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FOREWORD
The electricity supply industry is under reform in nearly all IEA
countries.The new framework is characterised by the introduction
of competition in electricity generation and end-user supply, new
access to electricity networks and a redefinition of the regulatory
function of governments.

This study describes the changes that are taking place in the
industry and its regulatory structure, surveys the experience
acquired so far, and identifies some key issues and lessons for the
market-oriented reform of electricity supply.

Available evidence on liberalisation confirms the expectation of an
improved economic performance of the sector, including lower
costs and prices and increased consumer choice. However, along
with economic efficiency, governments have to meet other public
objectives, including security of supply and environmental
protection.This study provides insights into how governments can
successfully address this complex array of objectives in the new
regulatory environment.

"Electricity Market Reform" is an update of a study conducted
jointly by the OECD and the IEA as part of an overall project on
regulatory reform. It was previously published as a chapter of "The
OECD Report on Regulatory Reform" (OECD, 1997).The primary
authors are Caroline Varley and Gudrun Lammers of the IEA.
I thank IEA member countries for their helpful co-operation in
providing and verifying factual information.

Robert Priddle
Executive Director
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INTRODUCTION
This study forms part of an overall project on regulatory reform
initiated by the OECD, as well as part of the ongoing work
programme of the IEA. A main purpose of the OECD project is
to disseminate some of the "lessons learned" in earlier reform
experiences.

Electric power is essential to modern life. It fuels much of industry,
the incubator of the new-born, the computers of the commodity
trader and the railways of the commuter. It is an input to almost all
goods and services. At the same time, power generation and its
end use have negative environmental effects and may be implicated
in global warming.

Since the middle of the century this central importance of
electricity has been recognised by governments. Until very
recently, most governments have also considered the whole power
sector to be a natural monopoly and therefore that it should be
closely regulated.

Regulatory reform of this sector offers significant potential benefits
in terms of improved efficiency in the production of electricity and
in the allocation of resources across the economy, lower prices for
consumers, improved risk allocation, and stimulus to economic
growth and competitiveness. If it is done well, these potential
benefits are enormous. As with some other basic infrastructure
and capital-intensive industries, investments made in the sector and
by electricity users are long-lived; decisions made today have far-
reaching and long-lived effects.

The central focus of recent regulatory reform has been the
introduction of competition into the generation and supply sub-
sectors of the electricity sector through market liberalisation.
Market liberalisation critically shifts decision making from the state
— or state-influenced entities — to the market and, often for the
first time, gives consumers a choice.The evidence to date supports
the strong expectation of a much better economic performance of
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the sector; it also shows that reform can result in lower costs and
a broader array of choices to consumers. However, there are other
public policy objectives underlying liberalisation. It is important
that these objectives, such as security of supply, environmental
performance and social equity are met — hopefully bettered — in
the new conditions. Evidence to date shows that these objectives
can be met under the new competitive market conditions, but it is
critical that they be included in liberalisation efforts at the
beginning of the process.

Gas regulation is not addressed here. Gas and electricity are
substitutes for many end-users and gas is an input into the
generation of electric power. Hence, the regulatory status of one
sector influences the other sector. A more complete analysis was
not possible within the constraints of this study.

This study provides, first, an overview of the power sector
(Section 2).The main part of the report (Section 3) considers the
key issues in regulatory reform. It highlights the importance of
identifying the underlying objectives of reform, before reviewing
the mechanisms for introducing reform and competition. This
section also considers the key public policy objectives of security
of supply and protection of the environment and how these
objectives can be met in the new conditions. Section 4 considers
transition issues

In Section 5 a preliminary attempt is made to answer the question:
What does regulatory reform and market liberalisation actually
deliver? The report ends with conclusions and recommendations
to governments.

10
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OVERVIEW OF THE SECTOR

General Economic Characteristics

Electricity has a number of features which distinguish it from other
energy products — and from most other commodities. First,
electricity demand fluctuates in a daily and seasonal pattern, with
superimposed random variations, largely (but not entirely) due to
the fact that much of it is consumed in weather-related uses
(heating and cooling). Second, it is not storable in large amounts
and at low cost, which means that power at one point in time is
not a good substitute for power at another point in time. Hence,
power production and supply are multiple time-differentiated
products. Third, the cost of load exceeding supply, brownouts or
blackouts, is considerable. Taken together, these features create
what is known as a "peak load (demand) problem": if all load must
be supplied, then capacity must equal or exceed load at all times.
Otherwise, random supply interruptions can occur in the form of
brownouts or blackouts, causing considerable economic damage.

Another important feature of electricity demand is that it requires
further transformation into the desired final form of energy: light,
heat, cooling or motion power. This is due to the versatility of
electric power. Hence, some of the input energies to electricity, e.g.
natural gas, are also its competitors in end energy markets. Also,
in many cases, demand is not very price elastic in the short term
because a customer's transformation equipment (e.g. household
goods like freezers) is relatively long-lived.

Electricity supply assets (including generating capacity) are also
long-lived.The typical lifetime of nuclear plants is now expected to
be 40 years, and hydro-electric plants, including dams, are expected
to remain in service much longer.1 Installed assets are accretions
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1. Another example is Joskow (1983), for example, who illustrates the point by reference to a set of 588 large
fossil-fuelled steam electric generating plants operating in 1979 in the United States. Of those for which the initial
date of operation was given, 40 per cent began operation before 1950 and 17 per cent before 1940. He notes
that most very old plants have been substantially modified in the intervening years.



over a long period of time during which technology, relative
prices, beliefs about future demand and prices, economic and
environmental regulation, population and industry have changed.
Hence, actual installations are not those judged "optimal" under
present conditions.

It is helpful to divide the supply side into four parts: generation,
transmission, distribution and supply. Traditionally, the sector was
considered as consisting of the first three parts: generation,
transmission and distribution.These parts show clear differences in
their functions, technology, and cost characteristics. More recently,
however, power sector reform has encouraged the emergence of
supply, or retailing, of electricity to ultimate consumers, as a separate
and distinct function.2

� Generation

Generation is the transformation of some other form of energy
into electric energy, either chemically through the combustion of
fossil fuel such as coal, oil or gas, or physically through the use of
nuclear fission, or kinetic energy from wind or water in motion.3

Different types of generating plants are characterised by different
shares of fixed and variable cost: hydro-electric, nuclear and some
renewable plants have high fixed cost (essentially capacity) and low
variable cost (essentially fuel). Fuel cost in nuclear generation
varies between 4 per cent (Canada) to 23 per cent (Japan) in
OECD Member Countries.4 In contrast, fuel accounts for 22 per
cent (certain regions of North America) to 53 per cent (Germany)
of total generating cost. The fuel share of gas-based generating
cost lies between 46 per cent (Canada) and 75 per cent (parts of
the United States).
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2.There are a number of additional functions, such as system operation/dispatch/network control and spot and
contractual markets. However, the distinction according to the above mentioned four categories is the one that is
most evident, due to the different functional and cost characteristics of those steps.
3. Many renewable energy sources actually use other processes. Fuel cells, for example, use fossil fuels, but the
energy is extracted physically.

4. At a 10 per cent discount rate, 30 years lifetime and 75 per cent load factor. OECD Nuclear Energy Agency
(NEA) / International Energy Agency (IEA): Projected Cost of Generating Electricity. 1992 Update. Paris, 1993.



This cost structure means that there is an order for plant dispatch,
the so-called "merit order", which minimises total costs, bringing
plant into operation as demand rises (i.e. no more than is
necessary to meet demand at any given time). Hence, in a cost-
based system, capacity with low variable and high fixed cost, such
as nuclear, is operated as much as possible.This type of capacity is
called base load. The reverse holds for the type of gas plants
referred to above, which are operated at peak or intermediate
load. Since load varies rapidly and unpredictably, so does system
cost.

� Transmission

Transmission is the high-voltage transport of electricity. Most
modern transmission systems in industrialised nations are more or
less densely meshed, allow power exchanges over large distances
and, thereby, establish an electricity system featuring power trade,
least-cost operation of geographically dispersed plants, bundling of
demand and pooling of reserve capacity.These features mean that
in most locations, electricity traded over the grid is vastly cheaper
than locally generated power.5

A modern, synchronously interconnected transmission system also
requires minute-to-minute co-ordination among generators and
grid owners in order to protect it from damage. Voltage and
frequency fluctuations have to be maintained within a very narrow
band. In the wires, electricity flows along the lines of least electrical
resistance, not along contractual paths, and towards "load valleys".
This means that the technical problems one generator
experiences, or the transactions he carries out with a consumer,
may affect third parties not involved in the transaction. That is,
there are significant externalities which make the transmission
grid a natural monopoly over a relatively large geographic area. For
these reasons, and in order to avoid breakdown in all or part of
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5. There are, however, some thinly populated areas in OECD Member countries where grid electricity is more
expensive than decentralised generation.These are seen to be important niche markets for renewable energies.



the system, generators are required to deliver so-called ancillary
services, which can consist of voltage or frequency support,
"spinning reserve",6 or "black start" capability to re-start the system
after a breakdown. This requirement for close co-ordination
among operators of the transmission grid and generators gives rise
to economies of vertical integration between these two parts of
the industry. Such co-ordination is a key constraint on possible
structural change in the sector. However, reformers — in, for
example, the United Kingdom and the state of Victoria, Australia,
as well as independent power producers elsewhere — have found
mechanisms for the co-ordination of generation and transmission
under separate ownership or management. This separation has
been shown to be feasible.The issue remains whether total costs
are lower under vertical separation (this is explored later).

� Distribution

Distribution is the low-voltage transport of electricity, generally
from the transmission system to the end-user, or between
generators and end users. Distribution often shows strong
economies of density in urban agglomerations but diseconomies in
remote areas. Distribution is a natural monopoly over given
geographic areas.

� Supply

Supply is the contracting for, and selling of, electricity to end-users.
Supply also includes metering and billing, and can comprise
activities such as customer information, advice and financing.
Supply is not a natural monopoly. It can be wholesale or retail.This
report does not clearly distinguish these categories since they are
subject to further research at the OECD and IEA.

To give an idea of relative cost magnitudes, generation in the
United Kingdom accounts for about 65 per cent of total cost of
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6. Power plants where the (gas or steam) turbine is rotating but not the generating unit.They thus consume fuel
as if they were producing but are not. However, run  in this mode, they  can be brought into operation very quickly.



the supply chain; transmission, 10 per cent; distribution, 20 per
cent; and supply, 5 per cent (Newbery and Green, 1996, p. 59).

� Related Financial Markets

Where markets for electric power have been established, new
financial markets have also become established. Electricity
contracts range from long-term (e.g., 20 years) requirements
contracts to short-term (e.g., one-half hour) supply contracts. Built
upon these underlying assets are futures contracts and options. In
dynamic commodity markets, like those for grains and petroleum,
financial markets enable the risk of price volatility to be shifted
away from the parties least able to manage them (the end-user) to
intermediaries. Electricity, as has already been demonstrated in the
American gas market, is conducive to such intermediation. In
certain liberalised electricity markets, this risk intermediation
already includes the availability of futures contracts, options and
their derivatives.

The different parts of the electricity supply industry are vertically
or complementarily related but their relationships are, in fact,
more complex. For example, transmission and generation are
complements, since in most cases, transmission is necessary to
connect generators to end users. However, increasing transmission
capacity can also be a substitute for additional generating capacity,
since it may allow power to be obtained from a distant generator.
As mentioned above, transmission allows merit order dispatch, but
it also amalgamates demand and thus allows the use of larger plant
and the exploitation of economies of scale. Demand patterns vary
between regions. The larger the interconnected area, the more
individual demand fluctuations offset each other, leading to greater
use of (comparatively) low-cost base load capacity, and increased
sharing of peak and reserve capacity.Transmission makes possible
greater exploitation of economies of scale in generation and risk-
sharing of load fluctuations.The larger the interconnected area, the
cheaper (on average) the supply, until the cost reductions are
outweighed by rising transmission cost, including grid losses.
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These cost and demand relationships between generation and
transmission, along with the economies of vertical integration
between transmission and generation, give rise to a complex
relationship between the two activities.

Another example of the complexity of relationships among the
four main functions of the sector is that between generation and
supply, where interruptible supply contracts can be a substitute for
additional transmission or generating capacity.

16
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Economic Importance
and Security of Supply

The electricity sector in itself is an important part of a modern
society's economy, leaving aside its importance as an input to other
goods and services. In the United States, for example, annual sales
of electric power total over $200 billion. The electric power
industry accounts for about 3.2 per cent GDP and about 5 per
cent of gross capital stock (1994). In France, Electricité de France,

Box 1

Structure of the Power Sector Supply Chain

Function
Fraction of total cost
(in the United Kingdom)*

1. Generation: transformation of other energy 65 %
into electric energy. Potentially competitive

2. Transmission: High voltage transport of electricity. 10 %
Natural monopoly features (at present)

3. Distribution: Low voltage transport of electricity 20 %
to end user. Natural monopoly features for given
geographic area

4. Supply: Retailing of electricity to end users. 5 %
Potentially competitive

*Source for cost estimates: Newbery and Green, 1996, p. 59.



which effectively constitutes the industry, had annual sales (in 1995)
of 188.6 billion francs and it employed 117,000. As noted earlier,
electricity is, at the same time, a critical and, for many uses, a non-
substitutable input to other goods and services. It is an input to
all industrial production, as well as to key services such as
telecommunications and transport systems. It powers many of the
elements of modern life such as computers and freezers. It is a key
purchaser of outputs from other industries, such as coal and
terminal equipment.

For the overwhelming majority of industrial and service end users,
however, electricity makes up less than 5 per cent of total cost.
Only a small group of industries is very electricity intensive.These
are first and foremost aluminium smelters, but also glassworks and
some chemical plants. For such industries, relative electricity prices
are a main factor in choice of location.
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A glassworks company, the Schott Group, has over the past decade
reduced the number of its employees in Germany by 1,000 to 11,000
and added 3,000 jobs abroad. Glassworks are relatively energy intensive;
hence, the company's cost of running its furnaces are 60 per cent lower
in the United States and 30 per cent lower in France and the Czech
Republic,where electricity charges are significantly lower than in Germany.

(Wall Street Journal, 12/13 July 1996, p. 1)

The economic importance, and the non-substitutable nature, of
electricity in many uses, means that governments have for a long
time been concerned to ensure that there is security of electricity
supply — both in the short and the long term. It remains a
fundamental objective of public policy in OECD countries to
ensure that security of supply is sustained, although the means to

Box 2

Example of Electricity Price Influencing Location



achieve this objective is undergoing radical reappraisal in the
context of regulatory reform and the introduction of market
liberalisation.

There is also international trade and investment in the industry.
Among IEA countries, the largest net exporters of electric power
are France and Canada, exporting in 1993 about 60 TWh and
30 TWh, respectively. Since these are net figures, they mask
significantly higher gross power flows across borders. However,
less than 8 per cent of power supplied in European IEA countries
was imported.The United States imports only about 1 per cent of
its electric power, mostly from Canada (IEA, 1995).7 Many Asian
Pacific countries cannot import electricity from other countries
because of their geographical locations. Utilities also export services
or expertise, and invest directly abroad. For example, Electricité de
France is building infrastructure projects totalling $11.6 billion in
Argentina, Belgium, China, Ivory Coast, Gabon, Guinea-Bissau, Mali,
Poland, Portugal and Spain (So and Shin, 1996, p. 11).

Electricity and the Environment

The power sector has a very significant effect on the environment,
locally, regionally and globally. Environmental impacts of the power
sector include emissions of carbon dioxide, sulphur dioxide and
nitrogen oxides. In the OECD area electric power generation in
1990 led to the emission of 30 million tonnes of sulphur oxides,
10 million tonnes of nitrogen oxides and nearly four billion tones
of carbon dioxide (OECD 1993). In the United Kingdom the power
sector is the main producer of man-made carbon dioxide and of
sulphur dioxide, and the second largest sectoral producer of
nitrogen oxides (Armstrong, Cowan and Vickers pp. 280-1).
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7.The implications of electricity market opening and competition in large regions were analysed in a IEA document
entitled "Inter-system Competition and Trade in Electricity - Implications for the Environment and Environmental
Policy" (IEA/SLT(95)25, unpublished). The analysis of the economics of electricity trade flows shows that while
market opening may result in a short-term boost, electricity trade can be expected to fall back to relatively low
levels again in the mid- to long run, since it is cheaper to transport input energies (including natural gas) and
transform them into electricity close to the point of use than to transport electricity over long distances.



The power sector is therefore a large source of pollutants causing
acid rain and greenhouse gas effects and has a major part to play
in addressing the climate change problem. Governments are
concerned to find cost effective policies that will minimise
emissions.This has direct implications for the types of fuel used for
power generation (some fuels have a much better emissions
performance than others) and for the types of plants which are
built. It should be noted that the objective of minimising
greenhouse gas emissions may not be fully compatible with energy
security concerns. For example, coal has been subsidised with the
aim of increasing security of supply in some OECD countries, such
as Germany, but it causes high sulphur oxides, carbon dioxide and
other emissions.

Other environmental impacts of power generation include heat
injected in rivers through water used as a coolant, the visual
unsightliness of high voltage transmission lines, the mining and
transport of primary (input) fuels and the risks associated with the
operation of nuclear power plants and management of spent
nuclear fuel.

Environmental regulation is generally considered necessary to
address these issues, even in a context of liberalised markets,
because environmental effects are often externalities, i.e., are not
borne by those who cause them. Regulatory reform both of the
regulations governing the electricity sector and of environmental
regulations need careful handling against this background.
Governments will be concerned to ensure that environmental
objectives can be met cost effectively whatever the framework
conditions for the power sector.

A Brief History

The power sector has existed for over 100 years.Throughout this
time, it has experienced waves of change in structure and regulatory
approach driven by technical and economic developments.The key
evolutionary stages are outlined below.
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� 1870s - 1920s

At the outset, the developing industry was much more fragmented
than it is now. It was largely privately owned, and, at least in many
parts of Europe, not subject to effective regulation. Development
of the grid was still very limited and areas of dense load, such as
major cities or industrial sites were in some cases subject to
fierce competition among suppliers who had to provide the
infrastructure as well as supply. Industrial auto-production was
much more common in the first half of the century.

� 1920s - World War II

The first attempts by national or local governments to guide the
market came in the 1920s and 1930s. Governments were beginning
to view electric power less as a luxury and more as an everyday
necessity. This period saw the construction of large, publicly-
financed and publicly-owned hydro-electric projects. Electrification
programmes extended the geographic coverage of the grid,
especially to rural areas.The industry included a large number of
companies, private and public, small and large, many owning and
operating distribution facilities.Transmission remained fragmented,
in many cases lacking interconnection and with inadequate overall
network control, resulting in large grid losses and uncertain supply.

� 1945 - 1960s

This was a period of dramatic change in which already developed
economic concepts began to be applied universally to deal with the
negative economic behaviour which then characterised much of
the industry — price wars, cartels, and other anticompetitive
oligopolistic behaviour. At the same time, technical progress was
changing the economics of power generation and transmission.The
minimum efficient plant size increased dramatically, at the same
time as transmission and distribution grids were nearing
completion. The increasing economies of scale rendered many of
the old, small power companies uneconomic.

Many European governments concluded that the entire sector was

20
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a natural monopoly (which had already been suggested by Thomas
Edison himself), the multitude of small producers had to be merged
in a single nation-wide monopoly, or several large regional,
monopolies. They felt that the best way to prevent monopolistic
behaviour was to place these in public ownership. France decided
to create EdF in 1946. Italy was the last European country to follow
this trend by creating the state-owned monopoly ENEL in 1962.
Since the industry was believed to be a natural monopoly, many
countries enacted legislation that either explicitly forbade new
entry into the power sector or exempted it from general
competition law. Australia and New Zealand adopted a similar
model. One of the notable exceptions to this rule in Europe is
Spain, where statutory entry barriers were never erected, and
where there continued to be some competition, especially in the
region around Barcelona.

In the United States, a different model prevailed — the private
monopoly regulated by an independent regulatory commission.
Nevertheless, from the era of public hydro construction and
electrification programmes, a large number of federal or
municipally-owned power companies remained — and remain —
in business in the United States.

� 1970s
It was in the United States that the first doubts emerged as to
whether the chosen model of the regulated monopoly utility worked
efficiently. As early as 1962, Averch and Johnson showed that a
private monopoly subject to rate-of-return regulation had incentives
to overinvest in capital assets.8 Subsequently, a whole literature
developed around the issues of regulatory "capture" (regulators
might seek employment later on with the companies they regulate,
and thus fail to regulate them properly), optimal regulatory lags, etc.

The 1970s was the decade of the oil shocks, which raised the price
of what was at that time the key input fuel to electric power.This
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8. Averch, H. and Johnson, L.L.: Behaviour of the Firm under Regulatory Constraint. In:American Economic Review,
Vol. 52, 1962.



prompted a number of countries to step up the pace of existing
nuclear programmes, in some cases dramatically, and others to
embark on such programmes for the first time. There were
simultaneous efforts to substitute coal for oil, and near prohibition
of the use of gas and oil-fired power generation in the United
States, Europe and Japan.

During this energy crisis, a critical discovery was made —
independent generators can operate in a manner that does not
destroy the stability of the grid. Along with changes in the
minimum efficient scale in generation, described above and below,
this implied that other structures than a vertically integrated
monopoly were possible.

During this period, other changes were occurring in the sector.
First, the real cost of nuclear generation rose substantially due to
inflationary expectations. At the same time, citizens in many
countries expressed increased concern about the safety of nuclear
plant operation and disposal of spent fuel. This resulted in the
adoption of additional safety measures, the expectation of
increased future costs associated with existing plants, and an
increased perception of the risk of such operations. Second, the
price of natural gas in the United States fell substantially with the
regulatory reform of that sector.This further diminished minimum
efficient scale for generation. Third, the petroleum cost increases
caused much greater cost consciousness and prompted further
research into power generating cost. This research showed that,
depending on the country, the era of large efficient scales for fossil
generation was over. During the 1950s and 1960s, a combination of
improved thermal efficiencies and technical progress had shifted
the minimum efficient scale of new generating units towards ever
larger sizes. However, between the mid-1970s and the mid-1980s,
this trend ended (For nuclear plants, unit minimum efficient scale
remained over 1,000 MW and at multi-unit plant-level the
minimum efficient scale was even larger).9
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9. Krautmann, A. C., and Solow, J. C.: Economies of Scale in Nuclear Power Generation. In: Southern Economic
Journal,Vol. 55, No. 1, 1988.



Other research suggested that the generation side of the power
business was perhaps not a natural monopoly anymore, and raised
the question whether it ever had been. Some studies at company
level showed the minimum efficient size to be amazingly small.10

This result only holds if companies trade with each other
efficiently, especially if there is a mechanism that ensures optimal,
cost-minimising dispatch of all power plants in the market, and if
the market is big enough to reap the benefits of bundling demand.

Yet other research found relatively large economies of vertical
integration between generation and the grid, especially
transmission.11 These are due to the complex technical and
economic interdependence between generation and transmission.
These economies of vertical integration meant that if the power
industry were to be organised competitively, mechanisms had to
be found to provide the overall co-ordination and co-operation
needed to protect the system and ensure optimal interaction
between transmission and generation.

� 1980s - 1990s

Pressure built up to reform the power sector, driven by a number
of factors which varied from country to country. A fundamental
influence was the changing economics of the industry, due to
changes in the costs of nuclear and coal-fired generation, and
the development of the combined cycle gas turbine (CCGT). In
addition to the changed costs of generation — which had the
effect of diminishing minimum efficient scale for generation —
steadily decreasing information technology (IT) costs have reduced
the price of sophisticated metering and grid control equipment,
thus facilitating decentralisation of supply.
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10. One often-quoted study is that by Christensen and Greene, who estimate the size of the optimal power
company at only 4,000 MW. While there are indications that the study may underestimate optimal company
size, other studies support the evidence that optimal firm size may be smaller than anticipated, and that very
large power companies, some of which are 10 to 20 times as large as the quoted figure, may operate at
diseconomies of scale. See Christensen, L. R., and Greene,W. H.: Economies of scale in United States Electric Power
generation. In: Journal of Political Economy, No. 84, 1976.
11. See e.g. Henderson, J. S.: Cost Estimation for Vertically Integrated Firms:The Case of Electricity. In: Crew, M.A.:
Analysing the Impact of Regulatory Change in Public Utilities. Lexington, Mass./Toronto, 1985.



In addition to these technologically driven changes in costs, there
was an increased influence of market-oriented economic thinking
and a growing emphasis on the need to find ways to maximise
economic efficiency against a background of growing pressure on
state budgets and faltering macro-economic performance. In many
countries electricity prices were perceived as excessively high, as
compared with prices elsewhere. Another key driver in some
countries was to generate revenues from privatisation of the
industry, which was also expected to improve efficiency.

The CCGT resulted from a spillover of technology used in military
jet aircraft engines. New materials and design enabled gas turbines
to burn fuels at much higher temperatures, increasing efficiency,
and also allowed the combination of simple gas turbines with a
heat recovery steam generator (HRSG) and a steam turbine to
yield the CCGT. This discovery has pushed the boundary of
achievable thermal efficiency to 60 per cent and has shifted the
minimum efficient plant size down from approximately 1,000 MW
in the early 1980s to much lower values - between 50 and 350 MW
according to some authors, to even smaller units according to
others.12

There is presently a cost advantage for CCGTs over other power
plants. In particular, whereas single cycle gas turbines tended to
be operated in peak load, CCGTs have become the baseload
generating option of choice in almost all member countries of
the IEA.

In the early 1990s, the United Kingdom, Argentina and Norway
embarked on far-reaching reforms of their power sectors. These
reforms have helped to develop the practical mechanisms needed to
underpin the changes, such as the trading mechanisms needed to
balance competition on the one hand and co-operation on the other.
There are, however, several models of competition and some of the
issues around the various approaches are still subject to debate.
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12. See e.g. Bayless, C.: Less is More - Why Gas Turbines Will Transform Electric Utilities. In: Public Utilities
Fortnightly, December 1, 1994.
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Box 3

A Brief History

1870s - 1920s: Private ownership. Fragmentation. No universal grid.

1920s - World War II: Governments recognition of electric power as a
"necessity". Public investment but industry remains
fragmented.

World War II - 1960s: Sector viewed as a natural monopoly. Some governments
consolidate and nationalise the power sector; others
apply economic regulation; some exempt the sector from
the application of competition law.

1970s: Oil shocks. Changes in fuel inputs to power generation
and shift toward nuclear. Experience with independent
power producers on the public grid and discovery that
minimum efficient scale of generation may be smaller.
Identification of economies of vertical integration
between generation and transmission.

1980s - 1990s: CCGT development reduces minimum efficient scale in
generation; coordination eased by falling information
technology costs.
Power sector reform in some countries involved the
development of competition in generation and supply.

Current Situation

Regulatory reform of the power sector involves a complex
interplay of factors. There is a dynamic relationship between
restructuring, ownership changes, regulatory changes, changes in
regulatory institutions and the introduction of competition.
Restructuring, and changes in ownership and in regulatory
institutions are likely to be prerequisites for the introduction of
competition, especially if the industry is highly concentrated
horizontally and vertically-integrated. The nature of reform
crucially depends on the starting point. This section therefore
gives a brief description of where OECD countries are at this stage
in the evolution of the power sector.



� Industry Structure

Industry structure varies widely between OECD countries.
Historically, some countries took deliberate action to restructure
the sector and bring it closer to what was perceived as the optimal
company size at the time, whereas others let the industry develop
its own dynamics — within the framework of protected monopoly
utilities. In some countries, horizontal and vertical integration
improved system co-ordination and (co-operative) trade over past
performance; in others, the structure of the power sector is
fragmented and resembles its state of development during the first
half of the century. In some cases very small firms have survived,
operating far below the minimum efficient size, as well as markets
so small that they are not of cost-minimising dispatch scale.
Although the power sector's long history shows that restructuring
may take place for other reasons than the introduction of
competition, it is the latter which has been the driver of recent
restructuring programmes in nearly all reforming OECD countries.
In some countries this has taken the form of industry consolidation.
This is the case for the Netherlands power sector, especially the
distribution business in the late 1980s, because many distributors
were operating far below the optimal firm size, and the market
had failed to integrate nation-wide cost-minimising dispatch. This
led to large price disparities across the country.Today, the Dutch
government is considering further consolidation.

Table 1 (p. 27) gives an overview of current industry structure in
OECD Member countries. It shows an enormous degree of
diversity: a country like Switzerland with seven million inhabitants
and roughly 15 GW installed capacity has 1,200 electricity supply
companies, mostly small municipal or cantonal distributors,
whereas neighbouring France with a population of 58 million
people and approximately 108 GW capacity is supplied, exclusively,
by the state-owned company EDF. All other countries lie between
these extremes.
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Degree of Horizontal Integration Vertical
Integration

Generation Transmission Distribution

Australia mixed*➘ high mixed*➘ mixed*➘

Austria moderate moderate moderate high

Belgium high high moderate low

Canada moderate moderate moderate high

Denmark low moderate low moderate**

Finland moderate/high moderate/high moderate moderate**

France high high high high

Germany moderate moderate low mixed

Greece high high high high

Ireland high high high high

Italy high high high high➘

Japan moderate moderate moderate high

Netherlands moderate➚ high low moderate**

New Zealand moderate➘ high low low

Norway low high low low

Portugal high➘ high moderate low

Spain moderate➘ high moderate moderate**

Sweden moderate high moderate low

Switzerland low moderate low low

Turkey high high high high

England & Wales moderate➘ high low low

United States low low low mixed

Table 1

Electricity Sector Structure in OECD Countries

* "Mixed" means that different utilities have starkly different degrees of integration.
** "Moderate" means that the four main activities (generation, transmission, distribution and supply) are not

fully vertically integrated within each utility.
Source: IEA.



� Ownership

The starting point differs widely in OECD countries. In the United
Kingdom, France, and Italy, the electricity supply industry was
nationalised after World War II in a conscious effort to improve its
performance since public ownership was seen as a means to make
utilities work for "the public interest".13 There was an expectation
that they would not engage in behaviour characteristic of private
monopolies with a profit motive, especially setting excessively high
monopoly prices. Regulatory oversight was absent or, in some
cases, extremely weak. In some countries, oversight was directly
carried out by government institutions not sufficiently independent
from general economic and social policy objectives.This produced
results such as below-cost electricity prices as a means to control
inflation during the high-inflation, high-unemployment period of the
1970s. State-owned utilities, especially when they were large, were
also prone to over-staffing.

Table 2 (p. 29) gives an overview of current ownership patterns in
OECD Member countries. The situation in Member countries is
more complex, since "public ownership" can mean ownership at
national, federal, provincial, cantonal or municipal level, or even
ownership by consumer co-operatives as in some cases in the US
or in Denmark. The situation also reveals major differences of
approach in restructuring.

Large-scale privatisation was undertaken in Australia (Victoria) and
the United Kingdom; in both cases, nearly the entire power sector
has now been privatised. New Zealand did not consider privatising
but instead corporatised its power sector. Norway corporatised
transmission and the part of generation that is owned by the
national State.
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13. In some cases, utilities' statutes contained an explicit obligation to further the public interest.This was the case
for the United Kingdom's Central Electricity Generating Board (CEGB).
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Table 2

Ownership Patterns in OECD Countries

Predominantly Mixed Predominantly
Public Private

Australia Australia
(New South Wales, (Victoria)

Queensland,
South Australia,

Tasmania,
Western Australia)

Austria

Belgium Belgium
(distribution) (generation, transmission)

Canada

Denmark

Finland

France

Germany

Greece

Ireland

Italy

Japan

Netherlands

New Zealand

Norway

Portugal

Spain

Sweden

Switzerland Switzerland
(distribution) (generation, transmission)

Turkey

United Kingdom

United States



� Current Regulatory Position and Indicators of Reform

Some countries that have reformed their electricity sector allow
end-users to choose their electricity supplier. In many cases, this
participation in the market is not extended to all end-users at
once.Table 3 (p. 31) provides information, for selected countries,
about which end-users are legally free to choose suppliers. Note
that the European Union rules set a minimum pace for its Member
States. It should also be noted that the legal ability to choose one’s
supplier does not necessarily mean that users find it economically
beneficial to switch suppliers; there may be significant switching
costs, such as the forced purchase of a sophisticated meter.

Table 4 (p.32/33) provides further information, for selected countries,
about ownership, obligations to transmit, the nature of the price
control regime, the independence of the regulator (if there is one),
and whether the sector is subject to general competition law. More
specific information about some of these jurisdictions is provided
in the country annex. It should be noted that a table such as this
cannot present nuances that may constitute the difference between
an effective legal regime and an ineffective one.
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Table 3

Indicators of Which End-users are Legally Permitted
to Choose Supplier

Above what level of use are users permitted to choose their own supplier of electricity?

Country First step Second step Third step Fourth step
or State

Year Minimum Year Minimum Year Minimum Year Minimum

Australia

New South Wales 10/1996 40 GWh/yr 4/1997 4 GWh/yr 7/1997 750 Mwh/yr 1999 0

Queensland 1998 40 GWh/yr 1999 4 GWh/yr 2000 200 Mwh/yr 2001 0

Victoria*** 1994 5 MW 1995 1 MW 1996 750 MWh/yr 1998 160 MWh/yr

Canada

Alberta none

European Union 1999 100 GWh* 2000 * 2003 *

Finland* 1995 500 KW 1997 0

France* none

Germany**** 1998 0

New Zealand 1993 not over 1994 all

500 KW

Norway 1991 0

Spain***** 1998 15 GWh 2000 9 GWh 2002 5 GWh 2004 1 GWh

Sweden 1996 0

United Kingdom* 1990 1 MW 1994 100 kW 1998 0

United States

California 2002** 0**

New Hampshire 1998 0

* Pursuant to the Directive on Common Rules for the Internal Market in Electricity, each Member State has to
open up its market progressively in accordance with a set formula.This requires that, by 1999 all customers
who use more than 100 GWh per year will be free to choose independent or foreign EU suppliers.With
respect to end users smaller than 100 GWh, see EU Directive on Electricity Liberalisation below.

** The law requires all users to have access by 1 January 2002, but this may occur sooner and may be preceded
by a phase-in.

*** In Victoria, at the fifth step in January 2001, all users will be free to choose their supplier.

**** Municipalities can restrict choice until 2003 under certain conditions.

***** All users will have access after 2007.
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Table 4

Indicators of Regulatory Status

1. What is the ownership/management relationship between the transmission grid 
and generation?

2. Is the owner of the transmission grid obligated to transmit power for third parties?

3. What is the price control regime for those prices which are controlled?

4. Is there an independent regulator?

5. Is the sector subject to the general competition law?

Country or Answer Answer Answer Answer Answer
State 1 2 3 4 5

Australia
New South separate yes transmission and yes yes
Wales State-owned distribution to be more

entities cost-reflective; mix of CPI-X
revenue and price caps

Victoria no yes transmission and yes yes
distribution to be more

cost-reflective; mix of CPI-X
revenue and price caps

Canada
Alberta vertically integrated legislated hedge

over local regions easing into none

British same State-owned yes cost-of-service yes
Columbia utility rate-of-return

and performance-
based/incentive

Czech 67 % n.a. all prices set yes
Republic State-owned utility by Min. Finance

Finland* separate company; yes no price regulation; yes, yes
2 biggest generators prices monitored by accountable

own 50 %, a regulatory authority to the Min.
state and various Trade and
others own rest Industry

France* vertically integrated no*

Germany* often vertically integrated no* Länder Ministries no no**
over local regions of Economic Affairs

* Under the Directive on Common Rules for the Internal Market in Electricity, the owner of the transmission
grid must transmit power for those customers who are free to choose their suppliers. The terms and
conditions of such transmission, even if not directly regulated, would be subject to the competition law.

** May be changed in the near future.
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Table 4

Indicators of Regulatory Status (continued)

1. What is the ownership/management relationship between the transmission grid 
and generation?

2. Is the owner of the transmission grid obligated to transmit power for third parties?

3. What is the price control regime for those prices which are controlled?

4. Is there an independent regulator?

5. Is the sector subject to the general competition law?

Country or Answer Answer Answer Answer Answer
State 1 2 3 4 5

New transmission and yes information disclosure no yes
Zealand generation separate, requirements only

although
transmission and

almost all generation
are state-owned.

Norway transmission and yes rate-of- return (grid) yes yes
generation separate,
although transmission
and some generation

are state-owned.

Spain* no, generators yes costs reimbursed yes,
forbidden to own attached to
more than 30 % of Min. Industry

transmission company and Energy

Sweden* transmission and yes price must be cost-based yes yes
generation are and non-discriminatory;

separate; transmission are developing price
is state-owned; ceilings complemented

some generation by yardstick regulation
is state-owned, other

privately owned

United no, forbidden yes RPI-x for yes yes
Kingdom monopoly parts

United options under review yes cost of service yes yes
States to separate ownership or price/revenue caps

and control of the grid

* Under the Directive on Common Rules for the Internal Market in Electricity, the owner of the transmission
grid must transmit power for those customers who are free to choose their suppliers. The terms and
conditions of such transmission, even if not directly regulated, would be subject to the competition law.

** May be changed in the near future.



EU Directive on Electricity Liberalisation

The Council of the European Union adopted, on 19 December
1996, a directive on the internal market for electricity. Member
States must (with some limited exceptions) implement the
directive within two years. The directive concerns access to the
grid, mechanisms for entry into power generation and access by
some end-users to alternative EU power generators or suppliers.

Three possible access procedures are allowed. Member States can
opt for a regulated third party access regime, under which access
tariffs are set by regulation. The negotiated third party access
system requires publication of indicative negotiated access tariffs.
The single-buyer system enables those end-users who are provided
choice to arbitrage price differences between "their" supplier and
other EU suppliers. Such customers remain entirely a customer of
"their" supplier — with the same tariffs, same product offer, etc. —
but with the opportunity to receive payments through arbitrage
(This could, therefore, be viewed less as an access regime and more
as a mechanism to permit financial transactions to arbitrage price
differences).

Under the directive, there are two mechanisms for entering the
power generation business. Under the licensing option, any company
fulfilling basic requirements would be granted a license, so capacity
increases would be determined by the market. Under the
invitation-to-tender system, the monopoly invites EU companies to
tender to build, operate and sell electric power to the monopolist
at the price specified in the tender. Under this system, the
monopolist determines capacity augmentation according to its
central plan; competition in the generation market occurs only at
the initial, tendering stage. Independent power producers and
autoproducers must be able to obtain a license in Member States
which have opted for the tendering system.

The EU Directive sets out a minimum requirement for power
sector liberalisation across the European Union. Individual countries
can go — and some have gone — further.The Directive provides
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for a phased, partial opening of the internal market for electric
power. By 1999, all customers with final consumption larger than
100 GWh per annum must be free to buy from alternative (domestic
or EU foreign) suppliers. Examples of customers who would use
more than 100 GWh per annum are automakers, glassworks and
chemical plants. For end users smaller than 100 GWh, the market
will be partially opened in three steps, in 1999, 2000 and 2003.
The calculation of the minimum size of user who is free to choose
a supplier is rather complex. For 1999, for example, 40 GWh is
the "reference size" of user: The Commission will calculate the
percentage of total usage that is accounted for by users of size
40 GWh or more (For 40 GWh, this average is expected to be
23 per cent). In each Member State, those largest users who
together account for this average percentage must be free to
choose their own suppliers. As the structure of demand differs
from one Member State to another, the minimum size of user who
is free to choose its own supplier will vary from Member State
to Member State, but the percentage of total usage that is subject
to liberalisation — absent any additional liberalisation — will be
the same in each Member State. For 2000, the "reference size" is
20 GWh (estimated today to constitute about 28 per cent of total
usage) and for 2003 the "reference size" is 9 Gwh today.14

This type of phased opening may produce interesting dynamic
effects. Since users of the same size may be subject to very
different rules in the purchase of electricity, if liberalisation does
indeed result in substantial price decreases, firms that compete in
a downstream "product market" may well pay very different prices
for electricity. To the extent that this has important effects on
overall profitability, users in less liberalised Member States may
exert pressure for greater domestic liberalisation.
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14. Expressed differently, where F( ) is the cumulative share of total usage, r is the "reference size", and i is an
index for Member States, i =1,2,...,15, define x so that x = 1/15 * Σ i =1

15 [1 - Fi(r) ]. For each Member State,
there is a size of user mi which satisfies the condition, 1 - Fi(mi) = x. Each Member State i must permit all users
of size larger than mi to choose their own suppliers or, alternatively, Member States must permit all users larger
than the "reference size" plus a set of distributors with total usage d so that 1 - Fi(r) - d = x is satisfied, to choose
their own suppliers.



Member states may choose to extend this liberalisation to
distribution companies. Member States are also free to perform a
broader liberalisation than that set out in the Directive. This has
already occurred in the trade relationships among the Nordic
countries.The Directive explicitly states that the EU competition
rules continue to apply to the electricity sector.
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REGULATORY REFORM:
KEY ISSUES

Policy Objectives

It is very important to understand the reasons for regulation, both
in the past and in the present. Regulation of the power sector, in
various forms and using various mechanisms, was ubiquitous and
is still the rule in a majority of countries. Regulation is imposed to
meet a number of often conflicting objectives. The resolution of
these conflicts is a difficult aspect of reform. The issue may also
be presented in the following way: what are liberalised markets
capable of delivering? This test needs to be vigorously applied
across the range of policy objectives which governments set
themselves.

What are the key policy objectives in the power sector? It is
helpful to divide these conceptually into categories. The first
category consists of objectives which are not being met effectively
in the current situation, pre-reform. The most important here is
the economic efficiency of the power sector and, hence, its
contribution to the wider performance of economies.The second
category includes objectives which are being met at present but
perhaps at disproportionate cost. Security of supply comes under
this heading.

There are objectives which straddle these categories. Market
reforms may lead to better handling of environmental concerns,
but there are also concerns about the possible impact of reforms.
Social objectives such as help to rural areas or to disadvantaged
consumers are also mixed into this framework — it is not yet fully
clear what markets can deliver (without ongoing regulation).

To summarise, the key policy objectives for the energy sector are:

� Economic efficiency.

� Security of supply.
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� Environmental performance.

� Social objectives (including universal service).

There is little doubt that the driver in the current wave of
regulatory reform is economic efficiency. Not only must reform
deliver on this key objective, but it must also deliver — or continue
to deliver — on the rest.

In approaching the issue of regulatory reform, governments
therefore need to be clear about the nature of their objectives.
But it is just as important to be clear about the potential conflicts,
and about the optimal tools or methods for reaching various
objectives.

To illustrate the challenge of balancing objectives, the issue of
subsidies and cross subsidies is a good example. A cross subsidy
occurs when one consumer or consumer group is supplied below
cost, whereas the price to others is raised above cost in order to
finance this behaviour. Cross subsidies between industrial and
residential consumers and between rural and urban customers are
widespread. There will not be optimal economic efficiency in a
liberalised power market if such subsidies are allowed to remain.
It is fundamental to economic efficiency to allow prices to be set
through the interplay of supply and demand, without the
imposition of distorting rules.

Governments therefore have a choice of whether or not to
continue with such rules. If they do, it becomes important to
ensure maximum transparency or to find other ways of meeting
the underlying objectives.This raises the question of whether these
other ways like, for instance, taxation could themselves have a
more negative effect on the power market than a subsidy
mechanism. Finally, governments need to consider, on a regular
basis, whether there remains a need for direct intervention,
because it may well be that a liberalised market — though perhaps
only in the longer run — will deliver on some policy objectives
automatically and without rules.
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Industry Structure

The starting point for reform is crucial. There is a need, in some
countries, to consider whether parts of the power sector need
some consolidation in order to exploit economies of scale in an
increasingly international competitive environment. But for most
countries the issue is whether to break up a sector which is too
concentrated.

Countries need to consider different forms of disaggregation. It can
be either vertical or horizontal, or both. Horizontal disaggregation
will increase the number of entities active at one level of the
industry. Vertical disaggregation will break up the supply chain,
through the separation of generation, transmission, distribution,
and supply.

Changing the mostly vertical relationship between generation and
the transmission grid, and in the vertical relationship between
supply and distribution, as well as the horizontal disaggregation of
generation, are very important reform issues for any country.
However, whether vertical separation is necessary depends on the
model of competition chosen.Vertical separation means that some
economies of vertical integration will be lost, so the market might
have a tendency to gravitate back to some form of integration.

Generation is potentially competitive.Transmission and distribution
are still considered to be natural monopolies (though could be
owned and used by a number of parties). Supply is also potentially
competitive. In order to fulfil the potential for competition in
generation, however, some mechanism must be found to ensure
non-discriminatory access to the transmission grid by generators
and suppliers. That is, some mechanism must eliminate the
incentives and the capacity to favour generators with ties to the
transmission system. One way to reduce incentives for
discrimination is to require separate ownership. In the past, there
was concern that generators and the transmission grid would not
be able to co-ordinate and plan adequately if they were held under
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separate ownership or management. However, reformers in the
United Kingdom, the state of Victoria and experience with
independent power producers elsewhere have found effective
mechanisms for the co-ordination of generation and transmission
under separate ownership or management.

In countries where the generation and supply functions are highly
concentrated, horizontal separation of generation among different
entities is a necessary step for competition to develop. It is very
important to introduce sufficient competition at the outset, and
along all steps of the merit order (i.e., baseload, midload and peak
load plants). For a power sector the size of the United Kingdom
electricity supply industry, a minimum of five generators had been
suggested before privatisation. However, the results do not depend
solely on market structure but also on the relevant regulations —
including rules for transmission pricing and explicit permission for
distribution companies and end-users to contract with generators
— and potential for entry. Separation of supply from distribution
allows competition to develop in supply.

The nature of the disaggregation is also very important. Vertical
separation need not mean full structural separation, with the assets
divided up among several newly-formed, legal entities. In the United
Kingdom and in the state of Victoria, Australia, generation and
transmission have no common ownership, management, control
or operations. In Norway, New Zealand, and Sweden, the ultimate
owner of both the transmission grid and generation (in Sweden, of
some generation) remains in the public sector, but the two parts
have been corporatised separately, meaning that there is no
common management nor day-to-day control. This arrangement
can eliminate incentives to discriminate among generators.

Another approach is functional unbundling, where investors are
allowed to enjoy revenue streams from generation and
transmission, but where the operation of the grid is in the hands of
strictly separate entities, so as to guarantee non-discriminatory
grid access. This type of vertical separation has been chosen in
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California. In this system, an Independent System Operator, who
has no position in the market nor any economic interest in any
load or generation, is responsible for short-term co-ordination
(such as day-ahead scheduling and hourly re-dispatch), prices for
use of the transmission grid (which are to ensure incentives
consistent with a competitive market and least-cost use of the
transmission grid), and administers a system of tradable
transmission congestion contracts (California Public Utility
Commission Decision 95-12-063, Part I).

Another, much weaker, form of vertical separation is the
unbundling of accounts, whereby the accounts of the different
businesses which make up the company are ring-fenced. In theory,
accounting separation forces cross subsidies into the open, as the
costs and revenues which legitimately accrue to a particular
business must be identified. It should, in theory at least, eliminate
the ability of incumbent utilities to discriminate in favour of
themselves and against competitors in charges for transmission
services.

In practice, however, it is very difficult to ensure that accounts are
properly unbundled. The process requires complete transparency
on the part of the company so that competitors, as well as the
regulator, can clearly judge what is going on. The regulator in
practice must go into considerable detail in order to satisfy himself
that the arrangements are in order.The allocation of joint cash and
revenues, as noted, is another problem. In addition, if there is not
separate management and independent managerial incentives, then
the opportunity and incentives to operate the businesses in an
integrated manner, or to discriminate against competitors, would
remain. Finally, if the businesses are operated with a common
workforce or information system, the opportunity for discriminatory
access to commercially valuable information remains.

In its 1996 Order 888, which opens the US wholesale power
market to competition, the Federal Energy Regulatory Commission
(FERC) requires fully integrated utilities to adhere to a so-called
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"comparability standard", which means that utilities have to charge
themselves for transmission services what they charge others. Of
course, the incentives to charge high prices both internally and
externally, recouping through higher profits in the non-competitive
activity remain, when there is no control over overall profitability
or access price. Separation of accounts is also provided for in the
EU Directive.

Accounting separation may be the only route for some countries
because of issues of ownership and legal status which prevent a
move to full structural separation. However, this approach needs to
be applied very rigorously if it is to have the desired effect of
prompting competition.

Another issue in restructuring which is of potentially great
significance is the handling of the supply function.The function may
exist independently of the infrastructure elements of the sector
(generation, transmission and distribution) with suppliers having no
stake in these other elements.The evolution of the supply function
is linked to long-term investment and security of supply.

The handling of the distribution part of the sector also needs
careful consideration — whether to aim for direct competition for
end consumers, or to adopt a model which acknowledges the
elements of natural (geographical) monopoly in the sector and
seeks to apply competitive pressure through franchising. Results of
franchising in other very diverse industries are mixed, and further
analysis is needed of the best way forward for electricity.

Ownership

As with structure,ownership is a fundamental issue to be considered
in regulatory reform.

Three broad ways in which the relationship between the industry
and the State can change are privatisation, corporatisation and
corporatisation with incentives. Privatisation means the transfer of
assets from the State sector into the private sector, and may be
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carried out through a stock market flotation or through private
sale. "Corporatisation" means financial separation so that financial
and asset transfers between the State and the corporatised entity
are at arms length and transparent. Corporatisation per se, while
providing the corporatised entity with greater flexibility and the
State with the opportunity to have more explicit performance
standards, does not go far towards providing the opportunity or
incentives to behave efficiently. For example, transfers at non-
market terms can still be made from the State to the entity, or the
State can increase the transfers to itself to match exactly any
increase in "profits". Corporatisation is, however, sometimes a
prelude to privatisation.

Since corporatisation per se does not provide much incentive to
behave efficiently or competitively, additional incentives may be
needed to achieve an efficient outcome.The incentive mechanisms
that may go with corporatisation can take several forms including:
restrictions on transfers, that is, a "hard budget constraint", a
market test for loans, and the refusal by the State to be the lender
of last resort; the choice of management through a State-mediated
"market" for corporate control; and compensation of management
based on contracts with provisions to encourage managers to
behave commercially. Further, the State might introduce
competition in potentially competitive activities, either among
State-owned corporatised entities with contracts with the State
that provide incentives to compete, or competition with private
entities. Corporatisation needs to be coupled with a mechanism
that gives the corporatised entity incentives to increase internal
efficiency and to charge efficient prices (subject to meeting
transparent, well-specified obligations, such as providing electric
power to low income households at specified below-market rates).

Just one dimension, the initial choice of managers, illustrates the
possible variations. In New Zealand, many managers came from
outside the old organisation and were employed under contracts
with performance incentives (Culy, Read and Wright 1996, p. 354).
In Victoria, all but two CEOs came from outside the old structure.
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In the United Kingdom, by contrast, management largely remained
in place during corporatisation.

The starting point for a critical analysis of these various ownership
forms is the test of economic efficiency. Numerous studies have
been undertaken to explore whether private companies work
more efficiently than public ones.This needs to be considered both
for the short and the longer term.

For the short term, most studies of IEA countries conclude that
ownership alone is not of overwhelming importance for power
sector performance.15 The more important determinants seem to
be subjecting potentially competitive parts to more competition
and increasing the quality of regulation including corporatisation
with incentives. For example, Pollitt examined 768 power plants in
14 countries in 1989, which together account for 40 per cent of
world thermal energy. He found that private firms are on average
more technically efficient than public firms, by 1 to 3 per cent. In
examining the 164 base-load plants for which input price data were
available, Pollitt found that private plants were on average more
cost efficient than public plants, by about 5 per cent, depending on
the methodology used (Pollitt 1994, cited in Gilbert, Kahn and
Newbery, pp. 7-8). Despite the relationship between the averages,
some efficient State-owned utilities were found to be more
efficient than private ones.

The long run is different. Long term efficiency tends to be higher
in privately-owned utilities than in state-owned ones. One study
carried out in Sweden, for example, found that labour productivity
in privately-owned utilities remained high, whereas it deteriorated
considerably over the course of two decades in state-owned
companies.16 This is of special importance, because long-term
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15. See e.g. Faere, R. Grosskopt, S. and Logan, J, "The relative performance of publicly-owned and privately-owned
electric utilities", Journal of Public Economics, vol. 26, 1985, pp. 89-106; or Atkinson, S.E. and Halvorsen, R. "The
relative efficiency of public and private firms in a regulated environment: The case of United States electric
utilities", Journal of Public Economics, vo. 29, 1986, pp. 281-294.
16. Kumbhakar, Subal C. and Hjalmarsson, Lennart, "Relative performance of public and private ownership in
Swedish electricity retail distribution, 1970-1990", Research Memorandum No. 202, University of Texas at
Austin/Goteburg University, August 1994.



efficiency gains, essentially a sustained effort to minimise cost, are
better attained by private utilities. It is perhaps not surprising
because the key test for sustaining efficiency in market players is
whether they are allowed to fail. Only full privatisation will give full
play to this strong incentive to succeed.

Corporatisation therefore needs to be approached cautiously. It
may not, in the longer term, deliver sustained benefits. But it can be
a helpful intermediate step to privatisation and, in itself, especially
with the right incentives, can achieve much. In some countries,
privatisation is very difficult, requiring constitutional changes. In
Norway, for example, there is a long tradition of public ownership
of natural resources (more than 99 per cent of Norwegian power
generation is hydro) and infrastructure activities are traditionally
performed by public authorities. It probably would not have been
politically acceptable to privatise the power sector. This is why
both Statkraft SF and Statnett SF are statsforetak, a form of state
enterprise that has an obligation to operate on commercial terms
and which is relatively independent of government. Sweden has a
similar structure.

By contrast, in both the United Kingdom and the state of Victoria
privatisation was considered to be a key, necessary part of the
reform.17

Given the nature of assets in the power sector, if governments
cannot credibly commit to a regulatory policy free of influence by
competitors or undue political influence, or do not have a well-
functioning judicial system, they may have no choice but to have
their power sector under public ownership, as private investment
may be deterred. In this case, however, corporatisation with
incentives would seem to provide substantial benefits, although
there remains the continued risk of political interference.
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important, for public policy, for such investment to be efficiently directed.



Models of Competition

Competition in the power sector will not succeed if governments
dismantle statutory entry barriers — and leave it at that.Where this
approach has been tried — as in the United Kingdom with the 1983
Energy Act that removed the statutory entry barrier established by
the 1909 Electric Lighting Act — the market response was negligible
or nil.A central issue in power sector liberalisation is the fact that a
key part of the sector, transmission and, over a specified geographic
area, distribution is currently a monopoly and will continue as a
monopoly for the foreseeable future. It is cheaper for a single
efficient facility to provide these services than for two or more to
do so. It may be possible, nonetheless, to formulate ownership and
management in such a way as to permit competition in use of the
unique facility. In order for effective competition to develop, non-
discriminatory access to the grid needs to be secured.

Two main options to achieve this have been developed so far: the
"grid access" model, and the "competitive pool" model.

� The Grid Access Model

Under the grid access model, the owner of the grid must allow
competitors to use it, on non-discriminatory terms and prices; the
grid owner must not discriminate in favour of itself. Under this
model, vertical separation is not envisaged. Under the several
variants of this model, terms and conditions for access to the grid
can be determined in different ways: they can be negotiated with
market actors negotiating their own terms, or they can be
regulated with an independent regulator setting or arbitrating the
terms. Some commentators also distinguish between voluntary
and mandatory grid access; conceptually, denial of access to the
grid is equivalent to setting a very high negotiated price, hence
this separate category is not necessary. Regulated grid access is
effective because, if the terms are set correctly, it enables those
competitors, including entrants, who are more efficient in non-grid
activities than the vertically-integrated utility, to enter other
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activities, predominantly generation. Further, total transaction costs
including the cost of prolonged negotiations or litigation are
probably lower than for negotiated access pricing. Negotiated grid
access is less effective for the promotion of competition or even
entry. The vertically integrated incumbent will not, in general, set
access terms that permit all more efficient entrants to enter. In
setting those terms, the vertically integrated company will take
account of the profits it will lose if it allows competitors into
generation.

� The Competitive Pool Model

The competitive pool model is a combination of grid access rules
and a competitive spot market for wholesale electricity. It
requires vertical separation of generation and transmission and of
generation and supply. This is fundamental to the effective
operation of this model.There must also be adequate competition
in generation to avoid the pool price being set above competitive
levels. A certain degree of integration between generation and
distribution may be admissible provided certain conditions are
met. Competition in generation and supply and regulatory
oversight can counterbalance to some extent the negative effects
of vertical integration.The grid access rules ensure that competing
generators can reach ultimate consumers, whereas the pool is a
short term, multilateral market for power exchange.

In jurisdictions that have implemented this model, the pool is
usually managed by a distinct entity, who has no economic or
managerial interest in generation or transmission.The spot market
plays the paramount role in determining which plants are
dispatched and which are not. Essentially, the spot market
establishes a merit order, except that it is not based on the
reported short term marginal cost of generating units, as is the
case in more traditional centralised systems, but on price bids.The
lowest bidding unit is dispatched first. The highest-bidding unit
which is still dispatched determines the system price received by
all generators who are operating at any one moment. Most
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competitive pools feature both an energy price component (per
MWh) and a capacity price component (intended as an incentive to
long term investment). They also incorporate a wedge between
the spot market price, which is paid to generators, and the price
charged to buyers, which incorporates payments to those
supplying ancillary services.

Competitive pool models of competition have generated futures
and options markets based on electric power as the underlying
commodity. Unless consumers are willing to pay the pool
admission fee and accept the full volatility of pool prices, in short
to buy directly from the spot market, financial markets provide a
way to off-load risk. Pool prices can be subject to enormous
fluctuations: the pool purchase price in England and Wales varies
more than four-fold through a daily cycle, and has, over longer time
periods, shown variations of a scope of one to a hundred.
Depending upon the set-up of the system (whether or not the
pool rules allow negative prices),18 prices can vary between zero
and the full value of lost load (VoLL), which has been set at
approximately Pounds 2.5/MWh in the United Kingdom and at
A$ 5,000/MWh in Victoria. This means that, in principle, price
variations can be much larger than the already large observed values.

� The Single Buyer Variation

These two main types of competition in the power sector show a
number of variations in practice. One variation is especially
interesting, however. It is the "Single Buyer" model, one of the
options countries can choose under the EU Directive.The "Single
Buyer" has two principal components. The first is a competitive
bidding mechanism for new capacity: an entity separated from the
incumbent utility collects bids for tender for new capacity
construction and subsequent supply of power when the need
arises and chooses the cheapest one.The second component is the
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18. In some countries, e.g. Norway, negative prices can occur, and actually have occurred during the summer of
1995. However, most markets with a competitive pool do not allow negative prices to occur.



possibility to carry out so-called "triangular" transactions. If a client
of the incumbent utility wishes to buy power from a competitor,
the "Single Buyer" buys the power from the client at source, or at
the "border" of his system at his retail price less the transmission
price. He then transmits it for the client, and sells it to him at the
retail rate.

� Evaluation of the Models

The grid access model was chosen by the United States for its
wholesale deregulation (FERC Order 888), by the European Union
for its internal electricity market, and, in their individual reform
programmes, by several Canadian provinces, Finland,19 Germany,
Japan, the Netherlands, and Portugal. The competitive pool
model has so far been chosen by Australia,20 Canada (Alberta),21

New Zealand, Norway, Spain, Sweden, the United Kingdom
(England and Wales), and the United States (California).

The choice between these models depends on a number of
factors, but among the main determinants are existing structure
and ownership patterns. In some cases, it would be impossible
(without changes in primary legislation or even of the constitution)
to carry out full vertical separation, and thus to introduce the
competitive pool model especially where federal governments lack
the right to interfere in private entities' ownership rights. This is
the case for the United States or Germany. In this sense, it is the
longevity of the assets that conditions optimal strategies for power
sector reform.A notable observer of reform of the power sector,
Professor Newbery, has pointed out that there is an "option value"
to some reforms because opportunities for radical reform of the
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19. In Finland, the transmission and interconnection assets of the previously fully vertically integrated utilities
(Imatran Voima Oy (IVO) and Pohjolan Voima Oy (PVO)) were transferred to a new, partially vertically separated
transmission company called Suomen Kantaverkko Oy (SKO) in November 1996. The company will start
operations in April 1997. See Finnish Ministry of Trade and Industry (ed.): Finnish Energy Review 4/96.
20. In Victoria at present, but the future national electricity market, and reform in other states, will also be based
on this model.
21. Alberta does not, however, envisage competition in supply. This means that grid access is limited to the
wholesale level.



power sector are rare, a main determinant of the choice of
structure should be whether it forecloses future options
(Newbery in OECD 1995, p. 240).

Since competitive pool models function best if generation and
transmission are separated, they do contain an element of
inefficiency, simply because there are significant economies of
vertical integration between these two elements, some of which
will be lost through separation. However, it is generally assumed
that the combined effects of increased productive efficiency, both
in the short and long terms, and the greater efficiency in the
allocation of resources outweigh this loss of efficiency.

The competitive pool model is, however, likely to promote the
greatest short term efficiency. Hard evidence is not yet available,
but four factors point into this direction.

First, trading in the pool determines dispatch decisions (subject to
transmission constraints). Because the number of competitive
transactions is much larger than in simple grid access systems, the
pool model permits pricing that better reflects systems cost.
Consumers have the choice either to engage in contractual
relationships that use the pool price as their reference price, or to
take the pool price as it comes, without alleviation of the volatility.
The Finnish example shows what can be achieved by a grid access
model. In the Finnish Electricity Exchange (EL-EX), standardised
bilateral forward contracts are traded, using a powerful
computerised model developed on the basis of experience in other
commodity markets. However, the number of transactions is still
much smaller than in pool systems, partly because the number of
participants is small: only three per cent of power sales in Finland
are traded in the EL-EX, whereas competitive pools are typically
mandatory except for very small generating units. Nearly 100 per
cent of power sold is traded in the spot market. Unlike in gas spot
markets it matters that the electricity pool should cover as many
power sales as possible of the total, because electricity is not
storable and all plants have to be dispatched in the merit order in
order to minimise cost or maximise efficiency.

50

regulatory reform: key issues 3



The second point is that grid access models cannot guarantee that
all power is dispatched throughout the entire market. One of the
core requirements of an efficient power market is that plants be
dispatched in the cost- minimising merit order throughout the
entire market, and that the market be big enough. Demand and
supply should be aggregated until the incremental benefits of
aggregation fall below the additional transmission cost (losses and
grid extension) that this aggregation causes. However, generators
and clients in grid access models cannot be prevented from
engaging in direct, bilateral, physical power exchanges. While this
may be advantageous for the parties engaging in the transaction,
it breaks plant away from the cost-minimising merit order, and is
thus likely to increase overall system cost.This would leave those
consumers who continue to be supplied from the centralised
system with higher cost.22 Going back to the Finnish example, it is
the fact that physical forwards rather than financial futures are traded
that induces this inefficiency.

The third factor is the increased transparency that the competitive
pool provides.The pool price is information that can be observed
by everybody, market participants and potential entrants alike.
Potential entrants and incumbents thus obtain information on
which to base their entry and investment decisions.

The fourth factor is that, in the grid access model, an incompletely
separated company retains the incentive, and may well have the
ability, to circumvent non-discrimination rules, and so disadvantage
its potential rivals in ways that regulators cannot effectively detect
and prevent. For example, if the transmission grid is not operated by
a fully independent system operator, the incumbent could discriminate
against competitors on the grounds of lacking or overloaded
transmission capacity, without the regulator being able to exercise
effective oversight. Similar problems may arise with respect to the
cost of and time required to connect competitors to the grid.
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22. For a more comprehensive discussion regarding the efficiency benefits of a competitive pool, see e.g., Hogan,
W.W. "An efficient bilateral market needs a pool", presentation given at California Public Utilities Commission
Hearing, San Francisco, 4 August 1994.



Another issue for further consideration in evaluating the
competitive pool model relates to the question of long term
security of supply. In a competitive market an equilibrium between
supply and demand should theoretically be struck which reflects
both short and long term energy security concerns; in the short
term the ability to cover demand at all times; in the long term,
sufficient capacity investment. Price signals should trigger the
necessary decisions from market participants.The issue is that the
incentives for pool prices to be set to reflect long term security of
supply needs, i.e., price signals for long term investment, may come
relatively late.

This brings to the fore the potentially pivotal role of suppliers, or
service providers, who make the wholesale purchases on behalf
of end customers. These service providers are not necessarily
involved at all in the actual infrastructure of the power sector,
but only provide the service of purchasing electricity to deliver to
consumers. They must be enabled to evolve effectively, and the
framework established for competition must help them to integrate
long as well as short term security considerations. In effect, the
service providers may need to make up the consumers' inclination
to discount or ignore long term security concerns.

Assessing the comparative efficiency of the "Single Buyer" model is
more complex. Firstly, the competitive capacity bidding system only
refers to capacity construction, not operation, which will remain in
the hands of the independent system operator, who is required to
be independent from both the incumbent utility and the single
buyer. There will thus be no alteration to dispatch patterns.
Whether or not the triangular transactions are carried out as
direct, bilateral physical transactions is not clear at the outset; this
depends on how the system is designed. It seems likely, however,
that "triangular" power imports do not involve dispatch of the
foreign plant in the importing system's merit order.Whether this
causes efficiency losses depends on how the plant was dispatched
before, and in which system it is dispatched most efficiently.
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If the "Single Buyer" is set up optimally, so that the incumbent
utility, the system operator, and the tendering agency for new
capacity are separate entities, and if the price of transmission is set
appropriately, and there is no information flow between those
entities, this system should result in the same outcome as the grid
access model. If this cannot be achieved, the "Single Buyer" would
have obvious incentives to discriminate against competitors.
Further clarification is needed on how countries intend to
establish the "Single Buyer" in practice before judgement can be
passed. "Chinese walls" between the Single Buyer's institutions will,
however, be difficult to erect and maintain.

It should be noted that centralised power markets have not always
performed well on security of supply, occasionally underinvesting
(e.g. Italy).

Related Financial Markets

The development of financial markets is a response to structural
changes in the power sector. The trading of these financial
instruments facilitates the shifting of some types of risk from those
for whom exposure to risk is particularly costly onto those,
perhaps not even participants in the power sector, who are willing
to reduce or to bear this risk at least cost.

The power market is subject to a variety of risks, among them
changes in fuel prices, changes in inflation and interest rates, short-
term and long-term demand shifts, weather, equipment failures, and
regulatory and political risk. Under a regulatory regime where
utilities' prices are set so that their revenues cover costs, at least
in the absence of high inflation and high interest rates, much of the
risk is passed from the electric utilities onto end-users. For
example, where utilities are permitted to pass through all changes
in the price of fuel to end users, they avoid exposure to fuel price
risk. Electric utilities also have, historically, reduced their exposure
to fuel price fluctuations through trading in gas or petroleum
futures markets. Other risks, such as the size of long-term demand,
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are passed onto end-users in the form of unreliable or low quality
electric power or higher prices to pay for the cost of unused
excess capacity. At the same time, under cost-plus regulation, the
prices offered end-users were set, except for fuel adjustment
clauses, for relatively long terms and short-term fluctuations in
electricity demand were correlated with fluctuations in quantity of
fuel used.

As the power sector is dis-integrated, new markets are created
and, because the markets receive shocks — daily shifts in demand,
etc. — the market prices are volatile. For example, the spot price
for electricity in Norway rose dramatically after a cold, dry winter
left the lakes of this 99 per cent hydro-powered system at low
levels. In the past, the hourly variations in marginal cost of supply
were borne by the power sector. The year-to-year variations of
the Norwegian system would also have been borne by the power
sector, which in other years would have benefited from wet
weather and lower costs. But after dis-integration, the variations
in marginal cost of supply are reflected in the spot market price,
where it is felt by all market participants who pay spot prices.
The purpose of the changes in the risk-allocation mechanism is not
to eliminate risk — human and economic activity will continue to
vary in unexpected ways — but rather to shift the risk onto those
who can reduce it, or are willing to bear it, at the lowest price.

Bilateral contracts can provide some risk shifting, as illustrated
in the example below of a "contract for differences". A company
may write a unique instrument for its particular situation, or
instruments might be standardised and traded in markets. Liquid
markets for financial instruments based on electricity provide
greater opportunities for risk-shifting because one's exposure to
risk can be continuously changed, More risk-averse persons can
more cheaply shed risk onto the less risk-averse, whether or not
these persons are participants in the power sector. For example,
entry by independent power producers in the United Kingdom
was facilitated by two sets of long-term bilateral contracts. Under
a contract to sell electricity for a large part of the output of the
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Independent Power Producers (IPP), the regional electricity
company (which typically also had an equity interest in the IPP)
would reduce the IPP's demand risk. Under a take-or-pay gas
purchase contract covering most of the IPP's fuel requirements, an
important cost risk for the IPP was reduced.

In some jurisdictions that have established a spot market for
power, markets for financial instruments based on the spot price
have also been established.These markets permit the price risk to
be shifted.Through such markets, an electricity buyer or seller can,
for a price, reduce her exposure to the price volatility in the spot
market. For example, one can use these markets to form a price
floor or price ceiling. Unlike some other options based on
commodities, these options are generally settled for cash.
Generally the electric power is not actually delivered at
settlement. These instruments may in principle cover price risk
(the change in the spot or pool price) and basis risk (change in the
difference between two prices, such as the price of gas and the
price of electric power), among other sorts of risk.

One such market, established in early 1996, is the New York
Mercantile Exchange's (NYMEX) Electricity Futures and Options
Market. This market has a standardised trading unit (a specified
number of megawatt hours, delivered at a specified rate over a
specified period of time), a limited number of possible strike prices
and of trading months, and other contract specifications that
facilitate secondary trading. Nord Pool and EL-EX Electricity
Exchange provide, respectively, financial futures trading and physical
futures trading for electric power in Norway, Sweden, and Finland.
One notable risk that cannot be hedged with contracts traded in
these markets is locational risk, the unpredictable changes in the
difference between the price at the trading location (specified in
the financial instrument) and the location where the trader has
physical delivery or receiving obligations. In electric power, these
unpredictable changes may be due, for example, to varying
transmission capacity.
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The contract specifies a strike price, a quantity of electric power, a
time and a rule for payments. In this example, the rule is: If the pool
price is higher than the strike price at that time, the Generator pays
the Supplier the pool price minus the strike price; if the pool price
is lower than the strike price at that time, then Supplier pays
Generator the strike price minus the pool price. Assume that the
pool price, say 11, is higher than the strike price, say 10.Then the
Generator pays the Supplier 1.The Generator receives 11 from its
sales of electric power into the pool; so the Generator gets a total
unit revenue of 10 (11 from the pool minus the amount, 1, that was
paid to the Supplier) and Supplier pays a total unit price of 10 (pays
11 to the pool and gets a payment of 1 from Generator). By this
contract, both Generator and Supplier completely cover the risk of
price volatility in the pool; they are guaranteed to be paid and to pay
respectively, a price of 10, for the specified quantity and time.

An alternative contract might have the rule: If the pool price is higher
than the strike price at that time, then Generator pays the Supplier
the pool price minus the strike: if the pool price is lower than the
strike price at that time, then there is no payment. The contract
effectively sets a maximum price the Supplier must pay for the
specified quantity of electricity at that time. But the contract does not
completely protect Supplier from price volatility above the strike
price: CfDs may be traded and changes in expectations about the
pool price are reflected in changes in the price of the CfD owned by
the Supplier.

Box 4

Contracts for Differences:
An Illustration of Spot Market Price Risk Reduction
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These financial instruments and markets play a key role in the
markets for electric power. In the United Kingdom, for example,
"contracts for differences" (CfD) covered 80 per cent of sales (by
volume) to non-franchise customers in 1995/96.While CfDs vary
significantly in terms,an illustrative example is provided in Box 4 (p.56).

Regulatory Structure

In many countries, regulation has been carried out within
government, typically the Ministry responsible for the power
sector. Ownership changes, the associated restructuring and
changes in regulations require a reappraisal of the most effective
regulatory mechanism to oversee and apply the rules. Indeed this
needs to be considered as early in the reform process as possible
because the quality of regulation has a critical impact on the
effectiveness of reforms.There is little point embarking on reforms
to give more independence to market players if the regulatory
mechanism continues to result in micro-management and/or direct
interference with the decision-making process within companies.

The most important attribute of effective regulation is
independence.This, at the very least, means independence from the
companies that are being regulated. The regulator should also be
independent from day-to-day political control of government itself
(as has happened in the United Kingdom with the establishment of
OFFER at arm's length from the Department of Trade and Industry).
However, this does raise some potentially difficult issues about
accountability of the independent regulator. But at the same time it
removes difficult issues about direct political interference and lack
of neutrality and transparency, which can discourage investment in
the sector as well as economically efficient behaviour.The United
States has sought to resolve this problem through the establishment
of a Commission of political or elected appointees to whom the
regulator is answerable (FERC).

Whichever model is chosen, an independent regulator provides
some assurance to market participants, especially new entrants,



that regulatory rules will be oriented towards the efficiency and
performance of the sector. It also engenders confidence that rules
will be applied and enforced in a way which is non-discriminatory,
transparent, consistent, stable and without day-to-day interference
from government. In particular, "the same rules for everyone" is an
objective which is best applied from a position of independence.

While sector-specific regulatory authorities require specific
knowledge of the sector, it is important for the general
competition law to apply to it, excepting only those elements that
are covered by sector-specific rules. Countries need to consider
the structure for ensuring that these rules — general and sector-
specific — are applied to best effect. If they opt for a general
competition authority approach (i.e., no sector-specific regulator) it
is important that this competition authority should have the
necessary expertise to deal effectively with the power sector and
its complexities.

Pricing: the Transmission Grid

No matter how competitive generation and supply are
reorganised, the remaining natural monopoly elements, essentially
the transmission grid require special regulatory attention if
optimum economic efficiency is to be achieved.

The introduction of competition in generation and supply puts
particular pressure on the regulation of transmission pricing,
because this factor critically determines the effectiveness of
competition in the other parts of the supply chain. The terms of
access to the transmission grid are fundamental to the
development of competition in those other parts.The situation is
more complex than in, for example, telecommunications, which
has a similar issue of pricing access to the telecommunications
network. The transmission grid enables various economies to be
exploited: economies of scale in generating plant, economies in
system reliability and system-wide economies of scale and scope
via the bundling of differing customers loads and dispatching a
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portfolio of power plants in a cost-minimising merit order. The
difficulty lies in how to price efficiently the costs associated with
investment in maintenance and use of the grid. Electricity networks
raise two sets of fundamental and interdependent issues: the first,
technical; the second, economic.

The most important technical issue is the phenomenon of loop
flows. There are other technical features that complicate
transmission pricing, such as voltage limitations at the nodes in
conjunction with reactive power "flows". Loop flows arise from a
law of physics, namely that electricity travels along the path of least
resistance — in other words, not along a pre-determined path
which respects the terms of a contract for its supply. In meshed
networks, this means that power may flow through a multitude of
parallel paths according to grid status, which may itself change from
one moment to another, and which is influenced by all users of
the grid. Loop flows thus constitute a grid externality. Using an
example from North America, power deliveries between Canadian
generators and the New York Power Pool may cause loop flows
going as far south as Ohio and Kentucky. In order to avoid loading
of certain power lines beyond their thermal capacity, some lines
may not be used even if the amount of power shipped increases.

The economic issue is how to price transmission in order to
reflect transmission costs and grid externalities correctly. In a highly
simplified approach, transmission costs can be separated into
three categories. These are the cost of building and maintaining
transmission capacity, the cost of marginal losses (losses of power
as it is transported) and congestion costs. In addition, grid connection
itself may generate costs (the technical costs of reinforcing the
infrastructure to meet the needs of new entrants).

Pricing mechanisms for transmission services have evolved
alongside the development of competition. Early approaches were
based on transmission rights, whereby one utility would obtain the
incumbent grid owner's permission to use a certain amount of his
grid capacity against remuneration.These transmission rights could
be firm or interruptible.
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The pricing mechanisms developed for this approach were often
not very sophisticated.They included "postage stamp" transmission
tariffs, zonal "postage stamp" methods, and Megawatt-kilometre
pricing. The three approaches vary in the degree to which they
reflect the spatial dimension of electricity transmission. "Postage
stamp" rates are the least sophisticated approach and are based on
simple division of total network cost by total connected load, much
as a real stamp does when a letter is sent.This yields a price per
MW transported that is based on the premise that the network
provides the same service to all users, and that there is no need to
allocate cost more precisely. It is so remote from the underlying
cost structure of the transmission grid that it is clearly an inferior
solution. Zonal "postage stamps" reflect the spatial dimension
somewhat better, in that they separate the whole grid into smaller
zones.Transmission within each zone is cheaper than transmission
across two or more zones.This pricing mechanism can be further
differentiated according to voltage, and is already more cost-
reflective than the undifferentiated "postal stamp".The Megawatt-
kilometre method is based on the assumption that the length of
the transmission route and the amount of power transmitted
provide a reasonable proxy for transmission cost.This is based on
the recognition that marginal losses are related to distance.

All three methods are, however, far removed from the underlying
technical and economic characteristics of grid operation. More
complex, but also more appropriate pricing methods have been
developed in markets with more competition, such as the United
Kingdom, where the cost components are priced independently.The
most sophisticated transmission pricing method is known as nodal
pricing or locational spot pricing.23 Much as in the transportation
of other goods, it states that the price at any given point A in the
network should equal the price at another point B plus the cost of
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transportation from A to B. Failing this, arbitrage would take place;
the good from point B would be shipped to the overpriced point
A, which would eventually depress the price at A to the optimal
level. In the presence of competition, the price at each location or
"node" would be equal to marginal production and transportation
cost (transportation cost can, in the case of electricity, be thought
of as marginal losses).

However, nodal pricing does not adequately take account of all
the complexities of the grid. Because of the externalities of
transmission such as the loop flow phenomenon, nodal pricing can
lead to counter-intuitive and sub-optimal investment and operation
decisions, which may in turn lead to "wrong" geographical location
of new power plants and grid extension, particularly if trading is
based on a network of contracts.24 Nodal pricing can also result in
prices at the "sending" node, i.e. the seller's price, being higher than
at the "receiving" node, i.e. the buyer's price. In this case, under
normal market conditions, there would not be a transaction. In
practice, an independent system operator takes care of these
externalities.

No fully satisfactory solution for transmission grid pricing has been
found yet. However, some recent technological developments
could allow much better control of electricity flows in the grid.
High-power switches called thyristors,25 which can switch off a
current at very high speed as it moves through the grid, can bring
actual electricity flows more in line with the contractual path
specified between consumers and producers. It has other benefits,
such as allowing loading of transmission lines much closer to
capacity, thereby immediately increasing overall grid capacity.
Recent developments in semi-conductor technology go beyond
this performance. Once this equipment has reached market
maturity, it will bring the power grid much closer to other infra-
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structure networks, and will allow some simplification of the very
intricate pricing issues. This is crucial, as recognition grows that
transmission lies at the heart of competition in the power market.
As long as cost cannot be allocated correctly, not only will the
system deviate from optimal performance but the playing field for
competition itself may be skewed.

Pricing: End Users

In non-competitive power sectors governments are concerned
about the pricing behaviour of monopoly entities (from the end
user's perspective). There must be a requirement or incentive to
price closer to cost and eliminate monopoly rent. In power
markets that are being opened up to competition there remains a
concern about captive, mainly residential consumers whom
competition does not directly reach and, more generally, about the
incentives to offer lower prices. These concerns reflect the fact
that competition is still evolving and it may be that price regulation
will become unnecessary in due course. However, in the power
sector — unlike some other utilities — it is not certain whether
full competition across the whole supply chain will ever be
possible.Transmission seems set to remain a natural monopoly for
the foreseeable future — and therefore there may be an ongoing
requirement for price controls of some kind.

It is important to distinguish two distinct categories of price
regulation: regulation of price structures and control of price
levels. As regards price structures, it is fairly well accepted that
electricity price "menus" are efficient only if they contain all of the
following:

� Peak-load pricing. Since electrical load, and system cost, vary
in daily and seasonal patterns, utilities have increasingly charged
time-of-use rates. The larger the consumers, the more closely
pricing patterns reflect system cost and its sometimes erratic
developments.
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� Multi-part tariffs. If end-user rates are to reflect cost
appropriately, cost elements which are customer-related but do
not vary with kWh consumption need to be priced as a fixed
fee. For very small users, it can even be efficient to cover some
of the consumption- related cost via that fixed fee.

� Interruptible service pricing. Numerous mechanisms have
been developed to reflect consumers' preferences for reliability
in their prices.They take account of the randomness of demand
fluctuations and supply problems, and generally attribute much
lower prices to consumers who are willing to put up with
limited supply interruptions.

Peak-load and interruptible-service pricing provide incentives for
users to shift demand away from peak periods, thus reducing the
need for expensive capacity and lowering total cost.

There are two main types of control of price levels: rate of return
(ROR) regulation and price capping. ROR regulation is the standard
form of utility regulation in the United States, where it is carried
out by independent Public Utilities Commissions in the states. It
sets a rate of return on capital employed for the industry, which is
assessed primarily on the basis of the capital required to produce
and supply electricity. Price capping sets limits on price increases
linked to the rate of inflation, to yield stable real prices, reduced by
the regulator's assessment of possible productivity increases (X),
and increased again by allowances for fuel cost increases (Y).This
yields the formula for allowed annual price increases RPI-X+Y.This
rule is usually in place for a pre-announced length of time, such as
five years, and then reviewed for possible revision of the value of
X or any sub-caps; there are often also sub-caps to limit flexibility
in the structure prices. It was invented in the United Kingdom and is
the main approach used in that country.Yardstick regulation consists
of comparing a utility's rates with those of several comparable
utilities. If one utility is more efficient than others, it keeps more
profits; if less efficient, its prices will not be increased or reduced.
Some of the Nordic countries emphasise yardstick regulation.
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ROR regulation has long been recognised as containing some
adverse incentives, in particular the incentive to overinvest in
capital assets or "gold plating". It is difficult for the regulator to
have enough information on the company to set the ROR at
the most efficient level. However, the United States approach is
sophisticated, involving not just the assessment of capital required
to produce and supply electricity (the rate base) but also the
determination of a fair rate of return on this rate base. The fair
ROR is based in inter-industry comparison and allows cost
components thought to be largely out of the utility's control, such
as fuel cost, to be passed through.

Price capping has some advantages over ROR regulation, because
it acknowledges that the major source of a monopoly's inefficiency
may be a failure to reduce costs rather than to charge excess
prices and because it provides increased incentives for efficiency
improvements which the regulator cannot otherwise identify or
enforce. However, if the regulator assesses X and Y incorrectly, he
may force companies' prices below cost, or may leave a part of the
monopoly profits in place.The latter option may not be a bad thing,
because the regulator is bound to notice, at some stage, that he has
not set X high, or Y low enough. In that case, it is likely that he will
adjust those parameters. This is equivalent to the notion of the
regulatory time lag, with attempts to improve efficiency by letting
well-performing utilities keep their "excess" profits for a limited
amount in time and regulate them away only after a while. This
gives utilities an incentive to minimise cost because they can reap
benefits from such actions, at least temporarily. However, as with
ROR, it is very hard to set the cap, because the regulator needs
information which may be hard to come by and the interpretation
of that information is also difficult.26

Yardstick regulation has been applied to fully vertically integrated
utilities and distributors/suppliers, but on its own, it is likely to be
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the least effective approach. This is due to the tremendous
unavoidable cost differences between utilities, especially at the
distribution end. Although it is theoretically possible to
characterise a benchmark utility via regression analysis, there are
rarely enough utilities to reach significant results. Yardstick
regulation is therefore best used in combination with other
methods.

Subsidies and Cross Subsidies 

Regulatory reform of the power sector must also review subsidies
and cross-subsidies. Cross-subsidies between industrial and
residential consumers have been suspected to be widespread in
the past, but are notoriously difficult to prove. Generally speaking,
smaller consumers, especially residential and small service
consumers, have peakier loads than large industrial consumers,
thus cause higher cost, and therefor should be charged higher
prices.Thus, a power system that shows lower rates for residential
customers than for industry can reasonably be suspected of
engaging in internal subsidisation. Another type of cross subsidy
occurs between rural and urban consumers if they are charged
geographically uniform prices despite the very location sensitive
cost of distribution.This type of cross subsidy is easily observable
and, indeed, ubiquitous. Governments may have promoted this kind
of cross subsidy for social or equity reasons and to ease pressure
on already densely populated urban agglomerations.

The English and Welsh system uses a type of cross-subsidy, the
Fossil Fuel Levy, currently set at 2.2 per cent (formerly at 10 per
cent), which is designed to ensure diversity of electricity generating
capacity, and notably to encourage generation by renewables (and,
formerly, nuclear energy sources).The tax to pay for the subsidy is
levied on sales of certain electricity in a transparent way, and the
subsidy is spent to support capacity which would be uneconomic
without it. This capacity is determined in a competitive bidding
process (the so-called Non-Fossil Fuel Obligation, NFFO). So far,

65

regulatory reform: key issues 3



four bidding rounds have been carried out. Given that it is paid by
all electricity suppliers through their use of the wires, rather than
just end-users, it is unclear among which end-users the incidence
of the levy falls (MMC Report on PowerGen plc and Midlands
Electricity plc, paras. 3.20-3.22). Other public policy objectives
supported by cross subsidies may include aid to low income
consumers and support for R&D.

Cross subsidies are therefore present to some degree in probably
all power sectors and they exist for a variety of reasons, many of
which are linked to governments' underlying policy objectives for
the sector. The difficulty with cross subsidies is that they distort
the optimum economically efficient and cost-related approach to
pricing.They can also involve difficult trade-offs between conflicting
public policy objectives. The subsidisation of rural electricity
consumers in big, sparsely populated countries such as Australia
is thought to destroy niche markets for non-grid renewable
electricity supply options so bringing into potential conflict social
objectives and the promotion of renewable power generation.

This is not to say that governments should avoid all forms of
subsidies and cross subsidies. But they should consider very
carefully the mechanisms for subsidisation, having first clearly
identified the policy reasons for it and eliminated those which do
not support clearly defined objectives. Regulation should also
consider the potential conflict between different objectives. They
should be aware that subsidies of any kind will introduce some
distortion into optimum economic price setting.

Mechanisms should minimise distortion, be fully transparent and
avoid discrimination again new market entrants.They might include
direct government payment of transparent subsidies (rather than
companies themselves making the subsidies between categories of
consumer), grid charges, customer service fees, portfolio standards
and credits trading mechanisms. Even direct government subsidies,
however, come at a cost; the subsidy has to be financed, and nearly
all known forms of taxation are ill-suited to promote economic
efficiency or distribution of income.

66

regulatory reform: key issues 3



Governments should also regularly review whether a subsidy is still
needed. Ideally, subsidies should expire after a pre-determined time
and only be extended if explicit action is taken. In particular,
governments should be alert to the possibility that the competitive
market itself may start to deliver automatically. For example, it
may be in companies' interests to develop services for particular
customer categories or to provide a universal service.

Cross subsidies applied by companies themselves which do not
support governments' public policy objectives should be eliminated
where they interfere with competition. In particular, subsidies by
vertically integrated utilities across different parts of their business,
which disadvantage newcomers to the business, should be
eliminated.

General Competition Law,
Competitive Neutrality, State Aids

A key starting point in power sector competition is dismantling
statutory entry barriers, which have often taken the form of
exemptions from general competition law. In the EU, for example,
special or exclusive rights may be imposed in the public interest
which would otherwise be contrary to the competition provisions
of the Treaty of Rome; and the liberalisation legislation is partly
aimed at lifting these rights or circumscribing their effect.

The application of general competition law is important. Not only
does it remove special rights which may limit market entry, but it
also provides a further tool with which to support the evolution of
competition, supplementing and, sometimes, instead of the sector
specific rules reviewed in the last section. For example, general
competition authorities can play a useful role in setting access
pricing rules, prosecuting abuse of dominant positions including
that practised against new entrants and captive customers, and
preventing anticompetitive contracts, mergers and joint ventures.
Special competition rules for the sector should be avoided, as this
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could create uncertainty over which rules apply and distortions of
investment decisions.

A summary of the situation for selected countries is provided in
Table 4 (p. 32-33).

A number of countries like New Zealand and Finland have chosen
a model of "light handed" regulation, so called because it relies on
general competition law and mandatory information disclosure
rather than on sector-specific regulation. Under the general
competition law of those countries, there are usually provisions
prohibiting abuse of dominance through excessive pricing.

In Norway the competition authority and the regulator have been
directed by their respective ministers divide their labour and
responsibility. They have agreed that the competition authority is
responsible for competition and that the sector-specific regulatory
authority, NVE is responsible for regulation of network activities of
the distribution companies.They have further agreed to co-operate
in areas of overlapping responsibilities such as access issues and
foreign trade in electricity. They exchange information on
competition in the markets.

In the United Kingdom, general competition law applies to mergers
in the power sector although for a few years there was a
transitional arrangement which had the effect of blocking any
mergers involving the sector. In Australia, where the competition
law applies to the electricity sector as well as to other "network
infrastructure" industries, recent amendments to the competition
law were made in anticipation of the increased role the competition
authorities would have in such industries. An industry code of
conduct, the National Electricity Code, has been developed for the
proposed competitive electricity market and has been submitted
to the Australian Competition and Consumer Commission for
authorisation. In Victoria, while there is a transitional arrangement
to limit mergers in the sector, mergers and take-overs will be dealt
with as under the general Australian competition law after the
year 2 000.
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There are fundamental differences between general competition
law and sector specific regulation. While the general competition
law applied to mergers is prospective, the law applied to behaviour
deals with a problem after it has arisen rather than anticipating
issues with rules which apply regardless of actual behaviour.There
is a fundamental difference on where the burden of proof lies, how
specific the rules are and the penalties for violating the rules.
Therefore, governments need to consider carefully the application
of general competition law to open the market, at least in the early
stages. New market entrants are particularly vulnerable to the
power of established incumbents.There is also the issue of how to
deal effectively with captive consumers. Such consumers are
unlikely to find it easy or cheap to tackle problems through general
competition law and the courts, and it is easier if there are clear
rules which their suppliers need to follow.

However, the competitive elements of the market clearly do not
need as intrusive an approach as the non-competitive elements,
once the market is established, and governments need to keep the
arrangements under review. If it is possible to dismantle special
rules, this should always be considered.The more rules, the more
likelihood of distortion of optimal market decision making.

Another, very important, function of general competition law is the
control of mergers, alliances and joint ventures.The economies of
vertical integration mean that companies may have a natural
incentive to re-integrate, especially vertically.When power sector
reforms have sought to disaggregate the industry, as in the
competitive pool model of competition, re-integration is a
problem. In the competitive pool model, vertical re-integration is
likely to re-introduce incentives for grid owners to discriminate
against competitors. General competition law can play a key role in
preventing this.

The evidence, so far, of liberalising power markets does suggest
that there is a real issue here. Re-integration via ownership links
became an issue in the United Kingdom as soon as the initial
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restriction on mergers and takeovers was lifted in 1995.27 A certain
amount of vertical integration had been built into the system from
the outset, since the Regional Electricity Companies (RECs) are
allowed to generate 15 per cent of their power sales themselves
— and are making vigorous use of this opportunity.
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Regional Electricity Date of Price
BidderCompany Initial Bid (Pounds bn)

Manweb July 95 1.1 Scottish Power

Eastern* July 95 2.5 Hanson

Sweb Sept. 95 1.1 The Southern Co.

Norweb Sept. 95 1.8 North West Water

Seeboard Sept. 95 1.6 Central & South West

Swalec Dec. 95 0.872 Welsh Water

Midlands Sept. 95 1.95 Power Gen (blocked
by the Government)

May 96 1.730 General Public
Utilities & Cinergy

Northern Oct. 96 0.782 CalEnergy

East Midlands Nov. 96 1.3 Dominion Resources
Jun. 98 1.9 Power Gen

London Dec. 96 1.3 Entergy

Yorkshire Feb. 97 1.5 American Electric
Power Co Inc and Power
Service Co of Colorado

Table 5

Ownership of Regional Electricity Companies
in England and Wales

* Hanson subsequently demerged Eastern into part of Energy Group; in June 97, Pacificorp launched an
unsuccessful 3.65 bn. Pounds bid on Energy group; in April 98,Texas Utilities made a 4.45 bn. Pounds bid
for Energy group.

Source: Power United Kingdom, various issues; United Kingdom Business Park Mergers & Acquisitions, July 1998.

27.There is no evidence yet from other "competitive pool" markets, as their restrictions on mergers have not yet expired.



However, table 5 below shows that in three cases, generators
active in the United Kingdom market, Scottish Power, PowerGen,
and National Power, have issued bids to acquire, or merge with, a
distributor or supplier. In two further cases, horizontal integration
between electricity and water suppliers was sought.

This is by no means solely due to economies of vertical integration;
the amazing profitability of the RECs, due to their greater-than-
anticipated cost cutting capability, also plays a role. United Kingdom
experience, however, highlights that adequate vertical separation,
once introduced, is by no means guaranteed to last,and that regulators
and competition authorities need to watch developments closely.

While a critical mass of market participants is necessary to
support competition, competition policy must also consider the
size and nature of investments in the power sector which are sunk
for the most part and long term.The application of the competition
law should take into account the various economies of scale and
scope present in this sector.

� Competitive Neutrality/State Aids

In many systems, entities of various legal status participate in the
power sector. They may have a variety of owners — private,
municipal, state and national government — and a variety of
relationships to a taxpayer-financed budget and debt guarantees.
They also enjoy a range of freedom from the government to make
business decisions. "Competitive neutrality" means that no entity
is advantaged or disadvantaged due to its ownership. A lack of
neutrality can arise in a variety of ways: subsidies, transfers, special
privileges such as tax exemptions and procurement set-asides
and restrictions on input purchases, e.g., restrictions on choice of
supplier of capital equipment or on type of labour contract.
Neutrality is also undermined when a company has access to
capital at lower rates because of state guarantees or where an
entity receives capital infusions or loans from the state on terms
and conditions not available in capital markets. In addition to these
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direct economic effects, neutrality is eroded when regulations or
other laws, such as the competition law and private commercial
law, are not applied equally regardless of ownership. In view of its
importance, non-discriminatory special arrangements for the
power sector have been made in some jurisdictions. For example,
in Victoria, there is a legislative provision that enables the Office of
the Regulator-General to appoint an administrator to a financially
troubled distributor.

Security of Supply

It is important to be clear what is meant by security of supply in
the power sector. Electricity is a form of final energy which uses
primary energy sources as inputs and transforms them.This means
that electricity has a contribution to make to overall energy
security (through its potential for substitution and diversification)
as well as raising the issue of security of electricity supply itself,
which is essentially security of transformation.Thus, three aspects
of security of supply should be distinguished:

� short-term security of transformation, i.e., system reliability;

� long-term security of transformation, i.e., adequate capacity
investment;

� security of input energy supply, i.e., fuel diversification.

� Short-Term Security of Transformation

Short-term security of transformation, or system reliability, refers
to the short-term capability of the power industry to cover demand
at all times. In the past, governments have often set reliability
standards for large parts of the industry and these standards were,
in some cases, very stringent. They were established on the
assumption that virtually all customers required the same standard
of reliability.

Market liberalisation changes the perspective on these issues
fundamentally. It shifts decision-making from governments to
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market players and it creates a "bottom-up" rather than "top-
down" decision-making framework in which for the first time end
users at the bottom participate in decision-making with producers.
The issue is how these market players will make their decisions and
how to define the remaining political responsibility to ensure that
the key public policy objective of supply security is met. Specifically,
the issue is of whether there is a need for governments to
continue to define security of supply and set a standard or simply
let markets determine this through the interplay of supply and
demand.

It is now widely accepted that customer needs will vary and, in
particular, that some customers can use interruptible electricity
supply. Efficiency requires that suppliers offer the appropriate menu
of interruptible services and related prices to all consumers who
wish to have them. Such pricing arrangements have a significant
potential to "shave" a system's peak, provided that interruptible
consumers do get cut off in case of an emergency.

In the competitive part of a liberalised market there is a strong
case for letting consumers determine their own contractual
arrangements for electricity supply in which they will need to
balance price and security considerations.They may wish to have
contracts which safeguard security by specifying a "long term"
price (a price that is hedged against volatility) plus a penalty
payment for non-delivery. There is, however, a potential issue —
not yet fully tested because liberalised markets are not yet
commonplace — of whether consumers will be inclined to take
the "least cost" approach and discount the importance of security
and whether consumers fully appreciate the trade-off between
prices and security. This may be a transitional issue but needs
monitoring because of the underlying importance of ensuring
effective security.

In the non-competitive part of the market among "captive"
consumers, the issue is different. Governments may legitimately
take the view that such consumers have to be protected from
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involuntary reductions in supply reliability. If price caps are part of
the regulatory system, there is a particular need for caution
because suppliers have an incentive to reduce service quality.

For consumers who want uninterrupted supply, this issue has been
addressed in the United Kingdom and in many other countries by
defining standards of service in the public electricity supply licences.
An alternative would be for the regulator to fix a price per
Kilowatt-hour not delivered and oblige the supplier to pay an
indemnity for supply shortfalls on this basis.

Another aspect of system reliability is the provision of ancillary
services needed to maintain voltage and frequency in the system,
and to start the system up again in case it has broken down.These
services, namely frequency and voltage support, spinning reserve
and black start capability must be priced as services independent
of the supply of electrical energy. These services require co-
operation with the grid, whereas the same generators might
compete in the supply of kilowatt-hours. The pricing of these
services may need regulatory control, though no abuses have yet
been detected. In practice, a conflict between competition and
system reliability need not arise.Victoria in Australia is an example
of power markets that have improved plant availability and
reliability of supply while reducing cost.

� Long-Term Security of Transformation

This essentially refers to the power sector's capacity for generating
electricity. In the past, and in unliberalised markets, the sector
tended to carry large capacity margins, some in excess of 20 per
cent of peak demand.This is neither efficient, nor sustainable in a
liberalised market.

Again, the issue arises whether the market can adequately provide
incentives for the provision of generating capacity or whether
there is a need for government intervention.The concern for the
long term is that investment in generating capacity might not be
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sufficient to "keep the lights on", cover peak demand.The risk to
which the suppliers are exposed will change since regulatory risk
(whether and when costs will be passed on) will be replaced by
market risk. It will not be possible any more automatically to pass
on cost overruns to consumers. Utilities will also be penalised if
they overestimate demand — planning, and building large-scale
plant a long time ahead of need might lead to excess cost that
competitors can undercut. All this suggests that electricity will
become more like a "normal" market with a "normal" business
cycle. The question is whether this is compatible with the
requirement to cover non-interruptible demand at all times.

In principle, the price mechanism serves to fit quantity demanded
to the available supply, and to give signals for investment. However,
a pronounced business cycle could trigger a high degree of price
volatility risk hedging via contracts for differences could
conceivably become impossible. Then there would be a real
question as to whether enough capacity investment would be
carried out. In this situation, mothballed capacity could be drawn
upon, or quick-to-build gas turbines using distillates could be
constructed to fill the gaps. An extreme business cycle in the
electricity market could thus exacerbate cyclicity in oil demand,
which might in turn create a security problem in oil which in all
likelihood would take the form of a price risk rather than a
quantity risk. The longer and the more pronounced these cycles
were, the more sizeable the effects on the oil market.The question
here is whether investors only follow short-term price signals or
whether they anticipate price trends over a longer term. Initial
research shows that investment decisions are based on mid- to
long-term price and demand forecasts rather than on a short-term
assessment of historical price and demand developments.

� Security of Input Fuels

The degree of diversity that naturally develops in liberalised
markets remains to be seen. Suppliers to ultimate consumers, be
they incumbent utilities, power marketing organisations or new
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generators, will be under a contractual obligation to deliver power
according to their clients' risk preference (interruptible or not);
non-delivery will be subject to penalty payments. Therefore,
suppliers may have incentives to diversify their own supplies in
order to avoid penalties.Whether there will be sufficient diversity
depends partly upon the extent of short-termism which emerges
in power markets and upon the cyclicity in oil demand this could
cause. The issue also goes back to the likely behaviour of newly
empowered consumers in liberalised markets and the premium
which they are prepared to pay for security through diversity.The
key development here will be the effective internalisation of all the
costs of security into tariffs. Producers and suppliers will need to
be motivated by customers and by the prices which customers are
prepared to pay to spread their risk across fuel sources.The issue
ultimately is whether diversity of primary energy is underpriced in
a free market, i.e., whether there remains a security externality.

If necessary, governments will need to consider action to promote
particular forms of input energy, such as nuclear and renewable
energy, and devise mechanisms to do this. How to provide
incentives for investment in nuclear power generation is an
important issue in some countries.The comments above on cross
subsidies are relevant here. It is important that mechanisms be fully
transparent and that they minimise distortions. Since the issue of
diversity of primary energy sources arises in the entire energy
market, a solution must be applied in this wider context.

Also important is the issue of "political risk", the risk of political
disruption to fuel inputs to power generation.This still comes back
to the underlying question of how consumers will choose to value
security, and the extent to which liberalised markets will internalise
effectively all the costs of security through contracts and tariffs.
Risk cannot ever be removed entirely — whether in liberalised or
unliberalised markets. However, the growing economic linkages
between different parts of the world mean that there is a mutual
interest in minimising disruptions.
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The overall approach which governments should consider taking
to security of supply may be as follows:

� First, the benefits of market liberalisation need to be taken into
account, and it is important that the process, once engaged,
should be taken as far as it can. This will avoid fractured
responsibility for security of supply among governments and
market players involved. Where rules remain necessary, there
should be "market friendly" approaches that minimise distortion
of market decisions.There is a need to give the fullest possible
freedom for direct interplay between production and
consumption.

� Second, governments will need to monitor the situation, for
example, to track the evolution of tariffs and contracts and the
investment decisions which are being taken in the new conditions.

� Third, governments need to take action if necessary to deal
with market failure.This, as noted above, is already happening,
for example, in relation to captive consumers and input energy
diversification.

Environment

The power sector has a very significant effect on the environment.
Regulatory reform and the introduction of competition raise both
challenges and opportunities in this regard. It shifts decision making
from government to market players and gives consumers an
opportunity to make choices, rather than to have choices made on
their behalf. Privatisation and corporatisation put companies at
arms' length from government. Environmental regulation must be
redesigned to fit this new framework, and regulation should shift
toward being more transparent and incentive-based rather than a
matter of direct control. Unlike security of supply, environmental
objectives are very likely to require some form of regulation to
make up for the market's inability to internalise effectively the
environmental externalities.There is a need for specific actions to
safeguard the environment, especially to restrict emissions of
carbon dioxide, sulphur dioxide and nitrogen oxides.
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In England and Wales, for example, electricity, coal and gas reforms
led to a 25 per cent fall in the share of electricity generated from
coal, from 1990/91 to 1995/96.This was due to the closure of older
coal-fired plants by the incumbent non-nuclear generators and
the entry of CCGT plants, which use a substantially cleaner
technology. So the reform induced a shift toward gas and away
from coal, as well as a shift toward younger coal plants, which
resulted in a decrease in the quantity of harmful emissions from
generation.28

Conversely, in systems which are largely based on non-fossil fuels,
such as those of Norway, Sweden and Switzerland competition
may well increase CO2 emissions. Under some circumstances
competition may favour a shift toward greater use of coal plants
away from gas plants for base load power, or towards older, dirtier
coal plants. If this is the case, there can be negative environmental
effects. For example, if end-users are free to choose their suppliers,
they can by-pass environmental regulations and buy from suppliers
who operate with lower environmental standards, resulting in
increased environmental damage. Concern about by-pass seems to
be behind German utilities' complaint that their industrial
electricity prices imbed higher environmental requirements than
do those of other EU countries.29 There might also be concern
that "grandfathered" older plants, or dirtier plants in lower cost
countries, may displace younger or domestic plants that are subject
to higher environmental standards.

Most environmental effects of power sector reform are case-
specific, and it is difficult to provide a general answer to these
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28. In this context, the United Kingdom example is often cited.What should be noted, however, is that the extent
and the timing of the "dash for gas" - and the resulting environmental benefits - are a mixture of various factors,
including a real cost advantage of new gas plant, reduction of coal prices through removal of market distortions
in the coal market, and several structural "anomalies" in the newly-liberalised power sector, such as a failure to
introduce sufficient competition in generation at the outset, a certain degree of vertical integration between
generation, distribution and supply (i.e. the fact that RECs were allowed to generate 15 per cent of their power
sales themselves), the fact that RECs were allowed to write long-terms CfDs for the generation subsidiaries they
created, and the fact that those companies' CCGTs could bid zero into the pool and cover possible revenue
shortfalls through the CfDs backed by the REC' s safe customer base.
29. German utilities enumerate the following higher costs, relative to other European Union countries: 2 Pf for
support domestic hard coal, 1.4 Pf for tighter desulfurisation requirements and 1.4 Pf for tighter requirements to
bury transmission lines (Stromthemen, June 1995).



questions. The problem is further complicated by the fact that
electricity allows extraction of usable energy from otherwise
unusable primary sources or larger amounts of usable energy from
the same amount of primary energy via combined heat and power
production, CHP, thereby helping to reduce environmental
externalities. The economic viability of these technologies is also
case-specific. Liberalisation, by providing non-discriminatory grid
access for the first time, is likely to lead to use of these
technologies where they are economic. For example, CHP capacity
increased in the United Kingdom after power sector reform. In
other countries,where CHP has been developed due to government
support programmes, CHP capacity will no longer expand.

� Taxes and Fees

One way to internalise the environmental costs of emissions is
through taxes and fees. A carbon tax is already used in Denmark,
Sweden, Norway, Finland and the Netherlands. There are also
energy taxes or fees on sulphur and nitrogen emissions in various
countries. A liberalised energy market with more independent
actors and less direct government involvement needs a framework
of regulations or economic instruments within which market
forces can operate freely. The implementation of such economic
instruments is facilitated by international or regional co-operation
and harmonisation. In the short run, this may be difficult to achieve,
and it may be that special transitional arrangements are needed so
that individual countries are not forced to abandon environmental
economic instruments because of competition from countries with
lower, and less costly, levels of environmental protection.

� Energy Subsidies

Energy subsidies have historically played a crucial role and need to
be addressed in any regulatory reform programme which seeks to
meet environmental objectives.The reform of energy subsidies can
have environmental as well as direct economic benefits. Studies by
the World Bank and OECD (Larsen and Shah 1992; Burniaux et al.,
1992) found energy subsidies of over $ 200 billion worldwide,
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mostly in developing countries and the countries of the former
Soviet Union. They found that eliminating those subsidies would
lead to reduction in carbon dioxide emissions of well over one
billion tonnes by 2010.

In 1994-96, the OECD carried out a study ("Reforming Energy and
Transport Subsidies", OECD 1997) on the environmental effects of
removing energy subsidies in its Member countries; in some of the
case studies, the geographical scope was wider. Key findings from
the study are:

� Carbon dioxide reductions achieved by removing selected
subsidies can, indeed, be substantial although probably not so
large as suggested by some economic models.

� The types of subsidies whose removal would lead to the
greatest environmental benefit are grants and other forms of
budgetary and price support for coal production, especially
where these supports are combined with supports for
electricity industry investment.

� Subsidies and tax exemptions are provided for residential and
large industrial consumers of electricity in many countries; in
some countries, they are very significant. Removing these
supports would lead to reduced electricity consumption, and
reduced the environmental impacts of such consumption.

� Removing some subsidies would have negative environmental
effects. For example, subsidies are used in many countries to
support renewable energy30 and energy conservation.
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30. Unlike hydro-power, whose economically recoverable, and environmentally acceptable, potential is nearly
exhausted in most OECD countries, non-hydro renewables have hardly any measurable impact on environmental
emissions at present: they contribute less than one per cent of IEA countries' total electricity generation.This ratio
is only exceeded at country level in some cases such as New Zealand, where geothermal (which itself is burdened
with environmental emissions, i.e. acidic effluents) has a share of around 10 per cent of generation.That non-
hydro renewables can make a measurable contribution towards alleviating environmental problems holds only for
the future, and under the assumption that their prices come down significantly, or that governments create
regulatory frameworks or support measures that create a supply push or demand pull which leads to much
accelerated market uptake of renewables. Failing this, the negative impact of subsidy removal for renewables
merely exists as a remote possibility. At present and, according to current trends, in the foreseeable future, the
contribution of renewables is too insignificant to have any noticeable influence on emissions levels.There are many
reasons why societies and the governments that represent them may want to keep renewables research going and
subsidise a certain amount of renewables into the market. One example is the contingency value of renewables
i.e. having some non-fossil technology ready and tested to prepare for possible climate change.



� Most energy-related subsidies are provided for social reasons,
to reduce energy costs for low income households and to
protect employment in coal mining and energy intensive
industries.Any process of subsidy reform would need to include
consideration of the original rationale for the subsidy, and it
might be important to introduce compensatory measures to
avoid negative social effects.

� Tradable Emissions Permits 

Subsidies are not, in theory, the most market-friendly approach to
environmental regulation. One alternative approach which actually
uses the market (rather than working against it) is tradable
emissions permits. Under such a system, governments or regulators
specify a total maximum quantity of emissions of perhaps specify
local maximums, issue the corresponding permits for emissions,
require utilities to install sensors on smokestacks, and allow such
permits to be traded among permit holders.This type of control is
compatible with a competitive market for generation. It works best
for environmental problems that have relatively few sources, which
makes the power sector an ideal area for its application.

In the United States, 1990 amendments to the Clean Air Act moved
the control of sulphur dioxide emissions toward a market mechanism
in two ways. First, they allowed power plants to comply with
sulphur dioxide emission performance standards rather than to
strict emissions controls requiring the use of specified technology:
this allowed competition among compliance technologies, thereby
reducing the cost of attaining any given level of compliance. Second,
they allowed some trading of sulphur dioxide emissions permits
among firms. A regional programme in southern California, in
which emission permits for nitrogen oxides can be traded, was
implemented in 1994. Unlike the national programme for sulphur
dioxide, the southern California programme has restrictions on
the location of traded emissions to help prevent "hot spots", that
is, regions of very high pollutant concentration.
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In both of these programmes, regulators can improve the
environment, reduce the costs of achieving a given level of
environmental quality, and provide flexibility for economic growth
(Economic Report of the President, 1996, pp. 148-9). Indeed, one
estimate of the annual cost savings from the sulphur dioxide
emissions allowances programme, as compared with a command
and control system for the same level of emissions, is up to $1.7
billion after 2000.31 Another estimate that takes into account the
restrictions placed on utilities from participating fully in the
program is a cost saving of $4.19 billion over the period 1995-2005
(Winebrake, Bernstein and Farrell 1995). One estimate of the cost
savings from the United States’ nation-wide acid rain emissions
trading programme is 20 to 50 per cent by 2010.

In addition to these effects, the effectiveness of scrubbers has
improved and their costs decreased by more than 40 per cent (IEA
1995). Further, because emissions trading creates efficiencies to
which no one has "prior claim", it is possible for industry and
environmentalists to agree on tougher (i.e., cleaner) standards
where there is trading than if there were a command-and-control
system (Loeb 1995).

Such programmes require that the regulator have a certain amount
of information, including that necessary to set the number of
permits (totals and, if necessary, sub-totals for particularly
environmentally-sensitive regions). Information is also necessary to
provide incentives for utilities to switch to new systems of
environmental control which lower the cost of meeting specified
environmental goals. When the individual cost of reducing
emissions is not known to the regulator, this can imply a departure
from the optimum when the cost is known where the amount of
reduction in emissions is set so that the social cost of emissions
equals the social benefit of such reduction (Lewis 1996). Finally, the
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31.The estimate is from the Electric Power Research Institute, Integrated Analysis of Fuel,Technology and Emission
Allowance Markets: Electric Utility Responses to the Clean Air Act Amendments of 1990 (EPRI TR 102510,
November 1993).Assumptions include that there would be mainly intra-industry trade. Inter-industry trade could
result in additional annual savings of US$600 million to 1.2 billion (Rose, 1995).



cost of gathering and using the information, as well as other
administrative costs, would enter into the decision whether to
switch to the new regime. Overall, however, this approach has been
positive and could be promising.

� Energy Efficiency

A third mechanism for meeting environmental objectives is the use
of energy efficiency programmes which help to reduce emissions.
Many utilities have energy efficiency programmes which aim either
to reduce total energy use or to shift peak usage to off-peak
periods.32 Usage shifting may or may not have an environmental
effect, depending on the technology used along the load curve.
Some programmes are of command-and-control type, prescribing
home, office and factory energy efficiency investments.
Participating end-users receive incentive payments from the utility.
These incentive payments, utility-related programme costs and
"lost revenue" recovery (because of the smaller quantity of energy
sold) are gathered from all customers in the service area. Such
cross-subsidies are inconsistent with liberalised markets and would
therefore require some redesign in order to assign costs
appropriately. End users should make the decision about whether
and how best to conserve energy in the face of prices that better
reflect the real cost of electric power. Provided the cost of
metering and information management drops sufficiently low, some
of the new programmes could involve consumers taking an active
role in their own load management, such as reducing total usage or
shifting some use to off-peak periods (Houston 1994 and Joskow
1994).These programmes would actually mimic peak load pricing.

There is no a priori general direction for the environmental effects
from economic regulatory reform; the effect of the regulatory
change varies from circumstance to circumstance. However, the
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32. It should be noted that "peak shaving" efficiency programmes have had more of a noticeable effect in the
aggregate than "energy reducing" ones: the latter have not managed to dent, let alone curb, electricity demand
growth in OECD countries, while the former can have a small but noticeable impact on individual utilities' load
curves.



reform of economic regulation creates an opportunity also to
reform environmental regulation towards more market-based
approaches, so that given levels of emissions abatement can be
attained at lower cost and subsidies can be better directed toward
the intended recipients. Some of these market-based approaches,
such as taxes and emissions permit trading, have already been
implemented. However, as with all reforms from a command and
control system, incentive-compatible programmes must take
account of both the status quo and the information available to
various parties.

Other Policy Objectives

Social and customer protection objectives are also very important.
A key objective is consumer protection. During discussions of
regulatory reform, concern is often expressed that consumers may
suffer negative consequences. These concerns are important in
view of the role electric power plays in modern society.

One major concern is that consumers may suffer a degradation in
quality of service. In some reforms, consumers have been given
explicit new rights. In the United Kingdom, consumers enjoy
guaranteed standards of performance, such as restoration of
service after an outage and adequate notice of planned
interruptions of supply. They have the right to more frequent
meter reading, and there are new codes of practice for dealing with
consumer complaints. Consumers have the right to complain to an
independent regulator. In Victoria, the Office of the Regulator-
General sets standards through the licensing process and can
financially penalise licensees who do not meet the standards.The
office also provides a fact sheet, available to consumers, advising
them of their rights.

In Finland, during the drafting of the Electricity Market Act, the
Consumer Ombudsman stressed the need to include an obligation
for retailers to supply those of their customers who are outside
the competitive market and to forbid the cutting off of electricity
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to consumers whose home heating depended on it.Another area
of concern was to ensure that breaches of the contract, such as
interruptions of supply, were appropriately dealt with under the
new law. In the event, the law was passed with the statement that
it should be complemented with additional consumer protection
clauses.

Provision of universal service is important to protect the poorest
members of society. This has two dimensions: the obligation to
supply, and disconnection policy. In many power markets with
competitive elements, the abolition of the utility’s exclusive right to
supply has required a re-definition of the obligation to supply that
was often combined with it. In many cases, this was accomplished
by obliging grid owners to connect any consumer who expressed
a wish to be connected. In some cases, such as the United Kingdom
or Victoria, the supply licences specify a supplier of last resort. In
OECD countries, unlike in many developing countries, the fraction
of the population which is too poor to pay for electricity is small,
since for most consumers, including industrial consumers, electricity
constitutes less than 5 per cent of their budget. Consumer dis-
connection is therefore not a wide-spread phenomenon. Moreover,
consumers now have more current information about their
charges for electric power.This enables them to take more control
over their usage decisions. For example, pre-payment meters or
smart-card meters in the home let consumers know instantly their
costs for electric power. Subsidies of electric power usage could be
targeted to low-income persons through the form of smart-cards
issued through social services providers (O'Connor et al.).

The lower prices expected from power sector reform may provide
part of the solution in themselves. In addition, standards for
disconnection policy are often defined more clearly in licences in
competitive power markets. In the United Kingdom, for example,
this has led to a sharp reduction of residential consumers
disconnections for debt: between 1991/92 and 1995/96, the figure
has fallen from a total of 41,018 disconnections to just 674 in
England and Wales (OFFER: Report on Customer Services 1995/96).
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Education plays an important role in giving consumers enough
information to take advantage of their new options.The transition
from having only one possible provider with a very limited menu
of offerings, to general menus offered by several providers has
already been experienced, in some countries, by consumers of
telecommunications. In principle, one would expect similar issues
of consumer learning to arise, along with the additional uncertainty
associated with electric power (unusual weather, unexpected
changes in fuel costs).As noted in the section on financial markets,
there are financial instruments by which consumers can shed this
risk in the same way as they already reduce risk through insurance
contracts.

86

regulatory reform: key issues 3



REGULATORY REFORM:
TRANSITION ISSUES

Regulatory reform is bound to raise transition issues. This is not
peculiar to the power sector. One question is whether the long
term benefits of regulatory reform will outweigh the transitional
costs.The answer depends to some degree on the performance of
the sector prior to reform and liberalisation. The question may
also need to be asked, however, whether a good pre-reform
performance can be sustained. Reform in one country is likely to
have some important effects onto non-reforming countries (e.g.,
technological advances and power trade across international
borders). If regulatory reform does in fact provide large benefits,
the standards by which non-reforming sectors are judged may be
raised. If others are reforming their markets, it may be difficult to
maintain the status quo.

The performance of the Victoria power industry prior to
liberalisation, for example, was assessed as abysmal by industry
observers. Even though the pain of uprooting the industry and
getting it off to a fresh start was dramatic, it was clear from the
outset that the potential efficiency gains were enormous and more
than justified the action taken. In markets which function better at
the outset the efficiency gains may be smaller, but so will be the
cost of making the transition.

Stranded Costs

A key transition issue is stranded costs. Both in countries where
electric utilities are privately owned and were previously subject to
a rate-of-return form of economic regulation and in countries
where the assets are owned by various levels of government, an
important policy issue is the treatment of stranded costs. Stranded
costs are the unamortised costs of prior investments that are
scheduled for recovery through regulated monopoly rates but
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would not be recovered under competition. Stranded costs are
specific to the transition between regulatory regimes. Under
former regulatory regimes there was a "regulatory compact"
under which companies undertook large, sunk investments with
the understanding that regulators would ensure that their rate of
return on capital would be just and reasonable.With a change in
regulatory philosophy the recovery of stranded costs is a matter
of justice as well as of economic efficiency. Sunk investments —
such as many of the assets in the power sector — will be made in
the future only if a government can credibly assure the potential
investor that the rules will not change in a way that harms him
(Economic Report of the President, pp. 186-8).

Stranded costs may arise when assets are under private ownership,
as well as government ownership. For example, a municipally-
owned utility may have made an approved sunk investment that
would have been recovered under the former system of regulation
but which will not be recovered under the new system of
regulation.

Stranded costs can be large: it was estimated at up to $135 billion
for the next ten years for privately-owned United States utilities
according to a report by Moody's Investors Service.33 Losses on
stranded cost were estimated to amount to 80 per cent of private
utilities' total equity or 1/4 of the industry's total assets between
1996 and 2005. Utilities in the high-price North-East and West are
worst off, together accounting for 40 per cent of the total damage.
According to the report, at least 10 nuclear plants, amounting to
10 per cent of total United States operating nuclear plant, may be
closed due to deregulation.More may be mothballed.Other estimates
range from approximately half to more than twice this figure.

Once the decision is taken to allow utilities to recover stranded
costs (at least partly), the first difficulty regulators face is to
determine how much of the assets really are stranded, since the
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utilities cannot be relied upon to produce unbiased information on
this issue. One way of solving this dilemma may be to auction off
the assets and thus let the market determine their worth. Other
regulatory reforms suggest that a significant portion of stranded
costs can be avoided through the utilisation of new technologies
and development of creative ideas for alternative uses.

Next, a mechanism has to be found to allocate the extra cost.This
decision can affect the efficiency of markets; if a stranded cost "fee"
introduces a wedge between price and marginal cost, then
inefficiently small quantities of electric power will be purchased. If
a stranded cost "fee" applies to only a subset of end-users, then it
may be perceived as unfair (Economic Report of the President,
p. 188). In California, the decision was made to collect a fee charged
on the wires, i.e. allocated among customers as costs are currently
allocated among them, but for the charge to end in 2005.34

However, it has been proposed by the regulator that the utilities
earn a lower although still fair rate of return on their investment-
related transition costs, on the grounds that these are lower risk
investments.

Social Costs

Stranded costs are not the only type of transition cost. It has
become clear that electricity market reform, and especially the
introduction of competition, is a powerful mechanism to improve
micro-economic efficiency, but it can also produce macro-
economic problems such as abandonment of unprofitable power
plants, or primary fuel extraction operations, leading to
unemployment and social hardship. At macro level, these effects
are only temporary: a separate study by the OECD shows that
labour released from companies which have become uneconomic
due to competition is absorbed back into the economy quickly
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34. However, it has been proposed by the regulator that the utilities earn a lower - although still "fair" - rate of
return on their investment-related transition costs, asserting that these are lower risk investments.



enough not to create major problems. But the labour released and
the labour absorbed will in all likelihood not be the same people,
because it may be difficult to find or to train for other jobs. Job
shedding in the electricity supply industry has been very large: in
the United Kingdom, for example, National Power and PowerGen
reduced the number of their direct employees by 65 per cent and
53 per cent, respectively, between 1991 and 1995. Electricity sector
reform creates winners and losers. Any regulatory reform does
this, but the extent of the pain may be greater in the power sector
than in some others, because it has been so protected for such a
long time.

The economies of Central and Eastern Europe may provide a
useful lesson. Poland chose a radical, high speed reform path, and
saw its GDP plummet more quickly and, at first, more deeply than
those of its neighbours. However, the quick and intense pain of
transition was followed by an earlier, and more vigorous,
improvement in macro-economic performance indicators. One
conclusion that may be drawn for electricity market reform is:
think hard, but move quickly and vigorously.

Sequencing of Reforms

The sequence in which reform takes place is also crucial for its
success. If one begins with state-owned assets, the legal and
regulatory apparatus should first be put in place, then major
restructuring should be accomplished, then privatisation can occur
(Besant-Jones, p. 27).An advantage of having some time before the
privatisation is to permit the regulator and potential investors to
learn and adjust.

Evolution of Regulatory Reform

The reform of the power sector is an evolutionary process — a
number of unresolved questions remain, and the future
development of reform will depend on the experience gathered. It
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is important to set up a robust reform process so that learning and
adjustments will take place and changes will be made in a
transparent way acceptable to power sector companies, users,
regulators and voters. One can indeed view the reform of the
power sector as a co-evolution of the industry, its markets and its
regulators.

An evolutionary approach is also important for another reason.
As markets evolve and become more efficient, some regulation
may no longer be necessary since the public policy objectives
which generate regulation may be met by the market itself. This
may, for example, be the case for social objectives, where suppliers
may find it is in their own economic interest to improve services.
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REGULATORY REFORM:
WHAT DOES IT DELIVER?

This section considers not only what has been achieved but also
what may be expected. Given that no competitive power market
has operated for more than five years, none has yet completed the
stage of transition. Therefore, the results presented here do not
provide conclusive evidence of the long term benefits — or
disadvantages — of power sector reform. The cost and price
reductions quoted below are due to several linked factors, including
liberalisation, technological advances (CCGTs) and lowered input
prices (gas, but also coal). Moreover, since the assets in the power
sector tend to be long-lived and, to a large degree, sunk, results
must be expected to emerge relatively slowly.

Industry Performance

The first expected benefit from market liberalisation is improved
industrial performance through a reduction in the cost of supplying
electricity.This may be achieved through:

� higher capital productivity resulting from greater plant
availability, improved efficiency in the operation of existing
generating facilities, reduced excess capacity, improved
investment and technology choices;

� higher labour productivity resulting from reduced overstaffing,
sick leave, absenteeism, etc.

There is some evidence of this happening. In the United Kingdom,
power generators have made substantial increases in productivity.
Labour productivity, approximated as kWh generated per employee,
doubled in National Power and PowerGen after privatisation.
Nuclear Electric was not privatised until 31 March 1996 when it
became, together with Scottish Nuclear, but excluding its old
Magnox plants, British Energy. Nuclear Electric's output per
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employee rose by 60 per cent between 1991-92 and 1994-95.The
availability of its plants greatly increased. Taken together, these
improvements led to a decline in nuclear generating cost in excess
of 40 per cent between 1990 and 1995.

In New Zealand, there is evidence of cost savings through internal
efficiency gains in generation and transmission of the order of 10-15
per cent (about 3 per cent of total wholesale electricity prices)
excluding finance, tax and fuel (Culy, Read and Wright, pp. 3 and 8).

The introduction of competition in Victoria has improved labour
and capital productivity indices considerably. The industry
employed a total of 24 000 staff in 1989; this figure has fallen to
6 500 today. The coal-fired base load plants Yallourn W and
Hazelwood, which reported 60 per cent annual availability in
1991/92, and a 30-year average of 62 per cent availability
(Hazelwood), were available at 87 per cent and 80 per cent in
1995/96.35 Overall, plant availability increased by the equivalent to
700 MW of additional capacity, slightly more than 10 per cent of
installed capacity. Simultaneously, supply reliability increased:
outage minutes per year and per customer were reduced from an
average of 510 in 1989/90 to 266 in 1993/94, and 260 in 1994/95.
The distribution companies have also improved productivity: the
smallest increased the number of customers per employee from
390 to 510 from October 1994 to January 1996. The average
contract wholesale cost of energy was AS$0.04/kWh in 1994/95,
20 per cent lower than in the previous year.

Industry performance may also be considered in terms of new
market entry, a powerful stimulus to cost reductions by
incumbents and lower prices to consumers. In New Zealand there
has been significant new entry of about 760 MW (note that this
phenomenon was regulated into existence by disallowing any
capacity expansion by the incumbent Electricity Corporation of
New Zealand).
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One of the main shortcomings of United Kingdom liberalisation is
the insufficient horizontal disaggregation of the generation business
due to the fact that the former CEGB was split into only three
separate companies. Two of the three generating companies,
National Power and PowerGen, held 80 per cent of the generating
market, and owned the marginal plant that set the Pool price an
even greater percentage of the time. Since then, there has been
new entry into generation, and the shares of the two large
companies have fallen, but the regulator, giving evidence before the
House of Commons in 1996, when their shares totalled 45 per
cent, said that he was "not satisfied with the present extent of
competitiveness either in the pool or in generation". In early 1997,
electricity sales generated by new entrants are still only 10 per
cent of the total.

Consumer Benefits

One of the main benefits of market liberalisation occurs when
reduced supply costs of electricity are translated into lower prices
for consumers. The expectation is that lower prices will be
achieved through competitive pressure to reduce costs and prices
to marginal cost. Here there is much positive evidence.The picture,
however, may vary according to the category of consumer —
industrial, commercial, retail.

In the United Kingdom, average real electricity prices had fallen by
13 per cent by the beginning of 1997, compared with 1990. Over
the same period, the average real price paid by small industrial and
service consumers declined by 19 per cent.36

In New Zealand since 1985, commercial and smaller industrial
consumers have experienced lower prices, but average domestic
prices in real terms are virtually the same in 1995 as in 1985,
although they were lower in 1991. Average commercial electricity
prices felt by about 25 per cent from 1985 to 1995.
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In Norway, most prices had fallen by 1994, with price decreases for
commercial customers larger than those for residential customers.
Wholesale prices had declined substantially. In 1995, both
wholesale and retail prices had increased relative to 1994. These
price changes may reflect changes in weather rather than the
effects of the reform, however.

As well as lower prices, reform can be expected to bring better
customer service through the availability of a menu of more
efficient pricing structures, especially time-of-day pricing and
interruptible service pricing. Energy consulting services may also
emerge as the market gears up to meet a range of actual and
potential customer needs. Innovation of various kinds is stimulated
by competition.

An issue which does concern many governments embarking on
reform is whether quality of service will suffer, especially for
vulnerable consumer groups. Many governments are choosing to
set rules and standards in the early days of market liberalisation, in
order to ensure that consumers are not disadvantaged. Price
controls are the most obvious example.The expectation is that as
competition takes hold, these arrangements may be dismantled.
Time will tell.
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CONCLUSIONS
AND RECOMMENDATIONS

Conclusions

Regulatory reform and liberalisation of the power sector present
significant opportunities as well as some challenges. The strong
expectation is that they will yield important short and long term
benefits in terms of improving economic efficiency, lowering costs
and consumer prices and stimulating economic growth and
competitiveness. These benefits have started to show clearly in
those countries which have already liberalised. In some former
state-owned companies, labour productivity has improved by as
much as 60 per cent and generating costs have declined by as much
as 40 per cent. In other countries, annual availability of generating
plants has improved significantly (from 60 per cent to 87 per cent),
customer outages have been reduced, distribution company
productivity has improved, and prices have been reduced by 20
per cent in wholesale markets and from 13 to 19 per cent in retail
markets. Other significant long term gains are expected, notably
further efficiency, technical gains and service innovations, including
a wider variety of pricing structures and contracts.There are wider
economic benefits from improved economic efficiency in the
sector, given that electricity is an input to almost all goods and
services.

Regulatory reform affects a wide number of policy objectives such
as the environment and security of supply, not just the objective of
increased economic efficiency. By triggering far-reaching changes in
economic structure, control and output, it raises issues of how
best to meet these objectives in new conditions. However, there is
no evidence at this stage that these other objectives will be
adversely affected, provided that care is taken to update the
regulatory framework. In the case of the environment, a framework
including greenhouse gas emissions trading is likely to be more
effective than current policies. In the case of security of supply,
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market decisions may be expected to reflect adequately the short
term cost of security. However, the impact of market liberalisation
on investments in long term generating capacity and diversity of
fuel inputs to power generators is not yet fully clear.

The introduction of competition into the power sector can take a
number of forms.The current natural monopoly in the operation
of transmission and the physical behaviour of electricity have
implications for the level of competition that can be introduced.
Much depends on the starting point, including energy situation and
trading options, in a particular country, but it is important to keep
in mind the common goals and elements of these restructuring
efforts.

Reform and market liberalisation is an ongoing process and it is in
its early days. There is a long period of transition from regulated
monopolies to properly functioning markets. It is important to be
aware of the various elements of a transition regime and to frame
good policies for this. These elements include the role of general
competition law, the issue of stranded costs and pricing issues,
among others. The basic framework for regulatory reform must
meet the needs of transition, establishing non-discriminatory and
transparent adjustment mechanisms, as well as having the capacity
to adapt and evolve to deal with the longer term, when market
liberalisation has settled down.

Recommendations

� Governments should expand the scope for competition in the
power sector. In doing so, they need to clarify their key policy
objectives for the sector, such as improved efficiency, as well as the
important linkages with other public policies such as security of
supply and environmental protection.

� The key elements in the reform process which need early definition
are the power sector's ownership, its structure and the regulatory
structure. Adequate competition will only be established if these
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three elements are adequately tackled. In addition, the overall
regulatory framework needs to be non-discriminatory and
transparent, and provide sufficient information to market
participants.

� As regards ownership, corporatisation with incentives will improve
efficiency. But, in the long run, privatisation is best.

� As regards structure, two basic models of competition have
evolved so far, the competitive pool model and the grid access
model, and these can take a number of forms. There are many
common elements between these two models; both involve at least:

� a certain degree of vertical separation between monopoly
activities (transmission and distribution) and potentially
competitive activities (generation and supply),

� circumscribed grid access rules that ensure open and fair
access, and

� adequate competition in the competitive activities from the
outset.

The vertical separation aims to eliminate discrimination against
competitors by vertically integrated companies. Both models look
promising although there is more experience with the pool model.
Whichever model is selected, it is essential that the elements of the
market which are opened to competition be allowed to function
and interact as liberalised markets, not subject to interference.

In the competitive pool model, the three main requirements
listed above are necessary, as well as the establishment of a
competitive pool for dispatch decision making. In this model, the
vertical separation is either corporate or functional.

In the grid access model, the three main requirements listed in
the fourth recommendation are necessary. This model typically
involves accounting separation rather than stronger forms of
vertical separation. Where accounting separation is chosen, the
regulatory system must ensure that firms in the competitive part
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of the market have non-discriminatory access to monopoly
facilities and must prevent anti-competitive cross subsidies. If
accounting separation proves inadequate in practice, corporate or
functional separation should be considered.

� As regards regulatory structure, independence of the regulator
from commercial and day-to-day political pressures is essential.

� The terms of access to the transmission grid, which for the present
remains a natural monopoly, need regulation, which should cover
pricing. Despite its complexity, nodal pricing is likely to form part
of any efficient transmission pricing scheme.

� Governments should consider whether price controls to end-
users are necessary. They may be necessary in the transition to
competitive markets and for captive consumers. Price controls
should seek to maximise industry efficiency, as well as protect
consumers. Governments should consider how long price controls
are necessary before the market can safely be left to take over.

� Governments need to exercise particular care with subsidies and
cross subsidies, as they distort economically efficient behaviour and
pricing. Direct and open subsidies are preferable to hidden cross
subsidies. Subsidies should be transparently linked to clear policy
objectives.They should be kept under review, as the need for that
may disappear as markets take over.

� The general competition law should be applied to the power
sector except for those aspects which are covered by rules specific
to it. Governments need to be particularly vigilant about the
application of general competition law in the transition to
liberalised markets. In the absence of sector-specific rules,
governments should consider whether their general competition
law and enforcement mechanisms are adequate to deal with the
power sector and its complexities, and strengthen them if
necessary.
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� Governments should monitor the issue of security of supply in
liberalising power markets. Within the new framework of reform
and the introduction of competition, they should seek to create
the right climate for long term investment which adequately
responds to the issue of diversity of supply in the entire energy
market. A regulatory framework which emphasises transparency,
non-discrimination and stability will help this objective. Since the
issue of diversity of primary energy sources arises in the entire
energy market, a solution must be applied in this wider context.

� Governments must adapt environmental regulation and policy
instruments to the altered industry structure, including exploiting
the opportunities afforded by market liberalisation for better
market-based approaches to environmental regulation, such as
tradable emissions permits.

� Stranded costs (unamortised costs of investments carried out
under a previous regulatory regime which would not be recovered
in the new competitive market conditions) need to be addressed.
Governments must ensure that the incentives for future
investment in the sector are not damaged and minimise the extent
of costs that are recovered in the transition period by providing
strong incentives to mitigate stranded costs.

� Governments should review critically, and at regular intervals,
whether regulation is still needed to meet their underlying
objectives, as liberalised markets get into their stride. Where the
need for regulation remains, the mechanisms chosen should be
market compatible.
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