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Abstract
In recent years, the European natural gas market has undergone a number of reforms,
such as privatization, regulatory changes and opening to competition in certain
segments of the value chain. In network industries, particularly in natural gas and
electricity, this opening to competition is possible only in certain activities, while
distribution and transmission remain as a natural monopoly and therefore still subject to
regulatory mechanisms. The performance of regulated segments has important effects
on the functioning of the market because they provide the platform on which
competitive activities rely on. On the other hand, the evolution of the gas market also
led to an increase in demand for new gas transmission capacities.
In this context, the main objective of this thesis is to analyse the effects of privatization,
opening to competition and the role of regulation on investment incentives of natural
gas transmission infrastructure and the impact on the consumer’s final gas price. This
study consists of three essential parts.
Firstly, it is performed an analysis to the technical and economic characteristics of the
market, with a description of the gas value chain, characterizing the evolution of its
demand and supply, and contextualizing its importance in the global energy panorama.
Secondly, it is analysed the need for regulation of public services, regulatory
mechanisms and models, as well as the implications of the application of different
mechanisms and the role of economic regulation on investment incentives in network
infrastructure.
Finally, an empirical analysis is carried out using a panel data of 11 European countries
from 2001 to 2011, with the aim to better understand the determinants influencing
investment and final gas price, thus contributing to a better understanding of the
dynamics of this sector.
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Resumo
Nos últimos anos, o mercado Europeu de gás natural tem sofrido uma série de reformas,
como privatizações, alterações regulatórias e abertura à concorrência de determinados
segmentos da cadeia de valor. Em certas indústrias de rede, particularmente na do gás
natural e eletricidade, esta abertura à concorrência só é possível em determinadas
atividades, mantendo-se como um monopólio natural a distribuição e transporte e,
portanto, ainda sujeitas a mecanismos regulatórios. O desempenho dos segmentos
regulados tem efeitos importantes sobre o funcionamento do mercado, pois fornecem a
plataforma sobre a qual as atividades competitivas se podem suportar. Por outro lado, a
própria evolução do mercado de gás originou também um aumento da procura de novas
capacidades de transporte de gás.
Neste contexto, o principal objetivo da presente tese é analisar os efeitos da
privatização, abertura à concorrência e papel da regulação nos incentivos ao
investimento das infraestruturas de transporte de gás natural e o seu impacto no preço
ao consumidor final. Este estudo é composto por três partes essenciais.
Numa primeira fase, é realizada uma análise às características técnicas e económicas do
mercado, com uma descrição da cadeia de valor do gás, caracterização da evolução da
sua procura e oferta, contextualizando a sua importância no panorama energético global.
Numa segunda fase, é analisada a necessidade de regulação dos serviços públicos, os
mecanismos e modelos regulatórios, bem como as implicações da aplicação de
diferentes mecanismos e o papel da regulação económica nos incentivos ao
investimento nas infraestruturas de rede.
Por fim, é realizado um trabalho empírico através de uma análise de dados em painel de
11 países Europeus entre 2001 a 2011, com o objetivo de compreender melhor os
determinantes que influenciam o investimento e o preço final do gás, contribuindo
assim para um melhor entendimento da dinâmica deste sector.
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1 - Introduction

1 Introduction

1.1 Problem statement
In the last ten years, a large number of countries have introduced major reforms in the
European gas market, such as privatization, restructuring and deregulation of some
vertical segments, which have altered significantly the sector’s market structure and
institutional framework. Deregulation was typically the separation of potentially
competitive segments from, the characteristic segments of natural monopoly, which
continue to be subjected to regulatory mechanisms. In sectors such as electricity and
gas, this opening to competition is possible only in certain activities (i.e. generation,
storage of natural gas and supply), maintaining as a natural monopoly the activities of
distribution and transmission, and therefore still subject to regulation. In other end, the
increase in private participation in the gas sector was accompanied by a change in
thinking on how these firms should be organized and regulated (Newbery, 1999;
Gomez-Ibanez, 2003). Gas sector reform has usually involved some combination of
product market competition, privatization and regulation.
The performance of these regulated segments can have important effects on the
operation of the competitive segments, because the regulated segments (i.e. the
transmission and distribution networks) provide the infrastructure platform upon which
the competitive activities rely. Accordingly, the welfare consequences of these industry
restructuring and deregulation initiatives depends on the performance of both, the
competitive and the regulated segments of these industries. In the electricity sector, the
process of reform has been well documented and appears to have been reasonably
successful (Pollitt, 1995; Newbery, 1999). However, in gas sector, the path to reform
has been more difficult and slow.
Since the implementation of the first Gas Directive, the European Union (EU)
regulatory framework has evolved. New legislative packages have been adopted (EC
2003, 2009a) that have facilitated or enforced increased cooperation and coordination
1
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between Member States. This is for example illustrated by the creation of platforms
such as the Madrid forum and the Agency for the Cooperation of Energy Regulators
(ACER). Over time, regulatory frameworks across the EU have converged to some
degree, but differences are still observed today (Klop, 2007; Haase, 2009), including the
regulatory regimes for gas infrastructure expansion.

EU gas market
The European gas market will most probably become increasingly dependent on
imports from outside the region. Almost all European countries are net importers of gas
and many, including major users such as France or Spain, are close to being totally
dependent on gas imports. Moreover, Europe is expected to be the largest world market
for imported natural gas between 2000 and 2020 (Cayrade, 2004). Recently made
demand and supply projections for Europe, even when based on moderate expectations
of future demand for natural gas, have shown the existence of a substantial gap between
demand and the potential supply from outside Europe.
Gas market developments have led to an increased demand for new gas infrastructure
capacity. The integration of national markets not only stimulated efficient use of
existing capacity but also increased the need for new cross-border pipeline capacity. In
addition, the growth in gas demand in combination with an increasing depletion of EU
indigenous gas reserves increased the need for different other types of gas infrastructure
expansion such as investment in gas supply pipelines to the European border, and
investment in national and cross-border pipelines within the EU.
Future demand for gas is uncertain but is expected to stay at the current high level for
the next decades. A key uncertainty concerns the role for gas in the electricity
generation sector, which has strong implications for new infrastructure investment. Gas
can play a large role in the transition towards a more sustainable energy system, for
example by replacing relatively dirtier energy technologies in the energy mix and by
providing the necessary energy system flexibility required as a consequence of an

2
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increasing share of intermittent electricity producing technologies (such as wind and
solar based technologies).

Gas infrastructures
From a public perspective, there are two objectives at stake in regulating gas
infrastructure expansion. On the one hand the combined regulatory framework and
market environment should provide incentives that ensure a sufficient level of
infrastructure investment, and on the other it should not lead to largely inefficient
market outcomes that unnecessarily increase the cost of gas supply for final consumers.
Inefficiencies of the gas supply system before liberalization were one of the triggers for
market liberalization – another was the ideal of creating a common European market.
Liberalization of the competitive parts of the gas value chain would unleash competitive
forces and encourage gas companies to deliver gas system services at lower cost than
before. The non-competitive parts of the gas value chain (or at least perceived as such)
remained in the regulated domain and were subjected to regulation.
Incentives for cross-border transmission pipeline investment were insufficient due to,
among other barriers, a lack of vertical unbundling, differences between regulatory
choices in respective Member States, and the largely national focus of energy regulators
(EC, DG Competition report on energy sector enquiry, 2007). In particular, the second
and third Gas Directive, and accompanying Regulations (EC, 2003a; 2005; 2009a;
2009b; 2009c) aimed to improve the functioning of the internal market by imposing
new or amended provisions. Irrespective of the evolving of EU legislation and enhanced
cross-border coordination and cooperation, differences in the way Member States
regulate investment in transmission pipelines still exist with differences even between
different projects within Member States.

3
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All these considerations lead us to conclude that there is a need in this area to study in
greater depth the interaction between the development of the gas market (privatization,
restructuring and deregulation) and the associated infrastructure.

External effects on the commodity market for gas
Infrastructure investment can also give rise to external effects on the commodity market
for gas, which may be referred to as investment externalities. Investment externalities
may be positive or negative. A positive (negative) investment externality can be defined
as a positive (negative) impact of investment on the welfare of third parties not involved
in the investment project that is not taken into account by the parties involved in the
investment. Positive externalities give rise to underinvestment from a social welfare
perspective, whereas negative externalities give rise to overinvestment from the same
perspective. The focus is on investment externalities on social welfare, namely the enduser prices, rather than the production or consumption externalities that are generally
discussed in the context of gas markets, as the focus of this study is on investment.
Investment in gas infrastructure facilities may have positive and negative external
effects on the level of competition, on the level of security of supply and on the prices
on the commodity market for gas.
The external effect of gas infrastructure investment on the level of competition and on
the end-user prices on the commodity market for gas is positive or negative as will be
demonstrated below. Investment in new gas infrastructure facilities has a positive
external effect when it effectively enables the entry of new gas suppliers to the
commodity market. A larger number of potential gas market suppliers on the market
increase the level of competition on that market and hence there is a decrease on gas
final prices. However, whether the new gas infrastructure facility effectively increases
the level of competition depends on how infrastructure capacity is allocated to the
market, the current market share of the gas suppliers that are successful in acquiring
capacity rights, and regulatory framework to respond to that need.

4
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For example, investment in a new transmission pipeline enables the suppliers of gas that
previously could not supply the destination market. Investment may therefore have a
positive effect on the level of competition on the destination market and a reducing in
price.
However, in order to facilitate the investment, the transmission capacity may have a
way to access that is clear, transparent and accessible to all. The magnitude of the
potential new supplies to the destination market on the level of competition now
depends on whether those importing companies already had a dominant market share
that effectively limited the level of competition. In theory, market concentration may
worsen. However, such negative external effects may be mitigated by well-functioning
secondary capacity markets and regulations and regulatory third party access.
All these considerations lead us to conclude that there is also a need to study in greater
depth the interaction between the development of the gas market (privatization,
restructuring and deregulation), the associated infrastructure and the final gas prices.

The study
The study focusses on effects of privatization, competition and regulation, as
components of gas sector reform, on the impact in gas transmission pipeline
infrastructure investments and in gas household end-user prices in a sample of European
countries. The choice has been made not only for data availability reasons, but also for
taking into account the changes in gas market regulations that has been occurred in most
of the countries very recently. In doing so, the focus of the study is on gas transmission
pipelines and prices of household customers which form the endogenous variables in
the set-up. As explanatory variables several indicators were constructed aiming at
mapping the change of the regulatory framework, privatization and competition in the
various countries as well as some control variables. The above study was tested using
panel data for 11 TSO’s (Transmission System Operator) of different European
Countries over the period from 2001 to 2011. Although the sample has 11 firms, it is
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largely representative of the gas transmission sector in each country and represents
almost half of the countries associated with ENTSOG (the European Network of
Transmission System Operators for Gas).

1.2 Structure of the study
This study is organized as follows. The first chapter is an introduction to the subject
involved, which defines the objectives of the study and its relevance, followed by a
chapter which includes technical and economic characteristics of the European natural
gas market, a description of the gas value chain, the gas market and its actors, and it
characterizes the demand and supply-side developments, contextualizing its importance
in global energy and describing the process of liberalization of the natural gas sector in
European market, with particular reference to European Directives.
The third chapter analyses the need for regulation of public utilities, as the gas industry,
namely regulatory mechanisms and models, and also the implications of the application
of different regulatory mechanisms and the role of economic regulation in incentives to
invest in network infrastructure.
The fourth chapter presents the adopted research approach. It contains a literature
analysis of the key theoretical concepts in this study that culminates with a number of
research hypotheses. Next chapter addresses data issues.
Chapter six discusses the models used to test the hypotheses. The results are presented
in chapter seven, using empirical evidence and panel data analysis in order to evaluate
the hypothesis. The last part of the paper, chapter eight and nine, provides a discussion
of hypothesis given the results and summarises the main conclusions and policy
implications.

6
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1.3 Relevance
Social Relevance
Natural gas is an important fuel in the current energy mix and remains important in the
transition to a sustainable energy future (IEA, 2011). Although the direct economic
importance of the natural gas industry in Europe may be limited, the actual social
relevance is much bigger due to its role in the electricity generation sector and
residential heating sector. Currently, about 23% of electricity generated within the EU is
natural gas based (IEA, 2011). Interruptions in the supply of electricity can do a lot of
social and economic damage, as could be observed in the cases of the California
electricity crisis in 2000/2001 and the 2006 and 2009 European gas crises following
interruptions in Russian gas supply to Ukraine (Stern, 2006; Pirani et al., 2009;
Kovacevic, 2009). As the gas market is an infrastructure-bound market, a continuous
provision of natural gas to end-users depends on the realization of sufficient
infrastructure capacity. In order to realize a sufficient amount of infrastructure in the
next decades, investment in new gas infrastructure assets in the order of billions is
needed according to the International Energy Agency (IEA,2011) and the European
Commission (EC 2010).

Scientific Relevance
There is a rich body of economic literature on the regulation of infrastructures and
specifically the regulation of infrastructures with natural monopoly characteristics
(Averch and Johnson, 1962; Baumol and Klevorick, 1970; Demsetz, 1968; Vogelsang,
2002; Laffont and Tirole, 1993). However, economic theories do not provide clear
indications of the conditions under which efficient levels of investment can be achieved
and which factors lead to over- or underinvestment (von Hirschausen, 2008).
Neoclassical-based welfare economics and public interest theory provide explanations
for regulatory intervention through the concept of market failures, but fail to explain
differences observed in the implementation of regulation in different markets or
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network industries. Its focus on external effects is relevant, however, external effects are
not the only reason for different regulatory choices. Klein (1996) defines a range of
competition modalities that may be applied in the case of network industries and
provides a number of conditions that need to be satisfied for successful adoption of a
particular option in a particular context.
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2 Natural gas sector
The goal of this chapter is to provide the background to the subject of study. It describes
the gas value chain, the key gas demand and supply developments in the EU, and
summarizes key EU legislation relevant for the domain of gas infrastructure.

2.1 The structure of the natural gas industry
The natural gas industry is composed by different segments, each of them with specific
economic and technological features. Figure 1 presents a stylized representation of the
gas value chain. The elements in the gas value chain are described below.

Storage

Exploration /
Extraction

Production

Transmission

LNG Tankers

LNG
Terminals

Local
Distribution

End-Users

Figure 1- Overview of the gas value chain

The upstream phase includes exploration, extraction and production. Once a potential
natural gas deposit has been located and a well has been drilled the gas is worked for
commercial purpose. The efficient and effective movement of natural gas from
producing regions to consumption ones requires an extensive and elaborate
transportation system. In many instances, natural gas produced from a particular well
will have to travel a great distance to reach its point of use. The transportation system
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consists of a complex network of pipelines, designed to quickly and efficiently transport
natural gas from its origin, to areas of high demand. Another option for the transport of
natural gas over long distances is LNG. Bringing down the temperature of the gas to
about -164 to -161°C turns it into a fluid which can then be more easily transported via
tankers. After re-gasification at the point of destination the gas can be injected back into
a pipeline system.
Natural gas, like most other commodities, can be stored for an indefinite period of time.
Gas storage can serve multiple purposes and can be located both upstream and
downstream (i.e. close to the customer). Gas storage facilities may contribute to system
optimisation (balancing) or may serve strategic purposes (as a reserve to be deployed
during a security of supply incident). There are different technical options for the
storage of gas. Natural gas can be stored in depleted gas and oil fields, salt caverns,
aquifers and tanks (such as an LNG tank). The different types of facilities have different
characteristics with respect to rate of injection and extraction. Gas pipelines can also be
used for short-term storage of small volumes; this is called line-pack.
Distribution is the final step in delivering natural gas to end users. While some large
industrial, commercial, and electric generation customers receive natural gas directly
from high capacity interstate and intrastate pipelines, most other users receive natural
gas from local distribution companies: usually they are involved in the delivery of
natural gas to consumers within a specific geographic area. Local distribution
companies typically transport natural gas from delivery points through small diameter
distribution pipe. The retail segment is the last downstream phase of the industry.
The consumption of gas serves a range of purposes. Firstly, it is a major source for
electricity generation through the use of gas turbines and steam turbines. Particularly the
combination of a gas and steam turbine allows for high efficiency in electricity
production. These are the Combined Cycle Gas Turbine (CCGT) power plants. The
scale of the application may vary and involve large-scale centralized electricity
generation or small scale decentralized electricity generation, for example via
Combined Heat and Power (CHP) that simultaneously produce electricity and heat. In
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the residential sector, gas is an important heating and cooking fuel. Industrial gas use
serves heating, cooling and cooking purposes, mainly in industries such as the paper,
metal, glass, plastic and food process industry. In addition, gas may be used as a
feedstock for the production of chemicals and fertilizers. Finally, gas may be used in as
a fuel in the transport sector.
Prior to the deregulation of the natural gas commodity market and the introduction of
open access to the transmission grid, there was no role for natural gas marketers.
However, with the newly accessible markets introduced gradually over the past fifteen
years, natural gas marketing has become an integral and competitive component of the
natural gas industry.
The gas infrastructure required in the different steps in the gas value chain can be
owned by different individual companies but may also be integrated with other noninfrastructure based value chain activities. Upstream pipeline networks that are used to
collect gas from different gas producing fields are generally owned by a joint-venture of
gas production companies that each has an interest in realising economies of scale in
bringing gas to a nearby gas treatment facility and / or entry point of the transmission
pipeline network.
The transmission pipeline system is generally operated by a transmission system
operator (TSO), who is responsible for the allocation of available capacity, the
balancing of the system and the planning of maintenance and expansion of transmission
capacity. Before the start of the European liberalization process, transmission pipeline
systems were organized nationally, which led to the creation of different national TSOs
in the first years of liberalization. Over time, some formerly national TSOs have
acquired transmission pipeline assets across the border, thereby creating international
transmission companies. However, from a national regulatory perspective national
TSOs still exist when it comes to the safeguarding of public service obligations and the
regulation of access conditions. In practice, national TSOs may thus be part of an
international gas infrastructure company.

11
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Users of the transmission pipeline network (or gas infrastructure in general) are referred
to as ‘shippers’. Shippers book entry and exit capacity in the transmission pipeline
network in order to accommodate gas flows associated with transactions on the
commodity market for gas. Gas trading companies and large-gas consumers (i.e.
shippers) enter supply contracts on the commodity market and need to ensure that the
gas can be injected and taken from the network by buying the necessary transport
capacity.
Gas retail companies may be considered intermediaries between the gas producing and
trading companies on the one hand, and the end-users connected to regional distribution
pipeline systems on the other. They buy gas on the wholesale market (from gas
producing or trading companies) and sell to end-users on the retail market. Before
liberalization of the gas market, the retail companies were generally vertically integrated
with the distribution network companies.
Distribution networks have been separated from the retail business and may be in public
or private hands. The owner and operator of a distribution network is commonly
referred to as the distribution system operator (DSO). They ensure the transport of gas
from the point of connection with the transport pipeline system to the end-consumers
connected to its distribution network. The ownership and operation of either
transmission or distribution network assets does not necessarily need to be integrated
with one company, but may be separated as they involve separate economic functions.
However, because of economies of scope and scale these functions are often organized
within one organization.
Companies owning and operating gas storage facilities may be independent from other
activities in the value chain, but are often part of a larger company with interests in
other parts of the gas value chain.
LNG import terminals are considered part of the upstream gas sector and are generally
owned by companies with interests in gas production or gas trade. Alternatively, the
LNG import terminal may be considered an extension of the gas transport business.
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Transmission pipeline companies entering the LNG terminal business may be
considered an example horizontal integration. Similarly to gas storage facilities, parties
interested in LNG supplies need to secure LNG import capacity and LNG shipments via
separated transactions.
Depending on their level of consumption, gas consumers are connected to either the
transmission pipeline network or the distribution network. Large-scale industrial users,
in for example the chemical industry, and electricity producers with gas-fired power
plants are connected to the transmission pipeline network. Small residential consumers
and companies in the services sector are generally connected to the distribution
network.

The importance of Gas Investments
According to Newbery (1999), the distinction of natural gas compared to other energy
sources such as electricity and coal is felt at other levels, namely: existence of opaque
costs, production dependent on geological conditions, which influences their
exploration; investment structure of production and infrastructure network and its
operating costs; preferably by producers for ensuring market through long-term
contracts that allow the recovery of long-term investment, and the existence of an
industry vertically integrated.
Investments in the natural gas sector are needed throughout the value chain, from
production/operation and the transmission and they are predominantly irreversible or
sunk costs (Spanjer, 2009). Examples of these costs are the identification of the project
(eg, construction of a pipeline), investment planning, and its actual construction, since
these are multiannual and with large volumes (Hubert, 2007). The feasibility of the
costs incurred in these projects is not guaranteed ex ante, because of the possibility of
occurrence of deviations from the demand forecasts used to scale the capacity being
built. These factors explained the need to use, until recently, long-term contracts ("take
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or pay"), as a tool for the effective use of capacity built, ensuring the company adjusted
its return on the capital invested.
The irreversibility or specific assets creates risks, since once built a pipeline, there are
few if any alternative use. This factor creates a quasi-rent which is the difference
between the return on investment with its current use and the highest alternative use
(opportunity cost). The decision to build a pipeline is also based on negotiation between
a consumer and a specific producer, which commits both parties to a bilateral
dependence that changes over time and affects the appropriation of quasi-rents. In the
period prior to the investment, the producer/investor has a high bargaining power as the
consumer or the regulator depends on it for the investment. However, after the
investment incurred the lack of alternative use restricts the investor to the evolution of
that market by increasing the bargaining power of the regulator. This factor encourages
the regulator to adapt its policy towards appropriating the income investor, increased
social welfare, since mostly regulatory models give a greater weight to consumer
surplus in the calculation of the well-welfare function (Baron and Myerson, 1982,
Laffont and Tirole, 1986).
The growing need for natural gas imports in Europe makes it necessary to build new
pipelines. Moreover, the economies of scale associated with these assets makes the
producer wants to maximize its utilization, it is vital to the credibility of the regulator in
order to minimize the risk regulatory, ensuring the proper development of the industry.

2.1.1 The early years
The first gas transmission network in Europe was developed after the discovery of the
Groningen Gas field in Holland in the 1960s. From here, many pipelines were built to
supply Netherlands neighbouring countries, Belgium, France, Germany and later also
Italy (Correljé et al. 2013).
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During the 1970s, there was a significant growth in this sector, associated with the
potential increase in natural gas demand and on high return on gas sales in Europe, with
the emergence of new external suppliers. They sold the gas at their borders to
transmission (wholesale) trading companies who took care of the international transport
of the gas throughout Europe via pipelines, generally, controlled by joint ventures with
producers.
Every country in Europe had, at least, one transmission company, which operated the
national high-pressure transport system. These transmission companies supplied of the
local, or national, gas distribution companies and large industrial customers. The
transmission companies and local distribution companies had been given a local
monopoly for pipeline operation and distribution. This implied that gas in international
transit was sold at the borders, from one transmission company to the other. Up-stream
competition existed essentially between the supplying countries, before new supply
settlements and pipelines where contracted. The only downstream competition to gas
emerged from the threat that consumers would switch to other energy sources, of which
oil was the most relevant (Correljé et al. 2013).
The European gas industry was thus characterized by a highly integrated and centrally
coordinated structure, in which the firms in the mid-stream industry enjoyed exclusive
rights to supply their customers, and to import and export gas. In exchange for this
exclusivity, the companies were entrusted with various public service obligations and
duties – to ensure secure and reliable supply at “acceptable” cost to the various
categories of users.
The gas companies were able to pass on the costs of new investments directly to their
customers, who had no alternative but to accept the tariffs as a given. Furthermore these
tariffs were “bundled” – a consumer paid a combined tariff for transportation and
distribution and the fuel component (Correljé et al. 2013).
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Figure 2 – Gas Sector prior restructuration (adapted from Correljé et al 2013)

The first document produced by the European Commission on energy markets was the
Working Document "The Internal Energy Market" (EC 1988). The purpose of the
document was to restructure the market to trade energy at market conditions. Although,
this initiative had a strong resistance, due to the fact that most of the actors in the
upstream and midstream industry, often in public ownership, were against liberalization,
as it could affect profitability (Correljé et al. 2013).
Another impediment to liberalization was that many member states feared that they
would lose their grip on energy policy and they thus stressed their public service
obligations. Nevertheless, around 1990, the Price Transparency Directive (90/377/EEC)
and the Gas Transit Directives (91/296/EEC) saw the light. These had little effect,
however, and in the view of the Commission necessitated further legislative action.

2.2 The evolution of the natural gas sector
Natural gas as a source of energy has become increasingly important in recent years, in
consequence of the environmental objectives established post Kyoto Protocol, and the
sector has undergone significant restructuring in order to encourage private investment
and competition.
As can be seen in the Figure 3, natural gas has been the source of energy that has the
biggest growth over the last 20 years in the EU.
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Figure 3 - Evolution of total primary energy supply by energy (Mtoe) Europe - Source: IEA(2012)

Nowadays, represents more than 24% of primary energy in Europe (Figure 4).

Figure 4 - Fuel shares in TPES- Source: IEA(2012)
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For the future, a further increase in the demand for gas in the EU is foreseen by the IEA
(2011), especially in the electricity generation sector. Two key characteristics of gasbased electricity generation play a role in this projection
Firstly, natural gas is a fuel which is relatively clean as for example coal and oil, when
used as a fuel. That is, emits less CO2 and other pollutants. With the introduction of EU
emission trading schemes (ETS) to reduce CO2 emissions, the EU. is trying to
encourage the use of cleaner technologies at the expense of more pollutants. Dependent
on the strength of the financial incentive that follows from the ETS in practice, a
substitution of generation technologies may be expected over time, putting gas in a
relatively more competitive position.
Secondly, gas-based electricity generation is a technology that is preferable when we
face large fluctuations in demand and supply of electricity. This point becomes even
more important when we are faced with high percentages of energy production with
renewable sources, and these have a huge volatility and is necessary to ensure their
backup. The required flexibility in the system can be provided by different means, such
as for example pumped hydro storage, demand response, connections with neighbouring
electricity systems, and gas-based electricity generation units. Gas-based power plants
are capable of ramping up and down very quickly at relatively little cost compared with
other generation technologies. As the amount of intermittent renewable energy
technologies, such as wind and PV solar cells, is expected to further increase, also the
need for system flexibility will increase (Rogers, 2011).
The gas demand in the EU sourced mainly from three sectors: the industrial sector, the
residential and services sector and the electricity sector. Together, they account for over
90% of total gas demand.
As can be seen from Figure 5, the sector which had the largest increase was the
electricity sector. This is referred to as the ‘dash for gas’ (Helm, 2003; Stern, 2004;
Honoré, 2006). As indicated above, gas has increasingly penetrated the electricity
generation mix in a number of EU countries.
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Figure 5 – Sectoral Gas demand in the EU- adapted from IEA (2012)

The role for gas in the energy system varies from country to country. Figure 6, shows
the energy mix in the countries considered in the study. As can be seen the role of
natural gas is different depending on the country considered. Countries like the UK,
Italy and Hungary have large dependencies the natural gas. On the other hand, France,
Slovenia or even Denmark rely on other energy sources (Nuclear, Oil and Other (mostly
wind) respectively).
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Figure 6 – Energy mix of the EU and countries considered in the study - adapted from IEA (2012)

The production of gas in the EU is expected to decline in the next decades as its
traditional gas producers, mainly the Netherlands and the United Kingdom (UK), are
nearing depletion of indigenous gas reserves. However, we may have to take into
account the development of the production of unconventional gas across Europe. The
commercial production of unconventional gas in the US has surged in recent years
(Newell, 2010) and there are suggestions that there are also substantial deposits in
Europe (EIA, 2011). However, its commercial viability in Europe is not proven yet and
a successful development of these reserves first needs to deal with a number of hurdles
of various kinds.
The EU as a whole has been import dependent for some decades. As illustrated by
Figure 7, the EU imports gas from a range of countries. The largest external suppliers to
the EU are Russia, Norway and Algeria. Together they accounted for 70% of the EU’s
gas import needs in 2011.
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Figure 7 – Natural Gas Imports EU 2011 – adapted from IEA (2012)

Whereas historically gas was mainly imported via pipelines, recent decades have seen a
large increase in LNG import capacity across the EU. Thus, countries such as Nigeria
and Qatar have seen their shares increase and consequently gain importance in the
diversification of the import sources. A shift in the supply pattern from indigenous EU
supplies to EU external supplies leads to an increase in the amount of transit gas and
LNG supplies.
With the decrease in EU gas production, the emergence of shale gas with lower prices
and an increase in gas imports, the amount of gas transit is likely to further increase.
This implies a larger demand for new transmission pipeline investment across Europe.

21

2 - Natural gas sector

2.3 European gas liberalization process
This section describes the key legislation at EU level in the field of infrastructure of
natural gas. It provides a general background to the discussion of the frameworks
applicable to the regulatory infrastructure of natural gas. At the EU level, the
liberalization of the natural gas sector had its origin in the publication of the European
Directives. The consolidation of the liberalization process must necessarily meet the
technical and economic characteristics of the sector.

2.3.1 The First Gas Directive (1998)
The purpose of the first Gas Directive (EC, 1998) was to open up the European gas
markets by defining a set of minimum rules on the transmission, storage, distribution
and supply of natural gas for all EU Member States. The focus was on the third party
access (TPA) to the gas transmission and distribution in order to effectively introduce
competition in the wholesale market, and enable consumers to freely choose their
natural gas supplier. The Directive specified the incremental steps that must be followed
by the member states to open up the market for different categories of end users over
time. Member States were allowed to adopt regulated TPA or negotiated TPA on their
pipeline systems. Access to the gas system should only be refused in cases of lack of
capacity, when access prevented the system responsible for ensuring the public service
obligations, or where such access was induced in serious economic or financial
difficulties in relation to take-or-pay. Upstream gas pipelines were not subjected to
TPA, but Member States had to ensure that “the objectives of fair an open access,
achieving a competitive market in natural gas and avoiding any abuse of a dominant
market position were followed. In addition, it was necessary to keep separate accounts
for different activities (the so-called accounting unbundling). The directive also required
that Member States designated competent authorities to be able to deal with potential
conflicts associated with TPA. Some exceptions could be obtained for the case of
emerging gas markets or large dependence on an external supplier.
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2.3.2 The Second Gas Directive (2002)
The 2003 Gas Directive (EC, 2003a), also known as the "acceleration" Directive,
contained a number of adjustments and replaced the 1998 Gas Directive. One of the first
adaptations required that transmission and distribution systems and LNG terminals had
regulated TPA. With respect to underground storage, the regulatory regime applicable allowing the choice between regulated and negotiated TPA - remained unchanged.
Second, this Directive requires the appointment of a System Operator for the
management of the natural gas system. This operator must be legally and functionally
unbundled from other activities, such as production and supply, to ensure transparent
and non-discriminatory access to infrastructure.
Third, the protection of consumer interests was ensured through the implementation of
some standards. Furthermore, the Directive allowed Member States to impose public
service obligations such as security of supply and environmental protection, with the
aim of ensuring the sustainability of the system.
Fourth, the Directive required the appointment, by Member States, independent
regulatory bodies with responsibility for monitoring compliance with nondiscrimination and the level of transparency and competition. Separate from the
Directive, the EC Implemented Decision 2003/796/EC, which required the Establishing
the European Regulators Group for Electricity and Gas (ERGEG) (EC, 2003b), which
brought together national regulators in order to ensure an coherent application of the
Directive.
Finally, the Directive allowed for an exemption from the requirement to subject to
regulated gas infrastructure facilities (or negotiated) TPA. Article 22 of the 2003
Directive specified the particular circumstances under which major new gas
infrastructure (whether concerning pipelines, LNG or gas storage facilities) may be
exempted from default infrastructure regulation. Article 22 (1) of the second Gas
Directive allows investors in new gas infrastructure facilities to apply for an exemption
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of, among other requirements, the requirement of regulated TPA, under the following
conditions:
1. The investment must enhance competition in gas supply and enhance security of
supply;
2. The level of risk attached to the investment is such that the investment would
not take place unless an exemption was granted;
3. The infrastructure must be owned by a natural or legal person which is separate
at least in terms of its legal form from the system operators in whose systems
that infrastructure will be built;
4. Charges are levied on users of that infrastructure;
5. The exemption is not detrimental to competition or the effective functioning of
the internal gas market, or the efficient functioning of the regulated system to
which the infrastructure is connected.
For the realization of a fully functioning gas market, a vital condition was to guarantee
an effective and non-discriminatory TPA to the gas transmission network, therefore
additional regulation was set to ensure a minimum level of harmonization between
Member States. The main conditions are expressed in Regulation 1775/2005 (EC, 2005)
that defines third part network access, capacity mechanisms and balancing rules, criteria
methodologies for setting network access tariffs, and transparency requirements.
The directive was complemented by the Gas Regulation, which expanded on several of
its provisions (EC 2005). It provided further requirements aimed at ensuring fair access
to transmission networks. EU legislation was supplemented by other binding and nonbinding instruments, such as Community guidelines (under the Gas Regulation),
voluntary guidelines developed within the European Regulators Group for Electricity
and Gas (ERGEG) and the Madrid Forum and technical standards.
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2.3.3 The 2006 sector inquiry
Responding to concerns voiced by consumers and new entrants about the development
of wholesale gas and electricity markets and limited choice for consumers, the
Commissions Directorate-General Competition launched an inquiry to assess the
wholesale markets for gas and power, to identify issues that were hampering the
development of these markets.
The inquiry acknowledged that there are only a few global players active in the
upstream gas chain. Due to infrastructure constraints some regions in the EU are
dependent on a limited number of upstream producers for their gas. However, as was
argued, the future development of new infrastructure and LNG sources was likely to
provide new economically viable sources of gas to Europe, thus reducing the
dependence on a few producers and therewith the up-stream concentration in the gas
supply chain.

2.3.4 The Third Gas Directive (2009)
The 2009 directive is part of a "Third Energy Package" which included separate
regulation for the conditions of access to gas transmission networks (EC, 2009a) and the
establishing of an Agency for the Cooperation of Energy Regulators (ACER) (EC ,
2009c). This new directive contained new rules that would, according to the European
Commission, stimulate the European natural gas market. According to the EC (EC,
2007), Directive 2003 was not enough to foster the internal gas market. Thus, this new
Directive contains three fundamental aspects. Firstly, highlight more accurately the
unbundling of the activities of transmission, distribution and supply, providing Member
States three unbundling models:
1. Ownership unbundling;
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2. Independent system operator;
3. Independent transmission system operator;
It was expected, with these three models, to improve the non-discriminatory access to
networks and stimulate investment in infrastructure. Secondly, it strengthened the
power of regulators and enforced their independence. Thirdly, the Directive creates a
new institution the European Network for Transmission System Operators for Gas
(ENTSO-G), arranged in Regulation 715/2009 (EC, 2009b) and the earlier mentioned
establishing of ACER (EC, 2009c). ENTSO-G aims to promote the internal gas market,
promote cross-border trade and ensure optimal management, coordinated operation and
the sound development of the European gas transmission network. ACER is set-up to
have a key role in developing technical rules at the EU level (together with ENTSO-G
and the EC) and in the monitoring and reporting on market Functioning. In addition,
ACER may adopt decisions on cross border issues. Regulation 715/2009 (EC, 2009b)
further specifies rules for the access conditions of gas transmission, gas storage and
LNG terminals and repeals Regulation 1775/2005 (EC, 2005).

Figure 8 – Gas Sector after restructuration (adapted from Correljé et al 2013)
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2.3.5 Regulation on guidelines for trans-European energy networks
In addition to the Gas Directive, the EC has implemented Regulation on guidelines for
trans-European energy networks. The EC implemented Decision 1229/2003/EC (EC,
2003c) and Regulation 1364/2006 (EC, 2006) and in 2011 adopted a new proposal (EC,
2011). These guidelines aim to facilitate and speed up the completion of energy
infrastructure across Europe, where the focus is explicitly on projects of European
interest. The selection of priority projects was based on the impact of the projects on the
level of security of supply in the region or the whole EU. Priority projects were entitled
to assistance from the EU, for example via the financing of feasibility studies. In
addition, the projects could be eligible to other European Community instruments that
could partly finance project investments.
In October 2011 the EC adopted a proposal for updated regulation on guidelines for
trans-European energy infrastructure (EC, 2011), also known as ‘the infrastructure
package’. This regulation identifies strategic trans-European energy infrastructure
corridors and areas for gas and electricity networks. Rules are laid down that should
lead to the further identification of so-called projects of common interest (PCIs) that are
considered key in realizing adequate infrastructure capacity in the priority corridors and
areas.
Historic breaks
Pre-1962: city gas

Key institutional aspects
Local vertically integrated (city) gas networks, affected by
rising coal prices, competing with oil products.

1962 – 1972

Vertical integration, by long term contracts and cross
shareholdings, price discrimination; linking EU gas
producers with cost-plus driven national transmission and
local distribution networks at oil parity prices to consumers.

Post-1972

Dynamic oil parity in upstream contracts and retail prices,
causing competition for long term contracts among non-EU
producers; Norway, USSR, Algeria.
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1988: The Internal Energy

Restructuring the European energy markets in such a way

Market

that energy would be traded on competitive market
conditions

End 1990: Price Transparency

Disclosure of gas or electricity prices (and systems) to
industrial end-users and a breakdown of consumers and the
corresponding volumes by category of consumption

May 1991: Gas Transit

Transit of natural gas between high-pressure transmission

Directive

systems, crossing of at least one intra-EU frontier, to be
negotiated, under non-discriminatory and fair conditions

1998 1st Directive

Regulated or negotiated third party access (TPA) to the
national transmission and regional distribution networks;
phased introduction of free choice of suppliers to
customers; weak unbundling of transmission, distribution.
Emerging appetite for trading and mixed contracting
portfolios.

2003 2nd Directive

Legal unbundling of transmission system operators (TSOs)
and national regulatory authorities (NRAs), bringing about
a sharper distinction in interest of groups actors.

2004 SoS Directive

Aimed at defining general security-of-supply policies that
are transparent, solidarity-based, non-discriminatory and
consistent with the requirements of a single market in gas;
amplified and focused by Ukraine crisis.

2006 sector enquiry

Addressing vertical foreclosure, lack of market integration,
lack of transparency and price formation. Starting point of
further restructuring by European Commission.

2009 3rd Directive

Unbundling, creation of ACER, strengthening the
independence of NRAs, formalization of ENTSO-G;
market transparency on network operation and supply.
Table 1 – European regulation - historic breaks
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3 Liberalizing network utilities: the necessity of
regulation
The natural gas industry is both a network industry and public utility, traditionally
owned by the state, which was in charge of its management ensuring the fulfilment of
public service obligations, including the obligation to supply (security of supply). Thus,
economic regulation has gained increasing importance in this sector, as the control of
the state was losing its dominance.
On the other hand, the transport activity is considered a natural monopoly: one company
is able to supply the entire market at a lower cost than would be obtained by the action
of two or more companies. Empirically, this means that the natural monopoly is
associated with industries that require a high amount of fixed capital, and sunk costs.
Historically, natural monopolies are associated with public utilities such as natural gas,
electricity, water, roads, railways, and so on, they have in their value chain indivisible
assets (pipelines, conduits, cables).
It is well-known that an unregulated monopoly tends to produce lower quantities and
charge higher prices than would be required by welfare maximization. This may imply
that the monopolist under-invests in network capacity relative to the social optimum.
Furthermore, the monopolist will invest later than is socially optimal because it
compares the costs related to its investment only with producer surplus and fully ignores
consumers surplus.
One way of raising social welfare is to introduce competition in network industries that
are dominated by a monopolist (liberalization and competition can bring large
efficiency gains in industries with lower economies of scale and scope (such as
telecommunications) but efficiency gains may be more limited in the presence of large
economies of scope (like in the gas sector) (Newbery, 2004).
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However, parts of the vertically-integrated network industries remain natural
monopolies and will remain dominated by a single firm because of large fixed costs and
economies of scale or scope relative to demand. But even if competition can be
introduced in other parts of the industry, the state may want to maintain regulation if
market power persists resulting from too few market participants and the small market
share of new entrants, especially in the initial stages of liberalization. Furthermore,
when competition is not feasible, appropriate regulatory frameworks can, nonetheless,
simulate a competitive environment. The question is, therefore, to what extent these
different regulatory regimes influence investment incentives.
Throughout this chapter we will discuss the evolution of the theory of economic
regulation, as well as application of regulatory models and their challenges to the gas
sector.

3.1 Regulatory mechanisms
The main objectives of regulation are to avoid monopoly inefficiency and to protect
customers from exploitation. This “public interest” or “helping hand” theory is based on
two assumptions (Shleifer, 2005). First, markets fail because of the problems of
monopoly or externalities. Second, governments are benign and capable of correcting
these failures through regulation. This public interest theory of regulation has been
subjected to a number of criticism by diverse authors (example: Coase, 1960; Stigler,
1971; Posner, 1974). Therefore, by the end of the 1970’s there was no doubt that
regulation of competitive industries was inappropriate and a major failure. However, the
regulation of public utilities was viewed differently. This kind of industries, as It had
been already mentioned, suffered different modifications. In one hand, the
restructuration to promote competition in some potential competitive segments and in
other hand the maintenance of regulatory mechanisms to core segments of these
industries that continue to have monopoly characteristics (Winston et al, 2000).
Although, since the work of Averch and Johnson (Averch et al, 1962) and Stigler and
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Friedland (Stigler et al, 1962) the way that these monopolies industries were regulate
(by rate-of-return regulation) had been criticized. The information conditions necessary
to create a “competitive market” in these segments are rather strong and must also be
considered, when designing the regulatory policies. It is widely accepted that regulated
firms are better informed about its characteristics and about the industry than the
regulator. Thus, an important issue is how the regulator can best induce the regulated
firm to employ its privileged information to further the broad interests of society, rather
than to pursue its own interest.
The critique of traditional regulation monopoly induced economists not only to
recommend some deregulation, but also to develop different mechanisms to improve
regulation. The regulatory mechanisms may be focus either on the profits of firms or on
the prices of services.
To provide context to the theory of regulation, the next sections present different
regulatory mechanisms applied to monopoly sectors.

3.1.1 Profit regulation
Rate of return regulation or cost of service regulation are the two most commons forms
of profit regulation.

Rate-of-return regulation or cost-of-service regulation
Rate-of-Return regulation or Cost-of-Service regulation is a system for setting the prices
charged by regulated monopolies. The central idea is that monopoly firms should be
required to charge the price that would prevail in a competitive market, which is equal
to efficient costs of production plus a market-determined rate of return on capital.
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The rate-of-return regulation usually takes two parts for determining these prices. First,
the regulated firm estimates the total amount of revenues needed to maintain its
financial viability. This includes assessing the total costs associated with the regulated
firm activity, and a rate of return that is sufficient to compensate the capital investments
and large enough to attract new capital. Second, given the overall levels of required
revenues it is necessary to identify the structure of rates charged to the different
customers. This allocation process requires that each class of customers earn a sufficient
rate of return and no class subsidizes another.
This type of regulation was first presented in the work by Averch and Johnson (1962).
Although, the literature (see, in particular, Kahn, 1988) identifies a number of problems
associated with this form of regulation:


Accepted costs: difficulty in determining accepted costs as the regulated firm
typically has prices below the maximum yield, with the possibility of increasing
prices and cover costs without reducing their profit. Thus, firms may have
incentives to overstate their costs or even incur costs that are not necessary for
the system to keep their allowed income;



Depreciation: depreciation can be a real cost in the sense that represent the
capital erosion and, therefore, is considered in calculating income. However,
these costs may also represent economic obsolescence due to poor investment
decisions. The effects caused by technological advances may not be neglected,
since it leads to meet the replacement costs and depreciation policies more
flexible.



Incentives: incentives for the cost savings are low, if the company can
transferred them fully to consumers. Effective control of the effort to reduce
costs by a utility is virtually impossible, with no duplication of the firm
management functions. Schleifer (1985) suggests that what the regulator need is
a simple benchmarking, in order to to assess their potential performance. With
this benchmark, the regulator can decide which costs the company should have
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and what price to apply. This is the rationale that lies behind the incentive
regulation described in the next point. Thus, this method can also facilitate the
investment by inducing an incorrect evaluation of capital as well as higher
capital base is transferred to consumers (Averch Johnson effect, 1962).

Rate-of-return regulation bandwidth
Rate-of-return bandwidth or Sliding Scale regulation is similar to the cost-of-service
regulation. This mechanism is supported on rate-of-return regulation, however, the firm
earned return on equity (ROE) for a predefined period is allowed to fluctuate in an
interval. After, defining a target or reference rate-of-return, during the regulatory lag,
the actual rate-of-return can vary within a predefined interval without causing rate
adjustments. This is a more lightly-handed regulation than rate-of-return regulation. The
Rate-of-return Bandwidth mechanism may be combined with other types of regulation
(price or revenue cap regulation).

3.1.2 Price regulation
Price regulation is concerned with prices increases and removes the linkage between
costs and prices that forms the basis of rate-of return regulation.

Price cap regulation
The price cap regulation (also known as RPI-X regulation) was first proposed by
Littlechild (1983) in a report for the British government on the regulation of British
Telecom. The basic idea of price cap regulation is to set limits to the prices of monopoly
services and according to Vogelsang (2002) it combines two essential characteristics:
incentives for cost reductions and freedom and incentives for price rebalancing.
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At the beginning of a new regulatory period, a price cap for each year is set based in a
inflation index and an efficiency factor X. This inflation index should estimate the
changes in economy-wide output prices or industry-wide input prices; gross domestic
product-price index, retail price index (RPI) or some other price index may be used. The
X factor defines the mechanism by which the customers benefit from the efficiency
gains. This factor takes into account the forecast productivity growth as well as the
efficiency improvement potential. Prices remain fixed during the period and the firm
keeps the achieved cost savings.

Revenue cap regulation
Revenue cap mechanism regulates the maximum allowable revenue that a firm can earn.
The revenue cap regulation is similar to price cap regulation, where the aim of the
regulator is to provide the firm with incentive to maximise its profits by minimising the
costs and allowing the firm to keep the cost savings achieved during the regulatory lag.

3.1.3 Hybrid schemes
Yardstick regulation
Yardstick regulation is a method to promote competition between regulated firms
indirectly via the regulatory mechanism. A model of this mechanism was first proposed
by Shleifer (1985). The objective is to compare a regulated firm against a group of
comparable firms. By comparing similar firms, the regulator can use the costs of others
companies to infer a given firm’s attainable cost level, and can encourage cost
reductions and weaken the informational advantage of firms.
According to Vickers (1988), the main shortcoming of the model described is that it
assumes that firms operate in identical environments. The concern is the degree to
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which the operating environment of the firm in question and their circumstances are
comparable.

Performance based regulation (PBR)
In this form of regulation, the performance indicators are used to encourage companies,
which involves linking their profits to these indicators, which, once exceeded enable the
company to increase its profit. Thus, the company will have incentives to reduce their
costs and increase their quality of service in order to exceed the standards set, to get a
higher return. An example of this form of regulation happened in early years in England
natural gas sector, the companies were permitted to pay dividends, inversely
proportional to the price of gas. As they reduced the price of gas, the owners got higher
dividends.
The implementation of PBR presents some difficulties, particularly in the definition of
indicators that can be effectively controlled by the company, or the fulfilment of the
goals established at excessive costs which are then passed on to consumers.

3.2 Regulatory regimes and investment behaviour
While cost-based or rate-of-return regulation is generally thought to bring about overinvestment (Averch and Johnson, 1962), incentive price regulation is often considered
as introducing the risk of under-investment in the longer run (Armstrong and
Sappington, 2006). However, this characterization is too stark as the extent to which a
particular regime supports investment depends considerably on the overall set-up of the
regime and the way the sector is shaped (Égert, 2009).
Liberalization, privatization and the introduction of different regulatory mechanisms has
often been viewed as a way to promote infrastructure investment in network industries.
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For example, the separation of electricity generation and transmission in the United
States was intended to boost investment by encouraging more entry into the market
(Ishii and Yan, 2006)1. Yet, problems arising after the opening-up of network industries
have often been attributed to falling investment in network infrastructure. For example,
the blackouts in California in 2001 and in New York, London, Italy, Denmark and
Sweden in 2003 were largely blamed on under-investment in electricity generation or
transmission grids (Bialek, 2004; Pollitt, 2007; Hirschhauser et al. 2004; Joskow, 2006).
Part of the divergence between ex ante expectations and ex post outcomes can be
explained by incoherencies in the overall framework of the reforms. For example in the
electricity sector, Jamasb and Pollitt (2005) argue that introducing sustainable
competition in electricity generation and distribution requires action with respect to
liberalization, privatization and regulation.
First, vertical unbundling of generation, transmission and distribution (and horizontal
splitting in generation) is necessary to ensure competition by preventing a verticallyintegrated company acting strategically to curb competition and to prevent new entry.
Second, privatization of public incumbents in generation and distribution is desirable to
ensure a level playing field which may otherwise be prevented by their easier access to
capital than for new entrants.
Finally, setting up an independent regulator is needed to supervise the transmission
network operator and regulate prices were needed. It is also claimed that the choice of
the regulatory regime may also have a bearing on the outcome. For instance, traditional
forms of regulation such as rate-of-return regulation that caps the return on the capital
and more recent forms of regulation comprising price cap regulation that incentivizes
the regulated firms to become more efficient may influence the investment decisions of
the firms.

1

Studies on the impact on the natural gas sector are very few. so at this stage the examples are on the
electricity sector that has enough similarities with the natural gas sector
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This result highlights the importance of the overall coherence of the general regulatory
environment in supporting investment incentives. Furthermore, if there is fewer barriers
to entry, higher the investment in network industries, confirmed by results of panel data
by Alesina et al. (2005). Rate-of-return regulation is generally thought to result in
overinvestment, while incentive regulation is believed to entail underinvestment. Yet,
previous empirical work has generally found that the introduction of incentive
regulation has not systematically changed investment in network industries. According
to the theoretical literature, regulatory uncertainty exposes both types of regimes to the
danger of underinvestment. However, regulatory uncertainty is arguably higher under
rate-of-return regulation because investment decisions (what can be included in the rate
base) are usually evaluated in a discretionary manner, while firms operating under
incentive regulation are less affected by this behavior. In addition, incentive regulation
encourages investment in cost reducing technologies.

3.2.1 Rate-of-return regulation and over-investment
Under rate-of-return regulation, prices are set to account for the production costs of the
firm and the margin (the “plus factor”) that is allowed by the regulator or agreed on
between the regulator and the firm. The “plus factor” can specifically relate to the return
the firm is allowed to earn on its capital. This return, often coined “fair” rate of return,
should allow the firm to recover investment costs. The prices are adjusted upon the
initiative of the regulated firm, the regulator or consumer representatives if production
costs increased or decreased after the last regulatory review. Rate-of-return regulation
may encourage the regulated monopoly to over-invest in network capacity and lead to
allocative inefficiency. Over-investment occurs if the regulated fair rate of return
exceeds the cost of capital leading the regulated monopoly to substitute capital for
labour in order to increase profit. At the same time, the high capital-labour ratio will
result in a production structure that is not cost efficient (Averch and Johnson, 1962)).
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Over-investment due to high capital-labour ratio will result in higher levels of quality if
service quality is a function of capital intensity. The over-supply of service quality may
be exacerbated when firms anticipate a change from a low-powered (rate-of-return) to a
high-powered (incentive) regulatory price regime if they believe that they can continue
to provide the same service quality relying on equipment installed before the regime
change (Sappington, 2005).

3.2.2 Incentive price regulation and under-investment
The underlying idea of price cap regulation is to simulate conditions of perfect
competition by imposing a price cap over the regulatory period adjusted for changes in
input prices, quality and efficiency targets imposed by the regulator. The possibility that
costs and prices can diverge during the regulatory period provides firms incentives to
implement cost reducing investment and innovations aimed at improving operating
efficiency to outperform the efficiency target.
Incentive regulation, such as a price cap that does not account for quality changes
appropriately, encourages the regulated firm to increase profit by reducing service
quality at unchanged prices. And typically, there have been complaints that service
quality declined shortly after price caps were introduced. In order to prevent the firm
from reaping extra profit by reducing quality, the regulator may wish to adjust the
regulated price by some measure of quality.

3.3 Regulatory features affecting investment behaviour
There are a number of additional features of regulation besides the basic pricing regime
that can result in under-investment (Other factors, not considered here, that can
influence investment include difficulties in obtaining environmental licenses and
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planning permission or complying with health and safety requirements). These include
basically, regulatory asset base, the timing of regulatory reviews and uncertainty about
the regulator’s actions (regulatory opportunism).

3.3.1 The regulatory asset base
The so-called “regulatory asset base” or “rate base” is a critical regulatory parameter,
which constitutes the base for the calculation of the rate of return. If the rate base
includes all assets of the firm, the firm may be tempted to invest imprudently. To avoid
this problem, regulators may select investments that they allow to be included in the rate
base. Such “cost disallowances” may lead firms to cut back or reschedule investment
plans (Guthrie, 2006). If the regulator assesses a firm’s investment ex post rather than ex
ante, it will use information that was not available at the time the investment decision
was made. Consequently, the regulator may not allow the inclusion of the whole
investment to the rate base.
A regulated firm that faces possible cost disallowance because the regulator relies on ex
post information will be more prudent and will pick only those investment projects that
are subject to low future shocks. In particular, a long time lag between the decision and
the completion of an investment project makes investment vulnerable to future shocks.
Thus, investors will act with caution in selecting projects with long lead time and
smaller projects involving less sunk costs will be chosen over large projects that offer
economies of scale. Industries with fast technological progress are also more likely to
be hit by demand shocks and by a fall in capital costs. Therefore, an ex post evaluation
of investment by the regulator would make incumbents in these sectors overly cautious.
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3.3.2 Timing of the regulatory review
When the regulatory cycle is sufficiently long relative to investment, firms will invest to
benefit from cost-reducing investments in the case of incentive price regulation and
because all costs are passed onto consumers under rate-of-return regulation. If the firm
can choose the timing of the investment and if the timing of the regulatory reviews is
exogenous, the firm will invest after the regulatory review to maximize payoff. The
closer to the next review, the more likely that investment will be delayed until after the
beginning of the next regulatory period and only then will the firm seek to lower costs.
If prices are reviewed in reaction to the profitability of the firm operating under rate-ofreturn regulation, the firm will refrain from implementing investments as the firm’s rate
of return approaches the upper bound. Instead, it will invest right after the review when
the rate of return is reset. When the regulatory cycle is too short, firms operating under a
price cap regime will not be able to benefit from improved efficiency and will have less
incentive to invest. Under price caps, regulatory reviews are often scheduled every 4 to
5 years. Industries subject to comparatively slow technological progress and a lowvolatility environment such as the water industry can have longer review periods of
eight years with an option to request an early review (Guthrie, 2006).

3.3.3 The regulator’s decision making and uncertainty
The move from rate-of-return to incentive price regulation shifts risk from consumers to
shareholders and consequently raises the cost of capital for the regulated firm. The
implications are that if the regulated firm is not allowed to earn a return on its capital
that incorporates the higher risk (the implicit rate of return determined by the price cap),
it will not invest in new assets (Alexander et al, 1996). This risk would be exacerbated
in cases when the regulator is unduly influenced by politicians or the public and may be
tempted to set prices or the rate of return too low. Obviously, the regulated firm may
choose to reduce investment faced with the risk that its rate of return on investment may
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be seriously constrained. This may further discourage high-return and, thus, more risky
investments.
Uncertainty about the regulator’s actions poses a non-negligible threat to investment in
network industries. If the regulator is unable to make a credible commitment that it will
not change prices after the firm invests, the firm will tend to under-invest. The regulated
firm may either delay investment or invest sequentially to see the outcome at the next
regulatory review. Regulatory uncertainty does not only generate under-investment but
will also affect the composition of the investment, as the regulated firm may choose a
technology with lower fixed costs (Spiegel, 1997).
The regulated firm can also react to the lack of commitment by issuing more debt. A
rise in the regulated firms leverage (debt-to-equity ratio) increases the probability of
future financial distress which may in turn induce the regulator to allow higher prices.
However, higher prices may not eliminate the under-investment bias because the firm
also faces the risk and costs of bankruptcy stemming from higher leverage (Spiegel et
al, 1994).
Under-investment resulting from regulatory uncertainty can be mitigated by establishing
independent regulatory bodies. For example, credibility can be achieved through
financial, political and institutional independence from the government while being
accountable to a mandate. This can enhance the time consistency of policy and
minimize uncertainty about future actions. This sort of regulatory uncertainty can also
be alleviated by implementing ex ante profit sharing schemes that stipulate that the
regulated firm must pay back part or the totality of the excess profit to consumers.
Regulatory uncertainty may not be fully eliminated, however for example, under
incentive price regulation the potential efficiency gains may not be fully exploited if the
regulated firm faces the risk that the regulator would impose price caps at the next
regulatory review which are partly based on its past performance (This is known as the
“ratchet effect” which creates an upper bound on the regulated firms efficiency gains
(Freixas et al, 1985) and lowers the firms cost-reducing investment). Under rate-of-
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return regulation, what is included in the regulatory asset base is likely to be a persistent
area of uncertainty for the regulated firm.

3.4 Natural gas regulation and the new paradigm
The liberalization process of the gas sector has been significantly different among
continents. The United States (US) gas industry was one of the pioneers. Its
liberalization was markedly characterized by strong reliance on market forces to drive
decisions along the whole production chain. Broadly, the US gas sector is organized
around private companies that decide on production, transportation, and storage of gas.
In this context, operation and investment in the gas transmission network are mainly
decided on by non-regulated agents, even if closely monitored by the federal regulator
(FERC). To coordinate these activities, transmission rights are usually purchased
through long-term contracts. Market players and network operators enter into contracts
offering the right to use the network to transport gas from one point to another, whose
counterparts are the owners of the infrastructure involved in the path between their
connection points. In that view, shippers decide by themselves on the physical path that
the gas will follow and pay for the use of the associated infrastructure. In the short run,
shippers face frequent flow imbalances due to unexpected injections and withdrawals,
which must be dealt with by complex combinations of gas trades and special
arrangements associated with the corresponding transmission rights (Costello, 2006).
Consequently, US wholesale markets are typically associated with a precise definition
of the place where the physical delivery of the commodity takes place.
That “physical hub” is intended to facilitate short-term balancing transactions by
offering widely open network and commodity services. As in the case of long-term
contracting, the US gas sector leaves these transactions to bilateral arrangements, so the
coordination of the short-term usage and operation of the gas network is done by
bilateral agreements between gas arbitrageurs and network operators.
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The EU liberalization of gas industries came after the US liberalization, so one might
think that the US market was somehow a model for the European liberalization.
However European and US industries have few common points. In fact, the design of
EU gas markets seem to be closer to the design of the EU electricity markets than to the
US gas markets. The EU gas markets have followed the design of the UK gas market,
which developed after 1996, with gas transactions been organized around a “virtual
hub” covering all the market area (Heather, 2010).
Moreover, the current regulatory scheme is based on superseded principles which could
result in serious problems when confronted with the new energy paradigm that is
developing out of the changes that currently are taking place at the international level.
These drivers are: the specifics of the market at hand, the environment it is operating in,
and the economic theory underlying gas policy. This section will show that the
combination of changes in market specifics and external environment creates a situation
for which the current regulatory regime has not been designed. This legitimizes the
question whether the theory underlying current gas regulation should not be changed
accordingly.
We start with a description of the market design based in virtual hubs, the importance of
security of supply and the possible hold up problems.

3.4.1 The motivation for gas markets based on virtual hubs
The choice of the European Union (EC, 2009a), is to design gas markets that build on
trades made through a virtual hub. The motivation for that may be traced to the concern
of European systems with the creation of liquid wholesale gas markets. The
organization of markets around virtual hubs is considered as a means to enhance the
liquidity of wholesale trade.
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The virtual hub is not a physical junction of pipelines, but instead a standard set of
delivery points with a simplified representation of the physical characteristics of the
network. The virtual hub approach implies that gas market player’s use, for most of
their commodity transactions, a “commercial” network that is different from the
physical network. In particular, the standard definition of the commercial network in the
EU is the entry/exit regulation (Hunt, 2008).
One of the most popular arguments to support virtual hubs is the difficulty for small
players to trade in a system where the market for gas commodity builds on the real
physics of the transportation network (see for instance EC, 2007). Large players often
have diversified gas and consumers portfolios, whose deviations from expected plans
can be largely managed internally, whereas small wholesalers will have to buy all their
network and commodity flexibility needs from the market. Such flexibility needs, thus,
would represent an entry barrier. On the contrary, in a commodity market based on a
virtual hub, where network flexibility is given for free and its costs socialized, the
advantage associated with the incumbent’s diversified portfolios would disappear.
Under that definition, market players have the right to inject gas in the system at any
entry point, and to withdraw gas from any exit point. In order to manage such rights, the
market design provides a set of additional elements that bridge the gap between the
commercial and the physical networks. These “market to network” bridges are usually
grouped under the header of balancing mechanisms. In that view, the rules governing
the network use are supposed to allow using it efficiently. The design of those rules,
however, is not straightforward in an entry/exit scheme. In practice, in the existing
regulatory framework, some of the rules applied to European gas markets lead to
inefficiencies in the offer of transmission services.
It finds inefficiencies associated with the ex-ante calculation of transmission capacity in
entry/exit allocations. By definition, entry/exit implies a TSO estimation of the future
use of the network by shippers, so that the capacity sold will actually be available
whatever the shippers will actually do. This process necessarily results in selling less
“commercial” capacity than the network physical capacity can bear.
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3.4.2 Strategic use of network
An alternative argument builds on considering the strategic use of network congestion.
It gives a rationale for a market design taking into account ex-ante further potential
strategic behavior. A key is the strategic use of network congestions: the incumbent
may have an incentive to over-contract network capacity to foreclose short-term
markets for small competitors, and hence to induce effective entry barriers. On the
contrary, when the market design implicitly allocates the rights to use the network from
the commodity trade merit order, the gas is traded without any need for ex-ante
contracting of network services, and thus the incentive for incumbents to foreclose
contracting of network capacity disappear (see for instance Joskow and Tirole, 2000 or
Gilbert et al., 2004 for the argument applied to power networks). In this regard, the
advantage of a market design with virtual hub is that, as it does not consider the
physical representation of the network, the “network congestion” strategy described
above cannot be pursued. As transportation capacity within the limits of the virtual hub
is socialized among all market participants, it can be thought of as loose kind of implicit
allocation.

3.4.3 Additional design elements in markets based on virtual hubs
The main consequence of using virtual hubs is the fact that they do not consider the
physical network that will be ultimately used by the flows resulting from wholesale
commodity transactions.
As the physical network is not seen by market players, commodity markets based on
virtual hubs must address two necessarily demanding issues. First, the way in which
transmission capacity is allocated to market players. Second, the way in which gas
network technical characteristics will finally be fulfilled by the flows resulting from
“blind” commodity trading.

45

3 - Liberalizing network utilities: the necessity of regulation

The current definition of “commercial” gas networks in the EU is based on entry/exit
schemes and balancing mechanisms. This regulation of grid services aims to enhance
the liquidity of wholesale markets. In order to facilitate the gas commodity trade among
players with different network usage profiles and different network connection points,
some network services are socialized across the market zone. That socialization of
network services in the EU leaves the task to reconcile physical gas flows and
commercial gas flows to a regulated system operator.
This whole new gas market, should be considered when developing regulatory
strategies and essentially when elaborating tariffs and TSO’s returns.

3.4.4 Security of supply, balance and capacity
In addition to changes in the balance of power and the market characteristics, policy
objectives have changed also. The main public service obligations currently emphasized
are security of supply – as a consequence of the changing balance of power and the
increased need for investments, but also for a large part because of market instabilities
caused by for instance political turmoil and terrorist threats – and climate change.
Concerns about the security of gas supplies have moved up the political agenda due to
the huge cumulative need for investments in gas in the EU countries, coupled with the
fear of energy blackouts.
Here, two different aspects of supply security should be distinguished:


the physical supply of energy resources to a country or a region that may be
threatened by supply disruption, cartelization of upstream producers, and so on; and



supply security with respect to adequacy of investments in (natural gas)
infrastructure, such as LNG terminals, transmission pipelines and storage facilities.
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We can also distinguish between the short-term operating reliability and longer-term
resource adequacy of infrastructure.

One should moreover consider that Europe is best characterized as a patchwork of gas
markets, each within its own stage of development. Western European gas markets are
relatively mature. However, southeastern gas markets, for example, are better described
as immature markets in need of further development. Such markets may require
different regulatory policies than do mature markets, making it questionable whether the
current EU liberalization movement is the right way to proceed in these countries.
It has shown that transport capacity plays a major role in the shaping of the industry.
Indeed, it affects its horizontal structure, its regional developments, and its degree of
vertical integration. Adequate regulation is crucial for the networks to follow an
“optimal” expansion path and to be financially viable, and for the capacity building
activity to be efficient

3.4.5 Regulation theory in natural gas: hold-up and policy credibility
The preceding sections have shown that a new energy paradigm is upon us and that as a
result of this the current regulatory scheme is based on assumptions not anymore
reflecting actual market conditions. The main winds of change are an increasing need
for investments along the entire value chain and a shift in policy priorities towards
security of supply and climate change, which in essence is an investment problem.
Flexibility needs will increase in Europe, since the economics of gas transportation
imply that gas flowing from the producers will have a low flexibility. To this end,
seasonal gas storages will also have to be built, once more increasing investment needs.
The European gas market reform triggered new market designs which aimed to achieve
competitive natural gas prices, efficiency gains, and security of gas supply. It is
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essential to analyse to what extent the effects of regulation on economic performance in
the form of natural gas prices, network tariffs, efficiency gains, and investments in gas
infrastructure can be empirically studied in a European wide comparative analysis.
“In economic theory, ownership and the degree of competition are both important
factors in determining output levels, costs of production and prices. More formally, the
capital market and the product market determine the level of allocative and productive
efficiency. Therefore, privatization, competition and more effective state regulation of
monopoly activities should lead to improved economic performance.” (Zhang 2002):
A hold-up problem (where industry is reluctant to invest due to regulatory uncertainty
and a lack of incentives) may happen. In electricity and natural gas research, the
occurrence or danger of underinvestment in a liberalised energy market is
predominantly interpreted as a hold-up problem (von Hirschhausen, Bechers et al.
2004). An insufficient level of regulatory stability may result in the holding back of
investments, meaning that investments are delayed or even never made. Investment
distortions may arise due to the lack of certainty stemming from vertical disintegration
and decreasing contract periods.
In reality, once an investment is sunk, the company is tied to the market and reliant on it
for returns on their investment. Uncertainty can arise from the regulator’s decision, after
the investment has been made. Whatever type of regulation is chosen, information is
key to good regulation. Efficiency analysis has become an indispensable tool for
regulatory policy, e.g. to identify the drivers of efficiency changes, and to derive
appropriate incentive schemes.
The discussion about regulation and investment dates to the classical argument by
Averch and Johnson (1962) about overinvestment in a rate-of-return regulated natural
monopoly as contrasted with theories of underinvestment (Baumol and Klevorick,
1970). Von Hirschhausen et al. (2004) provided a survey of the literature, including
sector-specific considerations. However, both the theoretical literature and the policyoriented discussions have expanded, so that a reassessment of several key concerns is in
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order. Not surprisingly, however, no overarching consensus has been reached about the
effects of regulation on infrastructure investments since existing models fail to provide
unambiguous results.
Depending on the theories employed, it becomes evident that similar policies can have
very different implications for investment and welfare. The subjective assessment of
each author reviewed may also imply specific findings. Heinacher and Preissl (2006)
concluded that ‘‘the crucial question is not whether there is a fundamental contradiction
between investment and regulation, but whether in certain circumstances and under
certain market constellations regulation has a negative impact on investment incentives
and innovation’’.
There is an ongoing policy debate about the relationship between industry restructuring
(referred to as ‘‘liberalization’’ in Europe) and investment incentives. Industry
representatives generally claim that industry restructuring in an unstable institutional
environment places infrastructure investments that ensure supply security at risk. Market
proponents, on the other hand, argue that a laissez-faire approach stimulates maximum
investment. Economic theories do not provide clear indications of the conditions under
which ‘‘efficient’’ levels of investments can be achieved and what factors lead to over and
under-investment.

The diversity in the EU regulatory earning models makes it complex for TSOs to integrate
cross-border transmission networks. An international TSO operating in various EU
countries must negotiate with each national regulator, whereby the rate-making framework
and systemics vary from country to country. This pluriform rate-making landscape is a
formidable impediment to foster an efficient gas transmission network with optimum
liquidity and security of supply. Striving for common ground rules on ratemaking for
natural gas transmission networks in different European member state has the following
advantage: an uniform approach in setting transmission tariffs means that all countries can
bring natural gas to the entry point at interstate border crossings into adjacent jurisdictions
at fair and similar transmission rates. Differences between rate-making frameworks are
diminished when common guidelines emerge. The development of such common guidelines
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could be very constructive on one hand to streamline the EU objective to form an integrated
pan-European TSO (ENTSO) and on the other hand improve cooperation between the
European energy regulators (ACER). Harmonization of the rate-making methodologies and
regulation rules in EU member states are essential. Only then can the ultimate aim of
optimum market liquidity and optimum security of supply be successfully achieved.

We can at this point conclude that the market fundamentals and the market environment
have changed recently, making it necessary to assess whether Europe’s gas market
regulation is still up to par with the new energy reality. More specifically, a legitimate
question is whether or not the economic focus underlying regulatory policy should be
changed accordingly.
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4 Research objective and hypotheses
This section of the study develops a number of hypotheses as to the effects of
privatization, competition and regulation in gas transmission investment and in endusers prices, which are then tested empirically in the next section of the study.

4.1 Conceptual framework
The elements of the natural gas infrastructure that are the subject of this study – are
directly linked to the national transmission networks, considered part of the TSO’s
domain. There can be economic and juridical reasons for placing these facilities in the
competitive domain or under the TSO. In many cases, these facilities contribute to a
country’s security of supply and often also to the competitiveness of the wholesale
market. This can be an argument for socializing (some of) the cost of these facilities.
Thus, it would be important to analyse the impact of these facilities on end user prices.
On the other hand there may be negative network externalities associated with these
facilities, in the form of a need for deep network investments (in the transmission
network). Socialisation of costs could therefore lead to the Averch-Johnson effect of
overinvestment (Averch and Johnson, 1962) and have also a negative impact (increase)
for end-users gas prices.
All these facilities are asset-specific, meaning that they can only be used for their
intended purpose and only in the location where they are built. This may cause
particular risks for investors, which may, for instance, result in hold-up problem. The
form of regulation of accessing the infrastructure changed over the years, starting in a
negotiated base to a regulated TPA. The later means that the entire investment risk is
placed with the investor and that he is not allowed to sell long-term contracts to his
facility before its construction in order to mitigate these risks, contrary to what
happened previously.
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In the past decades, deregulation efforts have challenged the notion of natural
monopolies in a range of different sectors with network characteristics. Klein (1996)
speaks of experiments that “have tried to peel away competitive layers from regulated
networks and lay bare the true remaining natural monopoly”, with the scope for
‘peeling off competitive layers’ depending on the specific technical characteristics of
the considered infrastructure or network industry.
In practice, different types of facilities are regulated differently and different countries
apply different solutions. This study aims on the one hand to explain how investment is
treated from a regulatory, privatization and competition perspective and on other end
verify if end-users prices has significantly changes due to increase of investment and in
a regulatory, privatization and competition perspective. One explanation may be that
regulators may take different trade-offs, for instance between the objective of economic
efficiency and achieving an affordable gas supply system (which would suggest placing
more of the risk on the investor) and gets reasonable end-users prices and achieving
capacity adequacy and achieving security of supply (which could justify a larger degree
of socialization of costs and risks).

4.2 Factors affecting investment and end-user prices
Economic literature identifies a range of factors that affect investment in infrastructure
facilities. This section discusses these factors and illustrates their relevance in the
context of the gas market. Underlying infrastructure-related and exogenous factors
determine whether the particular factors affecting investment are relevant in particular
circumstances. Some factors may prevail across a range of different types of gas
infrastructure (pipelines, storage facilities, LNG terminals), whereas others are perhaps
generic for one type of infrastructure or fully dependent on the context of an individual
project. Regulatory authorities may, dependent on context specific conditions and
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regulatory objectives, need to deal with each of the factors discussed in this section
when deciding on the appropriate regulatory framework.
Using economic literature, it is possible to identify and synthesized three types of
factors that affect the level of investment. These factors can lead to underinvestment or
overinvestment in infrastructure capacity from a public perspective. The following three
types of factors affecting investment and end-users prices are discussed in the remainder
of this section:


Privatization (section 4.3)



Competition (section 4.4)



Regulation (section 4.5)

4.3 Hypotheses on privatization
The new institutional economics (North, 1990; Levy and Spiller, 1996) provides
important insights into the incentive effects of different types of ownership structure.
Other streams of thought that are relevant to forming a hypothesis of the impact of
privatization on economic performance are agency and public choice theories
(Zeckhauser and Horn, 1988; Boycko and Vishny, 1996).
In brief, privatization is expected to raise economic efficiency by:
1. changing the allocation of property rights, which leads to a different
structure of incentives for management and hence to changes in managerial
behaviour;
2. removing the ‘soft budget’ constraint of taxpayer support and exposing
enterprises to the disciplines of the private capital market (De Alessi, 1980);
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3. introducing more precise and measurable objectives, thus reducing
transaction

costs,

especially associated

with

principals

monitoring

management (agent) behaviour, hence reducing final product prices;
4. removing political interference in the management of enterprises and capture
by special interest groups (Boycko and Vishny, 1996).
Most of the theoretical arguments for privatization are concerned with the effects on
productive efficiency. It is expected, for example, that privatization will lead to higher
labour productivity and higher utilisation of the available capital stock. When applying
the theoretical insights into aspects of economic performance in the gas sector,
however, specific features of that sector need to be taken into account. The gas utility
industry is characterised by large sunk investments. These factors provide governments
(either national or local) with the possibility of behaving opportunistically vis-à-vis the
investing company.
Knowing that under some circumstances governments may not be able to refrain from
reneging on explicit or implicit agreements and behaving opportunistically, private
investors may be cautious about investing in capacity. As a result, the actual effect of
privatization on capacity expansion and use is not clear, although one of the
expectations of governments pursuing privatization is that it will lead to more capital
invested and reduce prices by higher productivity and utilisation.
From the above arguments the following hypotheses is derived:
Hypothesis P1: Privatization will lead to more capacity and hence higher output.

Hypothesis P2: Privatization will reduce end-users prices through higher labour
productivity and higher utilisation of the available capital stock
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4.4 Hypotheses on competition
This section discusses the type and degree of competition and competitive behaviour
that may apply to the case of gas infrastructure. Investment in new gas infrastructure
can be sub-optimal due to a lack of competition.
Before the 1980s the network industries were almost everywhere considered natural
monopolies because of large fixed costs. Consequently governments did not allow
competition that was considered wasteful, and in most countries these industry were
either nationalized or managed as a private monopolies under strict regulation. In the
last twenty years the perception that new technologies could weaken the traditional case
for natural monopoly has increased.
The main rationale behind the liberalisation of network industries is to improve their
sectorial performance and thereby to generate wide-ranging macroeconomic benefits.
Prior to liberalisation, network industries were generally organised as verticallyintegrated state-owned monopolies, including both production facilities and the
bottleneck infrastructure. Strongly related with the market opening process is the
separation of non-competitive segments, which generally have inherent natural
monopoly features, from those that are potentially competitive.
This separation supported by restrictions preventing re-integration into competitive
activities, is often advocated as a way to reduce incentives for anti-competitive
behaviour. While the monopolistic segments always require adequate sector-specific
regulation, in the other segments such regulation should become unnecessary once
workable competition is in place. The resulting higher competitive pressure should
entail higher productivity and efficiency and a downward pressure on prices, ultimately
translating into higher economic growth.
The European Commission (EC, 2006) in a report evaluating the performance of
network industries identifies the main channels through which market opening could
lead to greater efficiency. “Increased allocative efficiency should occur as prices and
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marginal costs move towards each other, thereby correcting distortions in the structure
of production and adjusting the level of output to a social optimum. Increased
productive efficiency would arise as firms move closer to their production possibility
frontier by using their inputs more efficiently (i.e. producing more with the same inputs,
or the same with fewer inputs). Reduction of x-inefficiency would raise the productive
performance by reducing managerial slack and improving the organisation of work.
Finally dynamic efficiency would be enhanced as competition from existing and
prospective competitors creates incentives for investment in product and process
innovation.”
All these expected efficiency gains should generate some manifold structural effects
well identified in the literature. In particular OECD and the European Commission (EC,
2006) classify these effects in three categories:
- effects on productivity and prices: the competitive pressure induced by market
opening should exert downward pressure on prices, since firms aiming to
maintain their market share would have an incentive to undercut each other. To
sustain such a strategy while maintaining or increasing their profit margin,
firms would have an incentive to lower their costs by becoming more efficient.
Both regulation and the competitive process should ultimately ensure that these
cost reductions are passed through at least partially to prices. Price
developments, productivity and efficiency are therefore one of the best
indicators for measuring the impact of liberalisation.
- effects on market structure: the unbundling of the vertically-integrated
monopolies made certain market segments more contestable by allowing firms
to enter a market and thereby potentially affect its structure. Furthermore,
liberalisation affects the boundaries of the individual markets by making them
more permeable with regard both to capital flows (allowing cross-border
mergers and acquisitions) and to cross-border trade. Indeed, potential crossborder trade can exert competitive pressure arising outside national borders
without directly affecting the national industrial structure.
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- -effect on output and employment: to assess the macroeconomic impact of
liberalisation, one has to distinguish between direct effects on the network
industries, effects on customers and indirect economy-wide effects. Some
direct effects on the industries themselves are likely to be negative as the
competitive pressure and the drive for more efficient production are likely to
exert downward pressure on the level of employment and economic rent of the
incumbent firms. Nonetheless, lower prices and product innovation ensuing
from the competitive pressure may lead to higher demand and output and thus
mitigate adverse employment effects. Furthermore, lower network industry
service prices would enhance welfare by raising real household incomes and
lowering the costs for those industries which rely heavily on inputs from
network industries. Although the effects of liberalisation on customers are
expected to be positive and much greater than the effects on the incumbent
firms and their employees, they are highly dispersed. Moreover, in terms of
timing, one can expect the incumbent firms and their employees to feel the
effects of liberalisation quite abruptly, while customers reap benefits somewhat
later and the indirect effects would take much longer to materialise. The
uncertainties and asymmetries arising from the market opening process in
terms of timing and in terms of distribution of gains and losses often
complicate and slow down the implementation of reforms.
There are several contributions in literature that discuss the level of competition in the
market for energy infrastructure services. Brito and Rosellón (2011) argue that gas
pipelines should to be considered very lumpy based on underlying technology: once the
pressure limits on the pipelines are reached, only adding compressor stations or adding
another pipeline can increase throughput. They cite a few cases of workable pipe-topipe competition in the US, where multiple pipeline connections between the Gulf of
Mexico and the demand centres in the North-East and Mid-West compete with one
another. In a report to the TSO of the Dutch gas transmission system
(GasTransportServices, GTS), the Brattle Group (2007) assesses pipe-to-pipe
competition distinguishing between three type of product markets: destination markets,
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origin markets, and transit markets (also referred to as parallel paths). For all three
markets they conclude that no effective competition exists. Von Hirschausen (2008)
analyses the scope for competition in gas infrastructures in the US (covering pipelines,
storage and LNG facilities). Using a framework based on Williamson’s four-layer
model of institutions (Williamson, 1985), Correljé and de Vries (2008) illustrate how
factors such as the size of the market and the stage of gas market development may
have affected the restructuring of the gas market differently across countries.
Competition from other network industries for the provision of gas infrastructure
services depends on the ability to substitute. The opportunities for end-users of gas are
very limited. In power generation, some particularly power plants may have dual-firing
capabilities and in the residential sector there may still be competition from other fuels,
possible using competing value chains and networks, for heating purposes.
In economics literature competition is regarded as a reliable mechanism for stimulating
both allocative and technical efficiency. In a competitive market, prices and profits
reveal important information about the costs of a firm and the efficiency of input use,
thus providing the firm with incentives to improve internal efficiency. As a result, it is
to be expected that competition will lead to higher investment per capita. Moreover,
lower per-unit costs resulting from increased technical efficiency may be passed
through in lower prices, thus increasing the quantity demanded and needed capacity.
Therefore, competition is likely to have positive effects on both the quantity of gas
supplied and capacity expansion.
The potential level of competition in gas transmission pipeline, where “real”
competition does not exist, can be assessed by performance indicators (Steiner 2000,
Gaggero, 2007, Gaggero, 2010) as price developments, productivity and efficiency are
therefore one of the best indicators for measuring the impact of liberalisation. In this
study, a performance index approximation is used to identify how competition
influences the investment in gas transmission and end-users prices.
The following hypotheses are therefore relevant on the effects of competition:
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Hypothesis C1: Competition will lead to a larger capacity and a higher output in gas
transmission capacity.
Hypothesis C2: Competition will lead to lower end-users prices as a result of better
industry performance.

4.5 Hypotheses on regulation
Gas transmission is characterized by long-term sunk investments, which is why an
effective regulatory system is crucial for both investor confidence and consumer
protection. The primary purpose of a well-designed regulatory system is to protect
consumers from monopoly abuse, while providing investors with protection from
arbitrary political action and incentives to promote efficient operation and investment
(Laffont and Tirole, 1993). Carefully designed regulation can be expected, therefore, to
be a key component of a successful process of gas investment.
Regulation can affect a firm’s efficiency. Regulation that is too onerous will negatively
affect a firm’s input (Averch and Johnson, 1962) and output decisions and depress
productivity. Operators will be unwilling to invest and will produce less under risky
regulatory conditions (Holburn, 2001). At the same time, clearly stated regulatory rules
within a well-defined regulatory framework can be expected to reduce ‘regulatory risk’
and provide incentives for investment and this is the main objective when ‘independent’
regulatory bodies are established.
From a theoretical perspective, the presence of regulation in an industry entails a
different degree of risk run by the ﬁrm: the extent of risk exposure varies with the rules
and the type of the underlying regulatory regime (Grout and Zalewska (2006) and
Alexander et al. (1996). In this study, a set of indicators is constructed for the regulation
variable, in order to identify the influence of regulation in investment. This indicator has
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the following variables, type of regulation, regulatory period and access to the gas
transmission, which will be explained later.
Such expectations lead to the following hypotheses:
Hypothesis R1: Different types of regulation (from ROR to incentive regulation) will
have different impacts on improving investment.
Hypothesis R2: Different types of regulation (from ROR to incentive regulation) will
lower end-user prices.
Hypothesis R3: The increase of the regulatory period has a positive impact
(increasing) in infrastructure investment.
Hypothesis R4: The increase of the regulatory period has a positive impact (reducing)
in end-user prices.
Hypothesis R5: More regulated access will also raise investment in the industry
leading to more capacity.
Hypothesis R6: More regulated access will also have an impact in end-user prices,
reducing them.
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5 Data
For the empirical assessment of the impact of regulation, privatization and competition
on investments and end-user prices, diﬀerent data sources are used which will be
highlighted in the following section. The choice has been made not only for data
availability reasons but also for taking into account that changes in gas market
regulations has been occurred in most of the countries very recently. In doing so, the
focus is on gas transmission pipelines and prices of household customers which form
the endogenous variables in the set-up2.
As explanatory variables several indicators were constructed aiming at mapping the
change of the regulatory framework, privatization and competition in the various
countries as well as some control variables.
The panel data encompasses data from 11 European countries and their gas transmission
TSO’s:
Country

TSO

Austria

OMV

Belgium

Fluxys

Czech Republic

Net4Gas

Denmark

Energinet

France

GRT Gaz

Hungary

FGSZ Natural Gas Transmission (ITO)

Italy

Snam Rete gas

Slovakia

Eustream

Slovenia

Geoplin Plinovodi

Spain

Enagás

Uk

National Grid
Table 1 - Countries analysed in the study

2

Usually, the market liberalisation is a step-wise process, first starting with opening up the segment of
large industrial customers for competition and ending with residential consumers. Therefore, it is justified
to look only at prices for households as they indicate best the effects of regulatory reforms
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covering a time period from 2001 to 2011. One major data restriction is given by the
non-availability of some data over the years. Furthermore, if data is available for a
particular country, it is often not available for the whole period which implies that we
have to deal with a (weakly) unbalanced panel3.
Although the sample just has 11 firms, it is largely representative of the gas
transmission sector in each country and represents almost half of the countries
associated with ENTSOG (the European Network of Transmission System Operators
for Gas)4. Recent literature on this subject has little data (see for instance Cambini et al,
2010 or Schmitt et al 2010), due to the small number of firms and the lack of available
data.
In France, GRT Gaz is (near) monopolists, with almost 90% of the gas transmission. In
Austria, OMV covers about 60–70% of the gas markets. In Hungary, there is a ITO
(Independent System Operator) instead of a TSO, which is responsible for the physical
gas transmission pipelines. The operation of the system is managed by another firm.
Once, the study is interested in transmission investment, the FGSZ was chosen to
represent Hungary. In the UK, National Grid is the TSO for gas and has more than 50%
of the market for gas distribution. In other countries, the firms selected are the
respective TSO’s.

5.1 Dependent variables
Investment in gas transmission
Primarily, the dependent variables of the regressions are presented. Investments in
tangible goods, such as km of transmission pipeline are calculated using data from

3

In appendix there is a description of all variables used in the study.
It is worth noting that most of the TSO’s of other countries are not listed, because it is therefore very
difficult to find reliable and comparable data on financial and economic variables.
4
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annual reports of the selected firms or from NRA’s (National Regulatory Authority)
publications
The problem of using a financial variable such as investment, capital expenditures or
total assets comes from the fact that these kinds of firms have more activities than gas
transmission, such as LNG terminals or gas storage.
Cost-drivers identified by the International Energy Agency (1994) are: length of
pipeline, maximum flow required for a day of peak demand, the trade-off between
diameter and compressor power rating, and the terrain and right of way. All exogenous
factors are excluded, as well as right of way. As it has no measure of diameter or total
horsepower rating, the length of pipelines are used to represent capacity or capital as
outputs.
If the total transported volume is considered as a simple measure of output, it would
create bias in productivity and efficiency (Lee et al, 1999). That is, the larger the share
of gas transmitted, the more productive the utility seems to be. To deal with this
situation, the transmitted capacity is considered, instead of volumes transported.
Due to diﬀering country sizes, diﬀerent regulatory regimes or business cycles, there
exist large discrepancies between the investments made. This fact is also highlighted in
Figure 9.
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Figure 9 – TSO’s gas transmission extension

Italy and France, as the biggest countries in the sample, have the higher absolute values
of investments (gas transmission extension), whereas smaller countries like Slovenia
and Denmark have lower values. An interesting example is Spain, with an interest
increase since 2001. Most likely, the accelerated liberalization and regulatory reform
process from 2000 onwards is one of the main reasons for this steep rise in most
countries. In particular, one possible explanation for the Spanish situation could be the
introduction of ownership unbundling in 2002, which could have led to higher
investments.

End-users prices
The second dependent variable within the model framework, the gas end-user prices for
households, is provided by IEA Energy Prices and Taxes (IEA, 2013). Measurement of
gas prices presents challenges. The transmission components of prices are regulated,
and this introduces additional variation across countries which will be picked up by the
end-user prices. In this analysis, the proportion of end-user prices explained by

64

5 - Data

transmission, relative to other functions, is assumed to be relatively constant across
time.
Prices are also difficult to measure because their structure varies enormously both
within and between countries with variation in fixed and or variable components and
they vary enormously across seasons, and customer classes as well. Additionally, to be
internationally comparable, prices must be converted into a common currency; volatility
in exchange rates will introduce variation in prices that is independent of regulation. To
avoid currency and country speciﬁc distortions, purchasing power parity corrected USD
prices are used for all countries, IEA price information allows us to disentangle the tax
component from the final price charged to domestic consumers. Reference to net prices
allows us to directly look for any direct effect of regulatory reform or any other variable
on production prices. These adjusted prices are presented in Figure 10.
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Figure 10 – End-user prices of household customers (USD/MWh)

Not only the price levels differ substantially, but also the development over time varies
a lot. Although, end-users prices had a general increase all over the years. In UK and
France, households paid the lowest prices in contrast to Slovenia and Czech Republic,
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where households nearly had to spend almost two times more per MWh by the end of
2011. While France and UK could hold the increase of their prices nearly constant over
the years, most other countries have experienced rising prices from 2005 onwards.
Moreover, the case of Hungary shows how quickly things can change. While in 2004
and 2005, Hungary has the lowest prices, by the end of 2011 the situation changed
extremely, and Hungary now became the third expensive country.

5.2 Explanatory variables
Regulation
Concerning the independent variables, the regulatory indicators are presented ﬁrst. In
this study, a set of indicators for the regulation variable was constructed and could be
divided into three sub categories:


Type of regulation



Regulatory period



Entry regulation

Type of regulation
The methods of regulation in the sample are: ROR, revenue caps, price caps, other
forms of incentive regulation. This data was gathered from NRA publications. In order
to implement a regression analysis and thus study the relationship between investment
and gas prices and the regulatory regime with the aid of panel data techniques, it is
needed to ‘‘translate’’ the features of a regulatory regime into a relatively simple
variable.
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In the literature there is a sizeable discussion on how to control for the forms of
regulation. Some literature (Ai and Sappington (2002), Donald and Sappington (1997),
Knittel (2002) and Wallsten (2001, 2002) use a dichotomous (0/1) variable to identify
the presence (absence) of one characteristic in the regime. By convention one (zero)
corresponds to the case in which the feature is present (absent). As argued by Gutierrez
(2003), this approach has a great level of simplicity, from which it gets its popularity in
literature, but may also be misleading, since it may not explore the real strength of the
regulatory environment. When using the dummy variable approach we are compelled to
classify each regulatory regime either into the cluster of zero or into the cluster of one.
The assessment simply consists of the choice between cost plus and incentive
regulation, broadly defined. For example, incentive regulation would include revenue
sharing, price cap, or any other forms of incentive regulation.
It is possible to overcome this limitation, by using that rank regulatory regimes on a
scale. One such scale places cost plus regulation at the bottom whilst forms of incentive
regulation are given a higher score. Although, the data availability for this variable was
not sufficient to create, for example, an index to rank regulatory regimes on a scale.
Thus in this study, the regulatory regimes are ranked on a one-two scale (dummy
variable), assigning a low score to cost plus types and a high score to the incentive
types.

Regulatory period
Another variable associated with the regulation indicator is the regulatory period.
Regulatory period means the number of years in which the NRA defines the regulation
rules and frameworks that will endure during this period. Normally, this regulation
period lasts from 1 to 5 years depending on the country in question. This variable takes
the value 1-5 through the year under review. For example, if we are in the 3rd year of
the regulatory period, this variable will be 3.
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As already mentioned in 3.3.2 , the importance of the regulation period arises from the
fact that usually in an incentive regulation scheme firms take advantage of this “period”
to adjust the investment according to their best advantage. If the firm can choose the
timing of the investment and if the timing of the regulatory reviews is exogenous, the
firm will invest after the regulatory review to maximize payoff. This happens because
the incentives are usually defined at the beginning of the period and will remain during
the period. When the regulatory cycle is too short, firms operating under a price cap
regime will not be able to benefit from improved efficiency and will have less incentive
to invest.
The purpose of including this variable in our analysis is to try to identify if this action
actually exists and if it is significant in the way the investment is made or in the final
price. The regulatory period data is again provided by NRA’ publications.

Entry regulation
For entry regulation, the third party access (TPA) variable is distinguished, which deals
with third party access to the grid. It is used the OECD scaling with zero indicating
regulated access, three negotiated access and six otherwise. As regulated third party
access is usually seen as the most favourable condition concerning competition it is
expected a positive sign of the variable, i.e. the lower the characteristic value of tpa the
lower, ceteris paribus, the end-user prices households have to pay.

Privatization
The privatization variable used in the study was constructed as the percentage of firms
owned by Public ownership. It describes the ownership structure of the firms in the
transmission, segments of the gas industry. This variable is defined as a percentage of
the public ownership of the firm.
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Competition
The competition/performance indicators in this analysis are at best proxies for
efficiency and profitability. The choice of indicators used was driven partially by data
constraints and measurement difficulties.
Efficiency is difficult to measure in the gas industry. One proxy candidate would be
labour productivity (output per unit input); however, the appropriate data regarding
employment in the gas industry are not available, and a measure of labour productivity
gives little indication about efficiency in a capital intensive sector like gas.
Consequently, the indicator of efficiency used in this analysis is the operational
efficiency rate, calculated as total revenue over total assets. Greater usage of assets
implies greater (productive) efficiency. Firms that efﬁciently use their assets to generate
revenues are more likely to reduce possible losses and thus have a positive impact in
investments and end-users prices.
A second indicator of competition/performance employed here is profitability.
Profitability is measured by return on assets (ROA), defined as net income over total
assets.
Compared to electricity the gas transmission network is much less interconnected.
Moreover, the physical characteristics of the commodity are different from those of
electricity. Not only gas can be (economically) stored, but also the actual transport over
long distances is of greater importance due to a lower flow rate. Therefore, the
transmission network plays a crucial role regarding the establishment of a competitive
framework in the whole sector. The more proﬁtable the ﬁrm, the lower is the ﬁnancial
instability and thus it can have a positive impact on investments and end-users prices.
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Control variables
In order to avoid misspecifications of the models, several control variables were
considered which might have an influence on investments and on end-user prices for
residential customers.
In order to control for economic developments of a particular country, the GDP per
capita ratio is used for both models. In particular, an increase in GDP per capita and the
share of the population can be expected to be associated with a higher demand for gas,
thus inducing higher investment by utilities. For this, the OECD Factbook 2012 builds
the data source.
A consumption per capita variable was also used since, even with an increase in GDP, it
is not certain that gas consumption will also increase. For example, the substitutability
of gas and oil in the heating sector could be accounted. Therefore, the final gas
consumption is considered in relation to per capita. For this, the OECD Factbook 2012
was used.
Therefore, besides GDP, other more country-specific factors might play a role regarding
their influence on investments, so a variable to measure a country’s ‘economic risk’ is
included. The long-term interest rate (LTIR) to control which may be a proxy for the
interest rate (Cambini et al, 2010)
The economic risk variable LTIR measures the quality of the country and firms to
access to credit and can be interpreted also as a proxy for wider political and
institutional factors associated with performance improvement, independent of
privatization, competition and independent regulation. This control variable is only
applicable in the investment model.
The relationship between gas and oil prices has to be taken into account. The most
prominent example for the linkage of these two commodities is in Europe where still a
large share of the gas sold is based on long-term take-or-pay contracts. According to
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these contracts, the current price of gas delivered is determined by a pricing formula
that links the current gas price to the price of relevant oil-based substitutes.
Consequently, fluctuations in oil prices are passed through to producers of gas. These
long-term contracts include the possibility of price re-negotiations to adjust the oil price
every three to six months resulting in a lagged adjustment process (Siliverstovs et al.
2005). Since the oil price is often used as a reference value for prices of other natural
fuels, this study also takes advantage of this constellation and uses the Brent crude oil
spot prices as control variable. The adjacent prices are again provided by IEA Energy
Prices and Taxes and only applicable in the end-user prices model..
To sum up the data issue, Table 2 contains the descriptive statistics for all considered
variables over the whole panel.
Variable

O bs

M e an Std. De v.

M in

M ax

inv

106

8.4524

1.1414

6.76

10.38

gp

106

4.1622

0.3237

3.31

4.70

priv

106

39.6725

35.6506

0.00

100.00

tr

106

0.3868

0.4893

0.00

1.00

rt

106

2.0566

1.2176

1.00

5.00

tpa

106

0.5943

1.4591

0.00

6.00

e ff

106

0.2710

0.1669

0.07

0.72

roa

106

0.1047

0.1444

0.00

1.00

gdpcapita

106

3.1978

3.5239

0.45

14.38

cons capita

106

16.4176

0.5339

15.46

17.80

ltir

106

4.5411

1.1822

2.73

9.12

oil

106

4.0949

0.4654

3.26

4.72

All non-index and non-percentage variables used in the study took the log form.
Table 2 - Descriptive statistics
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6 Model specification
Within this section, the panel data models are introduced to be examined where the
transmission investment in the gas sector and the end-user prices of gas are expressed as
functions of different explanatory and control variables.
The former approach is enhanced by additional indicators, such as regulation,
privatization and competition which become the majors variables of interest and by an
extension of the methods used. Moreover, this study combines two different aspects
regulators, politicians and researchers are concerned with. While in the short run, the
price of gas is of particular importance, the security of supply is a crucial point in the
long run which is directly related to investments. Therefore, this approach analyses the
impact of regulatory reform on prices and investments. Both models will be highlighted
and analysed separately.

6.1 Panel data methods
With panel data, both the random and fixed effects specifications estimators constitute
improvements over the simple linear model, which does not adequately account for
differences in the characteristics of cross-sectional units. Safe for special cases (in
which there are no such differences), estimating cross-section/time-series models by
OLS yields spurious and biased results (see Moulton, 1986)).
In the random specification countries are assumed to constitute a random sample and,
therefore, the country-specific effects are assumed to be independently distributed
random variables with mean zero and constant variance. In the fixed-effect
specification, the country-specific effects are assumed to be fixed parameters and the
equation estimates should be considered as conditional on the estimated values of these
parameters in the particular sample at hand. Conceptually, the random effects
specification would seem more apt to deal with large micro data sets (e.g. where
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individuals are households or firms), while the fixed effects specification would seem to
be more appropriate in the case of cross-country data. However, the choice between the
two specifications can only be made on a case-by-case basis. If the hypotheses of the
random effects specification are correct, the corresponding estimator is best linear
unbiased (BLUE) and therefore is more efficient than the fixed effects estimator (the
latter is BLUE only conditional on the fixed effects in the sample). Moreover, since the
fixed-effect estimator (also called the “within estimator”) utilises the time variation
within each group of individuals, it cannot estimate coefficients of variables that lack
the time dimension, whose effect will be incorporated into the general country-specific
effect. On the other hand, if the hypotheses of the random effects specification fail to
hold, the random effects will generally be correlated with the other explanatory
variables and the corresponding estimator will be biased and inconsistent (as in any
omitted variable specification).
It should be noted that, although it is standard practice to apply the random and fixed
effects estimators to small cross-country/time-series databases, the results should be
taken with caution. The unbiasedness and efficiency properties of the estimators hold
only asymptotically, when either the number of individuals or the number of time
periods is large.

6.1.1 Static approach
This study takes advantage of both, static and dynamic panel data models. Even though
it is expected that dynamic models lead to superior results, since the dynamic setup ﬁts
better for our case (see explanation below), it is also included a static framework in our
analysis. The main reason for this is given by the ability to compare our results with
other studies in this ﬁeld of research. In the static setting the dataset is explored by three
more usual estimator methods - ﬁxed effects estimator (also known as within group or
least square dummy variable (LSDV) estimator), random effects estimator and OLS
(ordinary least square) estimator. All methods are used as a matter of completeness.
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6.1.2 Dynamic approach
As both dependent variables show strong evidence of ﬁrst-order serial correlation, the
once lagged dependent variable should be added as additional variable into the
regression. For the same reason several studies in this ﬁeld take advantage of diﬀerent
dynamic models, as for example Copenhagen Economics (2005), Alesina et al. (2005),
Brau et al. (2007), Fiorio and Florio (2009) and Growitsch and Stronzik (2012). The
diﬀerent dynamic approaches will be shown in the following, including their speciﬁc
pros and cons and with a special focus on our data set.
In the dynamic context, it is not easily applied the LSDV estimator, since the lagged
dependent variable as regressor is correlated with the error term (problem of
endogeneity). In an inﬂuential work, Nickell (1981) derives the dimension of the
distortion which results from the inconsistent estimator. One possibility to overcome the
endogeneity is the FD transformation (see Anderson and Hsiao (1982)), where the
underlying instrumental variable estimation method leads to consistent, but not
necessarily eﬃcient estimates of the model parameters, as shown in Ahn and Schmidt
(1995). Another possibility which takes advantage of instrumental variables is the
generalized method of moments (GMM) estimator suggested by Arellano and Bond
(1991). They get rid of the endogeneity by transforming the model into ﬁrst-diﬀerences
and by using more moment conditions, so that consistent and more eﬃcient estimates
are produced. However, the Arellano-Bond estimator was created for panels with a
small time dimension and a large number of cross sections. With only 11 countries a
small sample bias problem may be faced. Since in this case the number of cross sections
is limited, other dynamic panel concepts are taken into account.
Recall, as the LSDV estimator undoubtedly suﬀers from an endogeneity problem, it
cannot be used directly. However, if the dimension of the distortion is known, it is
possible to correct for that bias. Thus, Kiviet (1995), Kiviet (1998), and Bun and Kiviet
(2003) enhance the bias estimation from Nickell (1981) by using asymptotic expansion
techniques.
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Bruno (2005) takes advantage of their approaches and computes both, the usual LSDV
estimator and the resulting bias. With this, he creates a corrected form of the LSDV
estimator (LSDVC) by subtracting the bias from the original LSDV estimator. His
calculations are done for unbalanced panels, whereas Bun and Kiviet (2003) only
consider balanced ones. As our dataset is weakly unbalanced, the LSDVC estimator
should ﬁt well for our situation. Moreover, the dynamic model developed by Bruno
(2005) is also valid when the number of cross sections is rather small. Monte Carlo
evidence supports the corrected LSDV estimator compared to more traditional GMM
estimators for samples where the number of cross sections is small, see Judson and
Owen (1999) and Bruno (2005, 2005a).
In the end, five estimation methodologies are used: the static FE estimator, RE estimator
and OLS estimator and the two dynamic concepts by Bruno (2005) (with bootstrapped
standard errors), and Arellano and Bond (1991) (using the one-step GMM estimator
with robust standard errors, similarly to most applied work in this area). With their
special focus on small unbalanced panels and their dynamic nature, the method of
Bruno (2005) ﬁts best to our data set, and therefore, it is expected to provide the most
meaningful results. Nevertheless, if the findings of the other estimation methods point
into the same direction, there is evidence for the distinctness and robustness of the
results.

6.2 Basic models
As already explained, static and dynamic panel data models are going to be used. In the
dynamic setting the model contains the lagged dependent variable as additional
independent variable, whereas this regressor does not appear in the static setup. Below
both models will be depicted. Furthermore, particularly interested is in the sign of the
regressors and not so much in the absolute values of the coeﬃcients.
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6.2.1 Investment model
For the basic investment model, the dependent variable used in the study is km of gas
transmission pipeline, which is used as a proxy of investment associated with installed
capacity. This indicator captures the extent of the transmission capacity and it is able to
represent the real increase in infrastructure capacity.
This variable was calculated using data from annual reports of the selected firms or
from NRA’s (National Regulatory Authority) publications.
Investment model used in the statics approaches:

Invit  Pit'   Rit'   Cit'   Z it'    i  t   it

(6.1)

Investment model used in the dynamic approaches:
Inv it  Inv i ,t 1  Pit'   Rit'   C it'   Z it'    i   t   it

(6.2)

All non-index and non-percentage variables used in the study took the log form.
From the dynamic model, the explanatory variables comprise the one year lagged
dependent variable as an additional regressor. Let Invit be the km of gas transmission
pipeline for country i at time t, Pit the vector of privatization variables, Rit a set of
regulatory variables, Zit a vector of additional of control variables5. With country specific
effects αi, common year dummies βt and the i.i.d. disturbance term εit. Where α, β, γ, δ,

λ, φ, are parameter vectors to be estimated. Country effects make sense in order to get
rid of specific unobservable it factors. Time dummies can account for common shocks.
As for the φ parameter, which captures the correlation between current and lagged
investment levels, remember that one does not need to interpret it as a real structural
5

With Pit, Rit and Zit already specified in sector 5.
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parameter, given that in panel data estimation its estimated value subsumes the
combined effect of true state dependence effects and correlation over time due to
unobserved heterogeneity (Cameron and Trivedi, 2005). As already mentioned, with
panel data estimation the inclusion of a lagged dependent variable entails an
endogeneity problem which yields inconsistent estimates of traditional random effects,
fixed effects and first differences estimators.

6.2.2 End-users price model
A similar line of reasoning occurs for analysing the impact of transmission investment,
regulatory, privatization and competition on consumer prices. Hence, with end-user
prices for private customers (P) as dependent variable, the model has the form:
End-users price model used in the statics approaches:

EPit  Invit  Pit'   Rit'   Cit'   Z it'    i   t   it

(6.3)

End-user price model used in the dynamic approaches:
EPit  EPi ,t 1  Invit  Pit'   Rit'   C it'   Z it'    i   t   it

All non-index and non-percentage variables used in the study took the log form.

.
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7 Results
The results of the previously described models are highlighted separately in the
following section. First, we deal with the issue whether regulation, privatization and
competition lead to higher investments. Second, it has been analysed if there is a
measurable impact of that variables and investment on final consumer prices. Finally,
the results of the robustness tests and further model specifications are presented.
Given the limited size of the panel data, results are reported from OLS, FE, RE and the
Arellano-Bond 1 step estimator and the Bruno’s (2005) LSDV method for unbalanced
panels. Each variable is expressed, whenever possible, in natural logarithms in order to
be able to directly interpret the estimated coefficients as the parameters of a constant
elasticity model.

7.1The effects on investment
The findings for the models (6.1) and (6.2) are highlighted in Table 3.
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Effe cts on inv

OLS

RE

FE

invt-1

Are llano-B ond

LSDV

0.6071877
(0.0870516)***

0.961536
(0.0140122)***

priv

0.0017729
(0.0016151)

0.0012631
(0.0007445)*

0.0011862
(0.0003795)***

0.0004148
(0.0003963)

0.0002982
(0.0000563)**

tr

0.1528552
(0.0983942)*

0.059848
(0.0252682)**

0.0634586
(0.0126903)***

0.0246552
(0.0104498)**

0.0052209
(0.0017695)***

rt

-0.0599672
(0.0358025)

-0.0000612
(0.0093441)

-0.0055357
(0.0046458)

-0.0011302
(0.0026283)

-0.0002828
(0.0010953)

tpa

-0.0584403
(0.0273556)**

-0.0267336
(0.0077263)***

-0.0157508
(0.0039569)***

-0.0078064
(0.0053034)*

-0.0074042
(0.001012)***

e ff

4.160166
(0.3487823)***

2.484726
(0.4059412)***

1.654119
(0.2412788)***

0.9373767
(0.1821227)***

0.5743302
(0.0705434)***

roa

1.528074
(0.2611401)

0.0990201
(0.1464899)

0.0732831
(0.0747309)

0.0593673
(0.0602952)

0.0367847
(0.0259215)

gdpcapita

-0.2770414
(0.0188568)***

-0.1006055
(0.0168675)***

-0.0156453
(0.0102251)

-0.0071645
(0.0099577)

-0.0034181
(0.0028241)

cons capita

1.118897
(0.1199168)***

0.4483579
(0.1036957)**

0.3478018
(0.0588396)***

0.2101581
(0.0454734)***

0.0870985
(0.0131097)***

ltir

-0.1086578
(0.0406475)

-0.0388414
(0.0160744)

-0.0130381
(0.0082734)

-0.0048438
(0.0045323)

-0.0038731
(0.0007115)

cons

9.582486
(1.909249)

0.8160451
(1.778529)

2.344821
(1.014285)

-0.353261
(0.7801743)

R s quare d (within)
F-te s t
Nº Obs

0.8998
0
106

0.473
0
106

0.644
0
106

84

Year, country dummies were included, but not reported.

106

Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation
Table 3 – Regression results for the investment model

In FE, RE and LSDV estimator the privatization variable (priv) are statistically
significant. This suggests that private investment have a significant impact to the
availability of gas transmission in our sample of European countries. Indeed, this
variable has an unexpected positive sign suggesting that this reform on its own may
actually reduce gas output. The positive coefficient for the privatization variable may be
explained by the fact that the primary objective of private investors is to make profits.
In contrast, under state ownership the objective may be to provide gas to as many
individuals as possible, sometimes at prices well below costs. Possibly privatization
would then lead to lower output, at least in the short term.

80

7 - Results

As the regulatory reform process of the European gas industry includes several reform
steps, and due to their coincident timing, it is rather difficult to differentiate the impact
of single reforms. The change of type of regulation of the transmission system operator
could for example occur at the same time as changes in regulatory period or the
introduction of third party access to the gas transmission grid, or the introduction of a
competitive wholesale market. For that reason, these regulatory variables were
incorporated into the regressions in order to isolate the impact, as far as possible.
The regulation indicator has two variables which have a statistically significant positive
effect on investments: the type of regulation variable (tp) and the third party access
(tpa). This effect can be verified for the static settings using the OLS, FE and RE
estimators, but also for the two dynamic settings using either the Arellano-Bond or the
LSDVC estimator. In other words, type of regulation and third party access lead in all
specifications to higher investments in the overall gas transmission. Previous research
does not properly account for regulation as described above, the results of this study
contribute to a more specific and detailed analysis of the impact of regulation on
investments. Nevertheless, due to the fact that the considered investment data covers
only the gas transmission, it is not possible to generalised this results to the overall gas
sector. The positive sign of the type of regulation variable means that incentive
regulation has a positive impact leading to a higher investment.
This evidence—that incentive regulation may drive investment more than rate of
return—is not entirely consistent with the conventional view that it is RoR which is
more likely to lead firms to overinvest. However, the literature (see, for example,
Armstrong and Sappington 2006; Guthrie 2006) has advanced that different regulatory
regimes may display different effects on different types of investment and, specifically,
that incentive regulation is more appropriate to spur cost-reducing (intensive)
investment while RoR regulation is more conducive to infrastructure (extensive)
investment.
This view is also not consistent with Vogelsang (2006), who studies the relationship
between the length of regulatory cycles and investment when performance-based
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regulation is applied to electric transmission and finds that, in the short run,
productivity-enhancing objectives can be achieved by using cap mechanisms, such as
profit sharing schemes. On the contrary, infrastructure investment incentives should be
based on rate-of-return regulation with a “used and useful” criterion because they imply
long-term adjustments Notwithstanding this, in results and sample the positive
coefficient on the incentive regulation dummy, suggest that the investment decisions of
European gas TSO’s under incentive regulation in the period 2001-2011 were more
likely motivated by capacity expansion goals and efficiency-enhancing objectives rather
than by cost reducing. These results are, however, consistent with the results of Cambini
et al (2010) which studied incentive regulation and investment in a sample of EU
energy utilities from 1997 to 2007 (electricity and gas). Their results supports the view
that, after controlling for the underlying energy demand and for potential differences
due to private versus public ownership, the European energy utilities under incentive
regulation reported, in the period from 1997 to 2007, higher investment rates than their
counterparts under rate of return regulation.
The third party access has the expected negative sign meaning that a higher degree of
market opening leads to an increase in investment (the lower the indicator, higher the
marketing open). The regulatory period variable is not statistically significant in all
methods applied.
Turning to the effects of competition and performance, the efficiency variable (eff) is
found to be positively associated with transmission investment in all of the estimations.
Hence, it seems that efficiency is an effective driver of increased investment. However,
the return on assets variable (roa) is not statistically significant. These results suggest
that efficiency is critical in explaining increased investment output in my sample.
For the control variables, GDP per capita variable (gdpcapita) is not exerting any
significant impact on investments on the dynamic and FE models. On the OLS and RE
estimators there exists a significant effect. However, in most cases the coefficient values
are statistically insignificant and therefore not too much should be read into these results
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As expected, consumption per capita (conscapita) is positively correlated with
investment as the increase in consumption requires more available capacity. The long
term interest rate (ltir) variable was not statistically significant.
Furthermore, investments of the previous year tend to have a significant positive impact
on investments of the actual year, as the lagged dependent variable with the preferred
LSDVC estimator suggests. This confirms the considerations whereupon the use of
dynamic panel models is a substantial improvement to the static ones.
Finally, the residuals do not provide evidence for first-order or second-order serial
correlation.

7.2 The effects on prices
In this section we estimate panel data models where natural gas prices are expressed as
a function of investment, regulatory, privatization and competition variables. Our aim is
to look for any systematic ability by those variables to explain net-of-tax levels of
natural gas prices faced by European households.
The results for the basic model with final consumer prices as dependent variable are
given in Table 4.

83

7 - Results

Effe cts on gp

OLS

RE

FE

gpt-1

Are llano-B ond

LSDV

0.5290739
(0.0975807)***

0.705091
(0.0263373)***

inv

0.046992
(0.053486)

0.0463968
(0.0534834)

0.4748334
(0.3035325)

0.0466165
(0.301457)

0.0370377
(0.0913742)

priv

-0.00164
(0.000832)*

-0.0015152
(0.0008327)

-0.0006426
(0.0010939)

-0.0023841
(0.0020754)

-0.0001173
(0.0003768)

tr

-0.03242
(0.019593)

-0.0308388
(0.0195971)

-0.0026147
(0.0134998)

-0.0062979
(0.0421504)

-0.0251941
(0.0087797)***

rt

0.100273
(0.064617)*

0.0944235
(0.06458)*

0.0618223
(0.0451886)**

0.0062384
(0.0112268)*

0.0086561
(0.0049557)*

tpa

-0.00765
(0.018660)

-0.0071995
(0.0186611)

-0.0134281
(0.0128665)

-0.0207834
(0.0246153)

-0.0091805
(0.0060909)

e ff

0.066635
(0.293365)

0.0626608
(0.2932485)

3.879593
(0.815353)

0.6573218
(0.9020513)

0.5392447
(0.387027)

roa

0.407533
(0.162504)

0.3756039
(0.1619872)

0.188511
(0.2102273)

0.0676174
(0.2550968)

0.2032811
(0.1518282)

gdpcapita

0.068879
(0.016370)*

0.063992
(0.0163623)*

0.0805653
(0.0309429)

0.0723414
(0.0446215)

0.0039022
(0.0077207)

cons capita

-0.31281
(0.081136)

-0.3003103
(0.0812382)

0.3208695
(0.1959741)

0.0450435
(0.1865432)

-0.0483388
(0.0833349)

oil

0.379997
(0.063713)***

0.3462165
(0.0634989)***

0.3468994
(0.0461004)***

0.1629295
(0.0419432)***

0.1841139
(0.0115975)***

cons

7.273303
(1.219447)

7.112995
(1.200207)

0.1118115
(2.972336)

-0.1383012
(2.910828)

R s quare d (within)
F-te s t
Nº Obs

0.6413
0
106

0.6972
0
106

0.7943
0
106

84

Year, country dummies were included, but not reported.

106

Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation.
Table 4 – Regression result for end-user gas price model

None of the privatization and competition variables turns out to be statistically
significant, besides privatization (pr) in the OLS estimation which forms a weakly
significant exception.
Two of the regulatory variables are significant in the dynamic regressions, but not in the
rest of the static methods. The type of regulation variable has a negative coefficient and
it is statistically significant in LSDV. This negative coefficient means that incentive
84
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regulation has a negative impact (increase) the final consumer prices, but as it cannot be
confirmed in other methods, it must be deal with caution. For the variable regulatory
period (rt) it is statistically significant in all estimators and has a positive sign. It means
that the end-user gas prices are higher at the beginning of the regulatory period (higher
variable values) and tends to be lower in the end of that period.
This can happen due to several factors, such as the estimates incurred in the previous
period (setting quantities or tariffs) were not correct and will need to be adjusted to such
deviations by increasing prices in the new period.
The lagged final consumer prices have a positive sign, which goes in line with
expectations since prices of the present period should depend on prices from the
previous year.
The oil price has the expected positive sign, as higher prices of natural fuels should rise
the final consumer price of gas. Finally, there is evidence for first order serial
correlation of the error terms but not for second order serial correlation, which is in line
with theory.
None of the other control variables (gdpcapita and conscapita) turns out to be
statistically significant.

7.3 Model speciﬁcations and robustness tests
In this section, the results of additional estimation are reported to check for the validity
of the results reported in previous sections. The results calculated in this section are
presented in Appendix.
First, the end-user model is estimated with different control variable, the Henry Hub
Natural Gas Spot Price instead of the oil price. Economic theory suggests that natural
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gas and crude oil prices should be related because natural gas and crude oil are
substitutes in consumption and also complements, as well as rivals, in production.
However, there have been periods in which natural gas and crude oil prices have
appeared to move independently of each other. Furthermore, over the past 5 years,
periods when natural gas prices have appeared to decouple from crude oil prices have
been occurring with increasing frequency with natural gas prices rising above its
historical relationship with crude oil prices (Villar et al, 2006). The result presented in
appendix does not show significant changes over the models, the only change lies in the
fact that the ngp variable is statistically significant at the 5%, whereas gp was 1%.
Second, the model is also checked for potential endogeneity problems in both equations
that may arise for the fact that controlling variables, namely GDP per capita and
consumption per capita could be themselves affected by each other. The empirical
results are reported with only one of the control variables each time. The results does
not show significant changes, there are only minor changes to the significance of the
variable, suggesting that the potentially for endogeneity does not seems to be an
important issue.
Third, in order to avoid some inconsistency problems due to possibly cluster-correlated
data a robust variance estimator is used in the static setting. This estimator allows for
heteroscedasticity, both between and within clusters, and serial correlation. A clusterrobust standard estimation is used, with an aggregation at a country level. The
assumption of independence can be relaxed to independence at a more aggregated level,
provided that a number of units is still large and the units nest the individual.
Finally, all regulatory variables are only included in the dynamic models as one-period
lagged independent variables. This takes into account that changes in regulation can
have a time lag until they (possibly) develop an influence on investments or final
consumer prices. Usually the regulatory reform process is an open and continuous
process, such that generally, regulatory changes do not occur as independent shocks
which could not be anticipated from firms prior to the explicitly stated date. Hence,
running the regressions with lagged regulatory variables allow us to control for this, as
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shown in e.g. Alesina et al. (2005) and Copenhagen Economics (2005). The results
present minor changes to the significance of the variables.
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8 Hypothesis discussion
More and more countries are thinking of, or have already undertaken, reforms in their
gas industry with the objectives of increasing private capital, promoting competition
and introducing new regulatory structures and methodologies. This study is based on a
data base especially created from a range of European countries to measure the effects
of privatization, regulation and competition on gas investment decisions and final
consumer’s prices.
Reviewing our findings in more detail and in relation to the research hypotheses, the
following was found:

Hypothesis P1: Privatization will lead to more capacity and hence higher output.
Regarding Hypothesis 1, the privatization variable is statistically significant and has an
impact contrary to the expected. In fact, increased privatization over public ownership
lowers investment. This may occur, as already stated, by the fact that the primary
objective of private investors is to make profits. In contrast, under state ownership the
objective may be to provide gas to as many individuals as possible, sometimes at prices
well below costs. Possibly privatization would then lead to lower output, at least in the
short term

Hypothesis P2: Privatization will reduce end-users prices through higher labour
productivity and higher utilisation of the available capital stock
There is no evidence that privatization leads to a reduction on end-users prices .
Although, the coefficient of that variable on the results of all models is negative, besides
OLS estimator, confirming the hypothesis stated, it is not statistically significant
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Hypothesis C1: Competition will lead to a larger capacity and a higher output in gas
transmission capacity.
Regarding competition and performance, there is a positive impact of efficiency on
transmission investment, but not in ROA. It seems that efficiency is an effective driver
to increased investment. These findings do confirm strongly the overwhelming
importance of increasing competition to promote improved performance, in terms of
efficiency improved capital utilisation.

Hypothesis C2: Competition will lead to lower end-users prices as a result of better
industry performance.
Although different than expected, the competition in terms of transmission does not
have a significant impact on the consumer final price. This may happen because the
transmission weight on final gas prices is small (about 10% to 15%), which does not
cause significant fluctuations in the final price.

Hypothesis R1: Different types of regulation (from ROR to incentive regulation) will
have different impacts on improving investment.
As this hypothesis, there is evidence that incentive regulation has a positive impact
leading to a higher investment, more than rate of return. This may be explained by in
the short run, productivity-enhancing objectives can be achieved by using cap
mechanisms and therefore increase the investment in order to have a higher return.
These results confirm the hypothesis that different regulatory regimes may display
different effects on different types of investment and, specifically in my sample, that
incentive regulation is a lever to gas transmission investment.
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Hypothesis R2: Different types of regulation (from ROR to incentive regulation) will
lower end-user prices.
In the results, the type of regulation variable has a negative coefficient and it is
statistically significant only in LSDV estimator. This means that incentive regulation
has a negative impact (increase) on the final consumer prices, but it must be deal with
caution, as it cannot be confirmed in other methods.

Hypothesis R3: The increase of the regulatory period has a positive impact (increasing)
in infrastructure investment.
The regulatory period does not seem to have a significant impact in gas transmission
investment. Although it seems to be a beneficial action for agents and firms, as it gives
stability to the regulatory rules over a longer period, it is not possible to observe on this
sample that this has an impact on investment.

Hypothesis R4: The increase of the regulatory period has a positive impact (reducing)
in end-user prices.
The variable regulatory period and has a positive sign and it is statistically significant. It
means that the end-user gas prices are higher with higher regulatory periods (higher
variable values) and tends to be lower with lower periods.
This can happen due to several factors, such as the estimates incurred in the previous
period (setting quantities or tariffs) were not correct and will need to be adjusted to such
deviations by increasing prices in the new period, as the period is higher probably will
have also higher deviations.
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Hypothesis R5: More regulated access will also raise investment in the industry leading
to more capacity.
Opening the access to transmission capacity by a regulated manner has a positive
impact on investment in infrastructure.
The introduction of TPA to the gas transmission has enhanced competition in the
wholesale market, and enabled consumers to freely choose their natural gas supplier.
These objectives of fair an open access, to achieve a competitive market in natural gas
and avoiding any abuse of a dominant market position as also an impact in investment.
This may be caused by the lack of need for bilateral agreements, as the investment is set
in a regulatory process, with more transparent rules.

Hypothesis R6: More regulated access will also have an impact in end-user prices,
reducing them.
Opening the access to transmission capacity by a regulated manner has no significant
impact on the final gas price.

This relationship is however significant for some control variables, including the price
of oil, as higher prices of natural fuels should rise the final consumer price of gas, as the
correlation between both commodity prices is still high.
The lagged final consumer prices also have a positive sign, which goes in line with
expectations since prices of the present period should depend on prices from the
previous year.
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9 Conclusion
This last chapter presents the main results of the thesis as well as some ideas that would
be interesting to explore in future research.
Since the last decade there is a far-reaching reform process of the gas industry going on.
Nowadays, there is no doubt that changes affect gas markets in general and with it all
participants (consumers, traders, producers, transmission or distribution operators) who
are acting at any stage of the natural gas value chain. The main topics in this context are
privatization, regulatory changes and opening to competition of certain activities.
Different types of variables are distinguished in each of the indicators, such as type and
period of regulation, third party access, efficiency or return on assets.
Although, these questions had been treated in the literature, the number of empirical
studies that investigate the consequences of privatization, regulatory changes and
competition in natural gas sector is very limited.
Therefore, this study contributes to this discussion and analyses whether privatization,
regulatory changes and competition impacts transmission investments and final
consumer prices. In order to deal with these questions, the analysis were built on
different panel data estimation techniques using a dataset that encompasses 11 European
countries and covers a time period from 2001 to 2011. On the one hand, a static
framework using the OLS, random effects and fixed effects estimators were referred
which allows bringing the results in line with previous findings in the literature. On the
other hand, two theoretically more appropriate dynamic concepts were included, from
which one traces back to Arellano and Bond (1991) and the second refers to Bruno
(2005).
Strong evidence is found for privatization to have a significant impact on investments,
contrary to the expected, which was to reduce investments. Notwithstanding, it does not
exert influence on final consumer prices.
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Considering the impact of competition, it seems that efficiency is an effective driver to
increased investment. These findings do confirm strongly the overwhelming importance
of increasing competition to promote performance, in terms of efficiency and capital
use. Although, competition turns out not to effect final consumer prices.
Regarding regulatory variables, it was found that incentive regulation has a positive
impact leading to a higher investment more than rate of return, confirming the fact that
different regulatory regimes has different impacts in investment. Nevertheless, it was
found, only in LSDV estimator, that incentive regulation increases the final consumer’s
price.
Furthermore, other regulatory variables, as third party access to the gas transmission,
have also a positive impact on investments, but not in end-users prices. The results find
evidence that smaller regulatory periods have an impact on the final price, lowering
them. Increasing the number of years of the regulatory period, means that we have a
more stable regulation, but it does not incentive more investment, in particular in our
sample.
Concluding, a mixed reform with privatization, regulation and competition could be a
good solution for regulated industries, assisting on overcoming investment bottlenecks
or problems in setting adequate investment incentives. However, there are many open
questions left for further research in this area.
Future work on the economic regulation of natural gas must pass through a deepening
and standardizing of the empirical evidence of the natural gas sector, as the availability
of information was one of the most serious difficulties in this study. This information is
critical to define the best models and methodologies and the proper measurement of the
effects of these on market participants.
While an attempt to produce satisfactory measures of competition, regulation and
privatization were intended, more work would be valuable to obtain superior measures
on these indicators. Finally, an interesting extension of this work could be the analyse of
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the effects of the rate of return (or WACC) on grid investments and on final consumers
prices. This indicator could have an important impact on the research results.
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Description of the explanatory variables
Variable
inv
gp

priv

Description
Km of high pressure gas
transmission pipeline
Natural gas prices for
households
USD/MWh (using PPPs)

Source
Annual reports of the firms
National Regulatory Authorities

Share of public owned firms

Annual reports of the firms

IEA Energy Prices and Taxes

Type of regulation
tr
rt

National Regulatory Authorities

Incentive regulation – 1
ROR – 0
Regulatory period
(from 1 to 5)
Third party access

National Regulatory Authorities
OECD - International Regulation
Database

tpa

Regulated TPA - 0
Negotiated TPA – 3
No TPA - 6

eff

Total revenues over Total assets

roa

Net income over Total assets.

gdpcapita

GDP per capita

conscapita

Consumption per capita
Long term interest rate (annual
average)
Average crude oil import costs
(USD/barrel) (using PPPs)

ltir
oil

Annual reports
Bloomberg
Annual reports
Bloomberg
OECD Factbook 2011-2012
OECD Factbook 2011-2012
OECD Factbook 2011-2012
IEA Energy Prices and Taxes

Table 5 - Description of the explanatory variables
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gp
inv
priv
tr
rt
tpa
eff
roa
gdpcapita
conscapita
oil

inv
priv
tr
rt
tpa
eff
roa
gdpcapita
conscapita
ltir

98

1
-0.2069
-0.0229
0.3951
-0.1233
-0.3161
0.0456
0.2118
0.3325
0.0286
0.4175

gp

1
-0.08
0.0416
0.1902
-0.1649
0.4324
-0.1851
-0.4669
-0.3948
0.0143

inv

Correlation Matrix

1
-0.08
0.0416
0.1902
-0.1649
0.4324
-0.1851
-0.4669
-0.3948
-0.0477

inv

1
-0.3159
-0.119
0.1475
0.4391
0.1117
0.153
-0.1096
0.378

priv

1
-0.3159
-0.119
0.1475
0.4391
0.1117
0.153
-0.1096
-0.0014

priv

1
0.1387
-0.125
-0.1112
-0.0252
0.2748
0.4079
-0.2187

tr

1
0.1387
-0.125
-0.1112
-0.0252
0.2748
0.4079
0.4487

tr

1
-0.2443
-0.0971
-0.0358
-0.218
-0.1448
-0.3003

rt

1
0.0072
-0.1331
0.0958
0.0499
-0.5274

tpa

1
0.0602
-0.4316
-0.5342
0.1373

eff

1
0.0602
-0.4316
-0.5342
0.028

eff

1
0.0533
0.0326
-0.0033

roa

Table 6 – Correlation matrix

1
-0.2443
-0.0971
-0.0358
-0.218
-0.1448
0.0066

rt

1
0.0072
-0.1331
0.0958
0.0499
0.2888

tpa

1
0.0533
0.0326
0.1313

roa

1
0.6959
0.1024

gdpcapita

ltir

1

1
0.6959
0.1511

1
0.0479

gdpcapita conscapita

1
-0.0762

conscapita

oil

oil

1
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Regression results for end-user gas price model with Henry Hub Gas Spot Price
Effe cts on gp

OLS

RE

FE

gpt-1

Are llano-B ond

LSDV

0.6435482
(0.1049241)***

0.8669881
(0.0194592)***

inv

0.01053 (0.061033)

0.0103975
(0.061033)

-0.1797422
(0.3798748)

0.2761102
(0.3234879)

0.1552319
(0.1160844)

priv

-0.000567
(0.000932)*

-0.0005239
(0.0009322)

-0.0001028
(0.0013774)

-0.0033333
(0.0022666)

-0.0007099
(0.0004831)

tr

-0.31654
(0.064842)

-0.2980723
(0.0649628)

-0.2364015
(0.0535036)

0.0337399
(0.0484354)

0.0399435
(0.0179049)**

rt

0.058835
(0.021852)*

0.0559608
(0.021846)

0.0192967
(0.016727)**

-0.0031303
(0.0122385)*

-0.0038914
(0.0058879)*

tpa

-0.071026
(0.017383)

-0.0668438
(0.0173905)

-0.0381455
(0.0157279)

-0.031135
(0.0266598)

-0.0180524
(0.0067261)

e ff

0.05768 (0.335959)

0.0542402
(0.3358437)

4.3311 (1.076317)

0.3952926
(1.016551)

0.2868235
(0.4555684)

roa

0.409726
(0.187157)

0.3776251
(0.186559)

0.2648643
(0.2656604)

0.1212427
(0.2796415)

0.3031229
(0.1711114)

gdpcapita

0.064874
(0.018816)*

0.0602709
(0.0188075)

0.179565
(0.0352543)

0.111933
(0.0472789)

0.0241685
(0.010487)

cons capita

-0.386099
(0.091898)

-0.3706661
(0.0920403)

0.4196808
(0.2483611)

0.0508935
(0.2062248)

-0.0448077
(0.0936978)

ngp

0.033745
(0.076037)**

0.0307456
(0.0760144)

0.113518
(0.0580358)**

0.0676285
(0.0414282)**

0.1005138
(0.0219388)**

cons

10.144013
(1.268703)

9.920432
(1.240958)

-3.203549
(3.770652)

-2.108249
(3.188119)

R s quare d (within)
F-te s t
Nº Obs

0.5299
0
106

0.597
0
106

0.672
0
106

84

106

Year, country dummies were included, but not reported.
Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation.
Table 7 – Regression results for end-user gas price model with Henry Hub Gas Spot Price
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Regression results for investment without control variable - consumption per
capita
Effe cts on inv

OLS

RE

FE

invt-1

Are llano-B ond

LSDV

0.77538
(0.0826336)***

1.047071
(0.0085809)***

0.0005334
(0.0004273)*

0.0001515
(0.0001656)

priv

0.0033889
(0.002206)

0.0013866
(0.000626)*

0.0012599
(0.0004472)***

tr

0.4698927
(0.1268547)**

0.0962036
(0.0194434)*

0.0932895
0.0308237
(0.0137283)*** (0.0112476)***

rt

-0.047402
(0.0491493)

-0.0049688
(0.0077306)

-0.0073086
(0.0054661)

-0.0014721
(0.0028319)

0.0007358
(0.0024082)

tpa

-0.0726855
(0.0375215)*

-0.0246167
(0.0064535)***

-0.0191415
(0.004616)***

-0.0097954
(0.0057209)**

-0.0066229
(0.002202)**

eff

3.18401
(0.4570807)***

0.8289022
(0.2346525)**

0.5227583
(0.1732095)**

0.2326589
(0.1071097)***

0.265089
(0.0647499)***

roa

1.391853
(0.358183)

0.0223111
(0.1232908)

0.085397
(0.088077)

0.0313804
(0.0642333)

0.0263052
(0.0546883)

gdpcapita

-0.1857258
(0.0221427)***

-0.0506723
(0.0156117)**

-0.011664
(0.0120295)

-0.0042013
(0.0106509)

-0.0010744
(0.002656)

ltir

-0.0311235
(0.0519091)

-0.0231784
(0.0135731)

-0.010862
(0.0097449)

-0.005914
(0.0048552)

-0.0029455
(0.0016044)

cons

8.086321
(0.3347062)

8.363006
(0.1716087)

8.32875
(0.074128)

1.859592
(0.7017539)

R squared (within)
F-test
Nº Obs

0.809
0
106

0.583
0
106

0.4993
0
106

84

0.0053816
(0.0029537)**

106

Year, country dummies were included, but not reported.
Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation.
Table 8 - Regression results for investment without control variable consumption per capita
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Regression results for investment without control variable - GDP per capita
Effe cts on inv

OLS

RE

FE

invt-1

Are llano-B ond

LSDV

0.6149329
(0.0852414)***

0.9636147
(0.0314718)***

priv

0.0152202
(0.0023861)

0.0010368
(0.0004599)*

0.0010928
(0.0003774)**

0.0004719
(0.0003962)*

0.0002961
(0.0001291)

tr

0.1607824
(0.1722214)*

0.0596494
(0.0155503)*

0.0618446
(0.0127435)***

0.0230133
(0.0101152)**

0.0046556
(0.0040413)*

rt

-0.2383611
(0.0603903)

-0.0049698
(0.0057191)

-0.0058003
(0.0046782)

-0.0009242
(0.0025888)

0.0003412
(0.002521)

tpa

-0.0971661
(0.0488212)**

-0.012813
(0.0044389)**

-0.0132587
(0.0036338)***

-0.0057641
(0.0040438)**

-0.0059559
(0.0022027)**

eff

6.158844
(0.5758455)***

1.729774
(0.287608)***

1.610246
(0.2414085)***

0.9272783
(0.179563)***

0.5808688
(0.1617186)***

roa

1.564733
(0.4682106)

0.0850223
(0.0904977)

0.0923728
(0.0742478)

0.0543197
(0.058809)

0.0369691
(0.0595668)

conscapita

0.2045228
(0.1837889)*

0.2069063
(0.0449134)***

0.0862413
(0.0298616)***

ltir

-0.1516285
(0.0655953)

-0.0107971
(0.0097422)

-0.0094041
(0.007986)

-0.0045847
(0.0044665)

-0.0035862
(0.0018265)

cons

3.134563
(3.051311)

2.145236
(1.235009)

2.388933
(1.021661)

-0.3890392
(0.7707261)

R squared (within)
F-test
Nº Obs

0.674
0
106

0.635
0
106

6343
0
106

84

0.3509809
0.3418714
(0.0708735)*** (0.0591626)***

106

Year, country dummies were included, but not reported.
Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation.
Table 9 - Regression results for investment without control variable GDP per capita
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Regression results for end-users price without control variable – Consumption per
capita
Effe cts on gp

O LS

RE

FE

gpt-1

Are llano-B ond

LSDV

0.5401902
(0.092449)***

0.7022986
(0.0262953)***

inv

-0.0785593
(0.0440967)

-0.1074068
(0.1236024)

-0.2174178
(0.2621672)

0.0740114
(0.2668022)

-0.0722912
(0.025415)

priv

-0.0021999
(0.0008638)*

-0.00012
(0.0010167)

0.0004468
(0.0010979)

-0.0025516
(0.0020627)

-0.0000565
(0.0004582)

tr

0.0441898
(0.0671698)

0.0500026
(0.040641)

0.0632421
(0.0456196)

-0.0047548
(0.0419531)

-0.0256697
(0.0085608)**

rt

-0.0087721
(0.019859)*

0.004059
(0.0132732)*

0.0032613
(0.0136252)*

0.0058783
(0.0111603)*

0.0086364
(0.0052664)*

tpa

-0.0112765
(0.0198193)

-0.0110641
(0.0123106)

-0.0111727
(0.012917)

-0.0162878
(0.0243596)

-0.0096598
(0.0066617)

e ff

0.7947079
(0.2301103)

2.374608
(0.3784512)

2.729846
(0.4183833)

0.4407394
(0.4512974)

0.7237065
(0.0937344)

roa

0.1623883
(0.1610467)

0.090434
(0.200562)

0.168291
(0.2119052)

0.0487089
(0.2525323)

0.2066075
(0.1428893)

gdpcapita

0.020796
(0.0121856)*

0.0707703
(0.0271588)**

0.0847687
(0.0311361)

0.0725159
(0.043722)

0.0036544
(0.0080531)

oil

0.38239
(0.0667508)***

0.3521663
(0.044563)***

0.3496509
(0.0465178)***

0.1628472
(0.0416589)***

0.1841113
(0.0109716)**

cons

3.056415
(0.5171719)

2.719162
(1.026294)

3.497429
(2.155943)

0.3889651
(2.147107)

R s quare d (within)
F-te s t
Nº O bs

0.564
0
106

0.589
0
106

0.789
0
106

84

106

Year, country dummies were included, but not reported.
Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation.
Table 10 - Regression results for end-users price without control variable – Consumption per capita
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Regression results for end-users price without control variable – GDP per capita
Effe cts on gp

OLS

RE

FE

gpt-1

Are llano-B ond

LSDV

0.5594073
(0.0973754)***

0.714767
(0.0241904)***

inv

-0.1264579
(0.0322818)

-0.2808812
(0.1056379)

-0.6042338
(0.3093334)

-0.1063952
(0.2913875)

-0.026489
(0.090061)

priv

-0.001296
(0.0008906)*

0.0001998
(0.0010344)

0.0011136
(0.0011145)

-0.0025249
(0.0021102)

-0.0000927
(0.0003863)

tr

0.158409
(0.0669634)

0.0480815
(0.0430911)

0.0554455
(0.0466136)

0.0002201
(0.0427225)

-0.0267514
(0.0087175)**

rt

-0.0263433
(0.0209695)*

0.0056507
(0.0137986)*

0.0055371
(0.0138977)**

0.0056953
(0.0114055)*

0.0087451
(0.004913)*

tpa

-0.0212086
(0.0196304)

-0.0194133
(0.0123249)

-0.0219546
(0.0128541)

-0.0367031
(0.02328)

-0.0114274
(0.0056572)

e ff

0.6329739
(0.2727065)

2.682729
(0.5995818)

4.124602
(0.8366747)

0.8405693
(0.90964)

0.4304982
(0.3741764)

roa

0.1244596
(0.1594037)

0.008179
(0.2055347)

0.1205272
(0.2154945)

0.1552747
(0.2541623)

0.1994894
(0.1479293)

cons capita

-0.0734117
(0.0609533)

0.0938424
(0.14759)

0.3632035
(0.2017537)

0.1001961
(0.1864181)

-0.0612347
(0.0811579)

0.3986965
(0.0429617)***

0.1810469
(0.041268)***

0.1823516
(0.0123759)**

oil

0.3378789
0.3940522
(0.0680243)*** (0.0427564)***

cons

4.92508
(1.138171)

2.614204
(2.431475)

0.4796279
(3.067112)

0.2356847
(2.95131)

R s quare d (within)
F-te s t
Nº Obs

0.583
0
106

0.621
0
106

0.779
0
106

84

106

Year, country dummies were included, but not reported.
Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation.
Table 11 - Regression results for end-users price without control variable – GDP per capita
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Regression results for investment adjusted for 11 clusters in country
Effe cts on inv

O LS

RE

FE

priv

0.0017729
(0.003856)

0.0012631
(0.0007401)*

0.0011862
(0.0004043)***

tr

-0.1528552
(0.0771156)*

0.059848
(0.0243077)**

0.0634586
(0.0171038)***

rt

-0.0599672
(0.0466935)

-0.0000612
(0.0059038)

-0.0055357
(0.0029005)

tpa

0.0584403
(0.0329684)**

-0.0267336
(0.0090792)***

-0.0157508
(0.0053568)***

e ff

-4.160166
(0.4646449)***

2.484726
(0.6436801)***

1.654119
(0.6620564)***

roa

1.528074
(0.2203027)

-0.0990201
(0.0592744)

0.0732831
(0.0264378)

gdpcapita

0.2770414
(0.0472079)***

-0.1006055
(0.0314538)***

-0.0156453
(0.0110347)

cons capita

-1.118897
(0.3508899)***

0.4483579
(0.1769866)**

0.3478018
(0.1778049)***

ltir

0.1086578
(0.0645056)

-0.0388414
(0.0151034)

-0.0130381
(0.0065232)

cons

9.582486
(5.587416)

0.8160451
(2.883697)

2.344821
(3.049017)

R s quare d (within)
F-te s t
Nº O bs

0.899
0
106

0.776
0
106

0.644
0
106

Year, country dummies were included, but not reported.
Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation.
Table 12 - Regression results for investment adjusted for 11 clusters in country
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Regression results for end-user price adjusted for 11 clusters in country
Effe cts on gp

O LS

RE

FE

inv

0.046992
(0.118749)

0.0463968
(0.1187421)

0.4748334
(0.426427)

priv

-0.00164
(0.000769)*

-0.0015152
(0.0007697)

-0.0006426
(0.0010176)

tr

0.100273
(0.066494)

0.0944235
(0.0664556)

0.0026147
(0.0087515)

rt

0.032423
(0.016413)*

0.0308388
(0.0164159)*

0.0618223
(0.067083)**

tpa

-0.00765
(0.015461)

-0.0071995
(0.0154619)

-0.0134281
(0.0086276)

e ff

0.0666352
(0.703446)

0.0626608
(0.7031668)

3.879593
(1.891052)

roa

0.407533
(0.270466)

0.3756039
(0.2696061)

0.188511
(0.110302)

gdpcapita

0.068879
(0.024827)*

0.063992
(0.0248152)*

0.0805653
(0.0222259)

cons capita

-0.312813
(0.113212)

-0.3003103
(0.1133538)

0.3208695
(0.3801229)

oil

0.379997
(0.049369)***

0.3462165
(0.049203)***

0.3468994
(0.039703)***

cons

7.273303
(1.685794)

7.112995
(1.659196)

0.1118115
(4.232234)

R s quare d (within)
F-te s t
Nº O bs

0.641
0
106

0.697
0
106

0.794
0
106

Year, country dummies were included, but not reported.
Coefﬁcients ***statistically signiﬁcant at 1%, ** at 5% and * at 10%.
Standard errors in parentheses, asymptotically robust to both heteroskedasticity and serial correlation.
Table 13 - Regression results for end-user price adjusted for 11 clusters in country
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Regression results for investment with lagged regulatory variables

Effe cts on inv

Are llano-B ond

LSDV

invt-1

0.937625
(0.1052782)***

0.438258
(0.011078)***

priv

0.0000277
(0.0005339)

0.000576
(0.000036)*

trt-1

0.0169921
(0.0122271)*

0.006843
(0.001468)**

rtt-1

-0.0039795
(0.0034671)

0.00043
(0.000745)

tpat-1

-0.008052
(0.0059892)*

-0.007171
(0.000881)**

e ff

0.0318047
(0.1554588)***

1.129173
(0.080871)***

roa

0.0192521
(0.0709859)

0.06164
(0.021325)

gdpcapita

-0.0040627
(0.0123077)

-0.004897
(0.002157)

cons capita

0.0025593
(0.0346126)***

0.173136
(0.0162408)***

ltir

-0.005199
(0.0063346)

-0.003589
(0.000428)

cons

-0.4860021
(0.8444396)

Nº O bs

73

95

Table 14 - Regression results for investment with lagged regulatory variables
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Regression results for end-user price with lagged regulatory variables
Effe cts on gp

Are llano-B ond

LSDV

gpt-1

0.485701
(0.1445606)***

0.762893
(0.013657)***

inv

4.01205
(3.033252)

0.015926
(0.036549)

priv

-0.034331
(0.0243281)

-0.000023
(0.000075)

trt-1

-0.7112852
(0.5942307)

-0.006298
(0.001755)**

rtt-1

0.110093
(0.1504983)

0.003289
(0.000991)*

tpat-1

-0.3877035
(0.2746594)*

-0.001836
(0.001218)

e ff

3.737392
(6.576297)

0.24266
(0.135459)

roa

0.7362055
(3.294602)

0.071148
(0.019737)

gdpcapita

1.268268
(0.5458537)

0.002146
(0.002702)

cons capita

-0.1987601
(1.388287)

-0.018368
(0.020833)

oil

-0.0052544
(0.0079439)***

0.374165
(0.020998)***

cons

-26.71764
(30.23885)

Nº O bs

73

95

Table 15 - Regression results for end-user price with lagged regulatory variables
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