure just after Vesting, but did not fit the trading arrangements adequately 

given that generators bid prices as well as quantities. 

The Kreps and Scheinkman model introduces the useful concept of competition to 

install capacity, before price competition takes place, as well as the possibility of 

constraints being imposed by the capital market. Indeed, it is interesting to speculate 

what impact the incumbent ownership structure of the industry has had on new entrants' 

decisions to enter the market. If incumbents are really acting as von Stackelberg leaders, 

then their decisions to mothball or invest in plant would be expected to have an impact 

on the amount of capacity being built by new entrants. The von Stackelberg model is 

also interesting given that it takes account of the capital market and the fact that 

investment in capacity, followed by price competition, reflects both the order and time 

scale of the strategic choices facing firms. 

In this respect, a variation on the von Stackelberg leader-follower theme has been 

developed by Allaz (1992) and Allaz & Vila (1993) where, in stage I, two competitors 
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decide what quantity of their production to hedge, and in Stage II compete to sell their 

residual output as Bertrand competitors. It turns out that both players preferred to have a 

short position in the forward market that is bought by risk neutral speculators. This 

result occurred even where competitors had no desire to reduce risk - though that may 

be an additional motive - purely because it improved their strategic position in Stage II. 

Indeed, when one agent decided to hedge the other agent was forced to do so. The 

model, therefore, provided an alternative explanation as to why forward and futures 

markets might appear spontaneously, other than for reasons of risk aversion. An 

interesting result occurs if forward trading is extended over N trading periods. If N= oo, 

then industry output and prices are as for the perfectly competitive industry. The 

observation that generators do indeed hedge most of their output, well before the Pool 

day-ahead market occurs, suggested that the element of quantity competition occurs 

before price competition, since a failure to gain market share in the forward market 

cannot be made up later in the day-ahead market. Green (1999a) also discusses the 

importance of generators' forward contracting in the Pool, and shows that a fully 

contracted generator has no incentive to raise prices in the spot market but to bid at 

short-run marginal cost with each of its plants. It is also worth noting that baseload 

generators that hedge almost 100% of their output, are also prepared to bid at zero and 

that baseload prices during the night often fall to or below marginal production costs. 

Data provided by the generators themselves (MMC, 1996a, 1996b) shows that both 

PowerGen and National Power were also heavily contracted during the early years of 

the Pool, when prices were low, and that National Power was over contracted in 

1991/92 and 1992/93. Finally, the kinked demand model fits the empirical observation 

that generators monitor, and report regularly, market shares [see for example National 

Power (1999) and PowerGen (1999)]. 

It is clear that each of these models captures an element(s) of the industry structure, 

trading arrangements, and strategic choices facing regulators and generators in 

electricity spot markets. However, they require too many ad hoc rationalisations to 

address their major weakness; they all assume that competition occurs over only one or 

two periods. In the Pool day-ahead and forward markets, the same generators meet 
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repeatedly day-after-day. Game theoretic models, particularly those for repeated games, 

offer insights that are more useful. 

2.4.2. Game theoretic models 

Stigler (1964) pointed out the limitations of static oligopoly analysis, as in the classical 

models described above, and emphasised the importance of the speed with which rivals 

learn to cut prices, the probability that such a competitive move will be made, and the 

scope for retaliation by other oligopolists. To him, oligopoly theory was a problem of 

how to police a tacitly collusive industry structure. This is precisely the problem that 

now faces the regulator in trying to address the problems of market power in the Pool. 

Tacit collusion, in any situation, depends on the participants being able to punish 

credibly any other participants that deviate from the agreed scheme. The conjectures and 

reaction functions described in the previous section merely represent the same problem 

using a different terminology. A natural way to model the process of learning, 

punishment, and tacit collusion, is to use models that assume that firms repeatedly 

interact through time. The main focus in models of repeated games is the reactions of 

each player at each stage of the game. 

As far as analysing competition in the Pool goes, the weakness of finitely repeated 

games is that the threats of retaliation are not credible because of the backward 

induction argument that unravels any tacit collusion. As a threat of retaliation can never 

be credible in the final period of a game, nor can it be credible in the penultimate period, 

and so on back to the first period of the game (Tirole, 1995). At first sight this is a rather 

disappointing result, especially from the point of view of understanding the behaviour of 

firms in the Pool, since they seem to have managed to coordinate their bidding 

strategies, year-after-year, so as to maintain price discipline. However, by considering 

infinitely repeated games, or supergames as they have become known, this problem is 

avoided. The prospect of a game which lasts infinitely, or at least for an indeterminate 

length of time, not only allows learning to take place but also induces discipline in the 

players behaviour by making credible any threats of retaliation. Supergames are 

therefore, potentially, a very good way of representing the repeated nature of the games 

being played out. 
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Friedman (1971) developed a supergame model where each firm produced its agreed 

`quota' of market share output. If any firm defects from the agreement, by attempting to 

produce more than its quota share, then all the other firms in the industry would 

automatically play their static non-cooperative strategy for ever. For example, if it was a 

quantity-setting supergame then each player produced the static Cournot output as 

described above. Knowing this threat existed, no player would choose to break the 

collusive agreement, providing the potential defector could be certain of being detected. 

As well as quantity-setting supergames, as per Friedman above, they could also be 

played by price setting players. In general, repeated Bertrand games make it easier to 

support collusion because the punishments are much more severe than in a Cournot 

reversion described above. An interesting version of the Bertrand supergame was 

described by Brock & Scheinkman (1985), with firms subject to capacity constraints. In 

this case, they found that as the number of firms increased in the industry, each firm 

found defection more tempting, and the degree of sustainable collusion was decreased. 

So far, the supergames described above have assumed that any deviation from the tacitly 

collusive outcome is observed immediately and accurately by the whole industry. The 

outcome of the supergame might therefore change if oligopolists cannot observe their 

rivals production or prices. Models of trigger pricing strategies consider the possibility 

that a firm might find it difficult to observe, with any certainty, when, and by how 

much, a rival(s) has exceeded the collusive output level. This class of models appeals 

directly to Stigler's work (1964) and is termed a `trigger price strategy' because the firm 

can observe the market price and its own output but not the prices and output of other 

firms. Green & Porter (1984) developed a model that assumed firms followed a strategy 

whereby they produce at the collusive level of output until price falls below a trigger 

level. If this happens, a punishment phase begins, consisting of Cournot reversion for a 

given number of periods, followed by a return to the collusive outcome. As for other 

supergames, no firm would wish to defect but uncertainty about demand could be 

sufficient to ensure that prices would occasionally fall below the trigger level, causing a 

price war to ensue. 

This model has the virtue of being simple, and appears to fit empirically observed 

behaviour very well. What is particularly compelling about this model is it predicts the 

occurrence of price wars, something that other supergame models do not because 
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defection is never optimal. In terms of the applicability to the Pool, electricity demand 

can be forecast with a high degree of accuracy. This suggests that collusion in this 

environment should be extremely easy to maintain, and the occurrence of price wars 

relatively easy to avoid. 

Despite the promising results from supergames, they too suffer from a major weakness 

that limits their applicability and predictive power. The problem lies in deciding which 

of the many possible equilibria the industry will select or coordinate upon. Tacit 

collusion can support any Pareto optimal outcome in an oligopolistic supergame if the 

discount factor is close enough to unity, as it would be if participants can respond 

rapidly to each others actions. In this respect, supergame models cannot predict the 

collusive outcome (e. g. in terms of what level of market price will emerge) but only that 

such an outcome is supportive as a non-cooperative outcome of the game. Nor has any 

credible method been proposed for narrowing down the potential range of collusive 

equilibria. Put simply, there is little reason why one equilibrium may be chosen over 

another, though what is clear from these models is that the real competitive battle occurs 

between firms when they fight for a position along the Pareto frontier. This is the so 

called Folk Theorem of supergames which states that any feasible Pareto optimal 

outcome may be the equilibrium solution providing it can be sustained by a credible 

threat of retaliation. 

Taking the case of a symmetric duopoly competing in a price setting (or indeed quantity 

setting) supergame, the collusive outcome may result in a market price anywhere 

between the monopoly and perfectly competitive level. In order to make the game 

`work' the firms would have to agree before the game started what the collusive level 

was going to be, but this merely shifts the competitive element of the game to a 

negotiation over market shares. Again, there is no way of deciding what the outcome 

should be, though the market share division must obviously be limited by the capacity 

of each of the players. The second problem arises because the threat of punishment is 

not credible when there is a possibility of any player attempting to renegotiate the 

collusive agreement reached before the game begins. Observation of cartels suggests 

that renegotiation occurs frequently, and indeed may become necessary if the 

circumstances of any of the players change. Farrel & Maskin (1987) proposed a solution 

to this problem by suggesting that firms would attempt to co-ordinate on renegotiation- 

81 



proof equilibria. This narrowed the full set of equilibria, but still left a substantial 

number to select from. 

2.4.3. Conclusions from classical models and game theory 

The overall conclusion that can be drawn from this limited review of the vast literature 

on oligopoly models, is that all have drawbacks, and none have been able to describe 

successfully all of the strategic aspects of oligopoly competition. From the point of view 

of the Pool, it is perhaps not surprising that the regulatory task has been so difficult, 

given the absence of a reliable model of oligopoly behaviour with which to analyse 

competitive strategies. From the point of view of Germany, it is not clear whether the 

proposed mergers would result in a significant increase in generator market power or 

merely raise prices to sustainable levels. To try to resolve this problem, the next section 

turns to a new branch of economics, which sets aside the need for equilibrium solutions, 

and instead focuses on the learning and behavioural aspects of the interaction of 

economic agents. 
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Chapter 3. A computational model of strategic rivalry 

The UK regulator and the Government are attempting to resolve a number of complex, 

and interrelated, issues. These are difficult to address in an analytically tractable way 

using conventional economic models of imperfect competition, and are too idiosyncratic 

to solve using empirical experience from other markets. In response, a novel agent- 

based simulation approach, ABS, has been developed in order test the impact of a range 

of different trading arrangements and industry structures on generator bidding strategies, 

and hence on market power and market price. 

3.1. Evolutionary economics 

Arthur, Durlauf, & Lane (1997) identified the following characteristics, inherent in 

complex economic systems, which cause traditional economic analysis to fail: 

i. dispersed interaction between many heterogeneous agents acting in parallel 

determines what happens in the economy rather than aggregate, or homogenous, 

economic actors behaving optimally; 

H. no global controller determines what happens but, instead, mechanisms of 

competition and co-ordination among agents lead to the complex emergent 

behaviour of the whole system; 

iii. hierarchical organisation occurs at many levels in the economy where units at one 

level are building blocks for the next level; 

iv. continual adaptation of behaviours, actions, products, and strategies occurs as 

agents accumulate experience which in turn leads to further adaptation; 
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v. perpetual novelty in technology, behaviour and institutions creates niches for 

agents to exploit, and the act of exploiting them creates new niches, and so on; and 

vi. out-of-equilibrium dynamics means that the economy operates far from the 

optimum or global equilibrium and improvements to strategies, products, 

institutions, and relationships between agents are always occurring, so that the 

system never comes to rest (i. e. equilibrium). 

Markets exhibit all these characteristics and therefore seems to be a good example of a 

complex economic system. According to Holland & Miller (1991), such a system is 

complex in a special sense because it: 

i. consists of a network of interacting agents (processes, elements); 

ii. exhibits dynamic behaviour emergent from activities of individual agents; and 

iii. aggregate behaviour cannot be described without knowing individual agents' 

behaviour. 

Putting this into the context of an electricity market, the emergent macro-level 

behaviour observed is the level of market price. However, when the underlying 

components are examined using traditional economic analysis, it has proved impossible 

to see which part(s) of this economic system is leading to the emergent phenomenon. 

That is why there is such a diversity of opinion about whether it is the trading 

arrangements, the industry structure, or both, which is causing the market power 

problem. In some electricity markets, seemingly sensible changes to the industry 

structure have not resulted in the market price response predicted by equilibrium 

models. Indeed, the agents have quickly adopted and adapted (learned) new strategies to 

nullify the regulator's efforts to control them as has been demonstrated in the Pool and 

also now possibly in Germany with the mergers already announced. 

In the previous discussion of classical and game theoretic models of oligopoly 

behaviour, the importance of learning through time was emphasised, hence the 

attraction of supergames. In the seminal work of Nelson & Winter (1982), there is the 

suggestion that firms adopt routines, which they will retain, adapt, or discard through 

time as the competitive environment changes. This concept of continuously evolving 

patterns of behaviour is resonant of evolutionary theory with ideas, plans, and strategies 
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being analogous to genes in a population of individuals. Those which confer a 

competitive advantage on firms are retained, and reinforced, whereas those that are not 

are replaced by other, perhaps randomly chosen, ideas, plans and strategies. This 

suggests a model of competition in which the race to discover superior strategies is the 

true locus of competition, rather than at the level of the firm itself. 

The concept of a perpetual race, that can never be truly won, was developed by Ridley 

(1993) who suggested that whatever genes (strategies) might evolve, there are always 

new genes (strategies) being discovered and developed that could potentially come to 

dominate. Under these conditions, the process of competition in an industry is far from a 

static one-shot process but a constant turmoil of evolving strategies played out through 

time. Ridley described this as the Red Queen Effect. Lane (1993a) and Lane (1993b) 

proposes a learning-based theory of economic action as an alternative to the choice- 

based rational behaviour theories that underlie much of traditional economics. He 

highlighted the key importance of `reward', which the agent receives intermittently from 

the environment, with the `aim' being to maximise this reward. By repeating this 

process through time, he suggested that agents should be able to build up behavioural 

repertoires that included chains of actions that look like instantaneous strategy choices 

from the point of view of an external observer. In practice, they are merely the 

culmination of actions and reactions to the information flow received by the agent, 

perhaps, over a long period. Arthur (1993) follows the learning theme by developing 

calibrated agents from human learning data to `replace the idealised, perfectly rational 

agents in appropriate neoclassical models'. 

Unlike classical and game theoretic models, evolutionary economic models do not lend 

themselves to analytical solutions. Therefore, researchers have turned to simulation as a 

means of operationalising these concepts. The philosophy underlying this methodology 

is described in the next section. 

3.2. Agent-based simulation philosophy 

Traditional equilibrium economic models tend to look at an industry in aggregate, from 

the top-down. In contrast, the evolutionary economic approach seeks to understand the 

behaviour of economic systems from a bottom-up perspective. Though this brings 
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advantages in terms of realism, the inclusion of learning effects, and the potential for 

heterogeneity between firms also brings with it all the complexity and analytical 

intractability of a real economic system. The agent-based simulation (ABS) 

methodology addresses these difficulties by modelling explicitly each of the individual 

economic agents, and their interactions with each other, using a discreet event 

simulation platform. In particular the ABS approach analyses an economic system by 

modelling: 

L the actions and interactions of individual economic agents through time, not as a 

one-shot static equilibrium; 

ii. agents as continually adopting and adapting to new strategies in response to their 

changing environment, as well as the actions of other agents in the system; 

in. agents as highly boundedly rational, with a very limited capacity to sense and 

process information from their environment; 

iv. system complexity, at the macro-level, emerging endogenously through the 

repeated interaction of agents, using `rules of thumb' (routines), rather than 

imposing exogenous complexity during the model building process. 

The traditional `structure-conduct-performance' strategy paradigm uses top-down 

analysis of an industry structure as a starting point to understand what firm behaviour is 

best suited to serving a particular market with the aim of predicting or explaining the 

economic performance of different firms in an industry. In contrast, the distinctly 

bottom-up approach of ABS aims to understand how an individual firm's strategic 

decisions and actions, taken at specific points in time, might interact with strategic 

decisions and actions taken by other firms in an industry. Once this is understood, the 

next step is to understand how these individual decisions affect firm performance, and 

how that eventually shapes an industry's structure. The ABS methodology is therefore a 

powerful alternative means of understanding and analysing strategic processes such as 

imperfect competition. 

At its simplest, an ABS model consists of an economic environment (market), populated 

by agents (firms) that are each individually represented in the model with their own 

unique stock of assets, skills, knowledge, and even behavioural routines. Like real firms, 

the agents are typically capable of gathering (sensing) and storing (remembering) 
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limited amounts of information from their environment as the simulation progresses, to 

which they apply simple logical rules (routines) in order to come to decisions about 

pricing, inputs, outputs, investment, etc. The role of the modeller/analyst is limited to 

assigning initial resources, and capabilities to the agents and determining what 

objectives they will seek to achieve such as profit, turnover, market share, etc. Put 

simply, an agent is free to adopt any strategy, within the constraints imposed by the 

environment and the actions of other agents, providing that strategy helps the agent 

achieve its objectives. 

Though game theory and traditional equilibrium economic models also allow us to 

analyse strategic behaviour at the firm level, the special strength of a computational 

approach is that it allows analysis of extremely complex strategic problems without the 

simplifying assumptions that traditional approaches require. Moreover, because the 

strategies that agents adopt emerge endogenously from the model, no a priori analysis is 

required before the simulation is conducted. In essence, this computational approach to 

strategy analysis allows agents to be observed directly, for long periods of simulated 

time, discovering, testing, adopting, and implementing successful strategies. By 

employing the special features of ABS models, strategic analysis therefore becomes a 

controlled laboratory experiment, in which the causal links between structure, conduct, 

and performance can be identified and analysed in detail. This is something that can 

never be achieved even by careful observation of firms and industries in the real world. 

With the advent of powerful, and cheap, computers over the last ten years, it is now 

possible to simulate the behaviour of large-scale complex social and economic systems. 

For example, Epstein & Axtell (1996), simulated the interactions and behaviour of 500 

individual socio-economic agents, in their Sugarscape artificial society, where they 

observed the spontaneous emergence of a wide range of socio-economic phenomena 

such as resource trading, disease, war, famine, racism, and culture. The same techniques 

have also been applied to simulating stockmarket phenomenon [for example Arthur et. 

al. (1997) and Day & Huang (1990)] including the emergence of technical trading rules 

and price booms and crashes. Marimon, McGratten, & Sargent (1990) observed the 

spontaneous emergence of money as a medium of exchange, in a two-commodity 

economy, when agents were allowed to trade with each other. Tesfatsion (1997) also 

reviewed many other examples of theoretical market simulations, including her own 
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trade network game where resource constrained trading agents ('tradebots') were able to 

choose and refuse trading partners. 

There are also some precedents for using ABS approaches in the study of electricity 

markets, most notably Curzon Price (1997), who used a genetic algorithm to study the 

strategic bidding behaviour of a generating duopoly, and Hämäläinen (1996) who 

modelled the individual behaviour of electricity consumers in demand-side management 

schemes. Day (1999) used the supply function equilibrium approach of Klemperer & 

Meyer (1989) with each agent making the conjecture that all other agents would 

compete as they did in the previous period. When played through time, this `best 

response' model allowed agents to learn highly complex strategic behaviour strikingly 

similar to that in the Pool. It revealed a high degree of tacit collusion and market power 

in the industry. 

In the next section, an ABS model is developed for use in analysing market power and 

strategic behaviour in wholesale electricity markets. This model draws upon the 

strengths of the classical and supergame models surveyed above, but seeks to address 

their weaknesses by taking an explicitly `evolutionary' approach where agents are 

allowed to develop new strategies through time. 

3.3. Modelling architecture 

This section describes the structure of an ABS model that has been developed for the 

specific purpose of investigating strategic interaction of agents in an imperfectly 

competitive market setting, in particular those prevalent in wholesale electricity 

markets. 

3.3.1. ABS model overview 

The ABS model developed here has a set of trading arrangements, a set of agents, and 

an aggregate demand schedule. The trading arrangements consist of a daily repeated 

auction upon which different combinations of bidding, clearing and settlement 

arrangements are imposed along with any regulatory controls on agent bidding 

behaviour. Each agent represents a single competing firm, endowed with a portfolio of 
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generating plants, characterised by capacity, fuel type, efficiency, availability, and 

marginal costs. In contrast to the supply side of the market, all the agents on the demand 

side are assumed to be price takers with no ability to influence the market through 

strategic behaviour. For simplicity, these are modelled as an aggregate demand curve. 

The behaviour of individual agents in the market milieu is determined by simple 

decision rules based on fundamental processes: 

L Mutation: agents can select randomly from an infinite set of potential bidding 

strategies which they could potentially follow through time; 

U. Feedback: agents can observe the results of their bidding strategies; 

iii. Selection: agents can measure the success of their bidding strategies against both 

a profit and capacity utilisation benchmark, then repeating any successful 

strategies; and 

iv. Competition: agents respond continually to the competitive behaviour of other 

agents. 

3.3.2. Software implementation issues 

A number of specialist discrete event simulation platforms were investigated as possible 

candidate platforms on which to implement the ABS model. A small prototype model of 

the ESI was built with a duopoly of firms and the performance of the model on each 

platform was tested, along the following dimensions: 

i. simulation run times; 

ii. applicability to the problem of strategic behaviour in electricity markets; 

iii. investment required in learning a language, implementing, and debugging; 

iv. availability of built in statistical functions, graphics, modules and user interfaces; 

v. size of the population of established users; and 

vi. cost of software and hardware. 

Three SD software packages were tested, Vensim, Powersim, and IThink in addition to 

the only specialist ABS platform available at the time called Swarm, a description of 

which is which is given by Minar et. al. (1996) and at Swarm (2000). During the course 
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of the research, Mathematica was also evaluated. The alternative solution of 

programming a proprietary simulation platform was also evaluated in C++, Java, and 

Prolog. 

A proprietary model built with Excel/Visual Basic (VBA) was finally selected because it 

outperformed all of the SD software packages and Swarm in terms of raw simulation 

speed. It also offered the same advantages of having readily available, statistical, 

modules, which did not require further programming, and a well established user base 

that exceeded all others. Representing agents as data arrays in Excel workbooks was 

also found to be less cumbersome than attempting to adapt the SD stock and flow 

framework to the ABS approach. The heritage of Swarm as a tool for spatial 

representation of agent interactions also proved to be a significant barrier. Time required 

in learning the programming language, coding and debugging was similar to Swarm but 

less than for the other programming languages. Total software and hardware cost was 

similar in all cases. 

3.3.3. Trading arrangements 

At the start of each simulated trading day, each agent submits bid prices for each plant 
in its portfolio and it is assumed that all the expected available capacity is always bid for 

the whole day. Each bid is therefore linked to a specific plant capacity, which means 

that agents are, in effect, submitting firm bid supply functions. 

Bidding is allowed in one of two ways; either a single price for each plant for a whole 
day (daily bids) as in the current Pool's day-ahead market, or 24 separate hourly prices 
for each plant (hourly bids) which mimics trading in a bilateral market. The market is 

cleared by stacking the plant bids, low to high, and allocating demand to plants, in strict 

merit order, until demand is exhausted for each hourly period. There are therefore 24 

separate hourly settlement prices for each trading day, and any plant that has bid above 

the bid price of the marginal plant in any given hour has a zero utilisation rate. The 

auction results are calculated simultaneously, for all 24 hours, at the end of the trading 

day. Revenues are calculated on the basis of demand allocated multiplied by the price 

bid by the marginal plant in each hour (Pay SMP), or on the basis of each plant's own 

bid (Pay Bid). All agents receive simultaneously the results of their bids at the end of 
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the trading day, and even where separate hourly bids are submitted there is no 

opportunity to observe the outcome of these until trading is completed. 

The model allows the agents' behaviour to be constrained by an external regulator. In 

particular, the agents may have a price cap imposed upon them, and they have to 

comply with the rules governing bidding, market clearing, and settlement processes in 

the same way as generators operating in the Pool. Each simulation run lasts 750 periods, 

with summary statistics calculated for each of the 24 hourly settlement periods from the 

final 250 days of data. For the Pool trading version of the model, this means that over 

50,000 separate daily bid decisions are simulated, while the bilateral trading version 

simulates over 1.2 million hourly bids25. 

3.3.4. Agent structure 

A key feature of the ABS approach is that it avoids the necessity to make the usual 

restrictive assumptions and simplifications, which are required by traditional economic 

analysis of imperfect competition. Instead, the agents use simple internal decision rules, 

summarised in Table 3.1, that allow them to `discover' and `learn' strategic solutions 

that satisfy their profit and market share objectives over time. Taken together, these 

rules constitute what is essentially a naive reinforcement learning that seeks out and 

exploits successful bidding strategies while discarding unsuccessful bidding strategies 

[see Sutton & Barto (1998) for introduction to reinforcement learning]. As a result, the 

behaviour of the simulated market is almost entirely emergent as it is created 

endogenously by the aggregate interaction between agents and their environment. 

A general empirical criticism levelled at classical and game theoretic models is that they 

assume economic actors not only assimilate information perfectly, but that they also 

have the power to observe it perfectly. This hyper-reality seems unrealistic and the ABS 

model developed here assumes, instead, that agents know everything about their own 

portfolio of plants, bids, output levels, and profits, but nothing about other agents or the 

state of the market. Their ability to capture and retain data is very limited, they have no 

powers of strategic reasoning, and hence they exhibit a high degree of bounded 

rationality. 
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Table 3.1. Summary of agent bidding rules and objectives 

Rule 1. Self awareness 

Agents receive feedback data from their own trading activities for the previous two trading days: 

i. plant avoidable costs of production; 
ii. plant bid prices; 
iii. plant sales prices; 
iv. plant and total portfolio expected available capacity; 
v. plant and total portfolio sales volume; 
vi. plant and portfolio rate of utilisation; 
vii. plant and portfolio profit; 
viii. portfolio target utilisation; 
ix. Portfolio profit. 

Rule 2: Information restrictions 

Agents do not know the past, current, or future, actions of other agents or the state of the market 

Rule 3: Objective functions 

Agents have common objectives for each new trading day which are to achieve: 

1. at least their target rate of utilisation for their own plant portfolio; and 
ii. a higher profit on their own plant portfolio, than for the previous trading day. 

Rule 4: Strategy selection 

Agents submit bid price(s) for each plant in their portfolio, at the beginning of the current trading day, using 
decision criteria in the following order of precedence: 

i. if the target rate of utilisation was not reached across the portfolio, on the previous trading day, then 
randomly subtract a percentage from the previous day's bid price for each plant In the portfolio; 

ii. if any plant sold output for a lower price than other plants across the portfolio, on previous trading 
day, then raise the bid price of that plant to the next highest bid price submitted; 

iii. if total profit did not increase across the portfolio, on the previous trading day, then randomly add or 
subtract a percentage from the previous day's bid price for each plant in the portfolio; and 

iv. if profit and utilisation objectives were achieved across the portfolio, on the previous trading day, then 
repeat the previous trading day's decision. 

Rule 5. Strategy restrictions 

Agents can follow any strategy on condition that the bid prices in their plant portfolio are always: 

i. no less than £0.00; 
ii. no more than £1000.00; 
iii. rounded to two decimal places; and 
iv. higher for high marginal production cost plant than for low marginal production cost plant in the 

portfolio. 

Agents' bidding strategies are not specified exogenously by the modeller but are 
developed by the agents themselves. The model also has the advantage of allowing 
bidding strategies to be observed for asymmetric bidders, right down to the individual 

plant level. This reflects the `bottom-up' approach of ABS, focussing on individual 

u Run speeds of approximately 30 minutes to simulate 4 years of trading history, on a standard PC equipped with a 400 MHz 
Pentium II processor and 128 MB RAM, are achieved. 
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strategic decision making behaviour, rather than the top-down aggregate market 

behaviour. Strategic learning is driven by each agent striving to satisfy two objectives: 

i. increasing continuously its own overall profitability, from one period to the next; 

and 

H. achieving a target utilisation rate on its plant portfolio in every period. 

To reach these objectives, agents may follow either a `price raising' strategy, by adding 

a random percentage to the bid(s) they submitted in the previous trading day or a `price 

lowering' strategy, by subtracting a random percentage26. Agents may raise or lower bid 

prices to any level, between zero and £1000.00, but plants with high marginal costs of 

production must always bid higher prices than plants, in the same portfolio, with lower 

costs of production. To replicate the impact of forward contract cover, it is assumed that 

forward contracting reflects each generator's desire to guarantee itself a minimum level 

of market share, or output, in a given period. For each agent, a minimum target rate of 

utilisation is assigned exogenously for its plant portfolio, which is expressed as a 

percentage of expected total available MWh of capacity. From the point of view of the 

simulation, if an agent failed to reach its target utilisation rate on the previous trading 

day, then it lowers the bid price(s) on all of its plants for the current trading day. Though 

this response disregards the potential impact on profitability, and the success of previous 

strategies, the target utilisation rate is attached to an agent's portfolio, not to particular 

plant(s), so they are still free to explore a wide range of bidding strategies which will 

satisfy both profit and utilisation objectives. 

Finally, an agent can transfer a successful bidding strategy from one of its plants, to all 

other plants in its portfolio. Agents with portfolios containing a large number of plants 

benefit from this learning effect as they naturally have more opportunities to experiment 

with, identify and adopt successful bidding strategies than a single plant operator. This 

is achieved by allowing agents to automatically raise the bid price on any plant to the 

level of the next highest bid price submitted, if it sold its output for less than the 

marginal sales price achieved in the portfolio on the previous trading day. In practice, 

each agent is updating continuously its profit objective, as the simulation progresses, 

26tH all the simulations discussed here, agents draw their random percentage values from a uniform distribution with a range +/. 
10% and a mean of 0%. Other distributions have been tested with little apparent effect. 
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always using the previous trading day's profit as a benchmark against which it compares 

the current day's profits. By updating continuously their profit objective at the end of 

each trading period, agents are forced to compete continuously against each other. As in 

the real world, not all the agents can increase their profits indefinitely and, at some 

point, a profit increase by one agent will cause a profit decrease for another agent. When 

an agent suffers a profit decrease, it is prompted to abandon its current bidding strategy 

and randomly look for a more successful one. When it eventually finds a better strategy, 

which might mean taking profit from another agent, this would trigger a new strategy 

search by the affected agent, and so on. 

3.3.5. Demand modelling 

Agents on the demand side are assumed to be small and cannot therefore act in a 

strategic manner. For simplicity, it is assumed that there are 24 hourly demand periods 

in each trading day27. Demand in each period is represented as a downward sloping 

demand curve of the form X= A- PE where A is a constant measured in MW, Pis the 

Bid Price measured in £/MWh, E is demand elasticity measured in MW per £1/MWh. 

As a result, demand falls in a linear fashion as bid prices rise. The constants A and E are 

set exogenously before the simulation begins. 

3.4. Validation against empirical results 

In this section the ABS modelling scheme, outlined above, is tested against empirically 

observed data from the Pool day-ahead market. To avoid the potential distorting effects 

on agent bidding behaviour that may have been induced by the regulatory scrutiny 
during the RETA initiative, trading arrangements, agent structure, and demand are those 

applicable during 1997/98. 

3.4.1. Model setup 

The 20 agents, summarised in Appendix C, represent the different generating firms with 

centrally despatched plant that compete in the Pool. Their plant capacities, plant 

availabilities, and production costs represent the industry as at 1 January 1998. All plant 

27 In the pool day-ahead market there are 48 half-hourly demand periods but, as demand generally varies little between each half- 
hour. the number of periods was halved in order to reduce simulation run times. 
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is assumed to be available in all 24 hours of the day, except for the peaking capacity in 

the two pump storage plants and the Indian Queens OCGT28. Pump storage facilities are 

assumed to buy electricity at the market clearing price in the 8 lowest demand (off-peak) 

periods during the previous trading day. Discharge is assumed to take place at the rate of 

50% of Available Capacity during the 12 highest demand (on-peak hours). Indian 

Queens is also assumed to be available only for the 12 on-peak hours, because it is 

operated under specific ancillary service contracts with NGC. For simplicity, and 
because of its small size, it is assumed to run continuously at full Available Capacity 

during these hours. Values are synthesised from a range of public and private sources, as 

well as own estimates, and the bidding rules and objectives that govern agents' 
behaviour are as in the previous section. 

Though data on the quantity, and distribution, of forward contract cover in the current 
Pool is commercially sensitive, in general, all IPPs with CCGT plant, nuclear 

generators, and interconnectors trade almost fully contracted and hence a target 

utilisation rate of 100% has been assumed for these companies. For Eastern, National 

Power, and PowerGen an average target utilisation rate of 60% has been assumed across 

their plant portfolios. In the following simulation of the Pool day-ahead market, hedging 

is assumed to account for 97.7% of total industry output. This value is consistent with 
levels of contracting reported anecdotally, and in Government inquiries [for example 

(MMC, 1996a), MMC (1996b)]. It is also consistent with the modelling work of Green 

(1999a) which shows a duopoly of generators that are 92% contracted can still raise 

prices substantially above short-run marginal costs. 

3.4.2. Demand schedule 

Actual hourly demand from 06.00 on Monday 1 December 1997 to 05.00 on Tuesday 2 

December 1997 was used, as this has been designated by NGC as Typical Winter Day 

load29 during 1997/98 as shown in Figure 3.1. This defines the constant value (A) for 

each of the hourly demand periods which is then modified by the demand response to 

fluctuating bid prices (P) submitted by the agents throughout the simulation. Elasticity 

of demand (E) is known to be very low in the Pool day-ahead market, which is one of 

28 A relatively inefficient gas fired technology compared with CCGT but quick and cheap to build. 

29 Demand at 18.00 was increased 350 MW to take account of the demand response factored into NGC forecasts 
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the major criticisms of it, because of the limited amount of demand-side bidding that 

occurs. Typically, about 750 MW of demand side bids are usually submitted between 

£80/MWh and £250/MWh and NGC studies show a further 2,000 MW of active 

demand management occurring under schemes run by the RECs (NGC, 1998). An 

uncertain amount of private load management also occurs, assumed to account for 

another 2,000 MW of demand response, which is also likely to be from industrial 

consumers. 

Figure 3.1. NGC forecast demand for 1 December 1997 
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Source: National Grid Company (1998) 

For the purposes of the simulations presented here, elasticity of demand (K) is assumed 

to be 25 MW for every £1/MWh that a bid price rises above £75/MWh. Therefore at an 

SMP of £175/MWh a total of 2,500 MW of demand side response occurs. This estimate 

of short-term demand side elasticity is much lower than that used by Green & Newbery 

(1992), who assumed a load drop of 500 MW per £1/MWh. However, it is quite close to 

the empirical estimates of Patrick & Wolak (1997) who calculated elasticities of 

between -. 1 and -. 3 for large industrial consumers which, given that they contribute 

about 15,000 MW of demand in the Pool, would be roughly equivalent to a load drop of 

15 - 45 MW per £1/MWh at peak on a typical winter day. 

Using the agents, and demand curve and hedging profile discussed above, simulations 

for the Pool trading (i. e. one daily bid and Pay SMP settlement) were carried out for 750 

simulation periods, each period corresponding to one day of trading. A wide range of 
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starting conditions, and sets of random numbers have been used, but these make little 

difference to the final results. For consistency, all the results in this thesis have therefore 

been simulated using an identical set of random numbers and it is assumed that in the 

first period of each simulation run, agents always submit a bid for each of their plants 

equal to its average cost of production. Results reported below are calculated from data 

collected in simulation periods 501-750 to minimise the impact of the initial period of 

agent learning and starting conditions. 

3.4.3. Supply function and prices 

Figure 3.2 shows the mean industry supply function. Agents appear to have replicated 

empirically observed Pool bidding behaviour with nuclear, CCGT, and interconnector 

operators bidding at or close to zero. Meanwhile, mid-merit coal plant tends to bid well 

above the industry short run marginal cost that varies between £11.50 - £17.50 

depending on the level of demand in any given hour. Mean hourly SMP has been 

calculated, as shown in Figure 3.3, over the same simulation periods as the supply 

function in Figure 3.2. 

In on-peak hours, simulated SMP exceeds the industry's estimated marginal cost, 

sometimes significantly, but in off-peak periods SMP is close to the industry marginal 

cost. This confirms that the simulated bidding strategies of the agents are consistent 

with those that real generators exhibit in the Pool, however, the mean simulated SMP 

for this period of the simulation is marginally higher than actual SMP reported on 1 

December 1997. A discussion of this is included in Appendix D. 

3.4.4. Market and SMP setting share 

To validate the model further, the individual bidding strategies of agents have been 

compared with those expressed by generators in the Pool. Table 3.2 shows how the 

share of output, the share of SMP setting and overall plant portfolio load factors varied 

across the industry during Winter 1997/98 (October - March) as compared with the 

mean simulated values. 
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Figure 3.2. Mean simulated industry supply function 
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Figure 3.3. Mean simulated SMP and marginal cost versus actual SMP for 1 Dec 1997 
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Simulated output shares are very close to actual values, and SMP setting shares are 

broadly similar though the simulated SMP is set much less often by Mission Energy 

pump storage plant than in the real Pool day-ahead market. Overall, simulated SMP is 

set 98.95% of the time by plant owned or under the influence of National Power and 

PowerGen as compared to 99% of the time in actual winter 1997/98. 
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Table 3.2. Actual and simulated output share, SMP setting share, and utilisation rates 

Out put SMP S etting Utilisation rates 
Simulated Winter 1997198 Simulated Winter 1997/98 Simulated Winter 1997198 

Eastern 9.73% 11.55% 39.47% 18.00% 56.44% 63.00% 
Interconnectors 8.68% 9.52% 0.70% Negligible 93.40% 95.00% 

IPP / Other 14.54% 14.09% 0.20% Negligible 88.13% 78.00% 
Magnox Electric 7.44% 7.68% 0.00% Negligible 90.60% 84.00% 
Mission Energy 1.24% 0.89% 0.77% 11.00% 94.41% N/A 
National Power 21.65% 21.32% 32.30% 42.00% 53.47% 46.00% 
Nuclear Electric 16.66% 15.23% 0.15% Negligible 90.57% 76.00% 

PowerGen 20.08% 19.73% 26.42% 28.00% 53.71% 47.00% 
industry 100.00% 100.00% 100.00% 100.00% 67.28% 58.00% 

The simulated utilisation rates are consistent with the target rates set at the beginning of 

the simulation, but somewhat higher than those in the actual winter of 1997/98. This 

result is not surprising given that a weekday demand is being used in the simulation 

while the comparative actual period contains both weekends and a substantial holiday 

period. Nevertheless, the broad conclusion that nuclear and IPP plant operators run their 

plant almost continuously while the mid-merit operators run plant much less intensively 

is borne out by the simulated utilisation rates. The high simulated utilisation rate for 

Mission Energy also explains why it has a lower than expected SMP setting rate and 

may be due to the fact that its role in providing reliability reserve has not been factored 

into the model. 

3.4.5. Hedging 

From observing real bidding and from analysis done by Helm & Powell (1992), Powell 

(1993), and Green (1999a), it is now well accepted that the optimal bidding strategy for 

generators with hedged plant, is to bid at short-run avoidable cost. Therefore, prices in 

the Pool day-ahead market do not reflect purely competitive bidding, because forward 

contract cover limits generators' ability to exercise market power. In general, therefore, 

the higher the level of contracting, the lower the expected level of prices. These findings 

have been replicated by the simulation results presented in Figure 3.4 where successive 

simulations are run with gradually increasing target utilisation rates for National Power, 

PowerGen, and Eastern. As the rate increases (i. e. as the generators' desire for market 

share is raised) prices fall. 
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Figure 3.4. Impact of target utilisation on mean simulated Industry supply function 
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3.5. Validation against classical models 

Though the model developed above appears to produce results that are consistent with 

empirical observations from the Pool day-ahead market, and represents the key aspects 

of a repeated game set-up, but it also needs to be consistent with existing economic 

theory represented by classical models. To test this, simulations of a monopoly, 

duopoly, and perfectly competitive industry structure were performed using both Pay 

SMP and Pay Bid settlement. Bid prices, and market prices were collected over the final 

250 simulation periods and summarised in Table 3.3. 

Table 3.3. Summary results from monopoly, duopoly, and competitive simulations 

Industry Settlement Simulation Theoretical 
Structure Mechanism Result Result 

Pay Bid £512.38 (A/2E + k/2) _ £505.00 
Monopoly 'Monopoly' 

Pay SMP £511.40 P�H, rke, _ (A/2E + k/2) = £505.00 
'Monopoly' 

Pay Bid £279.39 (A/3E + 2k%3) = £340.00 
Duopoly 'Cournot or Bertrand with capacity 

constraints' 
Pay SMP £262.10 P., *e1= (A/4E + 3k/4) = £257.50 

'von Stackelberg' 
Pay Bid £ 10.01 Pnwrket =k=£ 10.00 

Competitive 'Perfectly Competitive' 
Pay SMP £ 10.01 P. A., =k=£ 10.00 

I 'Perfectly Competitive' 
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For consistency, market price is defined as SMP under Pay SMP settlement and sales 

weighted average price under Pay Bid settlement to reflect what generators and 

consumers would receive or pay on average rather than just the market clearing prices30. 

3.5.1. Monopoly 

In this simulation a single generating agent, endowed with 50,000 MW of capacity is 

inserted into the model with a target utilisation rate of 0%. Marginal cost of production 

(k) is £10.00/MWh and demand is identical in each hour of the day and is represented as 

a downward sloping demand curve of the form X=A- PE where A= 50,000, P= 

simulated bid price, E= 50. The classical model predicts that market price (P. ) under 

these circumstances should be: P. = (A/2E) + k/2 = £505.00. The bid prices and mean 

market prices from the final 250 simulation periods are shown in Figure 3.5. 

For Pay SMP settlement it was £511.40/MWh, and £512.38/MWh for Pay Bid. Both 

values fall within 1 Standard Error of the theoretical price. Not surprisingly, the 

monopolist is indifferent about the settlement process and will bid the same price for all 

its output regardless. The target rate of utilisation is not critical to the process, and 

reflects the fact that a monopolist has no interest in strategic bidding. 

3.5.2. Duopoly 

In the first duopoly simulation, the starting conditions are exactly as per the monopoly 

simulation except that there are now two firms with 50,000 MW of capacity. The target 

utilisation rate is set at 1% to reflect the fact that each duopolist will have an interest in 

supplying at least some of the market. 

The resulting market price is shown in Figure 3.6, for both Pay SMP and Pay Bid 

settlement, which is consistent with the Bertrand outcome as it falls to marginal cost. 

Each agent is able to supply the entire market and both are unable to escape the 

inevitable consequence of a fall in market price to marginal cost of £10.00. However, it 

is evident that this Bertrand outcome, though consistent in setup and outcome to the 

classical model, is also unrealistic. In fact, both the simulated outcome and the classical 

30 The sales weighted average price is calculated for the bilateral market, rather than market clearing price, because this is what 

generators get paid on average, assuming they trade repeatedly. As all generators are all paid the same SMP in the Pool the sales 

weighted market price is also SMP and can be compared directly with the sales weighted average price in the bilateral market. 
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outcome depend entirely on the rationing rule. Ideally, the duopolists would like to agree 

to each supply only part of the market, but the indivisibility of their capacity means that 

each must supply all or none. 

Figure 3.5. Monopoly simulations 
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To solve this problem, the next simulation assumes each duopolist has only 25,000 MW 

of capacity, again with a target utilisation of 1%. The results in Figure 3.7 show that, 

under Pay SMP one duopolist is selected at random to supply the market with all its 

capacity, and the other agent supplies the residual as a monopolist. 
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Figure 3.6. Duopoly simulations with "Bertrand" outcome 
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This is reminiscent of the behaviour of the von Stackelberg leader and follower outcome 

with prices rising to a level well above marginal cost at £262.10. However, under Pay 

Bid, neither agent can rely on the other to set the marginal market price, and so both 

agents tend to submit bids that oscillate randomly about the mean market clearing price. 

The random switching of bidders is reminiscent of the classical Cournot outcome, with 

prices above the Pay SMP outcome at £279.39. There is therefore a statistically 

significant difference between market prices under Pay Bid and Pay SMP settlement. 
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Figure 3.7. Duopoly simulations with "von Stackelberg" and "Cournot" outcome 

von Stackelberg Pay SMP 
£500 

£450 

£400 

£350 

£300 

£250 

a 
9 £200 

£150 

£100 

£50 

£0 

1 

£600 

£450 

£400 

£360 

£300 

0 £250 

£200 

£1so 

£100 

£60 

£0 
1 

These results suggest that the agents may be following either a mixed, or intermediate, 

strategy with prices fluctuating randomly between the Cournot and von Stackelberg 

outcomes. Comparing the simulated mean market prices and the predictions from 

theoretical models suggests that Pay Bid settlement has a bias to producing the Cournot 

outcome, and Pay SMP has a bias towards producing the von Stackelberg outcome. If 

the target utilisation rate is raised to 90%, competition increases and prices fall for both 

Pay SMP and Pay Bid, as shown in Figure 3.8. 
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Figure 3.8. Duopoly simulation market and bid prices for 90% utilisation rate 
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In addition, the bidders are more likely to switch leader-follower roles under Pay SMP 

settlement. If the target utilisation rate is raised gradually to 100%, the market price 

eventually falls to marginal cost as per the Bertrand outcome. The target rate of 

utilisation is therefore a crucial strategic variable and key determinant of the level of 

market price 
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3.5.3. Perfect competition 

The set-up of the model is the same as previously, except that 50 agents are now 

assumed to each operate a single plant with a capacity of 1000 MW. The target 

utilisation rate is set at 1% for each agent and the results, in Figure 3.9, show that 

market price falls to marginal cost. The agents have no power to act strategically, as 

predicted by the classical model. 

Figure 3.9. Perfectly competitive simulation market and bid prices 
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3.5.4. Modelling conclusion 

In essence, the ABS model developed here transforms the supply function equilibrium 

model of Klemperer & Meyer (1989) into a price-quantity supergame. Elements of 

Green and Porter's (1984) trigger price model is also included but in this case using a 

target utilisation rate, rather than price as the trigger. This allows the agents to make 

their strategic decisions based only on variables that they can observe from their own 

plant portfolio. There is no information observable from the market other than the 

squantity they supply and the price they achieve on their own plants. This in itself is an 

advance on traditional reaction function models that generally rely on agents being able 

to observe perfectly a market price. Under certain conditions, market information may 

only be available to some agents. 

The model also illustrates that agents can maintain a stable, tacitly collusive outcome 

through a pure learning process without requiring any form of strategic reasoning or 

analytical capability. The model also produces results that are consistent with those 

from classical models of monopoly, duopoly, and perfect competition. The same model 

is also flexible enough to reproduce much of the micro-level strategic, and price, 

behaviour seen in the Pool day-ahead market. This suggest that the results are robust 

and not the product of an artefact of any one particular model setup. 

The model results above are consistent with reality not only in terms of observable 

market prices, also with the microstructure of firm behaviour in that individual plant bid 

prices and firm market shares are reproduced. However, Sterman (1984) points out that 

historical fit is a weak test and -that SD modellers have tended to ignore or minimise the 

comparison of behaviour of their models to historic data behaviour. The focus of 

validation in SD models has tended to rely on a larger battery of tests, such as described 

by Forrester & Senge (1980), which aim to build confidence rather than provide 

absolute proof of validity. The modelling process, inputs, and outputs described above 

are consistent with having passed two out of the three groups of tests they suggest: 

i. Tests of Model Structure: the model's structure, parameters and boundaries are 

consistent with the system under test because it has been built using real empirical 

data from the Pool. It produces dimensionally consistent results when extreme and 
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intermediate values are introduced for costs, industry structure and demand that 

have no real-world counterpart; and 

U. Tests of Model behaviour: the model generates endogenously the modes of 

behaviour seen in the real Pool, produces anomalous behaviour if components of 

the bidding, clearing or settlement algorithm are removed, and replicates results 

from a family of theoretical models of competition under perfectly competitive, 

oligopoly, and monopoly industry structures. 

To pass the final group of tests suggested by Forrester & Senge, which are `Tests of 

Policy Implications', the model must improve the performance of the system under 

study, correctly describe the results of the new policies, and the policies must be 

sensitive to plausible variations in input parameters. The ABS model developed above 

will be tested against these criteria in the next chapter when it is applied to Ofgem's 

proposal to transform the Pool into NETA. 
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Chapter 4. Market mechanisms and market power 

This chapter compares results from simulations of both the Pool and the bilateral market 

under the NETA proposal. The model developed in the previous chapter is applied to a 

range of different trading arrangements and the difference in market prices and bidding 

behaviour analysed. Conclusions are drawn about the likely effectiveness of the NETA 

proposal in controlling generator market power in England & Wales. 

4.1. Review of Electricity trading arrangements 

In response to the ongoing problems of generator market power, described in Chapter 2, 

Ofgem launched RETA, to investigate the operation of the electricity market in England 

& Wales, and in particular the trading arrangements that underlie the Pool. This 

involved industrial and household consumer groups, fuel suppliers, researchers, 

consultants, several government departments, and the PEC. There has been an extensive 

body of literature produced during this process [key documents are Electricity Pool of 

England & Wales (1997), Ofgem (1997), Ofgem (1998g-q), Ofgem (1999j-n), Ofgem 

(2000g j) and RETA Group website which carries output from industry working 

parties31]. The review was part of a wider UK energy policy debate, and broadly served 

three constituencies: 

Consumer Groups: who believe the Pool increases generator market power and ; 

li, Ofgem: which wanted to create a more competitive industry; and 

31 All of these documents can be obtained from Ofgem at bttP: //www. Of2e-. &O-v/. And RE TA Group htty: //www. reta. ore. uk/ 
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iii. Government (DTI): who were concerned about excess investment in CCGT. 

4.1.1. Review findings 

As a result of BETA, Ofgem identified the following major weaknesses in the Pool 

trading arrangements: 

i. price setting in the Pool is overly complex, for example, it requires the submission 

of at least nine different bid parameters for each genset; 

ii. capacity and availability payments reward generators for making plant available, 

not operating it, and it has limited value as a price signal to the generation or 

demand side of the market to respond to short-term changes in market conditions; 

iii. bids do not reflect costs as many baseload generators consistently bid a zero price, 

so called zero-zero bids, relying on the mid-merit generators to set SMP; 

iv. prices have risen substantially, and become increasingly volatile, since the Pool 

began trading even though fossil fuel prices have fallen; 

V. market liquidity, and the lack of publicly available price data, puts consumers at a 

disadvantage when negotiating forward contract cover against Pool prices; 

vi. the non-firm nature of the day-ahead market transfers costs and risks of plant 

failures from generators to consumers, through Energy Uplift payments; 

vii. the security of electricity supply is being threatened because generators can sign 

cheap `interruptible' gas supply contracts, or sell gas from `firm' gas supply 

contracts when spot gas prices rise, without paying a corresponding penalty in the 

electricity market; and 

viii. the participation of the demand side in price setting is limited to a few very large 

industrial consumers. 

Consumer groups have generally echoed these concerns in their submissions to the 

previous (Ofgem, 1994b) and the current reviews of pool trading arrangements (Ofgem, 

19981-m). Outside commentators have also made similar criticisms (Newbery, 1997) 

and proposed a number of alternative models which Ofgem synthesised into an interim 

common model (Ofgem, 1998n) and eventually the bilateral model (Ofgem, 1998p). The 

proposal sought to address the weaknesses listed above by essentially adopting trading 

arrangements mimicking those in traditional commodity markets. These included: 
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i. simplifying generators' bids so that they are only for a given price, quantity, and 

delivery period which means that generators must internalise all the associated 

costs of start-up and fixed costs of operating a plant; 

ii. eliminating capacity and availability payments; 

W. forcing all generators and consumers to compete more actively in setting market 

prices by introducing Pay Bid pricing; 

iv. introducing screen-based trading and balancing markets, to promote real-time 

price transparency and encourage independent price reporting as in other 

commodity futures markets; 

v. making all bids and offers ̀ firm' which means that a generator must deliver, and a 

consumer take delivery, against their contracted positions, or face the uncertain 

consequences of the ISO buying or selling in the balancing market, on their 

behalf, and passing the costs back to them; 

vi. imposing the full cost and risk of interruptible gas contracts and firm gas sales, 
back on the generators, and allowing the ISO to buy or sell in a balancing market 

against any under or over delivery against notified contract positions; and 

vii. giving large consumers, and suppliers, an incentive to undertake active load and 

price risk management, and allow the ISO to buy or sell against any over, or under 

consumption, against their notified contract purchases. 

4.1.2. NETA proposal 

At the end of the RETA initiative, Ofgem announced [Ofgem (1998q), Ofgem (1999j-1)] 

that the Pool should be replaced by a new system of direct bilateral contracting between 

generators and consumers, collectively called NETA. This radical step is based on the 

firm belief that the Pool's underlying mechanism increases generators' ability to 

exercise market power. The hope is that NETA will induce a fall in market prices. 

Despite the lack of clear evidence, and its earlier misgivings, Ofgem seems to have been 

persuaded that a change in the trading arrangements for the Pool might reduce market 

power. However, the rationale for this switch in opinion remains an open question. The 

NETA proposal has the following key components: 

1. voluntary forward market as required by consumers and generators; 
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ii. voluntary, screen-based, short-term market operating from at least 24 hours to 3%z 

hours before despatch and which will trade half-hourly blocks of power; 

iii. voluntary screen-based, half-hourly balancing market operating from 3Y2 hours 

before despatch right through the particular half-hour in question; and 

iv. a mandatory settlement process for imbalances. 

Under this arrangement, generators and consumers that have contracted for physical 

deliveries of power in any given half-hour, through the forward or short-term market, 

would be responsible for self-despatching those contracts. Their only other 

responsibility would be to notify their contract position to the ISO before the `gate 

closure' point has been reached, 3 V2 hours prior to each half-hourly despatch period. The 

ISO will assume full responsibility for any further contracting necessary to maintain 

system security until despatch is completed. This will be achieved partly by buying-in 

ancillary services, probably under long term contracts similar to those which NGC now 

has for frequency response32 and black-start capabilities33, and partly by buying and 

selling in the balancing market to cover any imbalances between notified positions and 

actual demand and supply. 

4.1.3. NETA and Pool market compared 

To understand how NETA might affect market power and prices it is important to 

understand what each of its component markets actually replaces in the Pool. 

Forward markets 

At least initially, the operation of the medium and long-term forward market under 

NETA is likely to be almost identical to the way that the CFD and EFA markets operate, 

except that generators and consumers will be able to contract for physical forward 

delivery in addition to financial settlement. New trading instruments may eventually be 

developed. There is still some uncertainty about which market will set the benchmark 

price for financially settled contracts, but it is envisaged that the forward market will 

32 The UK transmission systems run at a frequency of 50 Hz and must be maintained within strict tolerance limits to avoid 

damage to sensitive electrical equipment. 
33 Generating plant that can begin generation without external assistance from the transmission system during a 'blackout'. 
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continue to be the dominant mechanism for setting price for the majority of electricity 

consumed. 

Day ahead and short-term markets 

The short-term market, as it was envisaged under NETA, would work in a similar way 

to a regulated screen-based futures exchange with bids and offers being placed 

anonymously by generators and consumers as well as perhaps commodity traders, 

market makers, banks and professional investors. The regulator withdrew from making 

any further prescription about how this market should operate and invited the industry to 

create its own solution (Ofgem 1999e). A number of potential candidates have shown 
interest in creating a screen based forward market to trade electricity in England & 

Wales and they will have to compete with each other to attract users to their system. In 

practice, it is the short-term market that replaces the Pool day-ahead market. As there 

will be no place for Capacity Payments or Unscheduled Availability Payments under 

NETA there will be no equivalent to PPP or PSP. 

The hope is that the price transparency of the day-ahead market will be maintained by 

the creation of a screen-based trading system similar to that in the UK gas market. 
However, given that forward prices are not made publicly available now, and that the 

industry will be completely free to choose how and where to trade it seems unlikely that 

this will happen spontaneously. Price transparency could therefore decline. 

Uplift and the balancing market 

In the Pool, any imbalance between forecast demand, actual demand, and the day-ahead 

schedule is compensated for by NGC making adjustments on the day. This is either 

done by despatching additional plants to run, or curtailing production from those plants 

that had been scheduled. Transmission constraints that make the day-ahead schedule 

infeasible are also dealt with in this way. The cost of covering these imbalances is 

covered by single Energy Uplift. The balancing market will replace this process and will 

operate in a similar way to balancing markets operating in other electricity markets such 

as NordPool and California. 
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Generators and consumers will be able to make location-specific bids and offers to ISO, 

presumably also on a screen-based system, for increments34 and decrements35 to their 

notified contractual position. The balancing market will therefore create an explicit 

market mechanism for allocating the cost of maintaining an energy balance on the 

transmission system, and replace the complex and opaque process that NGC currently 

uses to calculate and allocate Energy Uplift. By applying a market price to imbalances, 

it is also hoped that this will make supply and demand much more responsive to short 

term changes in the operational status of the system. The complex operational details of 

how the balancing market will function are included in the Balancing and Settlement 

Code (Ofgem, 20001 j) which, at the time of writing was still in a state of flux, although 

the basic process of calculating the half-hourly settlement price in the balancing market 

has been established. 

Generators and consumers will receive their own bid/offer prices for increments and 

decrements they contract for with ISO. The cost of these increments and decrements 

will be aggregated and allocated, on the basis of a volume-weighted average price, 

against any output or demand not covered by a notified contract position. Therefore, 

wherever a generator under or over delivers power, or a consumer under or over 

consumes power, against their contracted position, they will pay for their imbalances at 

the common average price calculated by ISO. Transmission constraints, that could give 

some plants local monopoly power, will be dealt with via a separate mechanism still 

under discussion but costs associated with this will not be included in balancing market 

prices. 

Whichever mechanism is finally agreed, the operation of the balancing market will 

depend on generators and consumers being willing to make price bids for incremental 

and decremental changes to their contracted delivery schedules. Only in this way will 

the ISO be able to balance any uncontracted demand and supply, compensate for plant 

outages, and cover demand changes due to weather and unexpected constraints in the 

transmission system. While it is not envisaged that significant quantities of uncontracted 

power will flow through the balancing market, in theory, there is nothing to prevent a 

34 The price that generators wish to be paid for an increase in output or consumers are willing to pay for an decrease in demand. 

35 The price that generators are willing to pay for a decrease in output or consumers wish to be paid for a increase in demand. 
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generator or consumer relying totally on the balancing market to satisfy their 

commercial objectives36. 

4.1.4. Evidence supporting NETA 

Consumer groups point to the significantly lower industrial electricity prices in other 

countries, as evidence that the Pool does not function efficiently. They suggest that 

adopting trading arrangements used elsewhere might be a solution. The analysis 

presented in Chapter 2 suggested that the success of other markets was mixed, at best, 

and given that each market has a unique industry structure, plant portfolio, and demand 

profile, this makes these casual comparisons unreliable. Aside from qualitative 

comparisons with other markets (Ofgem, 1998i), and a limited trading game simulation 

experiment (Ofgem, 1999n), little hard evidence has been presented that NETA will 

make prices fall. It is therefore not clear where the regulator's announcement of 

expected average annual price reductions of 13% came from (FT, 1999d). Moreover, 

since NETA will be implemented shortly after a significant capacity divestment, 

introduction of full retail competition, vertical reintegration of generation and supply, 

and the imposition and lifting of a moratorium on CCGT plant licences it may be 

impossible to measure its true impact. 

4.2. Modelling trading arrangements 

To resolve these issues, the simulation approach, as described in Chapter 3, was used to 

analyse the impact of changes in the electricity trading arrangements. The technique 

allows the behaviour of individual generators to be examined, under experimental 

conditions, and to measure precisely the price impact of different trading arrangements. 

Crucially, this allows the impact of replacing the Pool, with NETA, to be analysed 

separately from the impact of changes to the industry structure that will be discussed 

later in this thesis. 

3' NGC has said that if very large quantities of uncontracted power were to flow into the balancing market then it would not be 

able to properly schedule this capacity in the few hours after 'gate closure', and it may even threaten system security. 

115 



4.2.1. Modelling objective 

A series of simulations have been carried out, where industry structure has been kept 

constant, but a different set of trading arrangements applied to each run. As summarised 

in Table 4.1, stylised representations of four different Pool and bilateral markets have 

been tested. The key comparison is between simulation 1, which represents the current 

Pool day-ahead market (i. e. Pay SMP settlement and single daily bids) and simulation 4 

which represents the NETA short-term forward market (i. e. Pay Bid settlement and 

multiple hourly bids). The impact of possible future developments in developing new 

forward market instruments, and the replacement of Energy Uplift with the balancing 

market are not considered. 

Table 4.1. Bidding and settlement methods under alternative trading arrangements 

Market Bidding Settlement 

1. Pool Pay SMP Daily Uniform Price 

2. Pool Pay Bid Daily Discriminatory 

3. Bilateral Pay SMP Hourly Uniform Price 

4. Bilateral Pay Bid Hourly Discriminatory 

The simulations therefore allow the following key issues to be investigated: 

i. Pay SMP versus Pay Bid settlement; 

ii. daily bids versus hourly bids; 

iii. learning through repetition; and 

iv. the impact of information availability 

4.2.2 Model setup 

Exactly the same setup is used for the simulations here as was used to validate the Pool 

simulations in Chapter 3. That is a static demand curve for 1 December 1997, and a set 

of agents defining the industry during 1997/98. 

The only change to the model between each of the simulations described in this chapter 

is the flag specifying which set of trading arrangements is applicable. Pool trading is 

modelled by assuming the agents submit a separate bid price for each of their plants but 
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that bid is for the whole day. In contrast, under bilateral trading, each agent is assumed 

to submit 24 separate bid prices for each of its plants, one bid for each hour of the 

coming day (i. e. an agent with ten plants submits 240 separate bids). The working day 

on which plant is to be despatched is assumed to run from the beginning of the hour 

ending at 5.00 a. m. when demand is generally close to its lowest point in the day. All 

agents are assumed to submit their bids to the market simultaneously, and on a day- 

ahead basis (i. e. trading is assumed to be completed on the day before actual despatch 

takes place). Once submitted, bids cannot be changed and it is assumed that agents will 

offer all of their operationally available capacity to the market. Both Pay SMP and Pay 

Bid settlement are specified separately in the model so that Pool or bilateral trading may 

be combined with either settlement mechanism. 

The market is cleared separately for each hour of the working day by stacking plants in 

strict bid price merit order, lowest to highest. Plants are despatched centrally by 

allocating demand up to each plant in turn, either up to the total available capacity of the 

plant, or residual unallocated demand, whichever is lowest. Agents are paid either on a 

Pay SMP or Pay Bid basis by multiplying the demand allocated to each of their plants 

by the bid price of that plant less its marginal production cost. The model does not take 

into account any aspect of the ownership structure of the transmission grid, there are no 

physical transmission constraints, and the cost of transmission is zero. Plant is 

despatched purely on the basis of hourly bid prices, there are no plant operational 

constraints in the model, and it is assumed that plant may be ramped up or down 

instantaneously at zero cost. 

4.3. Market mechanism simulation results 

The most important objective for the regulator in proposing NETA is to reduce 

generator market power, and lower market prices are the key indicator. As the results 

produced here have been simulated under identical conditions, except for the imposition 

of alternative trading arrangements, this allows a direct comparison to be made between 

simulated market prices. Put simply, the simulation with the lowest price indicates the 

set of trading arrangements that are most effective in curtailing market power. 
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4.3.1. Market prices 

Simulated hourly market prices, for each of the four sets of trading arrangements, are 

summarised in Figure 4.1. Prices quoted for the Pool simulations are SMP and for 

bilateral market the sales weighted average price for each hour has been calculated. 

Figure 4.1. Simulated market prices for alternative trading arrangements 
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These show that the current Pool simulation, with Pay SMP settlement and single daily 

bids, produces the lowest prices while the bilateral market, with Pay Bid settlement and 
hourly bids, produces the highest prices. This effect is particularly apparent at on-peak 

hours when demand is highest, as summarised in Table 4.2. 

Table 4.2. Mean market prices for alternative trading arrangements 

Market Prices Difference versus Pool. Pay SMP 
Trading arrangements Off Peak On Peak HE 06.00 HE 18.00 Off Peak On Peak HE 06.00 HE 18.00 

Bilateral . Pay Bid 52.61 129.58 75.11 215.20 -25.55% 83.37% 6.28% 204.53% 

Bilateral - Pay SMP 

pool. Pay Bid 

89.48 

108.47 

117.06 

111.38 

77.17 

106.85 

179.22 

114.44 

26.62% 

53.50% 

65.65% 

57.62% 

9.21% 

51.21% 

153.61% 

61.95% 

Pool - Pay SMP 29.22 70.67 17.22 99.29 - 

Note: prices calculated from time weighted average of 12 hours beginning 07.00 for on-peak and 19.00 for off-peak. 
Single hourly price for highest demand (Hour Ending 18.00) and lowest demand (Hour Ending 06.00) also calculated 

Given that all of the simulations had identical agents, plants, demand, costs, starting 

conditions, and random number sequences, this result can be ascribed solely to the 
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change in trading arrangements between simulations. Further discussion of the validity 

of these results is contained in Appendix D. 

4.3.2. Supply functions 

Figure 4.2 shows the average supply functions bid by agents under the four different sets 

of trading arrangements. When Pay SMP applies, a significant number of plants are bid 

at marginal cost, which for nuclear plant and new CCGT with take-or-pay gas contracts 

is equal to zero. This behaviour is truly emergent because it is not specified in the 

agents' decision rules. In contrast, using exactly the same decision rules, agents quickly 

learn to bid a much flatter supply function, well above zero. 

Figure 4.2. Simulated supply functions for alternative trading arrangements 
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4.4. Trading arrangements discussion 

These results contradict the regulator's expectation that prices will fall as a result of the 

introduction of NETA. Closer inspection of the bidding strategies of individual plants 

shows two separate, but complementary, phenomena that result in: 

i, Pay Bid settlement (i. e. in either a Pool or bilateral market setting) increases the 

risk of over-bidding by baseload generators, especially IPPs with one plant; and 
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ii. hourly bidding (i. e. in either a Pay SMP or Pay Bid setting) allow mid-merit 

generators to more effectively segment demand into on-peak and off-peak hours. 

4.4.1. Pay SMP versus Pay Bid 

The values in Table 4.3 are the sales weighted average bid prices for each generator. 
This confirms that Pay SMP settlement allows EDF, the two Scottish fines, IPP CCGT 

plant operators, and nuclear operators to bid all their plant at prices close to zero. 

Conversely, under Pay Bid settlement simulation the sales weighted average bid price of 

baseload generators rises because they are being forced to bid closer to the market 

clearing price in to order maximise their profits. This change in behaviour is exactly 

what the regulator wants to encourage rather than allowing baseload plant to just bid 

zero and leave the market price setting to mid-merit plant. 

However, it seems that moving to Pay Bid settlement does not increase competition, as 

is hoped. In fact it diminishes it because of the new risk that baseload plant face of being 

underbid by mid-merit plant. They never face this risk in the Pool because they always 

bid close to, or at, their marginal cost of zero. In an attempt to avoid being underbid, the 

baseload agents appear to have learned to shade their bids below the market clearing 

price. This is especially true of on-peak periods where mid-merit generators have sales 

weighted bid prices 200-300% higher than IPP and nuclear operators. This is in stark 

contrast to the Pool where all generators receive the same sales weighted bid price 

because of SMP settlement. 

Table 4.3. Sales weighted average off-peak and on-peak bid prices 

Current Pool Pool - Pay Bid Bilateral - Pay SMP Bilateral Model 
Generator 

All hours All hours Off Peak On Peak Off Peak On Peak 

Eastern £23.30 £104.13 £16.25 E76.53 £54.34 £183.49 

EDF £0.05 £98.53 £0.05 £0.05 £42.75 £52.68 

ipp / Other £1.76 E98.46 £4.96 E0.68 £45.81 £71.78 

Magnox Electric £0.62 £99.07 £1.02 £3.00 £35.66 £35.93 

Mixon orgy £38.67 £120.42 WA £96.45 N/A £68.60 

National power £13.89 £101.69 £10.13 £65.47 £83.14 £164.83 

Nuclear Electric £1.19 £83.89 £3.12 £19.81 £30.09 £28.41 

power , an £12.59 E104.34 £5.97 £70.15 £51.21 £208.36 

Scor & Southern E1.65 E102.29 £0.37 £9.53 £43.25 £54.20 

ttlsh Per £13.94 £97.78 £25.30 £16.13 £47.00 £120.51 

Note: Eastern total Includes 13% share of Barking plant 
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To make matters worse, it seems that baseload prices do not rise significantly during the 

off-peak hours so keeping revenues low when baseload operators would be in the best 

position to capitalise on any rise in price. The result is that baseload generators face 

additional risk that they will be forced to stop production, because they have been 

underbid by a mid-merit generator, and receive little additional revenue in hours where 

they have a natural advantage. In contrast the mid-merit generators receive a significant 

increase in revenue because the prices on-peak are significantly higher under Pay Bid 

than under Pay SMP. In short, forcing baseload generators to participate in price setting 

appears to reduce competitive pressure on mid-merit generators, rather than increase it. 

Table 4.4 also shows that market shares remain stable under all trading arrangements. 

This provides further confirming evidence that baseload operators are shading their bids 

to retain market share and to keep plant running. 

These findings are consistent with the earlier conclusion that the regulator drew after its 

previous inquiry into trading arrangements when he noted (Ofgem, 1994c) that: 

"In sum, paying generators their bid prices would represent a major 

change which seems likely to have disadvantages in terms of increasing 

risks, particularly to smaller generators, without a strong likelihood that 

prices will be lower. In the longer term it could lead to higher prices" 

Table 4.4. Generator average daily output 

Current Pool Pool - Pay Bid Bilateral - Pay SMP Bilateral Model 
Generator 

Eastern 

MWh 

92,994 

% Total 

9.72% 

MWh 

88,307 

% Total 

9.41% 

MWh 

87,329 

% Total 

9.30% 

MWh 

87.227 

% Total 

9.28% 

EDF 

Ipp Ir 

45.326 

139,064 

4.74% 

14.54% 

40,017 

123,599 

4.26% 

13.17% 
45,303 

139,053 
4.83% 

14.82% 
44,585 

135,966 

4.74% 

14.46% 

Magnox Electric 71,143 7.44% 70,562 7.52% 71,136 7.58% 70,770 7.53% 

Mission Energy 11,823 1.24% 39 0.00% 7,673 0.82% 12,072 1.28% 

National Power 207,048 21.65% 220,804 23.52% 203,007 21.63% 204,319 21.74% 

Nuclear Electric 

P owe rGgn 

159,305 
192,052 

16.66% 
20.08% 

157,151 
204,115 

16.74% 
21.75% 

159,350 
187,868 

16.98% 
20.02% 

158,510 
189,519 

16.86% 
20.16% 

Scor& Sou them 22.969 2.40% 20.779 2.21% 22,957 2.45% 22,471 2.39% 

Scottish Power 14,687 1.54% 13.285 1.42% 14,872 1.58% 14,532 1.55% 

Note: Eastern total Includes 13% share of Barking plant 

4.4.2. Hourly and daily bidding 

The sales weighted average bid prices at peak demand (hour ending 18.00) and demand 

trough (hour ending 06.00), calculated in Table 4.2, shows there is a significant 
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difference in bid prices between these on-peak and off-peak hours under NETA. With 

the Pool, there is obviously no difference as the generators only make single daily bids, 

but under NETA a difference of around 700% appears between on-peak and off-peak 

bid prices. Single daily bids force generators to try to optimise their bids horizontally, 

across 24 hours, but with hourly bidding they can more easily optimise, and perhaps 

even tacitly collude, to price discriminate in any given hour, especially on-peak. 

Economic theory tells us that firms should try to charge more to those consumers that 

are willing to pay more for their goods, by segmenting the demand curve and 

differentiating their product offering, hence extracting the consumer surplus that would 

be lost if a single price was charged. Discriminating between consumers on the basis of 

their willingness to pay is very easy in the electricity market because household 

consumers are almost entirely unresponsive to price but demand proportionately more 

during on-peak hours, while industrial consumers are sensitive to price and demand 

proportionately more at off-peak times. In this case, consumers clearly signal their 

willingness to pay by the time at which they use the product. Allowing generators to bid 

significantly different prices, on the same plant, at different times allows them to exploit 

this information. It seems that NETA could increase disproportionately generator 

market power, especially during on-peak hours when demand is highest, raising sales 

weighted average prices significantly. This could also increase the risk of very large 

price spikes, if unexpected plant outages occur, and especially during very cold weather 

when plant margin is naturally low. 

4.5. Trading arrangements conclusion 

In this section the results of the analysis of NETA that has been carried out by Ofgem, 

and others, is discussed and an alternative route to Pool reform is proposed. 

4.5.1. Alternative experimental economic tests of NETA 

The ABS model presented has allowed an experimental research design to be employed 

in testing alternative trading arrangements under perfectly controlled conditions. The 

use of laboratory experiments in economics, using real human subjects, is now a widely 

accepted research technique and those carried out before the liberalisation of the 
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California electricity market contributed to the form of market design eventually 

adopted (Plott, 1997). Shortly after the initial findings from this thesis were published, 

Ofgem also performed its own set of experiments on NETA by using teams of students 

and industry managers to simulate trading behaviour (Ofgem, 1999n). Although this test 

did not replicate the experimental design and trading arrangements described in this 

chapter the results suggested that NETA should be able to produce prices and 

despatch close to the theoretical optimum of efficient price levels in all cases. 

Moreover, Pay SMP produced the least efficient despatch in all cases. 

The severe time constraint in the Ofgem experiments may however explain the 

apparently contradictory result. Each experiment involved a series of games. Each game 

consisted of one day of simulated trading involving 14 agents each represented by a 

team of 4-5 human players. All the experiments took place over a five week period37, 

individual players were only able to experience a few days of simulated trading under 

any given scenario because each game required 2-3 hours of real playing time, three 

market designs were tested, players were regularly reassigned to different teams, and 

none were available for the entire period. As with all economic experiments run under 

laboratory conditions the prohibitive cost inevitably limited the time available to train 

the players and collect results. In contrast to these experimental economic tests, the ABS 

model contained all of the agents operating in the Pool and NETA markets, trading over 

a three year period of simulated time (i. e. 750 working days). The length of the 

simulation runs was made possible by the efficiency of the simulation process. 

The limited amount of repetition available in the Ofgem experiments is likely to have 

curtailed the amount of strategic learning that could be achieved, and hence the potential 

emergence of cooperative behaviour. The small number of games that could be played 

in the time available may also have affected players' strategies if they were able to 

estimate the likely end point for each set of experiments. As predicted by the game 

theory literature, the solution to a finitely repeated game collapses to a non-cooperative 

(i. e. competitive) solution because the cooperative outcome cannot be enforced. Indeed 

Ofgem has acknowledged that with 10 rounds of play and limited analytical capacity 

available to players that potential high price strategies that were available, for example 

37 Students had I week of training before experimental results were collected over a5 week period while Industry 
managers were trained and results collected over a2 week period only. 
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by collusive withdrawal by three agents remained undiscovered but that this, and other 
high price strategies, could be found by agents in practice. 

The results of the simulations carried out in this chapter therefore remain to be tested 

fully by alternative means but a further set of economic experiments, carried out 
independently of Ofgem, but using the same setup, had yet to report at the time of 

writing (Staropoli et. al., 2000). Early results suggest that empirically observed 

behaviour of real agents in the Pool had been successfully replicated and testing of a 

range of trading arrangements, including NETA was underway. 

4.5.2. Strengths of the Pool 

The results presented above suggest that the availability of bid price and market price 

information is important in determining the impact of market power on market prices. 

The extreme case has been modelled here where no bid prices, or market prices, are 

published and under these circumstances small baseload generators (i. e. new entrant 
IPPs) fare relatively worse under NETA than in the Pool because they face a greater risk 

of being underbid by mid-merit generators. Large generators, especially those operating 
in the mid-merit sector, gain a significant informational advantage over the smaller 

agents when information is scarce because they simply have more opportunities to 

submit bids and learn about the state of the market. 

In addition, using spare plant capacity to make exploratory bids, and then transferring 

that learning to the other plants in their portfolio is a relatively low risk way of 

increasing the rate at which large generators can learn at low risk. This is operationally 

inefficient because high cost plant displaces low cost plant in the merit order. It is also 

price inefficient because it allows certain generators to exercise market power and raise 

prices above industry short run marginal cost. The information advantage offered by 

bilateral trading is eliminated in a Pool because all agents receive the benefit of the 

industry's collective learning through being notified of SMP at the end of each day, and 

because baseload generators can always bid at marginal cost so never face the risk of 

being underbid. 
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This subtle information difference between bilateral trading and Pool trading has a 

significant impact on the simulation results and, in the real world, there are obvious 

differences in the availability of market price information between countries and 

markets. In England & Wales the Pool price is published in the newspapers but forward 

prices are opaque and private to industry insiders. NETA is being introduced without 

any formal regulatory provision to ensure market prices will be made widely available. 

Some generators could have an interest in preventing price transparency because of the 

competitive (and regulatory) advantage it affords them. It is only recently that the value 

of information has been recognised by economists and the lack of information 

asymmetry in many traditional economic models is a serious weakness (Levine & 

Lippman, 1995). The ABS model developed here considers information at the 

individual agent level, as it drives the learning process. As it stands, the NETA proposal 

leaves the control of market price information firmly in the hands of large generators. 

This result is consistent with the conclusion drawn by Garber, Hogan, & Ruff (1994), 

when the California market was initially being designed. Their contention is that traders 

can use bilateral search to determine successfully where the market clearing price is 

providing they are given sufficient time and demand for the commodity is changing 

slowly. In short-term or day-ahead electricity markets, where hourly or daily bidding is 

occurring, this is not the case. They conclude that for this reason a bilateral market may 

be inefficient and potentially unfair because those with inside information or market 

power gain at the expense of the less advantaged. A market where Pay SMP prevails 

eliminates this advantage and all parties pay or receive what they would have done 

under an efficient bilateral market. Moreover, Hogan (1995), points out that an efficient 

Pool also aids the development of an efficient bilateral forward contracts market where 

traders have more opportunities to seek an efficient clearing price, but that an efficient 

electricity market cannot be created by bilateral contracts alone. Harbord & McCoy 

(2000) believe that the bilateral trading arrangements, under NETA, will make the 

market `manipulable' and that it was a mistake to believe that allowing generators to 

write whatever contracts they wished would make the market more competitive under 

NETA. 
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4.5.3. Dealing with the weakness of the Pool 

From the results presented here it seems that NETA could exacerbate, rather than 

curtail, the market power of generators. The Pool seems to be the best available market 

mechanism because it prevents large generators exploiting the natural informational 

advantage they have over small baseload generators. However, NETA does have a 

number of attractive features, most notably the scrapping of capacity and availability 

payments, and the introduction of firm, simple, bids. However, these reforms could be 

just as easily implemented in the current Pool, effectively making SMP the market price 

for electricity. Combining these reforms with a more transparent bidding, and price 

setting mechanism, could also lead to more demand-side participation, and hence 

greater price elasticity. The simulation results suggest strongly that the current Pool 

should produce lower prices than NETA. It therefore seems that modifying the current 

Pool, by increasing demand side participation and/or eliminating capacity and 

availability payments, would be more likely to deliver a price reduction. 

Regardless of whether the current Pool, a modified Pool, or NETA is eventually 

implemented the fundamental issue of generator market power remains unresolved. If 

market power cannot be controlled through a modification to the trading arrangements, 

then the only alternative that Ofgem, and regulators elsewhere have is to rely on being 

able to create an industry structure that results in a competitive outcome. The debate 

between Pool and bilateral trading may even be a futile one. Where generating firms are 

unable to exercise market power the market price under Pay Bid or Pay SMP should be 

equal to short-run marginal cost (Hogan, 1998) in both cases. The simulation of a 

competitive market structure, reported in Chapter 3 (see Table 3.2 and Figure 3.9) 

confirmed that. Achieving a condition where generators cannot exercise market power 

may therefore depend more on industry structure, than trading arrangements. This is the 

subject of the next chapter. 
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Chapter 5. Industry structure and market power 

The German ESI was subjected to a profound economic shock in February 1999 when, 

as described in Chapter 2, supply competition was introduced for all consumers. The 

first response of the industry was to create spontaneously a bilateral wholesale market 
for bulk supplies of electricity. While the first changes in the industry structure were 
driven by the legislative process, the biggest driver for change was the low level of 

prices that occurred in the wholesale market, which fed through into retail market prices 

shortly afterwards, especially to industrial consumers. This affected ESI profits 

significantly. 

The strategic response of incumbent firms in the German ESI is analysed in this chapter, 

especially proposals by the largest of them to merge their operations. The likely impact 

on their ability to exercise market power in the wholesale market, and ultimately raise 

prices, is investigated using the ABS model developed previously. 

5.1. Industry structure modelling 

In this section, a new version of the ABS, used in previous chapters, is described which 

simulates strategic behaviour between generators in the German ESI. The ABS model 

structure, algorithms, and outputs are briefly described. 
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5.1.1. Agent structure 

As the German ESI has over 500 firms involved in electricity generation, operating over 

3000 gensets, it has been necessary to simplify the industry structure for the purposes of 

creating a tractable model. Appendix E summarises the industry structure and agent 

characteristics [source: VDEW (1998) and UDI (1999)]. 

The 10 largest generators are modelled separately, but with gensets of a similar type 

being aggregated and represented as a single plant. All plants where the generator has a 

stake of at least 60% have been considered as well in this calculation. The remaining 

small local and regional utility firms that operate generation capacity have been 

aggregated and modelled collectively as if they had merged into 14 regional operating 

companies. In fact, there have been a significant number of mergers in this segment of 

the German ESI recently and it seems likely that consolidation will continue. Given this 

trend, and that these operators own only approximately 15% of the industry's total 

capacity this modelling approximation is unlikely to create a significant distortion in the 

analysis of market power. 

There are over 40 separate cross-border transmission interconnections between 

Germany and neighbouring countries totalling over 50,000 MW of thermal capacity, a 

figure that can never be reached in reality. The interconnection with France is the most 

important one and is modelled as a single 4,000 MW plant operated and controlled 

exclusively by the French generator, EDF. During 1999 net import load flows rarely 

exceeded 4,000 MW (UCTE, 1999) for the whole of Germany. As an aggressive 

exporter of low cost nuclear power to neighbouring countries, including Germany and 

the UK, EDF is capable of undercutting any fossil fuel power plant. It is therefore 

assumed that EDF has control over all of the net import flow into Germany and that the 

remaining import export flows net to zero. They therefore have no effect on market 

price. 

Plant availability data, which includes planned outages for maintenance and unplanned 

outages due to plant failures, has been taken from a variety of industry sources including 

German generating firms themselves. Outages on transmission interconnectors are 

assumed to be negligible at 1%, reflecting the multiplicity of transmission routes and 
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inherently low failure rates on transmission lines. Overall, the annual plant planned and 

unplanned outage rate is equal to 17% of total plant capacity. The marginal cost supply 

curve for the industry is shown in Figure 5.1 as estimated from German spot market 

prices for fossil fuels at the end of 1999 and plant heat rates based on comparisons with 

similar plants in USA and other European countries. Nuclear plant is assumed to have a 

marginal cost of zero, to reflect the inflexible nature of its operation. Run-of-river hydro 

plant is also assumed to have a zero marginal cost, but pumped storage plants are 

assumed to have an average cycle efficiency of 87.5% and recharge their reservoirs at 

market prices during the eight lowest demand hours of the previous day. Discharge is 

during the 12 highest demand hours at a rate of 50% of plant capacity. 

Figure 5.1. Summary marginal cost supply curve for German ESI model 
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5.1.2. Demand 

In Chapter 3 and 4, the demand that agents faced was constant in each simulation 

period. From an intuitive point of view, this should be easier for agents to learn to 

exploit as compared to a demand curve that varies in every period. Indeed, the work of 

Green and Porter (1984) shows that uncertainty increases the probability of periodic 

price wars as agents see prices falling below the trigger level. 
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In this chapter the ABS model has been developed to allow for daily variations in 

demand, though the demand side is still modelled as an aggregate demand curve. The 

objective was to simulate the first year of the market's operation since liberalisation, 

from March 1999 to February 2000 inclusive, but at the time of writing daily demand 

data was not yet available for 1999 or 2000. 

However, 1998 demand data for the third Wednesday of each month was obtained from 

the UCTE (UCTE 1999) which was used to create a stylised time series of working day 

load profiles which excludes loads served by industrial and railway autoproduction but 

includes demand created by pump storage facilities. Demand on each working day, in 

any given month, was therefore assumed to be identical to all the other working days in 

that month and corresponds to actual demand on the third Wednesday of that month in 

1998 as shown in Figure 5.2. Weekends and holidays are excluded from the data, and 

the year from March 1999 to February 2000 is assumed to comprise 248 working days38. 

The entire simulation run is for 3 years, or 744 working days. 

There is insufficient data available yet to allow an accurate estimate of the price 

elasticity of demand in Germany as the market has only been operating for a relatively 

short time. However, as an industrialised economy the load response in Germany is 

likely to be insignificant, as in England & Wales, a demand drop of 50 MW / Euro rise 

in prices above 125 Euro has been assumed. No demand response is assumed to occur 

below 125 Euro. 

5.1.3. Plant despatch 

The wholesale bilateral market began to develop in Germany from April 1998 and is in 

fact two markets, a long-term contract market that pre-dates liberalisation, and an 

informal spot wholesale market reflected by indices such as the Central European 

Electricity Price Index (CEPI). With an increasingly liquid day-ahead spot market, the 

creation of organised exchanges in Frankfurt and Leipzig, and a growing number of 

trading companies, it can safely be assumed that spot trading of electricity in Germany 

will gain in importance very quickly as it did in Scandinavia. The German spot 
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wholesale market has therefore been modelled by assuming that agents trade in a day- 

ahead bilateral market, submitting 24 separate bid prices for each of their plants, one bid 

for each hour of the coming day and settling trades on a Pay Bid basis. Market price is 

calculated from the sales weighted agent bid prices in each hour38 

Figure 5.2. Stylised annual weekday demand profile for Germany 
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Overall, this setup is therefore identical to simulation 4 (i. e. Bilateral Pay Bid) which 

represented NETA in the previous chapter, except for the fact that demand varies 

throughout the simulation, rather than being static. 

5.2. Industry structure simulation results 

The ABS model described above has been used to run multiple simulations, each 

corresponding to a different industry structure under different merger proposals. Plant 

closures have also been modelled to take account of the possibility that firms may 

choose to close marginal plants in addition to ongoing discussions that may result in the 

German government ordering the closure of part of the country's nuclear capacity. First 

the model is calibrated to simulate competitive and strategic bidding under the current 

38 The Millennium created an unusually illiquid market and abnormally low demand patterns between 20 December 1999 and 5 
January 2000 so little wholesale trading took place. All working days during this period have been excluded so making December 

and January shorter months than normal. 
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industry structure. Simulated results are compared with on-peak and off-peak CEPI 

market prices reported in the first year of the market's operation from March 1999 to 

February 2000. 

5.2.1. Simulating competitive bidding 

Wholesale market prices so far seen in the German market indicate that firms are willing 

to bid close to, or even below, marginal cost to gain or retain market share. Advertising, 

marketing campaigns, and press announcements by the firms themselves suggest that 

most of the industry is following a market share dominance strategy which has brought 

about the significant price cuts. Generating firms in the German ESI are therefore 

behaving as if they have little or no market power and the market as a whole is 

operating in a manner which is close to the classical economic model of perfect 

competition with prices falling to the marginal operating cost of production. 

If this is the case, each firm can assume that its competitive actions have no influence on 

the actions of the other players and no firm can adopt a bidding strategy that will allow 

it to raise prices significantly otherwise other firms will undercut it with their spare 

unused capacity. To test the actual and potential levels of market power that could be 

exercised in the German wholesale electricity market, under the current industry 

structure, the strategic bidding behaviour of German generators has been simulated 

using the ABS model set-up described above. 

In this simulation, all firms are assumed to only be interested in gaining market share 

regardless of price, and hence have an objective of keeping 100% of their available plant 

capacity utilised. In other words, no generator has any interest in bidding strategically to 

raise prices. Figure 5.3 shows the simulated on-peak and off-peak price39 versus the 

wholesale market price that is represented by CEPI. As competition is so fierce, under a 

100% utilisation rate target, simulated prices actually equal short-run marginal costs. 

This comparison, running from February 1999 to March 2000, takes into account plant 

outages and shows how prices fell below marginal production costs in summer 1999, 

soon after market liberalisation took place. 
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Figure 5.3. Seasonal marginal cost versus actual CEPI prices during 1999- 2000 
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In the second simulation, large firms are assumed to be willing to restrain their bidding 

to the extent that they lower their utilisation objective to 60% of available capacity. 

Only municipalities that are too small to bid strategically, shared nuclear plant which is 

operationally inflexible, and EDF which is assumed to be willing to sell at any price to 

gain market share are assumed to retain a 100% utilisation rate objective. In essence, 

this second model assumes the eight largest generators are able to coordinate upon, and 

enforce, a tacitly collusive agreement where firms give up a limited amount of market 

share in return for higher prices and profits. The results, presented in Figure 5.4, show 

that the more players ignore the strategic impact of their behaviour, by attempting to sell 

more of their output, prices remain at or even below marginal cost. However, where 

firms are willing to curtail their utilisation objectives, and hence market share targets, 

then marginal prices rise; ̀'. 

Figure 5.5 shows that when the simulated on-peak and off-peak prices for the 60% 

utilisation rate simulation are superimposed on to the daily CEPI on-peak and off-peak 

price data there is a high degree of correlation in both the level and seasonal pattern of 

actual and simulated prices for 1999/2000. Comparing simulated and actual price data in 

39 As in the previous chapter, on-peak prices are calculated from the time weighted average of 12 hourly prices starting at 07.00 

and off-peak prices are calculated from the time weighted average of 12 hourly prices from 19.00. Calculations are based on data 

collected in the final 248 simulated days of each run. 
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this way has therefore allowed calibration of the model so as to replicate the otherwise 

unobservable strategic objectives of generating firms in the German market. 

Figure 5.4. Comparison of simulated prices with different plant utilisation rate objectives 
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Figure 5.5. Comparison of simulated and actual prices (CEPI) for Germany 

80.00 

70.00 

60-00- 

60.00, 

40.00 

30.00 

20.00 

10.00 

n nn 

.................................. .......... 

March May August November 

Months 

35.00 

30.00 

25.00 

20.00 

15.00 

10.00 

5.00 

0.00 - 
March March April May June July August September October November January February 

-Simulated On-peak -Simulated Off-peak -Actual CEPI On-peak -Actual CEPI OH- ak 

Figure 5.6 shows simulated hourly price profile, throughout a whole year of trading, 

assuming that agents have a 60% utilisation rate target. Agents in the ABS model appear 

to have been able to coordinate their activities sufficiently to produce a complex market 
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price response that takes account of seasonal, daily and hourly variability in demand. 

Assuming the 60% utilisation target is representative of agent behaviour in the real 

market, this shows German generators should have generally been able to maintain 

prices above marginal cost, in on-peak hours, but could not do so during off-peak hours, 

especially in summer months. 

As discussed in Chapter 2, there is no economic theory to show why real firms in the 

German ESI should coordinate upon any particular other utilisation rate, but publicly 

observable output data for 1998 allows an estimate to be made of what target utilisation 

rate German generators might have had in 1999, assuming they wished to retain their 

existing market share in the newly deregulated market in 1999. 

Figure 5.6. Simulated hourly market prices for base case before mergers 
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Figure 5.7, shows that the utilisation rate based on total plant capacity was 

approximately 50% for most firms. With an annual average outage rate, both planned 

and unplanned, of 17% across the industry this corresponds exactly to a utilisation rate 

of 60% on available capacity. This further validates the model result containing the 

1999 industry structure, and a 60% target utilisation rate for available capacity. In the 

next section this is used as a base case against which results from simulations of 

alternative industry structures can be benchmarked. 
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Figure 5.7. Actual utilisation rate of total generation plant capacity in 1998 

80% 

70% 

60% 

60"/ 

40% 

30'/- 

2 0% 

10% 

ýu ;, sS5 U) 3 c, CD ui ämm=3 uu 
w 

ui Wy 

Source: VDEW 

5.2.2. Simulating industry mergers 

The results presented in the previous section suggested that in order for generating firms 

to raise prices above marginal cost then the industry must coordinate on some rate of 

plant utilisation otherwise unbridled competition would reduce prices to marginal cost. 

However, mere agreement is insufficient to ensure that price discipline is maintained 

unless it is backed up by a credible threat of retaliation if any firm break the agreement. 

Since explicit agreements over market shares are generally illegal, damaging price wars 

should be the result in commodity markets as seems to have been the case in the 

German electricity market. One way to counter this problem is for firms to agree 

explicitly to merge their interests and, given the low level of prices, it is not surprising 

that the majority of German generating firms have sought merger partners. If the Cartel 

Office allows all these mergers to go ahead the potential impact on the level of market 

power that firms are able to exercise may be significant. 

To test the impact of these proposed mergers agents in the ABS model have been 

merged to replicate a variety of merger scenarios. Figure 5.8 shows hourly simulated 

prices assuming that only the two officially announced mergers of Bayernwerk/Preussen 

and RWE/VEW are authorised and Figure 5.9 shows the impact of all four mergers. 
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Figure 5.8. Simulated hourly wholesale prices after two mergers 
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Figure 5.9. Simulated hourly wholesale prices after four mergers 
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An important strategic variable is the potential impact of plant closures on market 

prices. Assuming that all four of the mergers discussed above are allowed to go ahead 

and that four dominant strategic players emerge in the industry it seems likely that they 

will be at the forefront of any efforts to curtail excess capacity. Figure 5.10 shows 

simulated market prices, assuming Bayernwerk/Preussen and RWENEW have merged 

and closed their marginal oil plant amounting to about 2.5% of total system capacity. 

This limited level of closure seems to have a disproportionate effect on winter on-peak 

prices 
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Figure 5.10. Simulated hourly wholesale prices after two mergers and oil plant closure 
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In light of the decision made by Sweden to begin closing its nuclear plants, and the 

change in government in Germany in 1998 with the Green Party forming a coalition 

with the Social Democrats, nuclear power has been the subject of much political debate 

in Germany. Even under the limited assumption that only 1600 MW of shared nuclear 

capacity is closed, based on current proposals, the rise in simulated on-peak prices is 

substantial, as shown in Figure 5.11. This represents the combined impact of closing 

what amounts to 2.5% of total capacity, plus the merger of Bayernwerk/Preussen and 

RWE/VEW. 

Figure 5.11. Simulated hourly wholesale prices after two mergers and nuclear closure 
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5.3. Industry structure discussion 

In this section, the results presented above are analysed in an attempt to explain the 
likely consequences if some or all of the mergers described above are authorised. 

5.3.1. Market power analysis 

Table 5.1. summarises on-peak and off-peak simulated market prices under the different 

industry structure scenarios outlined above. 

Table 5.1. Summary results for German industry restructuring scenarios 

Scenario Mean Annual Price Difference versus Marginal Cost 
Off Peak On Peak Off Peak On Peak Off Peak On Peak 

Marginal Cost 11.59E 13.39 E - 

Base Case 1999/00 15.12E 19.79E 3.53E 6.40E 30.44% 47.83% 

Two merge 15.54E 22.65E 3.95E 9.27E 34.06% 69.22% 

Four merge 21.01 E 31.47E 9.41 E 18.09E 81.19% 135.12% 

Two merge + oil close 19.42E 30.89E 7.83E 17.51 E 67.54% 130.80% 

Two merge + nuclear clos 22.46E 36.88E 10.87E 23.50E 93.75% 175.54% 

Note: Prices calculated from time weighted average of 12 hours beginning 07.00 for on-peak and 19.00 for off-peak. 

Taken together, the results suggest that firms in the German ESI are capable of 

exercising a limited amount of market power before further horizontal integration, 

because they have been able to keep prices above marginal cost, mainly in the winter 

months of 1999. The base case simulation shows that to achieve this, firms must have 

been bidding strategically and been willing to curtail their capacity utilisation, and 

hence market share objectives. Otherwise, prices would have remained at marginal cost 

throughout the year. 

By calibrating the ABS model to market prices achieved in 1999, it has been possible to 

estimate a target utilisation rate of 60% for the agents. This therefore represents a 

measure of the extent that firms are willing to curtail their overall market share objective 

and cooperate with each other to maintain market prices above marginal cost. From 

results in the previous chapter, it is also clear that if agents were more effective in 

coordinating their actions, by reducing their minimum target utilisation rate, they would 

be able to raise prices even further. Interestingly a Lerner Index calculation from the 
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base case suggest a value above 0.3 which is at odds with the analysis presented in 

Chapter 2, which suggested a value close to zero. However, this simulated data takes no 

account of weekends or holidays where CEPI prices fell to marginal cost and the 

relatively high level of efficiency in German coal plants. 

Clearly, it is impossible to know what utilisation targets firms are really pursuing in the 

German ESI, and it is even less clear whether or not they will be able to achieve higher 

prices by showing more restraint in future. However, what is clear is that if firms are 

allowed to merge with their competitors it will be far easier to achieve a tacitly collusive 

outcome, with greater price discipline, with two or four large generators rather the eight 

which existed at the beginning of 1999. Although the estimations and assumptions made 

in this simulation regarding transmission constraints, plant despatch and cost data, are 

limiting the quantitative validity of the results, all of the possible shortcomings remain 

the same in all scenarios, thus making it at least possible to gain comparative insights. 

When the simulations were carried out with an increasingly concentrated industry 

structure simulated market prices increased significantly, even without any reduction in 

target utilisation rates by the merged firms. Given that the agents in the ABS model rely 

on pure learning processes to coordinate their actions, this result suggests that the agents 

find the task far easier than under a fragmented industry structure. Given that two 

mergers have already been approved and two more are in progress, a significant rise in 

prices, above the levels seen in 1999, seems a likely result 

5.3.2. Strategic options 

Mergers alone are not the most successful means of raising prices because the number 

of fines competing in each segment of the market will remain sufficiently high to ensure 

that no single firm can gain a dominant share. Most importantly, no firm will be in a 

position to act as residual monopolist even after mergers have taken place. In fact, the 

simulation results show that firms must accompany any merger with restraint in terms of 

their overall market share. For example, if firms were to attempt to achieve a 100% 

utilisation on their plant, even after the four mergers, then prices would fall. 
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The real impact of these mergers comes when it is combined with the additional 

strategic opportunities they open up. The oil closure and nuclear closure scenarios show 

that a reduction in plant capacity may have almost the same price impact as two 

mergers. By cooperating in the coordinated closure of capacity, firms would not only 

raise utilisation rate on remaining plant but also increase returns on capital, thereby 

reducing both the means and the incentive for firms to fight for market share. The 

simulation results show that once merged, firms could engage in strategic withdrawal of 

marginal capacity and reap significantly greater prices for the same level of output. 

Regardless of whether the Cartel Office chooses to authorise all of the mergers 
discussed above, firms will remain free to choose whether to mothball or close plants. 

With high levels of excess capacity and low prices, it is difficult to see how the 

regulator could argue that old inefficient plant should be forced to stay open on 

economic grounds. 

The problem that the regulator faces is that once merged, firms will be free to make 

strategic plant closure choices that will be much harder to regulate. When combined 

with the latent impact of an increased industry concentration, the results presented 

above suggest that this may result in unforeseen levels of market power. In this respect, 

firms may change their current bidding strategies, reduce their market share aspirations, 

or close plant that is currently operating only at peak loads. In the case of nuclear 

capacity closure the result is even more significant because it not only increases prices 

but has the side-effect of increasing output from older fossil fuel plant with an obvious 

potential impact on the environment. 

5.4. Industry structure conclusion 

These results suggest that the proposed mergers would not lead to unacceptable 

increases in market power of themselves. Although the question of how concentrated 

the industry should be allowed to become remains an unresolved one, prices will have to 

rise to a more sustainable level than seen during 1999 otherwise the industry will not 

cover its fixed costs. The question that the Cartel Office has to address is how much 

they should be allowed to rise and how much would be too much? Given that the 

Gran government, in common with many other countries, wishes to promote the 

interests of German firms in international markets, the Cartel Office may come under 
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pressure to allow all four of the proposed mergers to go ahead. This is especially likely 

if generators in neighbouring countries continue to gain an advantage from the limited 

degree of competition in their household markets. 

As wholesale price levels have been rather benign since the introduction of competition, 

the pressure to restrict mergers for competitive reasons may be outweighed by political 

considerations. Indeed, it has been reported that the German minister for economic 

affairs was minded to let the merger of Bayernwerk/Preussen and RWE/VEW go ahead 

even after objections from the Cartel Office (Die Welt, 2000). However, would the 

Cartel Office have grounds to prevent EDF gaining control over EnBW and NWS if 

France continues to prevent access to its market? The danger is that allowing some 

mergers, but disallowing later ones, especially if they involve foreign companies, may 

invite criticism from EU competition authorities and other member states. 

What has not yet been taken into consideration in the ongoing public discussion in 

Germany is the aspect of plant closure. The simulation results show that even small 

amounts of closure can have a large impact on prices. Justifications for reducing 

capacity should be easy to find when prices are still low, and this might represent a 

major problem for the regulator. Moreover, recent developments in the Netherlands 

show that even small amounts of, in that case import transmission constraints, can have 

an enormous effect on market prices. In the England & Wales market, strategic capacity 

withdrawal, especially of marginal plant, has been a major regulatory problem and 

Ofgem has over the years launched a number of investigations into this kind of 

behaviour by the largest fossil fuel generators PowerGen and National Power. More 

recently, the regulator ordered that any firm wishing to close plant had to prove that it 

was uneconomic to run these plant at current market prices (Ofgem, 1998b). In effect, 

forcing generators to put spare capacity up for sale to competitors before allowing them 

to close it down. 
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Chapter 6. Technology and market power 

Casual empirical observation of prices in the Pool and Germany during 1999 suggests 

that generating firms in the two markets had a quite different ability to exercise market 

power. In the analysis of proposed mergers in the German ESI, discussed in the previous 

chapter, the creation of four dominant firms raised simulated prices by approximately 

50%. Applying this to the prices reported in Chapter 1 (see Table 1.1) would still leave 

German prices well below those seen in the Pool during 1999. In contrast, the 

simulation results presented in Chapter 4 replicated the high level of prices seen in the 

Pool during 1997/98 even after forced divestment of plant to Eastern had created a 
fourth competitor in the market. This suggests that even if mergers in the German ESI 

create an industry structure that is fundamentally similar to that operating in the Pool, 

generating firms would not be able to exercise market power to the same extent. 

Moreover, the results in Chapter 3 suggested that this is not due to differences in the 

trading arrangements between the two markets. Indeed, moving to bilateral trading 

under NETA, may increase the potential for firms to exercise market power. In this 

chapter, an alternative explanation is sought by investigating differences in the 

distribution of generating technology between firms operating in the Pool and Germany. 

6.1. Technology allocation 

The allocation of generation technologies between firms, in the Pool and Germany, is 

compared and its impact on their competitive strategies discussed in this section. 
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6.1.1. Stratified versus diversified technology allocation 

The first issue that many regulators face in deciding how best to deregulate a national 

ESI is how to allocate the generation assets of the incumbent state-owned monopoly 

between newly created firms. The natural inclination is to allocate plant of similar 

technology to separate firms. This makes sense from an engineering point of view 

because it brings economies of scale in repair and maintenance. It also ensures those 

scarce specialist skills, for example, in the operation of nuclear facilities are 

concentrated in one firm. This `stratified' allocation of technology tends to result in each 

firm becoming dominant in its own segment of the load curve. The alternative is to 

divide the industry up in a ̀ diversified' fashion so ensuring that each firm is allocated a 

wide range of plants, ensuring that it will compete in all segments of the load curve. 

The process of allocating generation technology between firms in the two markets, 

before market liberalisation took place, was quite different. In Germany, there was no 

restructuring of the industry, and the vertically integrated structure of each firm was 

retained. Each firm was essentially structured so as to be self-sufficient in generation 

capacity, and therefore each naturally invested in the full range of plant technologies 

necessary to serve the daily load profile, and ensure system reliability in its own supply 

area. In contrast, the restructuring of the national monopoly CEGB, which took place in 

England & Wales during 1989/90 resulted in one baseload nuclear generator, and two 

mid-merit coal generators. That structure remained largely intact for a decade but 

forced divestment, in 1999, has effectively created 8 medium sized firms in the industry. 

In contrast, if the four proposed German mergers are all authorised, the structure of that 

industry will collapse from 8 to 4 firms. The initial structures of these two ESIs will 

effectively have been reversed by mergers and divestment. 

6.1.2. Plant divestment in England & Wales 

BETA has given Ofgem a new opportunity to re-open the debate on curtailing the 

market power of National Power and PowerGen, through further plant divestment. 

Under the threat of a referral to the UK competition authorities, an agreement was 

eventually reached with the DTI that each company would sell 4,000 MW of additional 

capacity, representing approximately 12% of total industry capacity. These sales were 

completed in late 1999 and allowed two new entrants into the mid-merit sector of the 
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market; AES Corporation, which bought the Drax plant from National Power, and 

Mission Energy which bought the Fiddlers Ferry and Ferrybridge plants from 

PowerGen. Figure 6.1 compares the capacity shares of the main generators from the 

opening of the market in 1990. AES already owns a small amount of baseload CCGT 

plant and plans to add to this over the next 5 years. Through Drax, it has now added the 

largest coal-fired plant in Europe, giving it a portfolio dominated by baseload and mid- 

merit plant. Edison Mission Energy already runs all of the pump storage capacity in the 

industry and has now added two old marginal coal stations to its portfolio, which also 

contains a small amount of OCGT peaking plant. When it completes the planned re- 

opening of a further small coal plant in 2000 it will have a portfolio of marginal mid- 

merit and peaking plant. 

What is certain is that the portfolios of each player will determine their strategies. 

Eastern, National Power, and PowerGen still run mixed plant portfolios, and are thus 

represented throughout the baseload and mid-merit sections of the merit order. Also, as 

all of them now own a significant supply business, it is likely they will try to match their 

generating capacity to their market share in supply, by selling or mothballing marginal 

plant as they add new baseload CCGT capacity to their portfolios. 

AES does not own a supply business and has made, and will continue to make, 

significant investments that commit it to being a long-term baseload operator focussing 

on sales to large business consumers. Meanwhile, Edison Mission Energy seems to have 

adopted a dominant strategy of owning marginal and peaking plant which is likely to 

make it an important player in offering reliability, auxiliary and balancing market 

services. The nuclear operators and IPPs are expected to continue running their plant in 

baseload mode for some time. 

Inspection of Figure 6.1 reveals that the divestment has created a new baseload operator 

(AES Corporation) and a new peaking plant operator (Mission Energy). In effect, the 

dominance of National Power, PowerGen, and Eastern in the mid-merit sector has been 

squeezed. Whether this round of divestment will have any greater impact on market 

power and prices than that in 1995/96 is an open question but combined with the 

possibility of some older CCGT being displaced into the mid-merit sector the 

dominance of National Power and PowerGen has clearly been reduced. 
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Figure 6.1. Capacity share 1990/91 to 2005/06 in the Pool 

Z 
H 
7 

C 

w O 
O 
t0 

t 
N 

N 
a 
eo 0 

100%, 

90/ 

80°; 

70", 

60°. 

50°,. 

40", 

30°, 

20`ý� 

10% 

0% 

°'y ýyýý' ^ýý ýýh hýý'fo ý0ýý1 1\9e 0\C'ý 0Oýý^ yýb yem 
et, c, 

pz *Q, 
Year 

" Mission Energy 

Eastern 

  PowerGen 

 National Power 

[]Scottish Power 

DAES Electric 

0 Scot' & Southern 

DIPP I Other 

D BNFL 

1 Magnox Electric 

m EdF 

ONuclear Elantric 

Source: NGC (1991 - 1998) 

Note: Baseload operators are in light/hashed areas while mid-merit and peaking plant operators are in dark/solid areas 

The imposition of the gas moratorium (DTI, 1997) prevented temporarily new CCGT 

plant being built between 1997 and 2000. With a construction time of less than two 

years for new CCGT plant, it is no surprise that natural gas has become the fuel of 

choice for new entrants and incumbent generators. However, the regulator clearly 

disagreed with the new DTI policy and stated that: 

"The policy of restricting new entry into generation is now the main 

obstacle to a more competitive electricity market. A continuing threat to 
incumbents from new entrants is of the utmost importance in preventing 

collusion, and in ensuring that reforms to trading arrangements are 

successful and deliver benefits to consumers, particularly in the form of 
lower prices. " 

The policy was reversed in late 1999 and should enhance competition. As Figure 6.2 

shows, by 2005/06 only the most efficient coal plant will be able to compete when new 

CCGT plant currently being planned and built comes on stream. 
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Figure 6.2. Projected change in fuel share of capacity 
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6.1.3. Bringing the issues together 
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The UK Government clearly sees a link between the issues of industry structure, trading 

arrangements, and technology choices. When it published the conclusions of its inquiry 

into fuel sources for power stations (DTI, 1998b) it proposed continuing the moratorium 

on licensing new CCGT plant, until Pool trading arrangements had been reformed, and 

plant divestment had taken place. In its Green Paper on utility regulation (DTI, 1998a) 

the Government also proposed that the regulator's primary duty should be to protect 

consumers' short, medium, and long-term interests. 

In this respect, the UK Government has signalled that it intends to intervene more 

directly in the way that the market is governed and organised by giving the regulator an 

explicit obligation to protect the interests of consumers (Ofgem, I999h). This has 

resulted in a plethora of measures including NETA, industry restructuring, and MALC 

but it will be hard to see what effect each measure will have. Indeed some may be 

unnecessary. 
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6.1.4. Technology comparison between the Pool and Germany 

As Figure 6.3 shows, at 31 December 1998 generation technology in the German 

industry was essentially allocated in a diversified fashion and in a stratified fashion in 

the Pool. 

Figure 6.3. Actual allocation of technology as at 31 Dec 1998 in Germany and Pool 
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The mergers completing during 2000/01 in Germany, will create fewer smaller firms but 

still with a diversified allocation of technology. Meanwhile divestments that took place 

in the Pool in 1999/00 resulted in National Power eventually selling 6500 MW of 

mainly coal fired capacity to AES and British Energy while PowerGen sold 4000 MW 
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to Mission Energy. The release of Eastern from its lease commitments effectively 

created four independent coal plant operators in the mid-merit sector of the market. 

Further divestments by National Power, Eastern, and PowerGen are under discussion 

and may be completed by the end of 2000. Figure 6.4 shows that the crucial impact of 

this divestment on the Pool is that technology allocation between firms becomes more 

diversified, especially mid-merit coal plant. 

Figure 6.4. Projected allocation of technology as at 31 Dec 2000 in Germany and Pool 
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During 1999, competition in the Pool followed a similar pattern to previous years, with 

British Energy providing the bulk of baseload capacity from its operationally inflexible 

nuclear plant alongside new entrant CCGT plant. National Power, PowerGen, and 
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Eastern served the mid-merit sector with their portfolio of coal plants, and Mission 

Energy provided peaking and ancillary services capacity from its pump storage 

facilities. 

In Germany, the largest firms competed to retain market share across the entire demand 

curve in their former monopoly supply areas, while attempting to sell output from their 

marginal surplus capacity into the supply areas of other firms. The observed behaviour 

of generating firms in the two markets during 1999 therefore suggests that their bidding 

behaviour and competitive strategy was at least in part defined by the technology mix of 

their plant portfolios rather than purely the quantity of capacity they owned. 

6.2. Technology modelling 

In this section, the impact of divestment and investment in CCGT technology on firms' 

ability to exercise market power in the Pool is investigated. The objective is to measure 

the impact of changing the way in which plant is allocated between firms while keeping 

the number, size, and type of plants, as well as the trading arrangements, constant. 

6.2.1. Agent characteristics and demand 

A range of industry structures is investigated, starting with the Pool as it was in winter 

1997/98 moving forward in time through winter 2000/01. For the sake of comparability, 

SMP settlement with single daily bids is assumed to apply throughout and demand data 

for working days during 1997/98. Weekends and holidays were eliminated from the data 

set, as well as days on which clocks were moved backward and forward to take account 

of daylight saving- This cleaned data set contains 250 working days representing the 

annual demand profile and is applied to the simulation in the same way as described for 

Germany in the previous chapter. 

6.2.2. The focal point model 

The ABS models used in previous chapters required a target utilisation rate to be set for 

each agent based on the observed plant utilisation rates of real firms in the relevant 

market under investigation. However, if the distribution of technology between firms 

were to change, even if their number and size stayed the same, this could change the 
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target rate of utilisation of any or all firms. Target utilisation rates must depend not only 

on the plant in a particular generator's own portfolio but also on the plant in other 

generator's portfolios. If the ownership of plants changes, then portfolios change and 

therefore so must the target utilisation rates. 

To investigate the impact of shifts in technology allocation, agents must therefore have 

some means of setting their own utilisation rates in response to changes in industry 

structure and technology allocation. However, the reason(s) why a real firm might 

choose one particular target utilisation rate over another is not known. More importantly 

the mechanism by which an entire industry could settle upon a mutually agreed set of 

target utilisation rates is even less clear. 

As Kreps (1990) points out, in many games an equilibrium solution suggests itself to the 

players for reasons of symmetry, optimality, or some other qualitative principle. It may 

be that the `solution' is just a manifestation of socially driven norms that are akin to 

learned behaviour, which Kreps describes asfocal points. In conclusion he suggests that 

game theorists have not been able to formalise what constitutes a good focal principle, 

in other words how a focal point comes about. Schelling (1980) provides a range of real- 

life, and theoretical examples, as well as a discussion of the issues but forwards no 

specific theory as to how a focal point might be selected. Tirole (1995) suggests that that 

under conditions where marginal costs are asymmetric there is no focal price on which 

to coordinate in a supergame. However, he describes a trade-off might be reached 

between two firms which results in an efficient allocation of profits that can be sustained 

by equilibrium behaviour in repeated interaction. This depends on the profit target being 

set by the high cost firm, before the game starts and then both firms coordinating their 

actions to reach an efficient share of that profit. He shows that both firms coordinate 

upon an equal split of market share however this leaves the question of how the high 

cost firm set its profit target in the first place. 

This problem is not unique to game theoretic models, or the ABS models presented 

here, as it also appears in classical duopoly models in the form of unexplained 

conjectures and in reaction function models where the choice of trigger price is dealt 

with exogenously. To resolve this problem, the ABS model described in Chapter 5 has 
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been modified to allow agents to coordinate upon a focal point utilisation rate that is set 

endogenously as the simulation progresses. 

In this focal point model, the agents' profit objective remains as described in previous 

chapters but their target utilisation rates are allowed to evolve through time as the 

simulation progresses. This is achieved by assuming that all agents report publicly their 

plant output and plant availability to the capital market at the end of each quarter. As a 

result, each fin's mean annual plant utilisation rate can be updated every quarter. 

The firm with the lowest mean utilisation rate, over the previous year, is assumed to set 

the industry benchmark target utilisation rate for the next quarter. The utilisation rate 

target for each agent is therefore a comparative one, and common for all agents, with 

each having the objective of achieving a utilisation rate in each simulation period that 

exceeds the benchmark target utilisation rate set in the previous four quarters. The 

justification for this is that capital markets set the required rate of return for firms and, 

assuming that firms are all receiving the same market price for their output, the 

utilisation rate must therefore be the binding constraint. Any firm that fails to achieve a 

minimum level of utilisation on its plant will be earning less than the required rate of 

return and will either be taken over or go out of business. 

By setting the lowest utilisation rate as the benchmark, this compels the firm that set it 

in the previous year to exceed its own self selected target in the same way that firms 

attempt to exceed their own profit benchmark in the model. As this rate is a constraint 

imposed by the capital market, and is a product of the collective bidding strategies, from 

the previous year it can therefore evolve over time. Most importantly, agents are able 

collectively to settle on different benchmark target utilisation rates depending on the 

industry structure, costs, and technology allocation. In effect, by reporting utilisation 

rates to the capital market, the industry gains a memory of its'past behaviour that is used 

collectively by the agents to `negotiate' a focal point division of the total demand. There 

is no need for negotiation before the game by the agents to set a target utilisation rate, as 

they can learn what this should be as the simulation progresses. For consistency it is 

assumed that agents begin with a naive target of 100% utilisation at the beginning of 

each simulation run. 
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6.3. Technology simulation results 

In this section, results from a series of simulations are reported that test the impact of 

the 4,000 MW plant divestment each firm agreed with Ofgem at the end of 1998. The 

cancellation of the Eastern lease payments from the first round of divestment in 1996 is 

also modelled along with a theoretical future scenario where CCGT capacity becomes 

the dominant technology after the lifting of the gas moratorium in 2000. 

The divestment of plant by National Power and PowerGen in 1999/00, and the release of 

Eastern from its lease commitments on the plant it acquired in 1996 is modelled in this 

section. The focal point model was run with the industry structure in place as at 31 

December 1998, and as described and simulated in Chapter 4 [see also Appendix C]. 

Figure 6.5 shows the evolution of daily SMP assuming that the agents are competing 

under the original Pool trading arrangements. The impact of seasonal fluctuations in 

demand and on market price can be seen clearly. 

Figure 6.5. Simulated clearing prices for Pool during 1997/98 
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The simulation was rerun with the same plant capacity, but with the divested plant 

specified under new ownership and assuming that Eastern leases were terminated, in 

effect the position that prevailed as at 31 December 1999. The results are shown in 

Figure 6.6, with the separate effects of divestment and lease termination in Figures 6.7 

and 6.8. 
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It is apparent that termination of the Eastern leases has an equal, or greater, impact on 

simulated SMP than plant divestment alone. Ofgem appears to have been right to insist 

upon both a simultaneous plant divestment and cancellation of the Eastern plant leases. 

These results also confirm that, at least to some degree, National Power and PowerGen 

were able to exercise market power, especially in 1997/98 where SMP rose by almost 

20% as a direct result of the residual control it had over the plants divested to Eastern. 

Figure 6.6. Simulated clearing prices for Pool after divestment and lease termination 

This rise in prices was reversed in the following three years 1998/99 - 2000/01, as SMP 

fell by 28%, and the simulation results presented here suggest that this may have been 

due the industry restructuring which has taken place in 1999/00. However, during 1999 

and 2000 several temporary or permanent plant closures were announced which may 

reverse this fall in SMP. From the simulations on the German market in Chapter 5 it is 

apparent that plant closure is a strategic option when market prices fall. Indeed Ofgem 

recognised this when it launched an investigation into plant closures by National Power 

[see FT ( 1999c) and Ofgem (I 998b)]. A further simulation experiment was carried out 

that includes all divestments and closures announced to March 2000 [agent structure in 

Appendix F] with results in Figure 6.9. Mean annual simulated SMP, for each hour of 

the day, under the various restructuring scenarios are compared in Table 6.1. This shows 

that the level of simulated SMP in the base case 1997/98 scenario, is approximately 

50% higher than the level after plant divestment, and cancellation of Eastern's leases, 

are included in the model. This is especially true in the winter period and directionally 
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consistent with the fall in SMP, seen in the real Pool during the three-year period 

1998/99 - 2000/01 (see Figure 2.1). 

Figure 6.7. Simulated daily market clearing prices for Pool with lease termination only 
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Figure 6.8. Simulated daily market clearing prices for Pool with divestment only 
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Figure 6.9. Simulated SMP after strategic plant closure in 2000/01 
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The result suggests that Ofgem's efforts to modify the industry structure, through a 

second round of forced divestment in the mid-merit, appears to have curtailed generator 

market power, at least in the setting of SMP. However, the 50% fall in simulated SMP 

for 1999/00 is substantially more than the aggregate 28% fall seen in the real Pool for 

the same period. Simulating the closure of capacity in 2000/01 resulted in a smaller fall 

in SMP of only 40%. The closure of marginal capacity, and sale of other plant, seems 

therefore to have been a rational strategic response by generators in the Pool and 

confirms the results in Chapter 5. 

Table 6.1. Mean annual simulated SMP under alternative restructuring scenarios 

Mean Annual SMP Difference versus Base Case 
Scenario 

Off Peak On Peak Off Peak On Peak Off Peak On Peak 

Base Case 1997/98 £23.17 £31.15 - - 
Only leases cancelled £16.44 £22.30 -£6 73 -£8.84 -29.05% -28.40% 
Only plant. divestment £17.14 £26.79 -E6.04 -£4.35 -26.05% -13.98% 

Leases and divestment £12.15 £14.26 -£11.03 -E16.89 -47.58% -54.23% 
Closure case 2000/01 £13.71 £19.06 -£9.46 -£12.09 -40.83% -38.81% 

Note: Prices calculated from time weighted average of 12 hours beginning 07.00 for on-peak and 19.00 for off-peak. 

6.4. Technology discussion 

Taken together, the results presented above suggest that the source of market power in 

the Pool may not simply be a matter of industry concentration but the distribution of 

plant technologies between generators. 
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6.4.1. Divestment and investment 

Divestments in the Pool during 1999 transformed the industry structure from one where 

two firms effectively owned all of the coal fired generation plant, and dominated the 

mid merit, to one where six firms owned coal fired plant. Furthermore, if the industry 

were to reach the theoretical technology redistribution limit, where the mid-merit 

capacity was entirely replaced by CCGT plant, generator market power appears to 

almost entirely disappear because there would be around 20 firms competing in that 

segment of the load curve. While new entry by CCGT may never occur to the extent 

that was modelled here, it does suggest that plant technology has an important effect on 

market power and not just marginal production costs. Currently, the industry is divided 

into two types of firm; those that are exclusively baseload plant operators, with little 

influence on prices, and mid-merit operators that have mixed portfolios and market 

power. 

6.4.2. Stratified versus diversified technology simulations 

The results above still leave room for doubt over whether it was the reduction in the 

absolute size of National Power and PowerGen, as a result of divestment, rather than 

reallocation of mid-merit coal fired plant that brought about the fall in simulated SMP. 

For this reason, a final set of simulations was run using a theoretical industry structure 

that isolates firm size from technology distribution as described below. 

Five generators, each with 10 plants of 900 MW capacity and total industry capacity of 

50,000 MW, are assumed to compete in a Pool type market with single daily bids and 

SNIP settlement. This eliminates any small versus large firm effects or information 

asymmetries. Maximum demand is set at a constant 40,000 MW and price elasticity of 

demand equals 25 MW/£1 above £75. Two different technology distributions are tested 

but in each case the number of plants and firm size remains identical. 

Stratified technology distribution: Firm A is a pure nuclear operator with 

marginal production cost of £0.00 / MWh, Firm B is a pure CCGT with a 

marginal production cost of £0.00 / MWh. Firms C-E each run large coal, 
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medium coal, and OCGT plant with increasing marginal production costs of 

£12.00, £14.00, and £20.00 respectively. 

ii, Diversified technology distribution: The same technologies are in use as in the 

stratified technology scenario, but here all firms have the same mix of plant 

technology. Each has two nuclear plants, two large coal, and so on. This is similar 

to the mixed thermal system of Germany where most of the larger firms possess 

some baseload, mid-merit and peaking capacity. 

The industry marginal cost is defined by the OCGT technology at £20.00. SMP setting 

share and market price (SMP) from the technology distribution simulations scenarios 

described above are summarised in Table 6.2. A clear difference emerges between the 

diversified technology distribution, where competition is fierce and mean simulated 

market price falls almost to marginal cost. In contrast, the stratified case suggests that 

generators exercise significant market power. From the values in the table it is possible 

to discern the role of each firm under the two different technology allocations. 

Table 6.2. Simulated SMP under diversified and stratified technology distributions 

SMP share Marke t Price 
Diversified Stratified Diversified Stratified 

Firm A 20.26% 10.16% 

Firm B 18.80% 10.43% 
Firm C 19.61% 10.43% 

£2 8 
Finn D 21.07% 21.66% 

0. 7 £128.45 

Firm E 20.26% 47.33% 

Industry Mean 20.00% 20.00% 

With a diversified allocation of technology all firms take an equal role in setting SMP. 

The identical allocation of technology appears to force them into a competitive outcome 

where no firm can establish itself as price leader. Price discipline proves impossible to 

establish. In contrast, under a stratified technology allocation, Firm A-D almost always 

undercut Firm E, which is established as the price leader and sets SMP for almost half 

of the simulation. From this analysis it is clear that Firm E is acting as the residual 

monopolist and as such sets a price well above its marginal cost and the other firms in 

the industry benefit. 
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Price discipline appears to be much easier to maintain in the stratified industry than in 

the diversified case. This is despite the fact that the size of each firm is identical within 

and between industries and the amount and mix of technology is identical. Only the 

allocation of technology between firms is different and this is the only factor that could 

account for the difference in prices. 

6.5. Technology conclusion 

From the empirical observations and analysis presented above it is now possible to 

explain why wholesale electricity prices remained high in the Pool for so long, and why 

they have been so low in Germany. In other words, why generators in the Pool were 

able to exercise market power but in Germany they were not. 

In 1990, shortly after the ESI in England & Wales was created, two firms were 

competing in the mid-merit sector of the load curve and one firm operated pump storage 

plant that essentially supplied reliability, load following, and ancillary services. The 

operators of nuclear plant, and later new entrant IPPs with CCGT plant, had little 

opportunity to exercise market power because the operational and financial constraints 

associated with this capacity meant the owners were forced to ensure that they ran plant 

at full capacity at all times and therefore fully contracted their output. Forward coal 

contracts imposed on the mid-merit generators, designed to guarantee a minimum level 

of domestic coal burn during the first few years of the market's operation, also curtailed 

National Power and PowerGen's ability to exercise market power (Green, 1999a). When 

the volume of these contracts was reduced in 1995 the ability of National Power and 

powerGen to exercise market power immediately became apparent. The regulatory 

response, which created Eastern through divestment in 1996, had little impact on 

competition in the mid-merit sector. National Power and PowerGen still collected a 

£6/MWh lease fee on each MWh generated by the divested plant and Eastern's 

vertically integrated supply business effectively sold the output on a long term contract 

at a guaranteed regulated price to franchised consumers. 

The plant divestments that took place in 1999/00 have had a more significant effect than 

the 1996 divestments and the intensity of competition in the mid-merit and peaking 

sector of the load curve appears to be the major reason why the average SMP fell in 
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2000. It also shows why the 1996 intervention failed. Despite the fact that five large 

and medium sized firms were operating in the market during 1997 - 1999 only two were 

competing in the section of the load curve that set prices in the on-peak periods. In 

contrast six firms were operating in the mid-merit from 2000 onwards and SMP fell. 

This result is also consistent with the findings of Green & Newbery (1992) that showed 

that five equal sized mid-merit generators should be sufficient to create a competitive 

market. National Power, and PowerGen, appear to have been able to continue to 

exercise significant levels of market power because the segmented allocation of plant 

technology between firms at Vesting in 1989/90 continued to allow a duopoly to 

compete in the mid-merit up to 1998/99. The fact that Nuclear and CCGT plant 

operators were taking an increasing market share in the baseload section of the load 

curve had no impact at all because they did not compete in the mid-merit sector. Not 

only that, but the output from plants leased to Eastern was in effect fully contracted at a 

price which was 50% above the marginal operating cost of National Power's and 

powerGen's remaining coal plant. The Eastern plants could never undercut National 

power and PowerGen so reinforcing the collusive outcome. 

In contrast, the German market had at least eight large firms operating plant at baseload, 

mid-merit and peaking sections of the load curve from the market's inception in 1999. 

Even with all four of the proposed mergers, the number of firms competing during on- 

peak periods will be at least five if imports are included. This is why simulated market 

prices after the mergers have taken place do not rise significantly. Given the time 

constraints imposed by the Thatcher Government in 1989/90 there was no political will 

to consider allocating the coal plants between more than two operators and the nuclear 

plant could not be privatised at all. In effect a stratified technology allocation occurred 

by default and this took a decade of forced divestments and new entry to reverse. The 

simulations above produce results that are consistent with the empirical observations in 

both the Pool and German markets. Simulating a theoretical industry structure with 

stratified and diversified generating technology allocations shows that regulators should 

place more emphasis on deciding which plants are allocated to which firms rather than 

concentrating purely on how many firms are in the industry. 
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Chapter 7. Conclusions 

The primary objective of this thesis has been to establish the sources of market power in 

the generation sector of a liberalised electricity market. This has been achieved by 

studying the impact of the following: 

j. The number and size of generating firms; 

ji. The type and distribution of generating capacity between generating firms; and 

iii. The trading arrangements that allocate this capacity to meet demand. 

In order to address these issues, a behavioural model of strategic behaviour between 

firms in imperfectly competitive markets, and the factors that allow them to exercise 

market power, has been developed. This ABS model has allowed the impact of micro- 

level factors, usually lost, or ignored in the traditional economic and game theoretic 

models, to be quantified. By using a simulation approach, the restrictive assumptions of 

uniform firm size, uniform marginal costs, informational symmetry, and equilibrium 

outcomes, that are often required to reach analytically tractable solutions, have been 

eliminated. 

7.1. Summary of findings 

The form and function of the ABS model and a summary of the results and conclusions 

drawn from it in previous chapters are summarised in this section. 
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7.1.1. Market power in global electricity markets 

Analysis of industrial and household electricity prices, prevailing in industrialised 

countries between 1991 - 1999 showed that while prices had generally fallen in both 

nominal and real terms over the course of the decade, there was still significant 

variability between them. This places certain countries at a competitive disadvantage in 

global markets, because of the importance of energy as input in both the old and new 

economy, and makes electricity market deregulation not just a microeconomic, but also 

macroeconomic, issue. The theoretical long run marginal cost of production, based on 

world coal prices, was computed to show that prices remained high in most countries 

because of substantial levels of economic inefficiency in markets for fossil fuel and 

electrical energy. Further analysis of wholesale electricity market prices, during 1998 - 

2000, in those countries where deregulation had already taken place, showed that in 

some cases these were also well in excess of short run marginal costs of production. As 

these prices do not include, transmission, distribution, or supply costs the only 

explanation for this phenomenon is that that generating firms in some countries were 

still able to exercise significant levels of market power that had not being curtailed by 

the introduction of competition into the generation sector. 

7.1.2. Market power analysis and regulation 

The legislative processes that led to the creation of deregulated electricity markets in 

England & Wales and Germany were described in Chapter 2. In particular the industry 

structure, trading arrangements, and regulatory approach were compared and contrasted. 

The classical Bertrand, Cournot, Stackelberg, and Kinked demand curve duopoly 

models of strategic interaction were compared and their applicability to electricity 

markets examined. Their major weakness is their reliance on the assumption that either 

quantity or, in the alternative, price was bid whereas real firms submit bids for both 

price and quantity. Models that attempt to resolve this problem by assuming 

simultaneous or sequential price and quantity bidding were then considered including, 

Klemperer & Meyer's supply function equilibrium, the Kreps & Scheinkman two stage 

quantity and price competition model and the Allaz two stage hedge and spot market 

model. 
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In practice none of these models adequately describe the process of firm-firm interaction 

in either the Pool or the German market. Nor do they explain the empirical observation 

that widely divergent price outcomes have occurred between the two markets. Game 

theoretic models offered the promise of a richer analytical framework, especially the 

literature on repeated games. Unfortunately, the backward induction argument leads 

inexorably to the conclusion that in a finitely repeated game tacit collusion is impossible 

to enforce because threats of retaliation cannot be made credible. However, the literature 

on infinitely repeated games is attractive, especially Friedman (1971) where firms are 

assumed to agree a quota of market share output before the game begins. Since threats 

of retaliation are credible where firms expect a game to continue for an indeterminate 

number of periods, the agreed quota can be enforced. Likewise price setting supergames 

can be devised and enforced using trigger pricing strategies. Unfortunately, it is not at 

all clear which if any of the possible equilibria an industry might settle on. The Folk 

Theorem of supergames predicts that any possible Pareto optimal outcome may be the 

equilibrium providing it can be sustained by a credible threat of retaliation. The 

predictive power, and hence applicability of infinitely repeated game theoretic models in 

analysing market power in electricity markets is therefore limited. 

This review of economic and game theoretic models that had been applied to the 

analysis of imperfect competition also revealed that it did not take account of important 

elements of the institutional detail of electricity markets, such as the heterogeneity in 

production costs and distribution of power plants between firms. The repeated nature of 

the competitive process, and associated opportunities for learning through time, were 

generally ignored apart from in the literature on supergames. 

In an attempt to gain insights into the impact of trading arrangements, the auction 

literature was also reviewed. Here the established revenue equivalence theorem suggests 

that the choice of electricity market trading arrangements may have little impact on 

market price. However, the multi-unit, multi-period nature of the repeated daily, and or 

hourly, bidding process in most wholesale electricity markets makes this conclusion 

unreliable. Auction theory in multi-unit, multi-period, auctions is less well established. 

Empirical observation, especially of auctions in financial markets, is equivocal on 

whether a uniform price auction, as in the Pool, or a discriminatory auction should lead 

to lower wholesale prices. In addition, the relatively concentrated industry structure in 
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the generation sector is quite unlike the highly competitive industry structure of many 

financial markets and it is not clear how different auction mechanisms might interact 

with imperfectly competitive industry structures. 

Measures of industry concentration and market share, particularly the HHI, widely used 

by regulators as indicators of the potential for the exercise and abuse of market power in 

an industry, resulted in divestment decisions in England & Wales that allowed high 

prices to continue in the Pool. Meanwhile the German competition authorities have 

apparently sanctioned mergers that will result in higher levels of concentration in the 

generation sector than prevailed in the Pool since 1996. While they may provide useful 

indicators of market power in some industries, in the generation sector they apparently 

do not. The fact that regulators continue to face persistent difficulties in controlling 

strategic behaviour by generators in a number of wholesale electricity markets around 

the world, despite the application of well established models and measures of market 

power, suggests that alternative modes of analysis must be developed. 

7.1.3. A computational model of strategic rivalry 

The problems faced by regulators in controlling market power in wholesale electricity 

markets seem to be as much to do with the lack of available tools to analyse the problem 

as with the lack of political will or legal powers to enforce their decisions. The 

motivation to find alternative tools is therefore strong. For this reason, consideration 

was given to evolutionary economic approaches to analysing the behaviour of firms and 

individual in markets from the bottom-up rather than the aggregate top-down approach 

used in traditional microeconomic analysis. A powerful motivating factor in considering 

this approach was the advent of cheap and readily available computing power which has 

allowed theoretical evolutionary economic concepts to be operationalised through an 

ABS model. 

The essential features of the evolutionary economics approach are described in Chapter 

3. From the point of view of electricity markets this is attractive because it explicitly 

takes account of the heterogeneity in size, technology stock, and information available 

to them. It also includes a crucial element of the nature of competition in real markets. 

This is usually ignored in classical economic models, in that firms interact through time 
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and therefore have the opportunity and motivation to learn complex strategic behaviour. 

Finally, it presents the prospect of firms operating collectively far from equilibrium, if 

they wish, and therefore the market may reach a wide range of possible equilibrium 

outcomes. 

ABS models allow a precise experimental research method to be used in analysing 

market power because all of the inputs are capable of being individually, and 

independently controlled. For this reason, it is superior to quasi-experimental methods, 

based on empirical observations of real firms operating in electricity markets. It also 

allows a greater element of realism to be brought to the analysis, without the gross 

simplifying assumptions that are required to reach an analytically tractable solution. The 

ABS model developed here represents each generating firm as an autonomous adaptive 

agent, which is capable of developing its own trading strategies in response to the 

strategies developed by other agents. Consumer demand was modelled as an aggregate 

demand curve, with the explicit assumption that the agents on the demand side have no 

ability to act strategically, therefore act as price takers. A wide range of industry 

structures can be represented in the generating sector, while a range of Pool and bilateral 

wholesale electricity market can be simulated with alternative clearing and settlement 

rules. Not only is the model capable of replicating the expected results from classical 

models of monopoly, duopoly, and competitive markets but also the micro-level 

strategic behaviour of firms, in the Pool and Germany. The ABS approach therefore 

appears to be a robust tool for regulatory policy analysis in electricity markets. 

7.1.4. Trading arrangements and market power 

In Chapter 4 the regulatory proposal to replace the Pool with a set of bilateral trading 

arrangements under NETA is described in detail. Stylised versions of Pool and NETA 

are tested using the actual industry structure operating in the Pool at 31 December 1998, 

the year in which the original proposal was made. Trading arrangements with both Pay 

SMP and Pay Bid settlement were tested. These simulations showed that the 

heterogeneous availability of information to agents operating under NETA will not only 

reduce competitive pressure on mid-merit operators but also increase costs and risks to 

small IPPs and nuclear operators that require a high rate of utilisation on their inflexible 

plant. As generators are required to bid close to the market clearing price under Pay Bid, 
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inevitably they will overbid on occasions. In the Pool, nuclear and IPP operators always 

bid close to short run marginal cost and never run this risk. Hourly bidding, rather than 

single daily bids also allows the mid-merit generators to segment the market between 

on-peak and off-peak periods and so extract more of the consumer surplus. The 

introduction of continuous bilateral trading under NETA, by itself, would therefore be 

likely to increase prices above those in the current Pool. 

7.1.5 Industry structure and market power 

Merger proposals put forward by the German ESI were described in Chapter 5, along 

with the response of the competition authorities. Simulated market prices from the first 

two mergers, between Bayernwerk/Preussen Electra and RWE/VEW suggest that these 

will have almost no impact on prices during the summer months and in winter only a 

20% rise in on-peak prices compared with levels seen in 1999. Simulating all four 

potential mergers together raises on-peak winter prices by 100% from 1999 levels but 

summer prices remain close to short-run marginal cost. However, calls by 

Bayernwerk/Preussen Electra, in August 1999, for the industry to close surplus capacity, 

and the German government proposal to close some nuclear capacity in the medium- 

term, are causes for concern. Simulating prices after the closure of all of Germany's oil 

capacity, or only 25% of the nuclear capacity, even with only the mergers already 

authorised, produces price rises of several hundred percent in both summer and winter. 

This suggests that the largest firms may have been playing out a sophisticated three- 

stage regulatory game in the German ESI during 1999 - 2000. The first stage saw 

incumbent firms drive prices down to unsustainable levels during 1999 in order to retain 

market share and discourage the building of new, low cost CCGT capacity. The second 

stage appears to have been to seek strategic merger partners, and secure the agreement 

of the relevant authorities, which will make the process of coordinated strategic 

behaviour in future much easier to enforce. The final stage appears to be aimed at 

achieving a coordinated withdrawal of capacity as a means of raising prices. The closure 

of plant is an easily enforceable collusive outcome, especially if plant is mothballed, as 

it is easy to observe any reneging by firms in the ESI and also to retaliate by bringing 

plant back on line. Given the low level of electricity prices in 1999 and 2000, and high 

oil prices, it would be hard for competition authorities to argue against closure of 
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uneconomic oil fired plant. The Government's decision on nuclear power may, in the 

end, only act to reinforce a collusive outcome already achieved. 

Vertical integration of transmission and generation sectors may also offer further 

opportunities to exercise market power as constraints in the cross-border transmission 

network, which curtail imports of competitively priced electricity, may be created and 

exploited by incumbents equipped with a portfolio of generating plant. These results 

however seem at odds with the experience in the Pool, as a generating sector dominated 

by four large groups resulted in significant levels of market power, while they do not 

apparently do so in Germany. Simulations which compare Pool and bilateral trading 

arrangements, suggest that the bilateral market should exhibit higher market prices than 

the Pool, especially with an industry structure that is concentrated into an oligopoly of 

four firms. 

7.1.6. Technology and market power 

Regulatory efforts to restructure the ESI in England & Wales from 1996 to 2000 were 

described in Chapter 6. Previous analysis using supply function equilibria suggested 

five firms might be sufficient to create a competitive Pool. The creation of Eastern, by 

divestment of plant from the two mid-merit generators, along with rapid new entry by 

IPPs building CCGT plant, Nuclear Electric, Magnox Electric and the pumped storage 

operator Mission Energy should therefore have created a more competitive market. It 

did not have the expected effect. Prices continued to remain at higher levels than had 

been prevalent in 1990. However, further forced divestment of 4,000 MW of capacity 

by both National Power and PowerGen in late 1999, which effectively created two new 

mid-merit operators, appears to have caused a sharp fall in SMP during 2000. These 

empirical observations have been replicated by comparing simulated SMP with the 

industry structure as at 31 December 1999. A theoretical simulation was run to test 

whether the allocation of technology between firm had an impact on market power. A 

diversified structure, where firms have an equal mix of technologies, resulted in market 

prices close to short-run marginal cost. However, a stratified structure, where firms own 

only one type of technology each, produced residual prices well above short-run 

marginal cost. The owner of the marginal technology effectively becomes a price leader 

in a stratified industry structure but no such price discipline emerges in the diversified 

case. 
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7.2. Regulatory policy contribution 

The first issue that many governments face in deciding how best to deregulate their 

national ESI is how to allocate the assets of the incumbent state-owned monopoly 

between newly created firms. The natural inclination, as it was in the UK, is to allocate 

plant of similar technology to separate firms. This makes sense from an engineering 

point of view, for example, it brings economies of scale in repair and maintenance. It 

also ensures that the firms can be allocated scarce skills, which is particularly important 

for the operation of nuclear facilities. This stratified allocation of technology tends to 

lead to one or only a few firms being dominant in each segment of the load curve. The 

alternative is to divide the industry up in a diversified fashion so ensuring that each firm 

is allocated plant in all segments of the load curve. 

7.2.1. Empirical observations 

From the analysis in Chapter 2, it is clear that the distribution of plant between the 

generators in the Pool was highly stratified at its inception in 1990. Almost every firm 

had a plant running in the baseload sector of the market and almost all the new entry, 

both current and expected, has also been in this segment. Given the desire of firms to 

keep CCGT and nuclear plant running at full capacity, SMP has naturally fallen close to 

marginal cost during off-peak hours. However, in the mid-merit sector there were no 

new entrants until Eastern was created by divestment in 1996, and even then National 

power and PowerGen still dominated the price setting process. In contrast, firms in the 

German market were forced to compete at all sectors of the load curve from the 

inception of the market in February 1999. They all possessed baseload, mid-merit, and 

peaking plant and sufficient excess capacity to allow them to compete outside their own 

former geographical supply areas. Prices fell as a result. 

Industry commentators have also often cited the Scandinavian electricity market, 

NordPool, as a good example of effective deregulation. Prices have generally been 

lower than the Pool, and marginally lower than in Germany during 1999, which implies 

a limited amount of generator market power. As the market is approximately the same 

size as that of England & Wales, with a relatively small number of large generators 

dominating the industry it is not clear why this should be the case. However, there is 
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one obvious difference between the Pool and NordPool and that is in the type and 

distribution of plant technology between firms. The NordPool is dominated by hydro 

capacity operating at baseload but which also competes with coal in the mid-merit 

sector via cross-border transmission lines between NordPool member countries. Ten or 

more generating firms may therefore be competing in the mid-merit sector across the 

entire NordPool, depending on the time of year. 

7.2.2 Regulatory responses 

When national electricity markets are first liberalised, regulators can do little about the 

type(s) of generation technology that that country is already endowed with. Their ability 

to influence the adoption of technology as time progresses may increase, for example, 

renewable generation technology investment may be stimulated by environmental taxes. 

In general, however, market forces will define what technology is adopted, for example, 

the dash for gas in the UK and hydro in NordPool is determined largely by marginal 

cost considerations and the physical proximity of primary energy sources. Nevertheless, 

while regulators may be more or less powerless to shape the adoption of certain 

technologies, the results presented above show that the way in which that technology is 

distributed among generating firms, does have a significant impact on their ability to 

exercise market power. 

In this case, the prime focus of the regulatory task must be to ensure that there are a 

sufficient number of firms competing in each segment of the load curve both before the 

market begins operation, and subsequently, should any mergers take place. Achieving 

this will not only depend on there being enough firms operating in the industry as a 

whole but that no one firm has a dominant share of any generation technology. This is 

particularly important in the mid-merit and peaking segments of the load curve. Once 

this has been achieved the design of the trading arrangements may safely be left to the 

market participants as has been proved in both Germany and NordPool. It is interesting 

to note that the UK, Spain, and Netherlands all took a highly administrative route to 

creating a new industry structure before liberalising their electricity markets, as well as 

setting up formal systems of regulatory oversight. They have all suffered from 

significantly higher wholesale market prices than either NordPool or Germany. 
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In the particular case of the Pool, simulation of alternative trading arrangements, 

industry structures and technology distributions contradict the findings of RETA and 

suggest that the further divestments that occurred in 1999 should be sufficient to curtail 

generator market power at least in the setting of SMP in the Pool. The fall in the average 

SMP during 2000, that has been observed in the Pool bears this conclusion out. 

However, this fall has been compensated by a rise in PPP, and PSP, as generators have 

withdrawn capacity. This has driven up capacity payments by reducing the plant margin 

available on the system. This element of the Pool price has not been tested in this thesis 

as it is not the product of a competitive bidding process, but rather the output from a 

formula which rewards generators the more capacity they withdraw. The results in 

Chapter 3 showed that the setting of SMP in the Pool is less susceptible to manipulation 

by agents with market power than bilateral market prices under NETA. However, 

capacity payments in the Pool undoubtedly provide an additional opportunity for firms 

to drive up their total income even if the day-ahead market was perfectly competitive 

and SMP was set at marginal cost. 

In conclusion, the response of Ofgem to market power appears to have been correct in 

focussing on the fragmentation of the mid-merit into six rather than just two firms 

during 1999. Removing the gas moratorium and allowing more low-cost foreign coal to 

be imported, even though it displaces indigenous British coal is also likely to increase 

the overall efficiency of the energy market. The process by which SMP is set leads to a 

more efficient price outcome than the bilateral market because all players have equal 

access to information and a significant number of those are induced to bid at short-run 

marginal cost. 

Additional capacity payments are not necessary in other commodity markets and will 

not be paid under NETA. However, it is not necessary to introduce NETA to eliminate 

the incentive to manipulate the capacity payments because stopping their payment only 

involves a small change to the existing Pool settlement process. In essence, paying 

generators at SMP would not only be simpler, cheaper, and less risky than NETA but, as 

the results presented here demonstrate, lead to a more efficient price outcome. 

Combined with the changes to industry structure already implemented Pool prices 

would fall by more than the 13% that Ofgem originally hoped for from introducing 

NETA. Under these circumstances, it would no longer be necessary to introduce the 
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`good behaviour clause' that has been inserted into generators' licences. By implicitly 

setting a price cap, but without stating at what level that cap will apply, introduces a 

significant element of regulatory discretion and risk into the industry. This raises the 

cost of capital, which discourages new entry at the margin, and in itself allows 

incumbent firms to charge higher prices than they would otherwise be able to do. In the 

end it may result in under investment, higher prices, or both. 

7.2.3. An alternative regulatory approach 

The regulatory process in Germany, is entirely different to that which governs the Pool. 

It represents an alternative model that may be more effective in both the short and long 

term. There is no equivalent of Ofgem in Germany and the Cartel Office has taken on 

the task of regulating the merger process as part of the existing competition framework, 

with the EU providing an important oversight at the international level. Neither the 

Cartel Office nor the EU has any responsibility for determining what trading 

arrangements that are used by the market participants. Their primary focus has been the 

creation of a competitive industry structure in generation, and supply, while ensuring 

open access to the transmission and distribution networks on a non-discriminatory tariff 

basis. The results presented in the Chapter 6 suggest that these objectives have now also 

been achieved in England & Wales. Proposals to provide open access to the Scottish 

transmission system (Ofgem, 1998e), the new Scotland - Northern Ireland transmission 

link, and creation of a `one island' electricity market between the Irish Republic and 

Northern Ireland should increase competitive pressure across the entire UK ESI. If the 

Norwegian and UK governments agree to allow a physical link to be built from Norway 

to the North East of England importing low-cost Norwegian hydro power in on-peak 

periods, and exporting surplus thermal generation capacity during off-peak hours for use 

in pump storage becomes a possibility. This will introduce more competition into the 

mid-merit, as CCGT plant is displaced from baseload operation by hydro capacity. 

7.3. Microeconomic theory contribution 

Though not the principle objective of this thesis, contributions have been made in the 

course of this research to the understanding of imperfect competition and also to auction 

theory. 
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7.3.1. Imperfect competition 

All models of imperfect competition require firms to have a conjecture about how other 

firms will react to their actions in the market place. However, it is never made explicit 

why a firm should reach one conjecture or another. This is the essential problem in the 

folk theorem of infinitely repeated games. Any conjecture is feasible and, as a result, 

almost any outcome that can be enforced may be an equilibrium solution. 

In the ABS models presented in Chapter 3,4 and 5, the assumption was made that 

agents would attempt to continuously increase profits providing they reached a certain 

minimum rate of plant utilisation on each trading day. If not, they always dropped their 

bid prices to restore their plant utilisation rates to the target rate on the next trading day. 

The model was calibrated by empirical observation of real firms in the market place. For 

example, nuclear plant and CCGT operators are operationally constrained to run their 

plants continuously so a target utilisation rate of 100% is a logical objective for these 

firms. However, for firms that are able to operate strategically, the rate of utilisation was 

set by assuming they all wished to achieve the same rate and then varying that rate until 

simulated prices reached a level which was equivalent to that observed in the real 

market. The target utilisation rate of real firms is the only unknown input into the 

model, as all other inputs are observable in the real market. However, it can be 

estimated by observing its impact on simulated market prices Once estimated it was 

held constant in all subsequent simulations. 

In order to analyse the impact of changes to the distribution of technology between 

firms it became necessary to address the issue of where utilisation rate objectives might 

come from. It would make no sense for a firm operating largely coal plant to continue to 

have the same utilisation rate several years later when it had invested in CCGT plant 

and closed some of its coal plant down. This would be especially true where other firms 

had also changed their plant portfolios. The future target utilisation rate cannot be 

observed, from historic market prices, plant capacities or market shares. Agents 

therefore needed to be given some mechanism by which they could set their own target 

utilisation rate. 
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In essence, the solution assumes that potentially infinite number of equilibria that might 
be adopted by an industry in an infinitely repeated game setting is, in practice, heavily 

constrained by the capital market. For example, a large firm, with modem capacity 

capable of producing with low costs might be willing to give up market share in return 

for higher profits to another smaller incumbent with older plant and higher production 

costs. However, the return on capital required by the capital market should, on a risk- 

adjusted basis, be equal in both cases. The return that both firms make on the capital 

invested in their plants will eventually impose a constraint on what each firm might be 

willing to forgo in terms of market share. If the small firm attempts to steal market 

share, in order to raise returns, then the large firm will eventually retaliate and force the 

returns of the small firm back down. So long as both firms know that the other firm is 

willing to compete for returns then neither firm has any incentive to do anything but 

tacitly agree to equilibrate returns across the industry at some positive level. 

In the case of the ABS model presented in Chapter 6 the agents cannot observe each 

other's returns but use an easily observable proxy, the plant utilisation rate reported at 

the end of each quarter. For a duopoly of identical firms, both firms will attempt to have 

a utilisation rate equal to, or greater than, the other and at a level which maximises 

profits for themselves. The inevitable outcome of this is that both firms end up with a 

utilisation rate, that oscillates around the others. Furthermore, both will also inevitably 

receive the same price for their output, especially in a Pay SMP environment, and 

receive the same share of the market. The result is an identical return on capital. 

7.3.2. Auction theory 

Though auction theory on single-unit, singe-period auctions is well established that on 

multi-unit, multi-period auction is not. In addition, traditional auction theory 

assumptions of symmetrical information, and a large number of perfectly competitive 

bidders willing to bid their reservation prices, clearly does not apply in many electricity 

auctions. Here an oligopoly of bidders exists, often with differential access to 

information, and with the opportunity to exercise market power. The fact that some 

wholesale electricity markets appear to operate with prices well above long run marginal 

cost also suggests that these assumptions cannot hold. 
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The simulation results presented in the course of validating the ABS model in Chapter 3 

showed that discriminatory (Pay Bid) and uniform price (Pay SMP) multi-unit, multi- 

period auctions were revenue equivalent under conditions of perfect competition, where 

price equalled marginal cost, and under monopoly conditions. In duopoly conditions 

they were not. A discriminatory auction always resulted in a higher market price than a 

uniform price auction. So far as it is possible to ascertain from the literature this is the 

first positive proof that multi-unit, multi-period auctions are not revenue equivalent. It 

also may explain why the results of empirically observed price behaviour in tenders for 

treasury bill, gold and other financial assets are so equivocal. The outcome is entirely 

dependent on the number, information availability, and market power of the bidders. 

This will vary from market to market. In some cases, a large number of bidders, with 

identical information sets, may be competing for certain assets. For example, as might 

be the case in gold auctions. In others, an oligopoly of large traders may be competing, 

as for example in the US treasury bill market. 

7.4. Methodology contribution 

The principles of evolutionary economics have been widely known since the late 19' 

Century but never reached the popularity and level of acceptance granted to equilibrium 

economics. The prime difficulty has been that although the theory is an attractive 

representation of the reality of agent behaviour in a market, producing useful analysis 

has been all but impossible. The advent of cheap and readily accessible computing 

power has made it possible to operationalise evolutionary economic models through 

ABS. The model developed here has therefore shown that ABS is a valid tool for 

analysing and solving complex real-world economic problems and that a wider group of 

researchers than hitherto, could make use of the technique if it were made available 

through commonly available software platforms. 

7.4.1. Applicability 

This thesis is one of the first applications of the ABS technique to the analysis of a 

large-scale economic problem that also attempts to deal with the complexities of a real, 

market. Prior to this the majority of the applications have been in theoretical settings 

where either the number, or the complexity of the agents, is limited. The application 
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described here has therefore proved that ABS modelling is capable of providing insights 

that are not accessible by more traditional techniques to problems of real economic 

importance and not merely of academic interest. 

ABS techniques are often presented as a means of refuting the basic tenets of traditional 

approaches, especially those involving assumptions of equilibrium and rationality. This 

thesis has not taken that route but instead sought to incorporate findings from empirical 

observations, established models of imperfect competition, game theory, and auction 

theory through an experimental research design. However, by endowing agents with an 

element of artificial intelligence the ABS model has allowed adaptive behavioural 

responses to be examined: 

i. at lower cost and in less than time than an experimental economic approach; 

ii. with a greater level of control than can be achieved in empirical observation of 

the real world or in a laboratory setting; 

iii. while retaining more of the complexity of the real world than in many 

equilibrium economic and game theoretic models; and 

iv. by explicitly including learning in the process. 

In many respects the ABS model developed here appears to offer significant advantages 

over traditional approaches. Instead of attempting to replace them it seeks to build on 

them by recognising the passage of time as a crucial additional element in an economic 

process. This achieved by: 

L calibrating the agent characteristics and behaviour against empirically observed 

data; 

ii. validating that behaviour against established models of imperfect competition; 

ü1, operationalising an infinitely repeated game setting through simulation; 

iv. capturing the effect of learning with feedback and reinforcement. 

Unlike any of the traditional techniques the ABS model also allows agents to adapt their 

behaviour through time in response to the strategic behaviour of other agents, changes in 

their own characteristics and in the economic environment. In addition, the development 

of the focal point model also allows agent objectives to be set and reset by the agents 
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themselves rather than it being set exogenously as a static conjecture about how each 

agent should react to the strategic behaviour of other agents. Instead, agents reach a 

cooperative agreement about which equilibrium solution(s) to coordinate upon. The 

explicit inclusion of competition through time is the crucial element that allows this 

adaptation of new goals to take place. 

7.4.2. Portability 

The choice of Excel as the modelling platform on which the ABS model was built is 

significant. The traditional ABS model has typically required the use of specialist object 

oriented programming skills, such as C++ or Java, and has therefore been largely 

inaccessible as a research technique other than to those with prior training in computer 

science. The choice of a platform that is widely available to students, managers, 

regulators and researchers was a deliberate attempt to make the model as accessible and 

portable as possible. As an agent in any ABS model is essentially made up of arrays of 

inputs, attributes and algorithms which drives its behaviour, the choice of Excel, which 

has been designed for the principle purpose of manipulating large arrays of data and 

formulas, is an obvious candidate. The increasingly widespread use of Visual Basic also 

reduces the investment required in learning new techniques. Indeed most of the code 

was `written' by copy, cut and paste procedures, or by utilising Excel's macro learning 

function. 

The ABS model presented outperforms the Swarm platform that has been widely 

adopted by the ABS modelling community. However, Swarm is best suited to 

simulations of two dimensional lattice problems. For the particular purpose of the 

simulation of agent bidding behaviour in wholesale electricity markets the features of 

Swarm that makes it suited to spatial representations of physical agents, made the 

simulation process too slow to be of practical use. The recent publication of the first 

comprehensive review of the literature on economic simulations in Swarm (Luna & 

Stefansson, 2000), suggest that ABS modellers are beginning to address economic 

problems but all of the models cited are theoretical. 

The open source nature of the Swarm software, and the development of a number of 

rival ABS software platforms, may mean that the modelling of complex economic 
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problems becomes commonplace in the near future. However, the most significant 

drawback of all the currently available ABS software packages is that they require 

specialist programming knowledge in C++, or Objective C. A simple set of tools, in the 

form of Excel add-ins, might be a quicker route to bringing the field of ABS modelling 

to a wider audience. 

7.4.3. Flexibility 

Given the rapid changes that have taken place in the global ESI, and more particularly in 

the Pool and German markets during the course of this research has also proved that 

ABS is a highly flexible tool which is capable of rapid, and detailed analysis of the 

potential impact of regulatory proposals. 

Amending the ABS model, for example to increase the number of agents or represent an 

entirely different market, only required the use of `cut, copy, and paste' commands 

rather than reprogramming. Built in graphical interfaces, analytical and charting tools, 

data export facilities, in Excel made analysis of the simulation results relatively simple 

task. With the increasing power of desktop PCs the scale of ABS simulations that can be 

attempted on this platform continues to increase at an exponential rate. In this respect, 

by the end of 2000 it will be feasible to run a model containing 500 power plants, 

spanning 10 or more countries, on a PC equipped with a1 GHz chip and 512 MB of 

RAM. 

7.5. Extensions and further applications 

Though the analysis and regulation of market power in the generating sector of the 

global ESI has been the central topic of this thesis, the role of cross-border electricity 

and natural gas trade in increasing the efficiency of the electricity market has not been 

addressed. Implementation of the EU Electricity Market Directive and Gas Market 

Directive is only partially completed but the creation of a cross-border market for 

energy in Europe has already begun. However, of all the electricity consumed in western 

and central European countries covered by the Centrel, UK, UCTE, and Nordel grids40 

40 Europe is covered by four interconnected grid systems. UCTE is the largest and covers all of western Europe including the 
Balkans and is synchronously operated with Centrel which covers the central European countries. Nordel covers Scandinavia. The 
UK and Ireland are essentially run as isolated systems. However, direct current cables to France, and between Scotland and the 
island of Ireland, allow some energy transfers to take place. 
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during 1999 only about 12% crossed a border to reach the final consumer. The largest of 

these trade flows occurred on the single transmission link between France and the UK, 

even though France has still to open its transmission system to imports or allow any 

consumer any real freedom to choose their supplier. 

Even if all governments were to remove all legal restrictions on cross-border energy 

trade, and allowed all consumers to choose their gas and electricity suppliers, there 

would still be insufficient gas pipeline capacity to ensure that generators could access 

the lowest cost gas supplies. However, constraints that have already appeared in the 

European electricity transmission network would quickly prevent significantly higher 

levels of cross-border trade than occurred in 1999. Lack of transmission capacity is a 

major reason why electricity markets in Europe, North America, and South America 

remain inefficient. Local market power thrives where competitive electricity supplies 

cannot enter a market. 

To alleviate this situation a mechanism must be devised for pricing transmission 

capacity which provides the correct economic signals so that firms build generation 

plant closer to loads, close down that which is isolated from them by transmission 

constraints and/or build new transmission capacity to relieve those constraints. The 

experience of deregulation in the generation sector, combined with the analytical 

complexities imposed by the electrical engineering constraints of KirchofJ's Law and the 

attendant problem of `loop flow', suggest that analytical techniques based on traditional 

economic models may be inadequate to deal with this problem. 

By applying the ABS model described above to a traditional transmission network `load 

flow' model, for example of the UCTE would allow alternative transmission pricing 

systems and their impact on final electricity prices to be analysed in detail. The local 

natural monopoly status of transmission providers, combined with the potential for 

strategic behaviour in the generation sector, suggests that any solution must take careful 

account of market power. The methodology described here is ideally suited to that task. 
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Appendix A. Marginal plant profit on industrial electricity sales 
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Appendix A. Marginal plant profit on industrial electricity sales (cont) 
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Appendix B. Lerner Index in wholesale electricity markets 
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Appendix C. Agent structure for 1997/98 Pool simulations 
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Sources: NGC Seven Year Statement 1997- 98: Operating Firm, Country Origin, Plant Location, Plant Type, Plant 
Size 

Own estimates: Marginal Cost 
England & Wales Electricity Pool: Mean Outage Calculations: 

Expected Plant Capacity Available = Plant Size x (1- Mean Outage %) 
Pump storage Available for 12 highest demand on-peak hours = 50% x Expected Plant Capacity Available 
Indian Queens OCGT Available for 12 highest demand on-peak hours = 100% x Expected Plant Capacity Available 
Dinorwig Pump Storage Marginal Cost = Mean SMP for 8 lowest demand off-peak hours on previous day / 87.5% 
Ffestiniog Pump Storage Marginal Cost = Mean SMP for 8 lowest demand off-peak hours on previous day / 85.0% 
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Appendix D. Simulated prices for 2000 periods 

In Chapter 4, the mean simulated market price under four alternative sets of trading 

arrangements was reported (see Figure 4.1 and Table 4.2). These were calculated from 

simulated market prices in the final 250 simulation periods of 750 period runs. The first 

500 periods of data were discarded to eliminate the effect of initial starting conditions 

and to ensure sufficient time for agent learning to have taken place. This appendix 

discusses output from longer 2000 period simulations of Pool Pay SMP (i. e. analogous 

to the Pool) and Bilateral Pay Bid (i. e. analogous to NETA) trading arrangements. 

Figures A. 1 and A2 show the evolution of the mean market price for on-peak and off- 

peak hours. Table Al contains summary statistics calculated over simulation periods 

501 - 2000. These confirm that the mean on-peak market price is 33% higher under 

bilateral trading arrangements than Pool trading arrangements as per the results in 

Chapter 4. However, the analysis also shows that volatility of prices under the two 

regimes is different. The approach used in financial markets for estimating volatility is 

to calculate the standard deviation of log returns from one period to the next. This shows 

that the volatility of on-peak prices under Pool trading is three times as high as that 

under bilateral trading. Inspection of Figure Al confirms the presence of significant 

price `spikes' in the Pool on-peak simulation data while the bilateral prices show a 

smoother, less volatile pattern. Similar price and volatility results occur off-peak, but are 
less pronounced. Given that both simulations use static demand and fuel costs, as well 

as the same set of random numbers, the difference in mean and volatility must be due to 

differences in agent strategic behaviour. The presence of spikes in the simulated Pool 

price data is consistent with the empirical observation that real Pool prices also spike 

intermittently. The simulation suggests that NETA will bring lower price volatility but 

with a higher mean. This is also consistent with the game theoretic literature that 

identifies the possibility of multiple equilibria in infinitely repeated games. Volatility in 

both the Pool and bilateral trading simulation may reflect a periodic switching between 

different equilibrium positions. The on-peak simulations suggest that the agents find it 

harder to coordinate on a high price equlibrium in the Pool, than they do under bilateral 

trading. Pool prices spike occasionally to a slightly higher level than under bilateral 

trading but also suffer significant collapses. This is why mean market prices are lower in 

the pool than bilateral simulation. 
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Figure A. I. Simulated path of Pool and bilateral market on-peak prices 
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Figure A. 2. Simulated path of Pool and bilateral market off-peak prices 
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Table A. I. Price and volatility statistics for simulated Pool and bilateral market 

Prices Daily Returns 
Mean Price Std. Dev Std. Error Mean Returns Std. Day Std. Error 

Off-peak Onßsak OH peak Onpeak OH-peak On-peak Off-peak On-peak Off-peak On-peak Off-peak On-peak 

Pool (Pay SMP £30.52 £60.10 £9.52 £23.61 £0.25 £0 61 0.00% 0.03% 3.37% 3.93% 0.09% 0.10% 

Bilateral Pa Bid) £38.03 £80.10 £5.15 £9.99 £0.13 £0.26 -0.02% . 0.01% 1.16% 1.13% 0.03% 0.03% 
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Appendix E: Agent structure for 1999/00 Germany simulations 
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Sources: UDI Database, VDEW: Operating Firm, Country Origin, Plant Location, Plant Type, Plant 

Size 
Own estimates: Marginal Cost 
England & Wales Electricity Pool: Mean Outage Calculations: 

Expected Plant Capacity Available = Plant Size x (1- Mean Outage %) 

Pump storage Available for 12 highest demand on-peak hours = 50% x Expected Plant Capacity Available 

Pump Storage Marginal Cost = Mean SMP for 8 lowest demand off-peak hours on previous day / 87.5% 
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Appendix F. Agent structure for 2000/01 Pool simulations 
Agent Plant Operating Country Plant Plant Target Plant Outgo Maintanenc Plant Marginal 

Number Number Fins. Origin Location Type Utilisation SIZB (MW) Unplanned % Month Arailabl. (MW Coal (FJMWh) 
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Sources: NGC Seven Year Statement 1997- 98: Operating Firm, Country Origin, Plant Location, Plant Type, Plant 
Size 

Own estimates: Marginal Cost 
England & Wales Electricity Pool: Mean Outage Calculations: 

Expected Plant Capacity Available = Plant Size x (1- Mean Outage %) 

Pump storage Available for 12 highest demand on-peak hours = 50% x Expected Plant Capacity Available 
Indian Queens OCGT Available for 12 highest demand on-peak hours = 100% x Expected Plant Capacity Available 
Dinorwig Pump Storage Marginal Cost = Mean SMP for 8 lowest demand off-peak hours on previous day / 87.5% 
Ffestiniog Pump Storage Marginal Cost = Mean SMP for 8 lowest demand off-peak hours on previous day / 85.0% 
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