Chapter 6

QUANTIFYING THE BENEFITS FROM STRUCTURAL REFORMS IN
ELECTRICITY AND GAS MARKETS IN APEC ECONOMIES

Philippa Dee'

e Structural reforms in electricity sectors in APEC economies since 2004 have generally
been incremental; and those in gas have been less extensive than in electricity.

e Partial reforms have had significant effects on productivity.

e Reform to introduce competition, in particular, is expected to lead to further efficiency
gains and lower prices.

6.1 INTRODUCTION

The production and distribution of electricity and gas involves networks — networks of
electricity transmission and distribution lines, and networks of gas transmission and
distribution pipelines. At least some components of these networks have the characteristics of
a ‘natural monopoly’, meaning that it is less costly for their operation to be carried out by a
single producer using a single set of facilities, rather than having two or more operators with
duplicate facilities. In addition, there are strict technical requirements for operating electricity
and gas networks, so as to preserve the physical integrity of the distribution systems. For
these reasons, electricity and gas have traditionally been supplied by single, vertically
integrated monopolies often in government ownership.

The absence of competition meant that there were few (if any) incentives for electricity and

gas providers to keep costs to a minimum and to operate efficiently. Unless prices were

regulated, there was also scope for operators to abuse their monopoly power and price above
2

cost.

Structural reforms in electricity and gas have aimed to overcome these two key problems.
The reforms have typically aimed to introduce competition to allow competitive suppliers
having access to those parts of the network that are natural monopolies. Successful reform
also requires that the restructuring be done in such a way that the benefits of competition in
the competitive sectors outweigh the loss of any economies of scope that may have prevailed
when the monopoly and competitive activities were operated together under single
ownership.

Beyond these common features, there are some differences in the physical characteristics of
electricity and gas markets, which have led to differences in the extent of reforms carried out.
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below average.
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6.2 KEY FEATURES OF ELECTRICITY AND GAS MARKETS
6.2.1 Electricity markets

The production of electricity involves: generation, transport over high-voltage lines
(transmission), transport over low-voltage lines (distribution), marketing to consumers
(supply) and buying and selling on wholesale markets (trading). What follows is drawn from
European Commission (2007).

Transport operations are considered to be natural monopolies, and typically remain regulated
even after structural reform. But generation is seen as a competitive activity, and is generally
the first activity to be opened to competition, followed by wholesale trading and retail supply.
However, retail prices may remain regulated in some economies, even after structural reform.

Unlike gas, electricity cannot be stored economically once it is produced, so supply has to be
matched to demand on a second-by-second basis, even though demand may vary significantly
over different times of the day and over different seasons. The introduction of new
competitive generators needs to be managed in a way that does not jeopardise this supply—
demand matching or bring down the grid network.? After structural reform, this balancing is
typically achieved by having balancing markets run by an independent system operator.

Electricity can be generated using a variety of technologies, each of which has different cost
characteristics. Nuclear plants tend to have low operating (variable) costs, so are typically
used for base-load supply (i.e., operated all the time). Hydro plants also have low operating
costs and are used for base-load supply when water availability allows. However, nuclear
plants (and some hydro plants) also have very high capital costs, so the prices to consumers
from this source may have to be high if operators are to receive an adequate return on capital.
The operating (variable) costs of thermal plants depend largely on the prices of their input
fuels. At current prices, coal-fired plants tend to have the next lowest operating costs after
hydro and nuclear, and thus are next on the ‘merit order’. Combined cycle and gas turbine
plants tend to have the highest operating costs, and tend to be used as ‘peaking plant’ (i.e.,
used to meet peak demand). However, combined cycle and gas plants have low capital costs,
so consumer prices from this source can be relatively low. In general terms, therefore,
electricity prices to consumers depend not just on the extent of structural reform but also on
the mix of production technologies available.

Finally, like most network industries, electricity transmission and distribution are subject to
economies of density — costs are lower, the shorter the distances over which electricity has to
be transported. Thus geography also has an impact on electricity prices to users.

England and Wales took the lead in structural reform of electricity markets in 1990, but many
OECD economies (and some non-OECD ones) have gone at least some of the way down
similar paths. In the European Union (EU) structural reform has received an additional
impetus with the Second Electricity Directive of 2003 (discussed below). Doove et al. (2001)
describe the broad outlines of the structural reform agenda as follows:

e structurally separating (‘unbundling’) the competitive activities (particularly
generation, but sometimes also retailing) from the natural monopoly elements
(particularly transmission but sometimes also distribution) — this is called ‘vertical
separation’;

? This applies particularly to wind and solar sources which may be generating at a time supply is not required.
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e dividing existing generation capacity among a number of different generation
companies, who then compete with each other — this is called ‘horizontal separation’;

e allowing new generators to enter the market — these are sometimes called independent
power producers (IPPs);

e guaranteeing open and non-discriminatory access for all generators to the
transmission grid (subject to available capacity), so that they can sell directly to
downstream suppliers or users, rather than selling to the incumbent — this is called
‘third party access (TPA)’;

e cstablishing a wholesale price pool or spot wholesale market for electricity (either
mandatory or optional, and broader than, but interconnected with, the balancing
market), so that new entrants are not obliged to enter both the generation and retailing
sector at the same time, thus lowering entry costs;

e regulating the natural monopoly activities to prevent any abuse of market power;

e introducing an economic regulator independent of industry players and day-to-day
influence, and typically separate from the (technical) system operator;

e cnabling large customers (retailers and sometimes large industrial users) to buy
electricity directly from the generator of their choice;

e introducing competition into metering and billing activities and contract terms, thus
allowing retail customers freedom to choose among different electricity suppliers;

e providing a full range of tradable financial instruments (e.g., futures contracts and
options);

e undertaking partial or complete privatisation or corporatisation of publicly-owned
assets;

e introducing cross-ownership restrictions, especially between competitive and natural
monopoly activities;

e liberalising restrictions on foreign investment and ownership;

e mandating service quality standards; and

e allowing retailers to introduce innovative services (e.g., the ability to switch retailers
over the internet or providing electricity jointly with other services such as telephony
and gas).

The possible benefits of these reforms are discussed below.

6.2.2 Gas markets

Natural gas is found in underground reserves, often in combination with oil and condensate
products. Exploration and production is generally done by oil companies, and there are few
synergies between these and other activities in gas markets. In economies without indigenous
production, however, the primary supply activity is undertaken by importers, who may also
be involved in downstream activities. What follows is also drawn from European
Commission (2007).

Natural gas is mostly transported from production to market by high-volume, high-pressure
transmission pipelines. Natural gas can also be cooled and condensed, and then shipped
overseas in liquid form (liquefied natural gas [LNG]). Both forms of transport are expensive
relative to the value of the gas transported, but pipeline is cheaper for shorter distances while
shipment is more viable for longer distances. Both transmission pipelines and LNG terminal
facilities involve substantial sunk costs, giving both activities natural monopoly
characteristics.
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Once natural gas reaches the market, it is distributed to customers over low-volume, low-
pressure distribution pipelines. These distribution networks also have the characteristics of a
natural monopoly.

Unlike electricity, there is essentially only one technology for producing natural gas. Also
unlike electricity, natural gas can be stored, so there is no necessity to instantaneously match
supply to demand. Nevertheless, flexibility is somewhat limited because the physical
characteristics of storage facilities may limit the speed with which gas can be injected or
withdrawn. Flexibility is also limited because gas extraction rates from underground reserves
may depend on geology rather than demand, and the ability to alter pipeline pressures is also
somewhat limited.

In many economies, gas importation, transmission and storage was traditionally undertaken
by a single monopolist (or several companies with regional monopolies). Sometimes the
monopoly importer also sold to consumers, or else these sales were handled by downstream
monopolies.

Like electricity, structural reform of gas markets involves allowing new entrants into the
potentially competitive segments of the market, without requiring them to be vertically
integrated. Possible new business models include the following:

e new companies that produce gas or import it from external sources, in competition
with the incumbent(s);
e new shipper/suppliers who buy gas on wholesale markets, arrange for its
transportation with the network company and sign retail contracts with consumers;
e pure traders who buy and sell on wholesale markets to take advantage of arbitrage
opportunities.
These new business models rely on the development of functioning wholesale markets and on
third party access to transmission and distribution networks. To reduce the possibility of
incumbents using their control over pipeline or terminal facilities to thwart competition, both
transmission and distribution should be unbundled into separate transmission system
operators (TSOs) and distribution system operators (DSOs). If such operators are sufficiently
independent from incumbents, they should have an incentive to maximise, rather than restrict,
the amount of gas sold through their networks, thus facilitating competition.

Thus the broad features of structural reform in gas markets are similar to those in electricity
markets, though the scope for competition in primary production/importing is somewhat
more limited than in electricity generation.

6.3 THE STATE OF PLAY IN APEC ECONOMIES

The state of play in APEC electricity and gas markets is summarised in Table 6.1, for those
APEC economies for which adequate information has been collected via desk research (the
exceptions are Brunei and Papua New Guinea). More details are in Tables 6.2 and 6.3 (Annex
6), which also note the extent of reforms since 2004. There are variations in regimes between
regional jurisdictions in many economies. These are acknowledged in Tables 6.2 and 6.3. The
status reported by Dee (2010; Tables 2.4 and 2.5) is based on reform in at least some
significant regional jurisdictions or, in the case of the United States of America, on the
situation in California, an area most relevant to the APEC region.

According to Table 6.1, very few APEC economies have achieved substantial reform of both
electricity and gas markets, and those that have are essentially developed economies —
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Table 6.1: Summary of current regulation in APEC electricity and gas markets, 2009

APEC member Electricity Gas
Unbundling Third party Wholesale Unbundling Third party Retail
generation access pool transmission access competition
Australia Yes Yes Yes Yes Yes Yes
Canada Yes Yes Yes Yes Yes
Chile Yes Yes Yes Yes
China Yes Yes Yes
Hong Kong, China
Indonesia Yes Yes
Japan Yes Yes Yes Yes
Republic of Korea Yes Yes Yes
Malaysia
Mexico Yes Yes
New Zealand Yes Yes Yes Yes Yes Yes
Peru Yes Yes Yes Yes
Philippines Yes
Russia Yes Yes Yes
Singapore Yes Yes Yes Yes Yes Yes
Chinese Taipei
Thailand Yes Yes
United States Yes Yes Yes Yes Yes
Viet Nam

Sources: See Tables 6.2 and 6.3 in Annex 6.

Australia; Canada; New Zealand; Singapore; and the United States of America. Japan and
Peru have achieved some reform in both markets, though in Japan’s case this has been
without vertically unbundling its incumbent operators. China has also started to reform both
markets, though its electricity reform is only on an experimental basis in a few geographic
areas. A few APEC economies have achieved substantial reform in electricity but not in gas —
Chile; the Republic of Korea; and Russia — though Table 6.2 indicates only partial electricity
reform in the Republic of Korea. A few more APEC economies have achieved substantial
reform in gas but not electricity — Indonesia; Mexico; and Thailand.

Tables 6.2 and 6.3 (Annex 6) indicate that, to the extent that structural reforms have taken
place in electricity and gas markets since 2004, they have tended to be incremental — there
have been few ‘big bang’ initiatives.

6.3.1 APEC electricity markets

Reform in electricity is incremental partly because introducing competition into generation
and retail is a highly complex regulatory process. The regulatory requirements for
competitive new producers and/or wholesalers to get access to existing transmission and
distribution networks need to be compatible with the technical requirements for the safety
and physical integrity of the system. The Californian electricity crisis of 2000 and 2001 had a
chilling effect on reforms in Malaysia. Reforms have also been stymied by domestic legal or
political considerations. For example, in 2004 Indonesia’s electricity reform legislation was
annulled by the Constitutional Court; only in late 2009 was amended legislation passed.
Similarly, in the Philippines reform has been handicapped by a legislative requirement that
liberalisation can proceed only after key players have been privatised. In Mexico, under
Article 27 of the Constitution, the state has exclusive responsibility for generating,
transporting, transforming, distributing and supplying electricity as a public service. In
Chinese Taipei, the incumbent had a legislated monopoly until 2008, though it now only
produces 75% of the island’s electricity. In Thailand, after a change of government in 2001,
reform plans were converted into a plan to create a ‘“National Champion’.

However, by 2004 some economies in the APEC region had already achieved major
structural reforms in electricity generation. These included Australia; Chile; New Zealand;
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Peru; and parts of the USA. In Hong Kong, China the electricity market is a duopoly, but this
appears to be ‘natural’ as neither party has exclusivity.

Thus the post-2004 reform experience in the region has been concentrated in a few
economies — Canada and Japan have undergone minor reforms, while the Republic of Korea;
Russia; and Singapore have undergone more significant ones. In several Canadian provinces
and Japan, wholesale price pools have been introduced. The Republic of Korea has gone
through a more extensive process of separating transmission from generating capacity and
introducing one-way bidding in a wholesale pool but it has yet to introduce competition in the
retail sector, and the six separate generating companies are still wholly owned subsidiaries of
the majority state-owned incumbent. Singapore had already separated generation from
transmission prior to 2004, and has been gradually introducing both wholesale and retail
competition since then. Russia has undertaken the most comprehensive reform since 2004, by
separating generation capacity into separate companies (though still under partial ownership
of the incumbent) and, from 2008, introducing both wholesale and retail competition.

6.3.2 APEC gas markets

Reforms in natural gas since 2004 have been less extensive than in electricity. In part this is
because the scope for competition in natural gas production depends on the range of sources
of supply. Indeed, many of those economies with extensive indigenous reserves had already
undertaken significant reform prior to 2004. These included Australia; Canada; Mexico; New
Zealand; Peru; and the USA. At the other extreme, the Philippines has little domestic
production and no imports, meaning the market is essentially still nascent. In Chile the scope
for competition is limited, given that there is deemed little scope for sources of gas other than
Argentina. Import-dependent economies such as the Republic of Korea and Chinese Taipei
have extended their sources of supply by building terminals to handle LNG, but so far their
natural gas industries are still dominated by incumbents.

There have been four main instances of reform since 2004. China reformed its retail price
controls so that they can more closely match production costs. New Zealand introduced a
regulated third party access regime for one of its pipelines. Following earlier reforms in 2002,
Singapore introduced a Gas Code in 2005 that details the terms and conditions for gas
transportation on an equitable and non-discriminatory basis. Similarly, Thailand introduced
third party access to pipelines to facilitate wholesale competition among its four major
producers.

6.4 THE GAINS FROM REFORM - EVIDENCE TO DATE

The evidence of gains from the reforms to date has been qualitative and quantitative. Most of
it has been based on the ongoing reform experiences in the developed economies, particularly
in Europe and the USA. Reviews of the reform experience have also had to evaluate instances
of possible reform failure — the first being the Californian electricity crisis of 200001 and
the second the United Kingdom’s retreat from a wholesale price pool back to bilateral
contracts in 2001. Empirical evidence on these two issues is presented later.

6.4.1 Qualitative evidence

In several recent papers Pollitt (2007, 2008) summarises the gains from reform in electricity
markets (and by extension, he claims, in gas markets), based primarily on the UK experience,
which in many respects is a best-case scenario. While the UK is not a member of APEC, the
research provides some guidance to impacts from reform.
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Competition reduces costs (and prices) significantly, relative to what they might have been
without reform, even if it does not reduce them in absolute terms over time. It does this by
encouraging efficient operation and least-cost and timely investment. It also exposes pre-
existing market power.

Retail competition has been revealed to be an important complement to competition in
generation. Retail competition involves more than the choice of buying wholesale power
from a non-incumbent generator. It also involves competition in billing, contract terms and
the bundling of other services (i.e., competition at the supplier level).

Consumers do respond to price signals, both by switching suppliers and by demand
reduction. This contradicts the previous conventional wisdom that demand was very
unresponsive to price. Further, Pollitt (2008) claims that household consumers do not need
institutionalised protection from fluctuations in wholesale prices — where they prefer fixed
tariffs, suppliers have generally offered these voluntarily, providing a form of insurance as
part of their bundled package of services. Pollitt (2007) also claims that with sufficient
competition in generation, regulation of the level of retail prices should also become
unnecessary (though incentive regulation of transmission prices, through CPI-X price caps,
remains a critical part of the regulatory landscape).

Vertical separation is costly, but the vertical economies of joint operation between networks
and competitive segments of the industry are not sufficient to outweigh the increased
competitive pressure that comes from clear separation of the monopoly networks from the
rest of the supply chain. Pollitt (2008) claims that this has been proved for electricity
transmission, gas transmission and may be in the process of being proved for gas distribution
in the UK. For APEC members this finding suggests that vertical separation should not be
pursued for its own sake, but only where it can facilitate greater competition.

However, Pollitt (2007) notes that vertical economies between generation and transmission are
not sufficient to offset the benefits of competition in wholesale power markets but they do
appear to be significant between generation and retail. This is because the integration of
generation and retail offers advantages in terms of matching supply and demand, and it means
that retail-only companies are likely to struggle, as they have in the UK, the Netherlands and
New Zealand. One side effect of generation and retail integration, however, is that it makes
wholesale markets much thinner, which can have its own effect on the ease of new entry.

Finally, markets have been good at choosing between technologies on the basis of price, as
demonstrated by the move to combined cycle gas turbines in the 1990s and by the resurgence
of interest in nuclear power more recently. It is sometimes claimed that regulated markets are
good at ensuring the efficient use of existing capacity but are not as good at ensuring
appropriate investments in new capacity. However, Pollitt (2008) notes that as network
capacity limits are reached the X factor in CPI-X price caps should become less driven by
squeezing monopoly profits and more driven by the need to finance new investments.
Nevertheless, new regulatory mechanisms may be necessary to ensure that the new
investments are least cost, rather than simply undertaken to the incumbents’ specifications.

Despite these potential gains from structural reforms, they have been implemented the
farthest only in jurisdictions where supranational bodies (the European Commission), central
governments (the USA) or inspired individuals (in Russia) have pushed hard and
consistently. But even parts of the USA do not yet have full retail competition. In many other
jurisdictions, reforms have stalled at some early or intermediate stage.
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Clearly, local physical, institutional and other factors have a role to play in the ability of
reforms to deliver real gains. According to Pollitt (2007), key institutional factors that seem
to have been important are significant initial public ownership and prices that more than
cover efficient economic cost (as in Australia; Chile; New Zealand; and the UK). Initial
private ownership (e.g., in Japan and the USA) and prices below economic cost (e.g., in
India) have made reform much more difficult. This is a significant qualification, since
subsidisation of energy prices is relatively widespread in the APEC region. Also critical has
been the capacity and flexibility of regulators to tailor reforms to local conditions and to
adapt as network conditions change.

Beyond local conditions, Correlje and De Vries (2008) identify four key lessons from reforms
that have taken place in:

e ownership separation (not just accounting or legal separation) of -electricity
transmission from the rest of the network has been critical to improving access for
competitive generation and removing incentives to under-invest in transmission;

e getting the market structure right in electricity generation is crucial for the success of
reforms, and allowing new entry alone may not be sufficient — horizontal separation
may also be required;

e incentive regulation based on CPI-X price control of monopoly transmission networks
can deliver significant incentives to reduce costs and facilitate efficient operation,
while proving a stable cash flow for new investment, and economies with tougher
incentive regulation of networks have significantly lower network costs as a result;

e regulation can address market failures such as those associated with the quality of
supply, but it requires a degree of regulatory sophistication to balance efficiency and
quality objectives.

Reviewing the experience of electricity reform in developing economies, Jamasb (2006)
notes that the cost savings from wholesale markets or independent power producers will not
be passed on to consumers if there is not enough competition in generation. While retail
competition may be feasible only in the long term, competition among independent
generators is possible even in a single-buyer market, and economies with small markets can
also introduce competition for the market.

Reform in developing economies can take place even without privatisation. Reform requires
a well-functioning transmission system, which should probably remain in public ownership in
the early stages of reform. Incentive regulation can also drive efficiency improvements in
distribution activities and ensure that they are passed on to consumers, even when distribution
companies remain in public or local ownership.

Jamasb (2006) also confirms that cost-reflective tariffs and proper subsidy schemes (i.c.,
funded transparently and not relying on cross-subsidies) are crucial for the sustainability of
reforms. He notes that stable macroeconomic conditions are crucial for attracting the
necessary investments from domestic and foreign sources. Finally, he notes that progress in
developing economies is likely to be evolutionary, particularly since regulatory capabilities
and experience and the necessary institutional structures take time to develop.

6.4.2 Empirical evidence

The empirical evidence on the gains from reform is mixed. To some extent, the mixed results
are themselves a sign that reforms may not have been taken far enough in some economies or
are still in progress. Either reforms have not been taken far enough to have any real effect or
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there are not enough reforms in the chosen samples for econometric techniques to discern any
significant effects.

The mixed results may also reflect the difficulty of the empirical task. Establishing the effects
of reform requires a data sample in which there has been a variety of reform experiences.
This typically requires a data sample involving a number of different economies, and it can
be difficult to correct for all the other economy-specific factors (other than reform) that may
also account for the performance of the electricity sector. Even if it is possible to establish the
effects of reform (correcting for other factors), it is typically very difficult to get robust
evidence on which dimensions of the reform experience are responsible for those effects. As
noted earlier, reform involves a number of inter-related steps, many of which are often taken
together. This makes it very difficult to isolate which particular steps are responsible for the
effects.

One of the first empirical assessments of the effects of electricity reform was Steiner’s (2000)
study of OECD members over the 1986-96 period. She found that unbundling of generation,
third party access and the introduction of wholesale electricity markets were all associated
with lower electricity prices. However, she also confirmed that private ownership was not
necessarily associated with increased competition. Nevertheless, both private ownership and
unbundling of generation and transmission were found to be associated with a higher rate of
utilisation of existing generation capacity, and with reserve plant margins that were closer to
optimal.

Hattori and Tsutsui (2004) undertook a similar study of OECD members over a slightly later
period of 1987-99. Their findings were less definitive than Steiner’s, though this could in
part be because of differences in their measurement of variables (including prices). They
found that giving customers access to alternative suppliers (which they argue is highly
correlated with third party access) was associated with lower prices. However, unlike Steiner,
they did not find a significant effect of unbundling or the introduction of a wholesale spot
market on prices.

Nagayama (2007) undertook a broadly similar study of 83 economies over the 1985-2002
period. He found that neither unbundling nor the introduction of a wholesale pool market on
their own would necessarily reduce electricity prices. In fact, contrary to expectations, there
was a tendency for the price to rise. However, coexistent with an independent regulatory
authority, unbundling could work to reduce prices. He also found that privatisation, the
introduction of foreign independent producers and retail competition could lower electricity
prices in some regions, but not all.

There have also been in-depth before-and-after studies of reform experiences in individual
economies. Two areas of interest are the Californian electricity crisis and the UK’s apparent
reversal of reforms in the early 2000s. Both of these demonstrate the dangers of incomplete
or inconsistent reforms.

Joskow’s (2001) detailed analysis of the Californian crisis shows that when demand spikes,
individual generators may have considerable market power to increase prices and withhold
generating capacity, even when there is not collusion among them. This was found to be a
factor contributing to a ten-fold rise in wholesale electricity prices in California in 2000. But
regulatory problems also contributed significantly. One problem was wholesale market-
design rules that prevented a smoothing of wholesale prices. Another problem was the
maintenance of retail price caps that prevented signals about market conditions being passed
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on to consumers. The caps led to the bankruptcy of major suppliers when wholesale prices
rose above the capped retail prices.

Evans and Green (2003) examined why electricity prices fell in the UK after the
abandonment of the wholesale price pool and the return to bilateral contracts. One problem
with the pool had been collusion or manipulation by dominant players (arguably because of
insufficient horizontal separation). Evans and Green attempt to distinguish the impact of a
subsequent decline in market concentration from the introduction of the new electricity
trading arrangements in 2001. They found that it was declining concentration that explained
the fall in wholesale prices. This shows that effective regulatory action to reduce incumbent
market shares can be more important than market design per se.

There are fewer studies of the effects of reform in gas markets. Jamasb, Pollitt and Triebs
(2008) studied the effects of US regulatory reform on productivity, and found that
encouraging competition has been rather successful in raising productivity. Hawdon (2003)
found evidence that the types of reforms introduced in the UK are associated with higher
levels of efficiency, good utilisation of labour and levels of underutilisation of capital
sufficient to support the development of competitive markets. Nevertheless, Brakman, van
Marrewijk and van Witteloostuijn (2009) warn that lack of competition and capacity
constraints in gas production/import can prevent these gains being passed on to consumers.

6.5 NEW EVIDENCE ON THE GAINS FROM REFORM IN ELECTRICITY AND
GAS MARKETS

One of the limitations of empirical studies of the effects of regulatory reform is that the studies
are somewhat ‘captive’ to the nature and extent of reforms that are present in the sample. As
the recent APEC experience shows, regulatory reform in the developing world has tended to be
slow and incremental, so that samples taken from developing economies will not necessarily
encompass a wide variety of reform experiences. Samples drawn from the developed world
may not match the local conditions of developing economies, so that any extrapolation needs to
be done with care. But samples from developed economies may capture a wider set of reforms
and, therefore, give a clearer picture of the potential benefits of reform.

A recent round of new EU directives has provided a fresh impetus to regulatory reform of
electricity and gas markets in these economies. This provides a rich new source of reform
experience with which to test the empirical findings of earlier studies.

The First Electricity Directive (Directive 96/92/EC) of 1996 removed legal monopolies by
requiring EU member states to allow large electricity users to choose their suppliers.* It also
obliged vertically integrated companies to grant third party access to transmission and
distribution networks and a minimum level of unbundling of vertically integrated companies.
Gradually, this regime was seen to have various limitations. It allowed the terms of third
party access to be negotiated rather than regulated. The unbundling obligations were limited,
allowing accounting separation as well as legal or ownership separation. And the directive
did not require the establishment of a national energy regulator. As a result, there were
significant differences across member states in the extent of market opening.

To overcome these limitations, the Second Electricity Directive (2003/54/EC) was introduced
in 2003, seven years after the original Directive. This obliged EU members to introduce a

* This is competitive because it involves large and informed consumers dealing with large informed producers.
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regulated third party access regime, and removed the possibility of negotiated third party
access. It also mandated the appointment of a national regulator that is independent of the
industry. It required legal separation, rather than just accounting or management separation,
between network activities (transmission and distribution) and all other activities. Finally, it
required non-household customers to have choice of supplier by mid 2004, and household
customers to have choice by mid 2007. These regulations tightened up a range of market
opening requirements, and led to significant additional regulatory changes in lagging member
states during the 2000s. In particular, the new regulations also stimulated the development of
wholesale electricity markets in those members, so they could meet their obligations
regarding consumer choice.

A similar slow evolution of regulation occurred in EU gas markets. The legislative process
began in the 1990s with a series of directives aimed at abolishing import monopolies,
gradually opening markets, mandating accounting separation for vertically integrated network
companies and the adoption of regulated third party access. The Second Gas Directive
(2003/55/EC) of 2003 required full market opening, national sector regulators, regulated third
party network access, regulated or negotiated access to storage facilities and further
unbundling of integrated companies. Supporting regulation set obligatory minimum
requirements for access to transmission systems, including network tariffs, third party access
services, capacity allocation, transparency, balancing and trading of capacity rights.

In analysing the impact of these regulatory frameworks, European Commission (2007)
stresses how incomplete unbundling can seriously undermine attempts to introduce
competition into electricity and gas markets. If network operators are not sufficiently
independent from incumbent service suppliers, they will find a myriad of ways to thwart the
activities of new entrants, despite third party access legislation.

The remainder of this section describes econometric analysis of the effects of electricity and
gas reforms on prices and non-price measures of efficiency, using data for OECD members
(including a significant number of EU members) over the 1990-2008 period. Thus the sample
captures regulatory changes induced by both the first and second waves of EU reforms. The
choice of OECD members is dictated largely by the availability of price information. A key
source of relatively consistent information on energy prices across economies is the ‘Energy
Prices and Taxes’ publication of the International Energy Agency, the data from which is
available for sale online. However, the price information is only available for OECD
members. Ideally, the exercise would have included the effects of reform on quality measures
such as the reliability of supply. Unfortunately, there is no comprehensive international data
on these measures.

6.5.1 Analysis of electricity markets

The analysis closely follows the approach of Steiner (2000). Electricity prices are modelled
as being determined by measures of regulatory policy, as well as a number of non-regulatory
controls. The regulatory measures are the presence of a regulated or negotiated third party
access regime, the existence of a liberalised wholesale market for electricity, the existence of
vertical unbundling between transmission and generation, and the prevalence of private
ownership. The non-regulatory controls are the level of GDP, the shares of electricity
generation accounted for by nuclear sources and hydro sources, and the urban share of the
population, as a measure of the density of the network. These explanatory variables are the
same as in Steiner, except for the addition of the degree of urbanisation, a higher value of
which could be associated with lower prices if there were significant economies of density.
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Missing from the current analysis are Steiner’s measures of the time to privatisation and the
time to liberalisation, since these performed perversely in her regressions, suggesting that
they were correlated with each other and with other variables, so their own effects would not
be established with precision.

Ideally, the model of electricity prices should include the prices of thermal fuel inputs (i.e.,
oil, coal and gas) as controls. However, the coverage of input prices from International
Energy Agency sources is very patchy, and restricting the estimation to those economies and
time periods for which it was available would severely restrict the range and extent of
electricity reform in the sample. To some extent, controlling for hydro and nuclear shares
helps to control for variations in generating input costs. The estimation also corrects for
unobservable differences across economies, as will be explained shortly.

The current analysis also examines the effects of regulatory policy on capacity utilisation, and
on the extent of deviation of reserve plant margins from optimal. Efficient generators
typically plan to meet demands with a capacity buffer that is prudent but not excessive. This
analysis follows Steiner in using a 15% margin as a rough indicator of the optimal reserve
plant margin. Both measures of efficiency are modelled as being determined in part by the
extent of third party access, the extent of unbundling, and the degree of private ownership.
The existence of a wholesale price pool is not expected to influence efficiency, though it is
expected to influence prices. These measures of efficiency are also affected by non-
regulatory controls, including the degree of urbanisation. Instead of Steiner’s measures of
state preferences in favour of coal technology or against nuclear technology (both of which
would be expected to reduce measured efficiency), the current formulation uses the actual
shares of hydro, nuclear and coal technologies on total generating capacity.

The data sources are similar to those used by Steiner though including more APEC members.
Electricity prices are taken from ‘Energy Prices and Taxes’ (third quarter 2009 edition)
published online by the International Energy Agency. The necessary data on electricity
capacity and generation to compute the efficiency and control measures were taken from
‘Electricity Information’ (2009 edition), also by the International Energy Agency. GDP and
the rate of urbanisation are both taken from the World Bank’s ‘World Development
Indicators’. Both electricity prices and GDP are expressed in US dollars converted using
purchasing power parities. Electricity prices are the net-of-tax prices to industrial users, since
the share of generation costs in consumer prices is likely to be highest for industrial users,
and reforms are expected to impact most on generation costs. A summary of the data on
electricity prices, efficiency measures, and non-regulatory controls is shown in Table 6.4
(Annex 6).

The policy variables used in the analysis are defined as follows:

etpa  Existence of regime for regulated or negotiated third party access to electricity transmission
grid
0 = no third party access, 1= third party access

ewpp Existence of liberalised wholesale market for electricity (wholesale price pool)
0 = no wholesale price pool, 1= wholesale price pool

eunb  Existence of vertical separation between the transmission and generation segments of the
electricity market (whether accounting separation or separate companies)
0 = no vertical separation, 1= vertical separation

eown Ownership structure of the largest companies in the generation, transmission, distribution and
supply segments of the electricity market
0 = public, 1 = mostly public, 2 = mixed, 3 = mostly private, 4 = private
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Measures of these policy variables for all of the OECD economies in the sample except for
the Republic of Korea and Mexico are available up until 2003 from OECD (2005). Measures
for the remaining economies and time periods were constructed from information obtained
online from the International Energy Regulation Network, the ‘EIA Country Analysis Briefs’
of the US Energy Information Administration, and the ‘Trade Policy Reviews’ of the WTO.
Web addresses for these sources are shown at the bottom of Tables 6.2 and 6.3 (see Annex 6).
A full listing of the values of these policy variables for all OECD economies and time periods
in the sample is given in Table 6.6 (Annex 6).

As noted earlier, one difficulty in exercises like this is distinguishing the separate
contributions of different steps in the reform process when the different steps are often taken
together. This creates a technical problem of multicollinearity, which manifests itself in
econometric estimation on panel data sets as instability or ‘flip-flop’ in the signs of the
coefficients on the policy variables, while the magnitudes of the coefficients are often
implausibly large, but apparently highly significant. As an initial reality check, it is therefore
useful to look at the simple correlations between the policy variables and the resulting
measures of performance, prior to correcting for the influence of other variables.

These simple correlations are shown in Table 6.7 (Annex 6; unfortunately, graphical
presentation does not show the correlations clearly, because of the zero-one nature of the
policy variables). The table shows the same pattern of policy changes on price as in Steiner —
third party access, a wholesale market and unbundling all tend to reduce electricity prices,
while private ownership can increase them. Third party access, unbundling and private
ownership also tend to increase capacity utilisation, while a wholesale market can apparently
reduce it, though the effect is small, as expected. Third party access, a wholesale market,
unbundling and private ownership are all associated with reserve plant margins being closer
to optimal (the distance from the optimal margin is reduced), though the effect of the
wholesale market is again small, as expected.

The simple correlations do not show whether the strength of these effects is significantly
different from zero. They also do not correct for the influence of other, non-regulatory
factors. The results of econometric estimation shown in Tables 6.9 and 6.10 (Annex 6)
overcome these limitations.

The econometric estimation also attempts to control for wunobservable influences on
electricity prices and efficiency that might vary over time or across economies. Unobservable
differences over time are controlled using a deterministic time trend. In principle,
unobservable differences across economies could also have been controlled using
deterministic dummy variables. However, such dummies are relatively highly correlated with
both the policy variables and with the degree of urbanisation (which does not vary much over
time in many economies). Including such deterministic dummies, therefore, causes the ‘flip-
flop’ problem noted earlier. Consequently, unobservable economy effects are controlled by
assuming them to be random and using random effects estimation, even when Hausman tests
show that these estimates differ significantly from fixed effects estimates (the fixed effects
estimates are not regarded as robust, for the reasons just described).

The effects of the policy variables on electricity prices are qualitatively the same as indicated
by simple correlations. Furthermore, the effects are shown to be significantly different from
zero. So Steiner’s results are again confirmed — third party access, a wholesale market and
unbundling all tend to reduce electricity prices, while private ownership can increase them.
The apparent insignificance of some of these factors found by other researchers, particularly
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the presence of a wholesale market, has been overcome by using a dataset in which there is
more reform ‘action’.

The non-regulatory influences on electricity prices are generally also as expected. Prices tend
to be higher when GDP is higher, while a higher hydro share in generation tends to reduce
prices. A high nuclear share also appears to reduce prices, against expectations, but this effect
is not significant. A higher rate of urbanisation tends to reduce prices, confirming that there
are economies of density in the production and sale of electricity.

The policy variables have less significant effects on efficiency than on prices. The only result
that comes close to being significant is that unbundling tends to increase capacity utilisation.
Note that European Commission (2007) also identifies adequate unbundling as the key
linchpin to promoting effective competition. Utilisation also increases significantly when
there is a high nuclear share in generating capacity. No policy variable has a significant effect
on the deviation of reserve plant margin from optimal. However, this estimation performs
poorly on all fronts.

These results should not be taken to mean that structural reform of electricity markets has
minimal effect on efficiency. It just means that it has little discernable effect on the particular
efficiency measures chosen in this exercise. Reform could still have a large beneficial effect
on other measures, such as labour productivity. Indeed, the reforms that are shown to reduce
electricity prices could do so in one of two ways — perhaps by squeezing the excess profits of
incumbent operators, or more likely by encouraging them to reduce inflated production costs.
Anecdotal evidence from the reform experience in economies such as Australia suggests that
reforms can dramatically boost labour productivity and, therefore, reduce production costs.

6.5.2 Analysis of gas markets

While there are many models of gas efficiency (e.g., Lee, Park & Kim 1999, Granderson
2000, Hawdon 2003, Jamasb, Pollitt & Triebs 2008, Farsi & Filippini 2009) there are fewer
models of gas prices. Furthermore, many of the price models explain the extent of
convergence of gas prices across different geographic markets (e.g., Walls 1994, Cuddington
& Wang 2006) rather than the level of gas prices per se.

This may in part reflect the limitations imposed by the way that gas prices are set, especially
in Europe. As explained in European Commission (2007), a large majority of gas consumed
in the EU is bought by the incumbent wholesale players under long-term contracts from
producers outside and inside the EU. The prices in European long-term gas contracts are
mainly linked to the prices of oil and oil derivatives. Thus the contract prices paid by
different producers to different suppliers move in an almost identical manner through time,
and do not react smoothly (or at all) to changes in the supply and demand of gas markets. The
UK gas market is a little different, with long-term gas prices from UK fields being
determined partly by hub gas prices (i.e., the prices on more or less organised wholesale
exchanges) and partly by general inflation indexes. But hub trading has been slow to develop.
At the retail end a majority of EU members regulate prices to households and small
businesses, while at least six members set a regulated price that is available to all customers
(though the proportion of consumers that have stayed with the regulated tariff varies between
member states).

Thus if EU structural reform is to be reflected in gas prices at all, it is likely to be reflected in
the wholesale—retail margins on gas sold to industrial users. The approach here is, therefore,
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to look for any discernable effect of regulatory reform on the net-of-tax price to industrial
users. These prices are modelled as being determined by measures of regulatory policy, as
well as a number of non-regulatory controls. The regulatory measures are the presence of a
regulated or negotiated third party access regime, the percentage of the retail market for gas
that is open to competition, the absence of national, state or provincial regulations that restrict
the number of competitors, the existence of vertical unbundling between production/import
and other segments, the existence of vertical unbundling between gas supply and other
segments and the prevalence of private ownership. The non-regulatory controls are the level
of GDP, the total gas pipeline length (to account for economies of scale) and the urban share
of the population (to account for economies of density).

Ideally, the model of gas prices to industrial users should include the wholesale price of gas
as a control. However, as was the case for electricity, the coverage of input prices from
International Energy Agency sources is very patchy, and restricting the estimation to those
economies and time periods for which it was available would severely restrict the range and
extent of gas reform in the sample. But given the relative unresponsiveness of wholesale gas
prices to supply and demand conditions, it was judged adequate to proxy wholesale gas prices
by a non-linear time trend.

The current analysis also examines the effect of regulatory policy on gas capacity utilisation,
as measured by annual gas consumption relative to total pipeline length. This is modelled as
being determined in part by the same regulatory variables as for gas prices. It is also affected
by non-regulatory controls, including the share of gas in electricity generation (which would
be expected to increase the utilisation rate) and the degree of urbanisation. Urbanisation could
have an ambiguous effect on the utilisation rate. Greater urbanisation could increase the
utilisation rate by allowing economies of density. However, if there were industrial or other
users with heavy and reliable gas demands (such as mining operators or electricity
generators) located outside urban areas, this too could increase utilisation despite the degree
of urbanisation.

The coverage of economies and time periods is the same as for the electricity analysis. Net-
of-tax gas prices to industrial users are taken from ‘Energy Prices and Taxes’ (third quarter
2009 edition) published online by the International Energy Agency. The necessary data on
gas consumption and the gas share of electricity capacity is taken from ‘Electricity
Information’ (2009 edition) and ‘Natural Gas Information’ (2009 edition) by the International
Energy Agency. Pipeline lengths are taken from various editions of the ‘CIA World
Factbook’, available online. GDP and the rate of urbanisation are both taken from the World
Bank’s ‘World Development Indicators’. Both gas prices and GDP are expressed in US
dollars converted using purchasing power parities. A summary of the data on gas prices, the
efficiency measure and non-regulatory controls is shown in Table 6.5 (Annex 6).

The policy variables used in the analysis are defined as follows:
gtpa  Existence of regime for regulated or negotiated third party access to gas transmission grid
0 = no third party access, 1= third party access
gretc  Percentage of the retail market for gas that is open to competition
0 = less than 10%, 1= 10% or more
gent  Existence of national, state or provincial laws or other regulations that restrict the number of
competitors allowed to operate a business in at least some markets in gas production/import
0 = restrictions in all markets, 1= free entry in all markets
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gunb_p Existence of vertical separation between gas production/import and other segments of the gas
market (whether accounting, legal or ownership separation)
0 = no vertical separation, 1= vertical separation

gunb_t Existence of vertical separation between gas supply and other segments of the gas market
(whether accounting, legal or ownership separation)
0 = no vertical separation, 1= vertical separation

gown Percentage of shares in the largest firm in the gas production/import sector owned by
government
0=100%, 1 =more than 50%, 2 = 50%, 3 = less than 50%, 4 = 0%

Measures of these policy variables for all of the OECD economies in the sample are available
up until 2003 from OECD (2005). Measures for the remaining time periods were constructed
from information obtained online from the International Energy Regulation Network, the
‘EIA Country Analysis Briefs’ of the US Energy Information Administration and the ‘Trade
Policy Reviews’ of the WTO. Web addresses for these sources are shown at the bottom of
Tables 6.2 and 6.3 (see Annex 6). A full listing of the values of these policy variables for all
OECD economies and time periods in the sample is given in Table 6.6 (Annex 6).

As an initial reality check, it is useful to look at the simple correlations between the policy
variables and the resulting measures of performance, prior to correcting for the influence of
other variables. These simple correlations are shown in Table 6.8 (Annex 6; once again,
graphical presentation does not show the correlations clearly, because of the zero-one nature
of the policy variables). The table shows that removing regulatory restrictions on entry can
have an apparently large downward effect on gas prices. Unbundling production/import and
private ownership are also associated with lower gas prices. Third party access, retail
competition and unbundling of gas supply appear to be associated with higher gas prices. But
note that there is limited scope for customer prices to reflect the conditions of supply, demand
and competition, especially in Europe.

In simple correlations the policy variables also appear to have mixed effects on the utilisation
of gas pipelines. Retail competition and private ownership appear to be associated with
higher utilisation rates. Third party access, removal of entry restrictions and any type of
unbundling appear to be associated with lower utilisation rates. Note, however, that European
Commission (2007) was particularly critical of the adequacy of unbundling and the
effectiveness in practice of third party access regimes in European gas markets, even after the
reforms, in part because of the prevalence of long-term contracts and the continued close
vertical ownership links between incumbent operators. In addition, the methods by which the
incumbents have been able to reserve storage capacity, whether or not they use it, have had
serious deleterious effects on the ability of new entrants to provide adequate services.

The results of econometric estimations shown in Tables 6.11 and 6.12 (Annex 6) correct for
the influence of other, non-regulatory factors and also show whether the strength of the
policy effects are significantly different from zero.

As for electricity, the econometric estimation also attempts to control for unobservable
influences on gas prices and efficiency that might vary over time or across economies.
Unobservable differences over time are controlled using a deterministic, quadratic time trend.
In particular, this trend is intended to capture the significant and accelerating upward trend in
wholesale gas prices over the sample period. Unobservable differences across economies are
controlled using random effects estimation, even when Hausman tests show that these
estimates differ significantly from (perhaps flawed) fixed effects estimates.
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When non-regulatory factors are controlled for, few of the policy variables have a significant
effect on gas prices. The only variable that appears to be significantly associated with lower
gas prices is the unbundling of production/import from other market segments. This result
accords with the observations of European Commission (2007) that close ownership links
(and long-term contracts) lock new entrants out of being able to secure their own primary gas
supplies, creating a serious impediment to competition.

The non-regulatory factors have the expected impact on gas prices. Prices are higher when
GDP is higher. Prices are lower when gas pipelines are longer, suggesting economies of scale
in gas production. Higher rates of urbanisation tend to reduce gas prices, though this effect is
not significant.

Few of the policy variables have a significant effect on the utilisation of gas pipelines. Third
party access appears to reduce pipeline utilisation, but third party access in Europe has been
effectively thwarted by a variety of other means. Retail competition increases pipeline
utilisation. The presence of retail competition is the ‘acid test’ of whether unbundling and
third party access regimes create effective competition, and the effect on pipeline utilisation
is significant. Private ownership also has a significant positive effect on pipeline utilisation.
Higher rates of urbanisation tend to reduce pipeline utilisation, though the effect is not quite
significant at conventional testing levels and, in any event, the effect is ambiguous a priori.

6.6 IMPLICATIONS FOR APEC ECONOMIES

The econometric results of the previous section can be used to project the effects that further
structural reforms in APEC electricity and gas markets may have on prices and efficiency.

As noted earlier, such out-of-sample projections need to be interpreted cautiously. The
econometric results are conditioned by local factors and details of policy design and
implementation that are peculiar to OECD members in general and European economies in
particular. To the extent that these local factors are adequately captured by the policy and
control variables used in the regressions, they can also be taken into account in out-of-sample
projections. But many of them will not be adequately captured by these variables. For
example, the above policy variables do not distinguish between regulated and negotiated third
party access, and this distinction was seen as crucial to the effectiveness of European reform
efforts. Nevertheless, while caution is needed in interpreting numerical out-of-sample
projections, the general lessons from Section 6.3 also provide some guidance about the
prerequisites for successful reform.

Tables 6.2 and 6.3 (Annex 6) provide a great deal of detail about the current state of play in
APEC electricity and gas markets, and can be used as the basis for deriving values for the
policy variables currently appropriate to each APEC economy. Combined with the coefficient
estimates from Tables 6.9—6.12 (Annex 6), this information can then be used to project by
how much prices or efficiency measures would change if further reforms were undertaken
(and, hence, the values of each of the policy variables were to change). To simplify the
process, however, projections can be made for each type of reform, assuming a starting point
for prices or efficiency that was the same as the OECD average (as shown in Tables 6.4 and
6.5 [Annex 6]). Thus a rough guide to the effects of individual reforms can be obtained as
follows.

In electricity markets, the introduction of a third party access regime would be associated
with about 4.7% lower electricity prices than otherwise, on an indicative basis and holding all
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other factors constant (where 0.0032/0.067587 = 4.7%). The introduction of a wholesale
electricity market would be associated with about 7.2% lower electricity prices, while the
unbundling of generation from transmission would be associated with 11.1% lower electricity
prices. In reality, the allocation of separate effects to separate reform initiatives is unlikely to
be as precise as the combined effect of all initiatives, since the separate initiatives tend to go
together. The combined effect of all three initiatives would be electricity prices estimated to
be 23% lower than otherwise. This is a similar order of magnitude to the effects implicit in
Steiner’s projections.

Note that the econometric results also suggest that wholly private ownership of electricity
operators would be associated with prices that were 23.1% higher than if ownership were
wholly public (where 4*0.0039/0.067587 = 23.1%). Pollitt (2007) also notes that private
ownership can make it difficult to get reforms under way. However, this is an effect of initial
conditions that is unlikely to persist over time. Doove et al. (2007) also note that ownership is
unlikely to be independent of market structure, as the econometrics implies. Any positive
relationship between price and private ownership is likely to be strongest when there is a
monopoly provider — private sector monopolists might be more likely to pursue higher profits
than government monopolists and, hence, to raise electricity prices by exploiting their market
power. This effect is also unlikely to persist over time as reform efforts continue.

The econometric results also suggest that unbundling of generation from transmission would
be associated with 2.1% higher utilisation of generating capacity on an indicative basis
(where 0.0944/4.428908 = 2.1%). No other reform initiatives were shown to have a
significant effect on efficiency.

In gas markets the introduction of retail competition would be associated with gas prices
being about 15.0% lower than otherwise, on an indicative basis and holding all other factors
constant (where 30.446/203.2362 = 15.0%). The unbundling of gas production/import from
other segments of the market would be associated with about 23.4% lower gas prices. Both
these percentages would be lower if initial gas prices were higher than the average in the
OECD sample, as they are currently.

The econometric results also suggest that the introduction of retail competition would be
associated with 24.3% higher utilisation of pipeline capacity than otherwise on an indicative
basis (where 1.4587/6.013908 = 24.3%). Third party access was projected to reduce capacity
utilisation, but this reflects the difficulty of instituting an effective third party access regime
in European gas markets. Private ownership is projected to about double capacity utilisation,
probably reflecting that private gas operations tend to serve dedicated industrial users.

As noted, these results are indicative only and are not fine tuned to the individual
circumstances of each APEC economy. However, they do suggest that the slow, incremental
approach to reform of APEC energy markets is worth reviving or continuing, despite the
considerable burdens imposed on regulatory capacity. APEC economies learn from the
general lessons of reform in other economies, and they can learn from close interaction and
cooperation among industry regulators. APEC processes are well tuned to providing the sort
of experience sharing and capacity building that can make the regulatory burden easier. They
can also learn from doing. The results of this paper suggest that the gains to industrial users
and, by inference, to households would be considerable.
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Table 6.7: Simple correlations between policy and performance in electricity.

Performance measures

Policy variables entpr eutil eres
etpa -0.09 0.05 -0.16
ewpp -0.06 -0.03 -0.04
eunb -0.04 0.06 -0.17
eown 0.05 0.02 -0.14

Source: Own calculations.

Table 6.8: Simple correlations between policy and performance in gas.

Performance measures

Policy variables gntpr gutil
gtpa 0.20 -0.05
gretc 0.20 0.20
gent -0.40 -0.28
gunb_p -0.06 -0.29
gunb t 0.16 -0.18
gown -0.26 0.22

Source: Own calculations.
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Table 6.9: Results of random effects panel regression for electricity prices.*
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Dependent variable

Industry price

Constant 0.1571
[0.000]
Third party access (etpa) -0.0032
[0.270]
Wholesale price pool (ewpp) -0.0049
[0.072]
Unbundling (eunb) -0.0075
[0.008]
Private ownership (eown) 0.0039
[0.011]
Hydro share in generation (hydroshr) -0.0276
[0.047]
Nuclear share in generation (nucshr) -0.0033
[0.847]
Urbanisation (urban) -0.0013
[0.000]
GDP in PPP (gdp_ppp_s) 0.0010
[0.352]
Time trend 0.0018
[0.000]
Number of observations 347
Number of time periods 19
Number of OECD economies 21
Wald test that coefficients not significantly different from zero 100.06
[0.000]
Breusch-Pagan chi-squared test that random effects equal zero 838.65
[0.000]
Hausman test of no difference between random and fixed effects estimates 4.34
[0.888]

* Numbers in parentheses after the coefficient estimates are Prob>1zl.

Numbers in parentheses after the Wald, Breusch-Pagan and Hausman tests are Prob>chi’.
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Table 6.10: Results of random effects panel regression for electricity efficiency.*

Dependent variable Utilisation rate Reserve margin deviation
Constant 3.9804 0.5256
[0.000] [0.034]
Third party access (etpa) -0.0638 -0.0023
[0.289] [0.919]
Unbundling (eunb) 0.0944 -0.0317
[0.111] [0.152]
Private ownership (eown) 0.0077 -0.0019
[0.780] [0.871]
Hydro share in capacity (hydcapshr) 0.6381 -0.0126
[0.152] [0.939]
Nuclear share in capacity (nuccapshr) 2.3007 -0.2038
[0.003] [0.481]
Coal share in capacity (coalcapshr) 0.4208 -0.0126
[0.284] [0.939]
Urbanisation (urban) -0.0028 -0.0031
[0.760] [0.355]
Time trend 0.0133 0.0036
[0.014] [0.078]
Number of observations 330 302
Number of time periods 19 19
Number of OECD economies 21 21
Wald test that coefficients not significantly different from zero 24.30 6.46
[0.002] [0.596]
Breusch-Pagan chi-squared test that random effects equal zero 811.45 869.64
[0.000] [0.000]
Hausman test of no difference between random and fixed effects 17.49 6.90
estimates
[0.025] [0.547]

* Numbers in parentheses after the coefficient estimates are Prob>Izl. Numbers in parentheses after the Wald,
Breusch-Pagan and Hausman tests are Prob>chi’.
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Table 6.11: Results of random effects panel regression for gas prices.*
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Dependent variable

Industry price

Constant 320.5354
[0.000]
Third party access (gtpa) -4.75449
[0.682]
Retail competition (gretc) -30.4460
[0.026]
Absence of entry restrictions (gent) 13.3761
[0.474]
Unbundling of gas production/import (gunb_p) -47.5065
[0.002]
Unbundling of gas supply (gunb_t) 3.8747
[0.780]
Private ownership (gown) -2.9226
[0.595]
Pipeline length (gpipe_s) -0.3071
[0.078]
Urbanisation (urban) -1.7877
[0.124]
GDP in PPP (gdp_ppp) 0.0183
[0.018]
Time -11.9693
[0.000]
Time squared 1.4067
[0.000]
Number of observations 256
Number of time periods 19
Number of OECD economies 21
Wald test that coefficients not significantly different from zero 531.42
[0.000]
Breusch-Pagan chi-squared test that random effects equal zero 63.95
[0.000]
Hausman test of no difference between random and fixed effects estimates 40.10
[0.000]

* Numbers in parentheses after the coefficient estimates are Prob>1zl. Numbers in parentheses after the Wald,

Breusch-Pagan and Hausman tests are Prob>chi’.
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Table 6.12: Results of random effects panel regression for gas efficiency.*

Dependent variable Pipeline utilisation rate
Constant 15.8143
[0.080]
Third party access (gtpa) -1.1931
[0.046]
Retail competition (gretc) 1.4587
[0.015]
Absence of entry restrictions (gent) 0.6199
[0.427]
Unbundling of gas production/import (gunb_p) -0.7744
[0.319]
Unbundling of gas supply (gunb_t) -0.7000
[0.271]
Private ownership (gown) 1.4720
[0.000]
Gas share in electricity capacity (gascapshr) 2.2703
[0.444]
Urbanisation (urban) -0.1827
[0.132]
Time 0.0089
[0.872]
Number of observations 315
Number of time periods 19
Number of OECD economies 21
Wald test that coefficients not significantly different from zero 49.31
[0.000]
Breusch-Pagan chi-squared test that random effects equal zero 1320.69
[0.000]
Hausman test of no difference between random and fixed effects estimates 43.26
[0.000]

* Numbers in parentheses after the coefficient estimates are Prob>lzl. Numbers in parentheses after the Wald,
Breusch-Pagan and Hausman tests are Prob>chi’.



