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Abstract in English

The European electricity and gas markets have ey through a process of liberalisation
since the early 1990s. This process has changestther from a regulated structure of,
predominantly, publicly owned monopolists contradjithe entire supply chain, into a market
where private and public generators and retailenspete on a regulated and unbundled system
of transport infrastructure. This report assedse®vidence of the effects of liberalisation on
efficiency, security of energy supply and enviromtaé sustainability.
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Abstract in Dutch

Het liberaliseringsproces in de Europese elek#itsit en gasmarkten is begonnen in de jaren
negentig. Door dit proces veranderde de structanrde sector, die voorheen gedomineerd
werd door gereguleerde staatsmonopolisten die hretbeenergieketen actief waren, in een
marktstructuur waarin private en publieke produeergn leveranciers met elkaar concurreren
op een gereguleerd en ontvlecht transportnetwetkabPport geeft een overzicht van de
literatuur over de effecten van liberalisering @petficiéntie, leveringszekerheid en
duurzaamheid van de energiesector.

Steekwoorden: Liberalisering, energie, efficiéniéeeringszekerheid, duurzaamheid

Een uitgebreide Nederlandse samenvatting is bdsaaikvia www.cpb.nl.
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Preface

The liberalisation process has changed the strietod relationships in the energy industry,
introducing new policy challenges. Given the impaode of the energy sector for economic
growth, reforms in the electricity and gas indusé&snain high on the European policy agenda.
This study analyses the effects of liberalisatiarefficiency, security of supply and
environmental sustainability. Insights from the mmmic literature help us to establish the
major effects of liberalisation and to highlighetpolicy challenges and options.

The study is an extended version of the documeahénlying the energy chapter of the
Competitiveness Report 2006, recently publishethbyEuropean Commission. The project has
been commissioned and financed by the European @siom. Given the broad scope of the
project and the complexity of the issues analygddis been done in collaboration with the
German Centre for European Economic Research, ZEttium fir Europaische
Wirtschaftsforschung, Mannheim, Germany), whichvided the opportunity of making the

best use of the expertise of both collaboratingigmrCPB focused on the effects of
liberalisation on efficiency and security of supplshile ZEW analysed the environmental
effects.

Within the project team, Machiel Mulder was projkztder. He also wrote the introductory
chapter and part of the chapter on efficiency, diddhe final editing of this report. Victoria
Shestalova wrote the chapter on the cross-countnparison and the rest of the efficiency
chapter. Gijsbert Zwart wrote the chapter on séguwfienergy supply. Astrid Dannenberg, Tim
Mennel and Ulf Moslener from ZEW, contributed thepter on environmental effects.

The researchers benefited from comments by therstegroup of DG Enterprise and Industry
of the European Commission. The authors are giateferik Canton, Dominique Simonis,
Isabel Grilo, and George Lemonidis from DG Entespiand Industry for many discussions,
their constructive comments and their efforts scdssing drafts of this document with their
colleagues, which provided additional feedbackhis work. We are also grateful to William
Webster and Vicenc Pedret Cusco from DG TREN feirtbomments. The responsibility for
this publication rests entirely on the CPB and ZEW.

The project team would like to acknowledge the hitlpomments of CPB-colleagues Casper
van Ewijk, Marc Lijesen and Paul Veenendaal. Jetd@néerbruggen did technical editing of
the report, fitting it into the CPB standard laytou

Coen Teulings
Director






Summary

The European electricity and gas markets have ey through a process of liberalisation
since the early 1990s. This process has changestther from a regulated structure of,
predominantly, publicly owned monopolists contradjithe entire supply chain, into a market
where private and public generators and retailenspete on a regulated and unbundled system
of transport infrastructure. In this report we assthe evidence of the effects of liberalisation
on efficiency, security of energy supply and enwimeental sustainability.

Based on the overview of selected indicators ofketagdevelopment, we conclude that there are
substantial differences among the EU Member caemitri the state of the liberalisation of their
energy industries. On average, the reforms begdiereand have advanced more in the
electricity industry than in the gas industry. Altlgh many essential steps have already been
taken since the beginning of the reforms of thegnsector, the creation of well-functioning
competitive energy markets still faces many chajéen

The change of incentives, resulting either fromittieoduction of competition or from more
stringent regulation, has generally resulted inevawst-efficient operation. Although the
reduced costs have to some extent been passedcondomers, market behaviour raises
concerns. Wholesale markets have turned out t@ab&plarly vulnerable to market power, as a
consequence of both legacy industry structure bedpecific characteristics of electricity and
gas. In the retail segment for domestic custontkesyiability of competition, which relies on
the willingness of consumers to switch, is yetégoboved in most markets. With respect to
effects of liberalisation on innovation, evidenndicates that aggregate private spending on
R&D has diminished. The focus of the companies’ R&ivities moves away from
fundamental technology innovation (e.g. fuel cedhtnology or clean-coal generation) towards
cost-reducing technologies and consumer serviceseMer, given the uncertainty on
efficiency of pre-liberalisation levels and alldcat of R&D spending, this evidence does not
allow us to reach firm conclusions on whether dyitagifficiency has deteriorated.

Potential policy responses to improve efficiencgtom on mechanisms to increase competition
(e.g. through contracting requirements on domipéaters). Also designs of mechanisms for
cross-border trade have scope for improvementidardo better reap the benefits of
integration of markets. In particular, current stépwvards ‘market coupling’, a mechanism
which allows for more efficient utilisation of al@ble transport capacity between countries,
may lead to larger gains from electricity trade.

In assessing the effects of liberalisation on sgcof supply, care should be taken in defining
the concept. One approach would define supply #g@s the ability to meet demand at



affordable prices. In the second perspective, supgturity would involve the question whether
markets are capable of achieving efficient levélsreestment in the market. The two
perspectives would lead to opposing views on thectsf of liberalisation. Both theory and
evidence indicate that in liberalised markets, sham prices are more volatile and adjustment
of demand to clear the market becomes more impattian before liberalisation. While these
effects may be viewed as undesirable from the rdéble price’ perspective, the larger role of
demand in clearing the markets is consistent high'¢fficiency’ perspective. Adequate pricing
of peak energy consumption allows for lower investivin peak generation capacity, thus
shifting the supply-demand balance to more efficievels. Market failures, however, might
lead to inefficiently low investments. Such failsigan result from ineffective market design (or
from the anticipation of government interventiorpiices under scarcity conditions), under
which market prices fail to reflect the real vabfeenergy. In the regulated markets, devising
mechanisms to provoke efficient investments islehging, especially where (cross-border)
transport capacity is concerned.

Policy concerning security of supply should firdibzus on efficient design of balancing
markets, especially ensuring that correct pricaagoccur during periods of scarcity. Where
for political reasons temporary high prices are deemed unacceptabtbasabsence of
intervention cannot be credibly committed to, prieg@s coupled with mechanisms to ensure
adequate remuneration of suppliers (such as cgpaeitkets) may be considered as a second
best alternative. Further promoting the developneétiuid markets where consumers can
insure against price fluctuations may be a lessi$nte alternative.

The impact of liberalisation on the environmenaisbiguous. While reduction of prices would
increase consumption of energy, and hence emissitmisased fuel efficiency and shifts in
technology mix can reduce emissions. The latterceff sensitive to the country-specific initial

conditions.

Liberalisation can strengthen the effects of mablested environmental policy instruments. One
major market based instrument is the European Boni§gading Scheme. Market prices for
emission allowances constitute (real or opportQribsts to electricity producers, and therefore
can guide electricity prices and generation dengia the desired direction. This is so,
irrespective of the allocation procedure. Someénefallocation rules, however, may distort
competition and efficiency of generation and inuestt decisions.
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1.1

Introduction
Liberalising European energy markets

The European energy markets have been going thmpgbcess of liberalisatidsince the

early 1990s in order to increase efficiency ofshpply of energy. This liberalisation process of
the electricity and natural gas markets is manaigexigh directives of the European
Commission, mandating non-discriminatory third-patcess to the networks in order to
accommodate entry by competitive suppliers, andimgaénd user markets contestable for

competing suppliers.

According to the EU Directives on the liberalisatiof the electricity and natural gas market,
the management of both transmission and distributetworks has to be legally and
functionally unbundled from commercial activitieg 2007. European countries have made
progress in satisfying this requirement in paricuh the case of transmission networks.
Several countries have legally or fully unbundlechsmission of both electricity and gas,
although some unbundled transmission system oper@i®0Os) do not have an independent
management (EC, 2006). Nevertheless, concernsabasit third-party access to the
transmission infrastructure, in particular in tfas gnarket where third-party shippers appear to
be subject to more costly access procedures. Meredistribution system operators remain
closely linked to the supply business of the incanib in a large number of EU countries.
Consequently, the current level of unbundling ecéicity and natural gas markets is viewed to
be insufficient by regulators and many participantthese markets (EC, 2006).

In its inquiry of the energy markets, the Europ€ammission (EC, 2006) concludes that the
functioning of the gas and electricity marketseg@usly hindered by a number of factors, i.e.
horizontal concentration, vertical foreclosure (eugtrants having limited access to the
infrastructure), lack of market integration (emeumbents controlling import capacity), lack of
transparency (e.g. insufficient information on teichl availability of interconnectors) and the
still ill-developed price-formation process (e.gcps not responding to changes in supply and

demand).

Although the potentially adverse effects of concated markets are widely acknowledged, the
EU Electricity Directives have not required horit@rseparation. Due to the absence of
proactive regulation and control, the electricitsgrket has shown an ongoing process of
concentration, which may seriously limit effectiess of competition (Jamasb, et al., 2005a).

: By ‘liberalisation’ is meant all measures changing the structure or rules on the energy markets, such as privatisation,
vertical separation, merger control and (de)regulation.

2 In many European countries, the share of the largest three generation firms in generation is above 60%, while comparable
figures exist for the retail market (Jamasb et al., 2005a).
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1.2

Also in the gas market, wholesale supply is higldgicentrated. In all countries except the
United Kingdom, incumbent natural gas firms con&rdrge majority of imports as well as
domestic production. Moreover, market opening isyed fully realised in all EU-countries.
Currently, about 75% of the gas in the EU-15 cdastis consumed by end-users who are free
to choose their gas suppliers (Eurostat, 2005).

Welfare effects of liberalisation

The welfare effects of introducing competition imeegy markets have been subject to debate.
As Joskow (2003) states, “replacing the hierardigoaernance arrangements with well
functioning decentralised market mechanisms isrg significant technical challenge, about
which even the best experts have disagreements’k&h challenge in electricity liberalisation
is dealing with the tension between the desirefficient markets on the one hand and for
long-term investment on the other (Newbery, 2008b}lecentralised competitive electricity
markets, investments in (peak) generation plamsisky due to highly uncertain prices during
periods of peak demand, possibly leading to iniefficlevels of investments. In less
competitive (oligopoly or monopoly) markets, cohwer prices reduces this uncertainty but
results in allocative inefficiencies and also ieffitient levels of investment.

In his assessment of experiences in the Unite@§tdbskow (2003) concludes that the
liberalisation process “has encountered more problend proceeded less quickly than some
had anticipated when the first restructuring anehgetition programs were first being
implemented in the late 1990s”. In California, fiestance, retail prices increased by 30 to 40%
due to market design imperfections, market poweblgms and poor responses of federal and
state authorities. On the other hand, liberalisatibelectricity markets in the United States has
also produced successes, such as substantialrires@stin new generating plants by merchant
generating companies as well as lower electridiiyes for the largest customers (Joskow,
2003).

The most appropriate structure of the electriaigustry is still an inconclusive issue, also
because models which work well in some circumstsupegform less in other places (Newbery,
2002a). On some issues, however, theoretical ampitiead evidence is quite straightforward.
Practice shows, for instance, that ownership unlnmof the transmission system operation

from competitive activities improves welfare.
In addition to the efficiency considerations, thetalisation of the gas market has generated

concerns about security of supply. IEA (2004),ifstance, states that the key question is
“whether the (gas) market itself will value secyf supply and deliver timely signals and

12



competitive incentives for investments to guaranseeure and reliable gas supply all the way

to the final consumer.”

Furthermore, the introduction of competition likeligo affects patterns of energy production as
well as consumption and, hence, causes environiveffeats. The net sign of these effects is
not clear in advance as different types of effectdd emerge: both price and substitution
effects. For instance, the opening of markets mégicburage the supply from small-scale
combined-heat-power (CHP) power plants, reducirgral’emissions, while it may also lower

prices, and hence raise total emissions.

Scope of the research and the structure of the document

This document presents an assessment of the edfedteralising the European electricity and
gas markets, addressing the following questions:

What are effects of liberalisation of energy maskatterms of efficiency, security of supply
and environment?

What are efficient policy options to improve thefpemance of energy markets?

By ‘liberalisation’ we refer to the all measuresnling the structure or rules on the energy
markets, such as privatisation, vertical separatizerger control and (de)regulation. We first
describe the current situation in the EU Membemtaes in chapter 2, after which we analyse
the effects of the reforms. We distinguish effemsefficiency (chapter 3), security of supply
(chapter 4) and environment (chapter 5). The amalgseach chapter is divided in two main
parts. The first part is an analysis of the impddiberalisation on efficiency, security of supply
and environment, respectively. The second partseswn policy options, both at the national
and the European level, to improve the performari@nergy markets. In this part, we also
discuss interactions between the different typgsotity measures.

The analyses of the effects on efficiency as welecurity of supply involve both the gas
market and the electricity market. In analysingsthemarkets, we pay attention to the different
parts of the industry chain: production, transpattplesale, distribution and retail.

The environmental chapter is restricted to thetdty industry given its relatively high

environmental impact. In this chapter, however give more attention to the effects of
environmental policy measures on the competitiveinéshe European economy.

13
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2.1

2.2

221

Reforms in European Energy markets
Introduction

In this chapter we review the market situationiffedent EU Member States, highlighting
important implementation issues. Liberalisatiororafs in the energy sector in the European
Union began with the electricity industry. The Eld<Directives were adopted later, which
explains why the situation in the electricity inthysn the EU Member States is generally
somewhat more developed than for the gas induBkig.chapter includes selected indices of
market performance in different segments of thegnsupply chain, covering the development
in transmission and distribution networks, wholegakarkets and retail markets. The overview
is based on the recent figures from the (prelinyinegport of the European Commission on
Progress in Creating the Internal Gas and Elettridarket (EC, 2005).

Current situation by industry segment

Network access

Non-discriminatory access to the networks is anoirtgmt condition for competition. In order to
create this condition, a sufficient degree of urdlung of network from commercial businesses
and tariff regulation are necessary. Table 2.lowejives an overview of the current
unbundling situation, based on the recent repothbyEuropean Commission (2005). We
observe a stronger degree of unbundling for trassiom system operators (TSO) than for
distribution system operators (DSO). Evaluatingditeation with DSO unbundling in
electricity, the European Commission (2005, p.8Uedhnical Annexes) concludes that
“Although legal unbundling is not required until@Q it would appear that [...] many Member
States have failed to implement the basic requintsnef management and account unbundling
that are already required.” For gas, “Several Mandiates [...] intend to implement legal
unbundling of DSOs not before July 2007, while mdfgmber States fully apply the de-
minimis rule.” (EC, 2005, p. 82 of Technical AnnexeAlso, many regulators express concerns

about discriminatory practices of networks.

In an international context, interconnection betwaational markets is important for the
development of the EU market. In the electricitgustry, some EU countries feature a very low
interconnection level. The level of import capaciative to installed capacity is especially

low in Italy (8%), Portugal (8%), Spain (4%), th&§3%), Poland (10%) and Baltic states
(collectively 0%). (Source: EC, 2005.) In additimnthis, efficient allocation of the existing
capacity remains an issue in many EU Member Stats@ish do not make a sufficient amount
of interconnection capacity available for crossdmwrtransactions. As a result, wholesale
electricity markets in the EU are segmented. Tineesholds for the gas industry, even though
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over 60% of gas used in the EU crosses a bordereTik only little flexibility for gas network

users of changing their standard delivery pattdrasause many network routes are reserved

for one or two users. Hence, also gas marketsarstrongly integrated and remain largely

national.

Table 2.1

Austria

Belgium
Denmark

Finland
France
Germany
Greece
Ireland

Italy
Luxembourg
Netherlands
Portugal
Spain
Sweden

UK

Norway
Estonia
Latvia
Lithuania
Poland
Czech Rep.
Slovakia
Hungary
Slovenia
Cyprus
Malta

Unbundling network operators: Legal unbun

Electricity

Tso? DSO
yes no
yes yes
yes and ownership yes
yes, state overlap yes
yes, state overlap no
yes no
yes, state overlap no
yes, state overlap no

. b
yes and ownership see note
yes no
yes and ownership yes

) b
yes and ownership see note

yes and ownership see note”
yes, state overlap yes

yes and ownership yes

yes, state overlap yes

yes yes

yes no

yes, state overlap yes

yes, state overlap no

yes, state overlap no

yes, state overlap no

yes, state overlap see note”

yes, state overlap
no

Source: EC(2005), based on Regulators data.

& uState overlap” where the state owns the TSO and also has a shareholding in one or more suppliers.

dling implemented?
Gas
Tso®

yes
yes

yes and ownership

yes, state overlap

partly

no

yes and ownership

no

yes and ownership

yes

yes and ownership
yes and ownership

no
no
no
yes
no
no
yes
yes®

DSO

yes
yes
yes

no
no

no
yes
no

yes

b
see note

no

yes and ownership

no
no
no
no
no
no
no
no

b In Italy, Portugal, Hungary (electricity) and Spain (electricity and gas) the DSO is also a default supplier. However, suppliers to non-

regulated customers must be legally unbundled.

Cc . .
Incorporating corrections.

222

Wholesale markets

The available indicators of the wholesale markenpgetitiveness are mainly those concerning

market structure. Table 2.2 below gives an impogssf the relative position of the EU

countries with respect to the concentration inrtidiolesale markets at the end of 2004, based
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on selected indicators from the recent report efE€ (2005). The table covers both electricity
and gas. The relevant market in most cases isagt#itional market. In electricity, the structure
vary from relatively highly competitive, e.g. inettNordic market and in the UK, to a highly

concentrated structure, e.g. in France, Greecentasand Latvia. Concentration is higher for

gas.
Table 2.2 Wholesale market position at the end of 2 004
Electricity Gas
Companies with 5% share C3, Share of Companies with 5% share of C3, Share of
of production capacity largest 3 producers® production and import  largest 3 shippers
capacity
number % number %
Austria 5 54 1 80
Belgium 2 95 2 -
Denmark 10 40 2 97
Finland 10 40
France 1 96 2 98
Germany 5 72 5 ca. 80
Greece 1 97
Ireland 2 93 5 84
Italy 5 65 3 62
Luxembourg 1 88 1 R
The Netherlands 4 69 1 85
Portugal 3 76
Spain 3 69 4 73
Sweden 10 40 1 78
UK 8 39 7 36
Norway 10 40
Estonia 1 95 1 100
Latvia 1 95 1 100
Lithuania 3 92 4 92
Poland 7 45 1 100
Czech Rep. 1 76 - -
Slovakia 1 86 1 _
Hungary 7 66 2 100
Slovenia 3 87 1 100

Source: EC(2005), based on Regulators data.

& Data for Sweden, Norway, Denmark, Finland relate to entire Nordic market

EU Member countries who are just in the beginnifhthe development of their wholesale
markets can learn from the experiences of the difenber States, such as the UK and Nordic
countries (Nord Pool). Especially experiences whthtransition process from monopoly
provision to the market are important. These expegs stress the role of the government in
curbing the market power of incumbents and prongotiew entry (such as divestitures and

imposing long-term contracts).

17



2.2.3

For example, three-year vesting contracts andyfea-golden share in regional electricity
companies (RECs) were imposed in the UK in thero@gg of liberalisation of the UK
electricity sector in order to give some time to@ep the operation of the market, which
deterred price increases in this period. When ngstontracts came to the end, new entry of
independent power producers (IPPs) was stimulatedltwing IPPs to sign long-term gas
contracts and RECs to sign long-term purchase agrets with IPPs. When the golden shares
of the RECs lapsed, several RECs were bought ey &tK utilities and US utilities. Two
British incumbent generation companies PowergenNattnal power also submitted bids, but
these were blocked by DTI. In response to this Pgareand National power accepted the
divestiture of 4GW generation capacity each in axgfe for the possibility to buy RECs. (See
OECDIIEA, 2005, for more detail.) In this way adencentrated wholesale market structure

was created.

Nord Pool, the Nordic power exchange market, presidn example of an international
collaboration in creating competitive wholesalectieity market. Norway and Sweden began
to liberalise their power sector in the beginnifighe 90s within an interval of just about one
year. A common Norwegian and Swedish power exchazgeestablished in 1996 under the
name Nord Pool, joined later also by Finland (19928 Denmark (1999). In 2002 the market
was re-organisetlHarmonisation and further integration was takifarp in steps, with
coordinating efforts made by authorities and TS@s¢h have contributed to the development
of the competitive international wholesale eledtyiemarket in the Nordic region. (See
OECDIIEA, 2005, for more detail on this.)

Retail markets

The available indices for retail markets are thedated to market concentration and to
intensity of customer activity. Table 2.3 belowegvan overview of the concentration indices in
the EU retail markets for both electricity and ga& focus on two groups of energy users:
large industrial users and small (residential) sis€oncentration indices for the middle
segment fall in most cases between the two. Werebskat there are still several countries
with highly concentrated retail markets. Conceitrais somewhat lower in electricity as

compared to gas.

% The Nord Pool Spot became a separate company, with each country’s TSOs taking 20% share and the remaining 20%
been held by Nord Pool Holding.
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Table 2.3

Retail market position at the end of 2004

Electricity Gas
Companies with C3, Share of largest 3 Companies C3, Share of largest 3
market share over  suppliers for industrial and with market  suppliers for industrial and
a a
5% small customer groups share over 5% small customer groups
number % number %
Austria 5 60 4 -
Belgium® 32 92-100 3/5 90-100
Denmark - - 3 92 and 100
Finland® 5 35-40
France 1 91 and 96 2 -
Germany 4 - -
Greece 1 97 and 100
Ireland 3 99 3 100
Italy 6 33 and 93 5 54 and 33
Luxembourg 4 94 and 95 4 93
The Netherlands® 3 83 3 83
Portugal 2 08
Spain 5 82 and 85 5 72 and 90
Sweden 3 50 - -
UK 6 65 and 59 6 53 and 77
Norway® 4 95 and 31
Estonia 1 95 1 100
Latvia 1 - 1 100
Lithuania 3 100 2 100
Poland 6 50 and 47 7 -
Czech Rep. 3 95 7 51 and 57
Slovakia 1 86 and 100 1 100
Hungary 7 7 and 51 7 77 and 79
Slovenia 6 67 and 77 6 R
Cyprus 1 100
Malta 1 100

Source: EC(2005), based on Regulators data.

® Where C3 differs per customer group, we first give C3 for the group of large industrial users and then C3 for the group of small

(residential) users.

b Belgium: C3 shows the range for Flanders and Wallonia. No data for Brussels region.

© Finland: C3 shows the range for middle and small customer groups.

d -
The Netherlands: C3 indicates the market share for small consumers.

€ Norway data from 2003.

Switching rates reflect the intensity of custometihaty, therefore these indices are considered
relevant for the assessment of the competitiomsitg. Table 2.4 below gives the impression
of customer activity in the EU member states. Sviiitg rates are relatively high in the
countries that actively promote competition, elae, proportion of switchers in electricity
markets of the UK and Norway is around 50% (EC,5)08ven in the residential group; and
‘normal switch rate’ in the UK is 1% switches peomth (Littlechild, 2006). EC (2005)
concludes that “in general, experience shows ttédlalevel of customer activity is
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encouraged where non discriminatory network aciseassured and there are enough
independent competitors in the market to give aekegf real choice.” It also illustrates a
generally low level of market development in newnmber states.

Table 2.4 Percentage of energy consumption havings  witched — cumulative since market opening
Electricity Gas
Respective percentages for large industrial Respective percentages for power plants +
users and small users large industrial users and small users
% %
Austria 29 and 4 6 and 4
Belgium? c.20 and 10 25 and 9
Denmark >50 and ca. 15 30 and <2
Finland >50 and 30
France 15 and 0 14 and O
Germany 41 and 5
Greece 2 and O
Ireland” 56 and 9 100 and 0
Italy® 60 and -. 23 and 1
Luxembourg 25 and 0 2% and 0
The Netherlands -and 11 -and 5
Portugal 16
Spain® 25 and 19 60 and 2
Sweden >50 and 29 -
UK >50 and 48 >85 and 47
Norway >50 and 44
Estonia 0 0
Latvia 0 0
Lithuania 15 and O 0
Poland 19 and O 0
Czech Rep. 5 and 0 0
Slovakia -and O 0
Hungary -and 0 6 and -
Slovenia 8 and 0 0
Cyprus 0
Malta 0

Source: EC (2005) based on regulators data.

2 The data for Belgium refer to the Flemish region only.

b Ireland (electricity) includes switching to ESB (Independent).

¢ Italy, Spain includes all customers having left regulated tariffs (i.e. incl. renegotiation).

d .
Luxembourg: switching rates of 2% corresponds to large customers.

2.3 Conclusions

The figures and the considerations presented aklowme the current situation in the electricity
and gas industry. There are substantial differeircdse market development among the EU
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Member countries. We observe some useful expersenomarket development (such as in the
UK and Nordic countries). On average, the reforegdn earlier and have advanced more in
the electricity industry than in the gas industry.

Although many essential steps have already beemtsikce beginning of reforming the energy
sector, creating well-functioning competitive enengarkets still faces many challenges. As
stressed by Jamasb and Pollitt (2005a): “The Ewopdectricity market is now approaching
challenges where, in contrast to the consensusibvasemum requirements of the Directives,
more specific and technical issues need to be askelde’
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3.1

Liberalisation and efficiency
Introduction

The liberalisation of the energy industry is laygedotivated by expected efficiency
improvements. A more efficient supply of energytcinutes to the competitiveness of the
European economy and, hence, increases welfaoedén to assess the effects on efficiency,
three efficiency concepts have to be distinguisipedductive, allocative and dynamic
efficiency. See the box below for more detail oramegement issues.

In theory, the relationship between competition pratluctive efficiencis at least non-
negative (neutral or positive). Traditional theaatt models assume profit-maximising and
cost-minimising behaviour of firms, which implidsat firms should be always productively
efficient. Agency models, however, stress the ¢fféthe competitive environment on firms’
incentives, concluding that competition increaseslpctive efficiency.

Liberalisation might also improvalocative efficiencyas competitive pricing leads to a higher
demand for services, hence, increasing the suoookumer and producer surplus. Moreover,
as consumer surplus is often weighted higher thadyzer surplus, a lower price has not
merely distributional effects but can also be vidwas an improvement of total welfare.

The effect ordynamic efficiencys complex. On the one side, firms need to hawéitpn order
to innovate (the Schumpeterian view), on the osig® competitive pressure may lead to
dynamic efficiency (inefficient firms who do nottch up cannot survive in a competitive

market).
This chapter first gives a brief overview of thepérical literature on the efficiency effects of

liberalising the energy sector. Afterwards, theufois on policy options to improve the
performance of the energy markets.
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Box: Efficiency measurement

There are several simple indicators focusing on one aspect of efficiency that are often used in economic analyses of the

effect of liberalisation reforms, namely,
Productive efficiency: change in unit cost
Allocative efficiency: change in prices and markups
Dynamic efficiency: change in R&D expenses, change in the number of new products offered

In addition to these, it is possible to realise more comprehensive efficiency assessments using cost-benefit analyses of
the reforms implemented, or Frontier methods, such as Data Envelopment Analysis (DEA), Corrected Ordinary Least
Squares (COLS) and Stochastic Frontier Approach (SFA). The latter methods provide the possibility to single out
relative inefficiencies among firms and to measure the improvement of the best practice and catch-up towards the best

practice.

Since there are some differences in the interpretation of efficiency changes that stem from different efficiency-
assessment methods, the distinction among three efficiency forms may not be sharp. For example, frontier studies
interpret improvements within the current production set as productive efficiency change, and shifts to a technology
outside of the production set as technical change (dynamic efficiency). In this definition, shifting to a more economic
production technology can be interpreted in two ways, namely, it is interpreted as productive efficiency change, as long
as the firm does not outperform the frontier firms; and it is interpreted as a dynamic efficiency gain as soon as the firm
reaches the frontier. Even though the distinction among different efficiency forms may not be sharp, it is still convenient

to use it to structure the discussion on effects of liberalisation reforms on efficiency in this chapter.

3.2 Performance of energy markets in improving effi ~ ciency

3.21 Productive efficiency

An economy achieves productive efficiency wherrdtdquces a given amount of output at

minimum total costs. The empirical literature geatigrfinds positive effects of liberalisation on

productive efficiency of generation plants, bottaid outside the EU. Newbery et al. (1997)
document benefits from privatization and restruomiof the Central Electricity Generating
Board (CEGB) in the UK. These benefits are achidmedhifting from inefficient coal
production supported by the government to a mooa@uic technology,resulting in a
structural reduction of generation costs by abétt 5

Empirical studies by Bushnell et al. (2005) and-arizio et al. (2006) for the US show an
improvement in the efficiency of generation plaater the implementation of reforms. In the
course of these reforms, some plants were divestddegan to compete in the market, while
some other (non-divested) plants were subject teerswingent regulation. According to
Bushnell et al., both competition and incentiveutatjon of generating plants have led to fuel
efficiency improvements (up to 2%). The authoraiarthat the change of incentives, but not
the change of ownership itself, was the main drofehese improvements. Fabrizio et al.

4 Strictly speaking, shift to another technology has also aspects of dynamic efficiency improvement.
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(2006) find that competitive pressures reduce n@h-dperating expenses of electricity plants.
In anticipation of increased competition, plant @ers most affected by restructuring reduced
their labour and non-fuel expenses per unit of wiutyy 3-5% relative to other investor-owned
plants, and by 6-12% relative to government angecetively owned plants which were not
affected by the reforms. Also IEA (2005a) seesmangiase in labour productivity in the energy

industry as a result of reforms.

Besides fuel efficiency and operational efficiendyeralisation might affect the utilisation of
production capacity. Steiner (2001) finds for a penof OECD countries that restructuring
reforms lead to improved utilization rate and resanargin in electricity generation. IEA
(2005a) reports a 12% higher utilisation of gerieratapacity in New South Wales (Australia)
compared to the pre-liberalisation period. Als&urope, the intensity of using the generation
capacity increased over the past decades whicht i&partly the result of liberalisation
(figure 3.1).

Figure 3.1 Utilisation 2 of generation capacity in EU-15
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Source: Eurostat.

3Utilisation is measured as the ratio between actual production and theoretical maximum production given the size of the
generation capacity.

The increase in capacity utilisation and smallgracity margins after liberalisation imply that
liberalisation leads to a decrease in investmeatvéver, this is not necessarily bad, because
before liberalisation markets were often charasgetiby overinvestment. In competitive
markets investment is driven by the expectatiofutfre prices. Limited empirical evidence
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(mostly on the UK, but also on some other countgéews that indeed markets respond to
price signals. For example, growing gas demandunojie (and a decline of gas production), is
spurring investment in LNG capacity in for instartbe UK, Spain and France (Ernst & Young,
2006). In addition to the effect on productive @ffincy, investment decisions affect reliability
of supply. See chapter 4 for further detail on.this

Demand patrticipation in the balancing of supply dechand represents an alternative to
investment in expanding capacity in a liberaliseatkat. Some production and transportation
capacity is used only in peak hours. The largeradehpeaks are, the more capacity is needed
to maintain the reliability of the system duringagéhours, which is costly. The cost of the
provision of electricity can be reduced by smoaghime demand peaks. This can be done by
making demand more responsive to market signaldeTal (from IEA, 2005a), illustrates
demand participation in several countries. It shtvesvolumes contractually committed by
TSOs and observed in the market and assessedatidiimnally available at a minimum. The
highest figures of demand participation are obskimehe Nordic market, the most impressive
examples being the Nordic drought in 2002/03, wiheth residential consumers in Norway and
industrial consumers in Norway and Sweden redueeid tonsumption significantly over a
period of several months; and a cold spell in Swade€2001, during which peak demand in the
critical hours was reduced with 2 to 3% compareith wkpected levels. (IEA, 2005a.)

Table 3.1 Demand participation: committed by TSOs w ith minimum additional assessed and observed
demand participation

PJM Nordic  England and Wales  Australia Alberta (Canada)
Committed (MW) 3598 2075 4329* n.a. n.a.
Percentage of peak load (%) 3 3 7*
Additional observed and 7964 10000 800 334 800
assessed (MW)
Percentage of peak load (%) 7** 15%xx 1 1+ 7

* Britain, ** observed, ***observed and assessed.
Source: IEA (2005a) based on PIM, OFGEM, NORDEL, NEMMCO.

Liberalisation can negatively affect productive@éncy in the electricity industry if market
power leads to inefficient productive decisionsthia sense that production is not always
undertaken by the least-cost units. This may hapgesn firms active on both sides of the spot
market (selling electricity as generator and buyirgs retailer) gain market power. Kiihn et al.
(2004) find for the Spanish market that althoughkebpower of large vertically integrated
sellers and buyers has had little effect on spoketarices, substantial productive
inefficiencies may have arisen from the exercisbilateral market power. However, this effect
might be overstated. Mansur (2003), analysing ffeztof vertical links among firms on
market efficiency and firm conduct in the PennsglaaNew Jersey-Maryland (PJM) electricity
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markets, emphasizes the effect of production caimtr (such as start up costs). Accounting for
these constraints, the author finds that the dogtee PIM markets were only 3.4% above the

competitive levels.

Productive efficiency of energy transportation natkg may increase as a result of the
introduction of incentive regulation. Regulator&Huarope often choose a price-cap mechanism,
according to which the prices should change by RRihere RPI represents a price index and
X represents a productive efficiency tary&irms outperforming this target can keep their
profit during the regulatory period. The empirierature shows that firms respond to
regulatory incentives and reduce their costs. R®iUK, there is evidence on cost reductions by
the National Grid after adoption of sliding scaleentive mechanism, where prices only partly
reflect changes in costs (see, e.g., Joskow, 2@@veral other studies (Burns et al., 1996,
Tilley et al., 1999, and Domah et al., 2001) repodt reductions of UK distribution firms after
the introduction of price-cap regulation, espegitdwards the end of the second regulation
period (the end of the nineties). Both selling glodden shares by the British government in
1995 and stronger regulatory incentives in the ségegulatory period could be seen as drivers
behind these productivity gains.

Hattori et al. (2003) compare the performance efulK electricity distribution companies to
that of Japanese (vertically integrated) utilitietween 1985/86 and 1997/98. The industrial
development in these two countries differs in indabkstructure, ownership pattern (British
companies were privatised in the 90s, while Japaoespanies were private since 1951) and
in regulation methodology (the UK introduced prazgs, while Japan had rate-of-return
regulatior). They find that productivity gain in the UK, whiavas implementing major
restructuring and liberalisation reforms in thisipd, has been larger than in Japan: on average
2.5% per year in the UK and 0.7% in Japan. In paldr, productivity growth in the UK
accelerated in the last 3 years, when the utiltiEgan to operate under tightened price caps.
Decomposition of the productivity growth into teadad change and efficiency change shows
that there was technical progress in the UK, howedte efficiency gap between the companies
may have widened. Hattori et al. observe significamiations in the level of costs and
consequently in relative efficiency measures olierytears, which arise due to the cyclical

nature of investment in networks.

Hjalmarsson et al. (1992) find no significant impatownership and economic organisation on
productivity change of Swedish retail and distribotfirms. However, they find a substantial
influence of economies of density, as well as atie increase in productivity in rural areas.
These authors relate this to the mergers of smgibnal utilities, thereby implying the

® Sometimes CPI (Consumer Price Index) is used instead of RPI (Retail Price Index).
® Rate of return regulation in Japan was slightly modified in 1996, incorporating elements of yardstick regulation.
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3.2.2

existence of economies of (regional) scale. Inaatien, Mork (1992) states that the lack of
difference due to ownership follows from the fdwttneither private nor the public utilities are
profit maximizers. In a later Swedish study, Kumkdraet al. (1998) find that privately owned
firms in electricity retail and distribution are meoefficient than municipal companies. The
difference in technical progress between publivgte and mixed firms, however, appears to
be small.

Edvardsen and Forsund (2003) use frontier apprtmaahalyse relative efficiency differences
among electricity distribution utilities in five Etbuntries (which includes the Nordic countries
and the Netherlands). They construct the commoduyation frontier for the utilities from their
sample and find that there is still a substantiéptial for an improvement of operating and
maintenance costs. Remarkably, the efficient firnes the firms supporting the frontier, come
from all five countries, which supports the useofmmon technology in benchmarkihg.

In retail, liberalisation has introduced new costg;h as loss of potential economies of scope
between the network and retail activities and mi#mgecost. These costs may affect productive
efficiency negatively. However, since retail casaismall part of the overall cost, a large effect
of these costs on overall productive efficiencundikely.

The conclusion from this evidence is that libegrtisn and other reforms in energy markets
(such as change of regulation and ownership strelctonprove firms’ productive efficiency, if
this process succeeds to change firms’ incentives.

Allocative efficiency

An economy is allocatively efficient when it prodscthe quantity of goods that optimises total
welfare. This generally implies that prices equarginal costs of productiénLiberalisation is
expected to lead to competitive pricing and, heteénprove allocative efficiency. In practice,
however, the relationship between liberalisatiod altocative efficiency is affected by the
market situation. Market power of firms may leadrtefficient outcomes. Therefore, when
evaluating the impact of liberalisation on alloeatéfficiency, it is necessary to address the
guestion whether liberalisation reforms have sudeden creating competitive energy markets.

Although market power is generally measured byntiaegin between price and the marginal
cost of production, in electricity markets, margetver can still be present even when the price
equals the marginal cost of the most expensiveymiad unit. Here, market power can be used
to raise prices by withdrawing generators havirvgelomarginal costs. Borenstein et al. (2000)

” The authors also report differences in relative efficiency distribution within each country. In particular, Sweden and Finland
had the most even distributions of efficiency over companies and the highest share of units above the total sample mean.
8 Including potential shadow costs if constraints are involved.
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present an indicator of market power that refléuesdifference between the price and the
marginal cost that would realiffeall firms behaved as price takesccording to their estimate
for California, the average markup over the contipetioutcome was 15.7% in the period June
1998 to September 1999. Mansur (2001) and Busknall (2002) provide similar analyses for
the Pennsylvania-New Jersey-Maryland (PJM) and Begland electricity markets
respectively, using somewhat different indicatbiet tare based on the same idea. Comparing
the results of these three studies over the pevigzh they overlap (May to December 1999),
controlling for the level of spare generation cafyaat the various demand levels, Bushnell et
al. concludes that “the performance of the twoerastarkets was comparable, and that both
were more competitive than California at all bw thighest capacity ratioS.Hence, market
power can be present even in a fairly unconcemtralectricity market.

There is also some evidence on the allocativeieffay effects of reforms in the UK. Newbery
et al. (1997) conclude that the productive efficiegains achieved by privatisation and
restructuring of the electricity industry mainly mt¢o producers, not to customers. However,
according to a comment by Littlechild (2006), ohewdd take into account that the prices
would probably have gone up under state monopelyulated by rate-of-return regulation).
Adopting this view, the benefits of reforms in K were actually shared between consumers
and producers. Analyzing the period of the late0E9%®r England and Wales, Sweeting (2005)
finds that generators exercised considerable maxkeer, despite that market concentration
was falling. This behaviour was consistent withirttecit collusion or an attempt to raise the
prices that they could negotiate in future hedgiogtracts by increasing current spot market
prices. If tacit collusion was the reason, thes thould support the importance of designing
market institutions in a way that makes tacit cgithm difficult to sustain. In this sense, less
centralised systems (such as NETA, which replalsedPbol system in the UK) should be less

vulnerable to collusion. Indeed, there was lessaése of market power under NETA.

To conclude, given the vulnerability of liberalisedergy markets to market power, and in view
of the lack of market integration and increasingzmntal concentration (EC, 2006), European

energy markets are at risk of not performing welierms of allocative efficiency.

In transmission and distribution, allocative effiescy benefits are likely positive. Most
networks are subject to regulated Third-Party As¢@$A). Not only does regulatory pressure
encourage firms to operate more efficiently, ibdksads to more efficient pricing of services,
and hence to more optimal use of the network byithes and customers. Customers in many
countries (such as UK, the Netherlands, Norwayglitad from the price decreases that were

9 Capacity ratio is the ratio of residual demand over capacity. Given that electricity is not storable market power is
intertemporal. Since capacity is constrained, market power is larger in high-demand periods. For example, Miisgens (2004)
finds significant market power in the German electricity market, mainly exhibited during peak periods.
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forced by the X-factors set by regulators. In th€ €br the rate period 1995/6-1999/2000, the
X-factors for the first two years averaged 14 ahdb%, and 3% p.a. for the remaining years.
For the rate period 2000/1-2004/5, the averageckofdor the first year was 23.4% (some of
which accounts for transfers to the supply busieglsand 3% p.a. for the other years. (Pollitt et
al., 2001). Inthe Netherlands, only for electyiche X factors saved the consumers 1.1 billion
euros over 2001-2006 (Haffner et al., 2005).

In retail, liberalisation generally increases aditiee efficiency in the large consumer segment,
but the effect in the small consumer segment isigmolois. Large industrial users face lower
prices than small uséfdor three reasons: their stronger buyer positiess fluctuating
demand, and lower network cost, since these usersfen connected at a higher network
level, e.g. to transmission networks. Empirical kvby Steiner (2001) (for earlier years of
reforms) presents evidence that liberalisatiorss®aiated with a reduction of industrial user

prices.

The effect of liberalisation on retail prices isdestraightforward for small users. Joskow and
Tirole (2004) stress the problems for retail coritjpet associated with the absence of real-time
pricing for small users. Other studies highlighe groblem which can arise due to consumer
switching costs (Giulietti et al., 2005 and Pomplet2005). These costs include not only
switching fees, but also the time and effort oftshing. If these costs make consumers
unwilling to react to lower prices, then the inciembretailers will be able to extract extra
consumer surplus. Green (2003) argues that retaipetition may lead to reduced long term
contracting. This in turn could reduce competitess of the wholesale markets, and increase

prices.

Despite these potential problems, a relevant isswhat would be the alternative to retalil
competition.Littlechild (2006) discusses two policy optionstteaem to be the most reasonable
alternatives: regulation by benchmarking and teindeHe stresses that both alternatives
require a large involvement of the regulator, whighlso costly. For instance, “Energy
efficiency obligations on suppliers imposed by thgulator <in the UK> originally co$tl per
electricity customer per year. The latest propbgahe Government will cost abo£® per
customer per year” (Littlechild, 2006). Besideshdfemarking is not always feasible because of
the insufficient number of comparators. In the aafstendering (applied in some states in the
US), the regulator has to determine the termsrafa@gng, but it is unlikely that the regulator
knows more about consumer preferences than consuhenselves. So, both alternative
policies are unlikely to outperform competition.id bonclusion is much stronger if we account
for the welfare increase from product innovatiamsatail (stressed by Littlechild, 2005; see

1 For example, across member states, current electricity prices for large industrial users are 40-55 euros per MWh, while
60-150 euros per MWh for small consumers (EC, 2005).
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also next section), especially those promoting gynefficient technologies (addressed in
Directive 2006/32/EE).

The overall picture here is that the allocativéceghcy benefits of liberalisation of European
energy markets have been limited due to insufficd@mpetition on the energy markets up to
now. If the reforms succeed to adequately impraragetition on these markets, allocative
efficiency benefits could be significant. In netk®rhowever, regulation has generated
allocative benefits by imposing more efficient psc

Dynamic efficiency

Dynamic efficiency relates to the extent to whiohavation occurs that allows future cost and
benefit functions to change. The relationship betwiberalisation and dynamic efficiency is
not straightforward as competition might stimulatewell as dampen incentives to innovate.
Evidence on private R&D expenses, which is oftexduss a measure for innovations, in
liberalised energy industries suggests that theativeffect of market reforms on private
innovation activity is negative. R&D activities fhe electricity industry in many countries have
declined over the past decades (e.g. Eurelech@3;2Hattori, 2006; IEA, 2005c; Jamasb et al.,
2005b; Sanyal et al., 2008)In the Japanese electricity industry, for insearibe R&D

intensity, i.e. the ratio between R&D expendituaed total sales, declined since the mid 1990s
when the process of liberalisation took off (segife 3.2). We should note that R&D
expenditure may have been either inefficiently hoglil-directed before liberalisation, when it
was carried out by intransparently regulated puldiiities, which did not necessarily act as
profit-maximisers. A lower level of R&D expenditsrés therefore not necessarily equal to a
lower level of dynamic efficiency. The questiorfusthermore whether the decline in R&D is
related to the process of liberalisation.

! Directive 2006/32/EC of the European Parliament and of the Council of 5 April 2006 on energy end-use efficiency and
energy services and repealing Council Directive 93/76/EEC.

2 sanyal et al. (2005), for instance, report a decline in the R&D intensity (i.e. R&D expenditures as a percent of sales) in the
US electric industry from 7.9% in 1986 to 6.9% in 1996, caused by significant reductions in both state and private R&D
funding.
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Figure 3.2 R&D Expenditure and R&D intensity in Jap  anese Electricity Industry
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Jamasb et al. (2005b) conclude that vertical abagdhorizontal unbundling of the industry
negatively affects R&D spending and technology &idop This negative relationship follows
from the fact that the size of a firm is an impattéactor behind innovation. Uncertainty
created by the introduction of competition is adeen as a factor reducing the level of
innovation. Regarding the effect of ownership, ¢hasthors conclude that privatisation shifts
the focus of research towards applied and comnmignmgects. The overall conclusion of
Jamasb et al. (2005b) is that “competitive eleitjrimarkets will deliver sub-optimal amounts
of R&D input and output”. Where the lower emphasisprofits of public utilities before
liberalisation, as well as the larger scale of canigs, would have mitigated the effects of
positive externalities associated with knowledgé-spers, according to these authors, these
effects would have been exacerbated with the intthdn of competition. As a result,
compared to the pre-liberalised situation, accardinthese authors, additional policy measures
are needed to encourage fundamental energy research

This conclusion is challenged by the results o&ptuthors. In their analysis of the relationship
between liberalisation and R&D in the US electyigitdustry, Sanyal et al. (2005) find mixed
results. They conclude that the uncertainties énféite of anticipated restructuring and
deregulation has adversely affected R&D activiig®nergy utilities, while, once having
occurred, a higher level of deregulation and coitipatpositively affect R&D. A higher
likelihood of changing the structure of the indygirobably creates uncertainty about future
benefits of investments and, hence, reduces tlmiive to invest in R&D. When a higher level
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of competition has been reached, R&D might be eragmd by the prospects of using new
technologies to achieve competitive advantages.

Liberalisation might also affect the compositionrR#&D. Hattori (2006) finds for the Japanese
electricity industry a shift in the R&D mix towardsst-reducing technologies while R&D in
joint research programmes for public-interest tedtgies seems to be reduced. In the latter
programmes, research is directed at technologs &siclean-coal generation, fuel cell power
generation and power-system technologies to adtliedsirther development of generation
techniques using combined cycle power and renenatérgy. The author notes, however, that
the decline in public-interest research may besalt®f R&D activities having been genuinely
ill-directed before liberalisation.

A shift of R&D towards efficiency-enhancing techogies due to liberalisation is confirmed by
Markard et al. (2006). These authors find a mowenftechnology-oriented innovation towards
market-oriented innovation. The latter includeshbatst-reducing activities and innovations
directed at new products for consumers. In gentfray, conclude that liberalisation increases
the variety of innovation paths. This picture af impact of liberalisation on R&D is also
described by Eurelectric (2003).

Hence, liberalisation of the electricity industryes affect the innovation process. The
composition of R&D activities appears to have clahdecoming more directed at
technologies contributing to the profit of the isthy in the short term. Conversely, company
funding for more basic research has been reduceehveral countries, but it is still an open
guestion whether this is the result of terminatbimefficient R&D activities or whether it
indicates a market failure which calls for addiabgovernment intervention compared to the
pre-liberalisation situation.

Besides evidence on R&D expenses, there is alsieeee on product innovations in retail.
Littlechild (2005) stresses the effect of competiton product innovation in retail businesses.
From the experience of the Nordic electricity markdétlechild concludes that retail
competition stimulates the development of new vadded services to customers, such as
offering new terms of contracts, such as fixedgdontracts of different duration and spot-
price related contracts. In addition, LittlechiRDQ6) lists numerous recently emerged products,
such as energy efficiency packages, duel fuel aotsty various discounts (e.g. for self-reading
meters, for prepayment meters), green tariffs,igheontributions, etc. Hence, liberalisation
encourages more efficient patterns of energy coptiom and leads to more efficient energy
use. The recent European Energy Services Dire(2¥@6/32/EC) stresses the positive role of
product innovation in retail for the developmennudre efficient energy services.
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3.3.1

3.3.2

Policy options to improve efficiency

Introduction

Policy options improving efficiency of the energypply industry are those which improve
competition in the markets and encourage optimalamsl expansion of network capacity.
These measures can be distinguished into strucileahffecting the industry structure) and
behavioral measures. Although structural measueesften more effective for competition,
they also involve higher cost. Therefore, tradebeffiveen these costs and benefits should be
taken into account in policy design.

Unbundling, merger control, divesture and pri  vatisation

A key component of the liberalisation of energy keas is the vertical unbundling of networks
from production and supply, in order to ensurec#dfit pricing of network transportation
services and to create a level playing field fowpogenerators and suppliers, including
entrants. The latest EU directives require legalumaling (by 2007) of the networks but, given
the importance of independent functioning of traission networks for good market
facilitation, several EU countries have fully unblied these networks from commercial
businesses. Although unbundling is likely to imprdlie competitive situation, it also involves

costs.

The net benefits of ownership unbundling of trarssioin are widely acknowledged (see e.g.
Joskow, 2003a, and Jamasb et al., 2005a). In abninethe distribution industry less
experience has been developed. In New Zealanihdtance, separation of network activities
from retail and generation was followed by an iasein competition and a decrease in
wholesale prices. However, more factors contribtibeithis improvement, such as improved
switching possibilities and splitting of the domi@ncumbent. For the Netherlands, Mulder et
al. (2005) conduct a cost-benefit analysis of owhigr unbundling of distribution networks.
Among the costs of unbundling, they distinguish-offdransaction costs associated with the
unbundling process, the loss of scope economielsteatuced financial viability of the
production and supply units that do not hold neknassets. On the benefit side, full
unbundling sharpens the focus of the network om tigectives (such as providing
transportation services and facilitating accessafket players to the network), which
improves both the position of the regulator and getition conditions in the commercial
segments of the industry. Besides it enables psatidn of the commercial parts of the
industry, even in the case if the networks stajpnengovernment hands. Mulder et al. conclude
that the welfare effects of ownership unbundling ambiguous as both benefits and costs
depend on uncertain external factors. For exanaplast development of distributed generation
would increase sharply the benefits of keepingitistion networks fully independent from
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generation, while uncertainty about some of thedaation costs associated with unbundling

may warrant caution.

Despite a clear theoretical argument regardingtherse effect of a high concentration in the
industry on the performance of firms, empiricaldarice on the effect of merger control is
scarce because of the unclear counterfactual: wbald be the market development if a
merger actually takes place? Especially in emergiagkets, the consequences of a wrongly
approved merger can be large, therefore, some atistsoplea for more proactive policy in
such markets, emphasizing the relevance of strength merger control (see e.g. Canoy et al.,
2003). The key issue here is that of the relevaarket. At the moment, energy markets in
Europe are still largely segmented, which urgegHerimportance of getting the market
structure right at the national level. At the saimee, several important market players become
active in many countries. Hence, merger contrthatEU level becomes important too,
especially in the light of more integration of &) markets. Currently, more than two thirds of
the European electricity market is concentratetthénhands of eight large comparifesvith the
Europe-wide four-firm concentration ratio at 50%c¢arding to Jamasb and Pollitt (2005a).

The studies on the US show that the performangeération plants improves after
restructuring because of the improvement of thentige structure, which is achieved by
privatisation and the change of regulation in diedgjeneration plants. Although such
divestitures are effective, they may involve higistoor be infeasible in practice for political
reasons. Especially with the trend towards moregiration of the EU market, some countries
are afraid to split their energy companies as thay be taken over by large foreign utilities. In
these conditions, political lobby groups push talgazreating national champions. Behavioral
measures (discussed hereafter) have also beemcusetigate market power.

Virtual Power Plants, Long-term contracts and site availability

Virtual Power Plants (VPP) reduce the scope fatstic playing in the market by reducing the
amount of the generation capacity over which thmidant producers have discretion in
bidding. They represent a physical or financiai@pbn electricity. A physical VPP is a
contract to deliver electricity (against some fix@tte); a financial VPP is a contract on price
which works similarly to a usual insurance contrééillems (2006) argues that the type of the
virtual divestiture is unimportant in the case afrmapoly, but it does matter in oligopoly
markets. This is because a physical VPP involvesldiegation of production decisions by the
dominant generator, while a financial VPP does Hence, in the oligopoly setting, the spot
market is more competitive with a physical divesgtthan with financial divestiture.

B The eight largest companies are EdF, RWE, EoN, ENEL, Vattenfall, Electrabel Endesa, Iberdrola.
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Practical applications of VPPs can be found in s€U countries (such as Belgium, France,
Italy, Denmark and Czech Republic). For exampledoordance with the agreement between
the EC and Electricité de France (EdF), the competyto make access to 6 000 MW of
generation capacity in France available (in excbdngthe approval of the EC to acquire a
further interest in the German electricity utilEpnBW in 2001), which is partly dortarough
VPPs and partly through Power Purchase Agreements.

Long-term forward contracts decrease both the pibggifor a dominant producer to exercise
market power and the gains from doing so. Examgleshe so-called vesting contracts that
have been used in the US and UK when their el@gtifclustries were restructured. Many
economists (e.g., Newbery, 2002, Wolak, 2001, Be#h?004) emphasize the importance of
long-term contracting for stability of electricitgarkets. For example, Wolak (2001) stresses
the necessity of “sufficient forward market comnemh for fixed-price wholesale electricity to
cover retail obligations.” Also according to thgament of Green (2003), less long-term
contracting (as a result of retail competition)utessin price increases, especially in the case of

a large price volatility.

The argument that the introduction of a marketiitateral contracts is helpful in achieving
more competitive resource allocation is also suiggblpy the theoretical result by Allaz and
Vila (1993), according to which the introductionafutures market leads to a tougher price
competition by producers in the (concentrated) spantket. Empirical evidence on the effect of
such contracts in European electricity marketsasided, for example, by Herguera (2000)
who finds that in England and Wales (under thesgltem of trade) “..less bilateral coverage
led to price coordination among generators in th@:ghe number of price spikes increased
significantly after 1998 <when many such contrartded> and the number of plants declared
unavailable for spot market bidding also increas&dtontrast, none of these happened in the
Nord Pool market, where the market structure waseragenly distributed and the amount

bilaterally contracted was increasing.

However, long-term forward contracts may creatédf@ms for entrants, as they may decrease
the liquidity on the market. Another problem arigeparticular in gas markets, where the
incumbent large producers/traders are traditiongllychasers of such contracts, which leads to
an increase of these players’ market power.

Incumbent producers often also own or control mafithe (scarce) suitable sites for new
generation plants, enabling them to foreclose thgkat for new entrants. In theory, dominant
producers benefit from withholding suitable sitesintaining their market power. However, it
is difficult to assess how large this problem ipiactice. The literature has some indications
that the problem of site availability may be impmitt For instance, Frontier Economics
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(2006Db) reports that the Belgian Energy Regula@itEG) has indicated that Electrabel may
own a large proportion of such sites, which mayteren additional barrier to market entry. A
similar problem arises in Austria, where some D&@$0 secure sites for their own affiliated
companies which increases impediments for markettpation by new market entrants. (Skytte
et al. 2005). Options to improve site availabibie, for example, enforced (negotiated) release
of sites, requirements to auction vacant sitesranding the licensing agreement to limit the
scope for capacity expansion by the dominant player

Efficient allocation as well extension of tra  nsmission capacity

Optimal use of the European transmission grid wslsending efficient price signals to both
generators and energy users. Since power flowg aliferent transmission lines are
interrelated, individual lines cannot be vieweddgniced) in isolation. Coordination among
TSOs can enhance efficiency of TSO decisions irEiileontext. Also, harmonisation of
regulation is essential for efficiency of the fuiguntegrated European market. In order to
achieve this goal a greater consistency is needadtions of national regulators in different
countries (High Level Group, 2006). A necessarydition for this is that the regulators have
similar powers to promote the market developmedttaradopt efficiency-increasing policies,
as well as policies enhancing security of supply.

With respect to allocation of network capacity remsingly non-market mechanisms are
replaced by market mechanisms, such as expliciteasc Examples of connections where day-
ahead congestion management in the form of exjligitions have been implemented fairly
recently are the French-Belgian, French-SpanishGarinan-Swiss borders (see ETSO, 2004
and ETSO, 2006). These mechanisms are supposetiverdfficient capacity allocation,
however, this is still not always the case in gecactEfficiency would imply that in the presence
of a price difference between two regions, all $ggort capacity available between two
countries is fully utilised. Frequently, howeveneoobserves unutilised capacity in the presence
of large price differences between neighbouringhtes. This may result from illiquidity of
markets, uncertainty in scheduling flows on a dageal basis, or the existence of market
power. As an example, Dutch regulator DTe concludet$ review of market liquidity on the
Dutch electricity market (DTe, 2004), that averatjgsation of German-Dutch capacity was
well below 100%, even in those hour where pricéedénces were sizable, and attributed this to
uncertainty at time of scheduling. Neuhoff (2084jues that with explicit auctions, importers
tend to bid non-price-responsively in spot marketsnetimes resulting in suboptimal flows), in
order to avoid costly imbalances in case a bidthree spot market is not accepted. The impact
of market power, and the profitability of withhahdj import capacity were studied in Joskow et
al. (2000) and Gilbert et al. (2004).
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Theoretically, the problem of assigning appropriaiees to generation and load for use of the
power grid (including capacity taken up by the Idlopvs) can be solved in a competitive
market by so-called locational marginal pricing odal pricing), assigning different prices to
each different location in the transmission sysfelmgan, 1992). The price differences between
these ‘nodes’ reflect the capacity constraintefttansmission links between them, and the
complicated external effects of input or offtakeoime node on the congestion in the various
links. Such systems of locational marginal pricesia operation in some regions in the US.
However, appropriate determination of locationates is only feasible in a centralised system
where power markets in the system are centralgrely which is a long way from the
European system based mostly on bilateral, dedisetlamarkets that operate in the different
countries. Such decentralised markets may havedhei merits in providing different
incentives to market participants (Wilson, 2000pa# from that, giving up national autonomy,
as required for locational marginal pricing, cobilhard to realise politically, and a more
gradual improvement may be called for (Brunekregtil., 2006).

The approach for the allocation of interconnectiapacity currently pursued most actively is
market coupling. In this set-up, instead of audtigrinterconnection capacity on individual
borders to individual market participants, the edition of transmission capacity on all borders
in one region is jointly carried out, on the basishe bids for supply and demand of energy on
the power exchanges in the regions involved. Is Way, energy markets and transmission
markets are simultaneously cleared, taking inteactthe relations between flows on the
different borders. This allows more efficient wétion, as firstly, flows are based on actual
rather than predicted price differences, and sdgptite improved information reduces the
need for (over-)conservative estimates of avail&alesmission capacity (Brunekreeft et al.
2006).

A separate issue involves the governance of thtersysperators who decide on availability of
transmission capacity. The discretion awardedémtbreates moral hazard, as they have an
incentive to reduce effort and costs in solving dstit congestion in favour of pushing
problems to their systems’ boundaries (Glachaat.eP003). Improvements could involve
increased international transparency of procedamescapacity computations and regional
cooperation among TSOs, regulators and governn(@ashant et al. 2006).

Issues in gas transmission markets are to somatesitailar to those in electricity
transmission. The key difference is that gas mar&es currently much less well developed
than electricity markets in Europe. Access rightsrbss-border gas transmission connections
are largely allocated in long-term contracts, laguittle room for market-based allocation of
short-term capacity. Furthermore, short-term wredkesnarkets for gas are in most countries
still in their infancy. On the other hand, in tituation of ill-developed gas markets, the role
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for long-term contracts may be more important. @itlee longer distances between gas
production regions (often outside of Europe) areabsociated larger specific investments,
there may be a greater need for long-term contrgcgjiving rise to a tension. This situation
will change when markets become more liquid, reayasset specificity (Mulder et al., 2006).

In the long run, efficiency of the transmission karinvolves efficient investment in
transmission capacity expansion. Major policy issakse with respect to accommodation of
transit flows and extension of interconnection citya

The first issue involves the remuneration of trafisivs: expansion of capacity for transporting
power flows between two regions usually not onlyoives investment by the two regions’
transmission system operators themselves, bueajsansion of capacity in grids that are used
for transit flows. The incentive for capacity intreent by the operators of these transit grids
depends on the ways in which such transit flowd tearemuneration for these grid owners. A
second issue is to what extent investment in nésvgonnections may be carried out by
independent ‘merchant’ parties, and if this occufsether these merchant operators should be
subject to regulation. The trade-off here may bevben market failure, leading to potential
underinvestment by private investors, and regwafimiture, leading to either under or
overinvestment by regulated transmission invegt®s Brunekreeft et al., 2004, for an
overview of both issues).

Enhancing end-use efficiency

In addition to policies directed at the efficiermfythe energy production, transportation and
supply, policies on the demand side stimulatingetfieient use of energy by consumers can
contribute to European competitiveness as wellaiRebmpetition might play an important role
in demand management and in moving towards endfigyeat technologies on the consumer
side. Retail innovations in the tariff structurelanwider use of real-time metétiead to a

more efficient consumption pattern, contributinghe reduction of the cost of energy
provision. New energy services, such as energyagaadvise and promotion of energy saving
equipment, can stimulate energy savings by conssiriiGie recent European Energy Services
Directive stresses the positive role of producbiration in energy services for energy end-use
efficiency. It requires Member States to createctreditions for a market for energy services in
order to improve the implementation of energy-éficy measures by final consumers.

In a competitive retail market, retailers likelytemd their activities to end-user services
contributing to a more efficient use of energy bglucing the costs of implementing energy-

 The cost of installing such meters is also substantial, therefore, it is a matter of a cost-benefit analysis to decide if these
‘smart meters’ should be installed in a particular case. Recently there were quite a few examples of promoting switching to
these meters on relatively large scale. For example, Enel in Italy is replacing 30 min standard meters with new meters. Also
in Sweden 5 min new meters are due to be installed by 2009 (Frontier Economics, 2006a)
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saving measures. This effect, however, is likelshfamall compared to the impact of other
factors on energy use, in particular the pricerergy. Environmental policy measures raising
the price of energy, such as the European emissiadisig scheme, can have a significant
effect on energy use (see chapter 5 for more dmtathis issue).

Conclusion

Based on the evidence presented in this chaptecpmeude that the change of incentives,
resulting either from the introduction of competitior from more stringent regulation, has
generally resulted in more cost-efficient operatiithough the reduced costs have to some
extent been passed on to consumers, market behaaises concerns. Wholesale markets have
turned out to be particularly vulnerable to manyeiver, as a consequence of both legacy
industry structure and the specific characterisifoslectricity and gas. The viability of
competition on retail markets, which relies on wiingness of smaller consumers to switch, is
in most markets yet to be proved. Evidence on &ffen innovation indicates that a shift occurs
in composition of R&D efforts: the companies’ inmon focus moves away from (public-
interest) technology innovation towards cost-redgdechnologies and consumer services.
While aggregate private spending appears to haamigihed, the focus on efficiency-

improving innovation seems to have increased.

Potential market power issues in energy marketdeasealt with by developing mechanisms
fostering competition. In this chapter we listedwsmber of policy options to do this, including
both structural (e.g. merger control and unbundéiome companies) and behavioural (e.g.
imposing contracting requirements on dominant pigyélso designs of mechanisms for
cross-border trade have scope for improvementidardo better reap the benefits of
integration of markets. In particular, current stépwvards ‘market coupling’, a mechanism
which allows for more efficient utilisation of al@ble transport capacity between countries,
may lead to improved gains from electricity traBmally, we explain the role of the demand
side in decreasing the cost of energy provisioniamatoving end-use efficiency.

The issues of cross-border market integration cdra solved by each separate country, but
needs integration and harmonisation of efforthatgU level, which also calls for a greater
consistency in actions of national regulators,teessed by the High Level Group (2006). This
concerns especially the development of cross-boaralde between countries and involves the
measures curbing market power at the European dekthe mechanisms stimulating efficient
use and expansion of interconnection capacity.
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Liberalisation and security of supply
Introduction

In the pre-liberalisation era, investments in tleeticity and gas sectors were centrally
coordinated. Security of supply generally was aweesibility of the incumbent vertically
integrated monopolist, which incorporated engiimggreliability standards in its decisions on
capacity investments. The perception of supply scwas chiefly that “all customers should

be able to consume as much electricity as they ataatconstant price at any given time”
(Bushnell, 2005). As a result, the pre-liberalise@rgy industry was characterised by a high
level of overcapacity where costs could be passed consumers. Moreover, the role of the
demand side in achieving supply-demand balancehasaly recognised. Liberalisation has led
to a shift of investment risk from consumers toitheestors themselves, creating incentives to
increase efficiency. In addition, liberalisatiowes stronger incentives to consumers to respond

to supply shortages.

A consequence of the abolition of the supply momypfsothat the responsibility for supply
security is not anymore assigned explicitly to @entifiable party. Rather, in the liberalised
environment the market mechanism is relied upagetterate optimal investment. The
guestion, therefore, is to what extent the secufityupply is compromised by the decentralised
management of energy supply. In order to answerghéstion, it is important to note that two
different perspectives on ‘security of supply’ dendistinguished.

Some view security of supply as guaranteeing desglpply of energy at an ‘affordable’ price,
no matter what the circumstances are (see e.q2@&). The 2005 Directive on Security of
Supply (2005/89/EC) defines: “security of electsicgupply means the ability of an electricity
system to supply final customers with electric{ty,) the satisfaction of foreseeable demands of
consumers to use electricity without the need foree measures to reduce consumption.”
Eurostat (2006) views “reliable electricity supplyacceptable prices a key driver to economic
growth and competitiveness”. The North-AmericancEleity Reliability Council (NERC)

defines adequacy as “the ability of the systenutiply the aggregate electric power and energy
requirements of the consumers at all times”, acdréy as “the ability of the system to
withstand sudden disturbances” (Meade, 2006). THefgitions are close to pre-liberalisation
goals as they take demand as an exogenous famm a purely economic point of view,
however, the concept of security of supply is edab the efficiency of the provision of
electricity or gas to consumers. Markets will alwanow variations in supply and demand,

5 Although the 2005 Directive also stresses the importance of “removing barriers that prevent the use of interruptible
contracts” and “encouragement of the adoption of real-time demand management technologies”.

a1



4.2

421

and, hence, in prices. A reduction in supply allgrises to rise and demand to fall, while an
upward shift in demand raises prices and, hengmlgu

The two perspectives, therefore, lead to conflgctioals, as from an economic (welfare) point
of view, supplying all demand is bound to be ir@éint, and prices will have to fluctuate to
clear the market& The remainder of this chapter looks at supplysscfrom both

perspectives.

Performance of energy markets in delivering sta  ble and secure supply

Volatility of prices

Liberalisation of markets leads to decentralisatiboperational and investment decisions,
coordinated through the price-forming process. Canispn of prices with short-run marginal
costs of supplying to the market (or, converselgrgmal value derived from consuming
energy) informs market participants in making théseisions. In the days of the vertically
integrated monopolists supplying to consumersderaralised fashion, such short-term price
signals were not required, and consumers typi¢atlgd average prices for energy (which for
gas were usually indexed to oil price fluctuatiosy a result, liberalisation results in more
volatile short-run prices, which were effectivelgdien under the centralised regime. Compared
to other commodities, the volatility of short-ruriges of electricity and gas is large. As
examples of the volatility in energy markets, figdr.1 plots the daily spot prices for the Dutch
APX electricity market as well as the UK gas markait prices. While overall volatility of
prices is noticeable, the short-lived price spilkegalues which may exceed normal prices by

tenfold are particularly striking.

The volatility of prices results from the particutharacteristics of electricity and gas, in
particular the inelasticity of both demand and syjpthe short term. These in turn are related
to the difficulty of storing electricity and theghi costs of storing gas, respectively, as welbas t
the strict capacity limit of production and transsion capacities. The high investment costs of
production equipment makes it uneconomic to keagelamounts of spare capacity available,
which leads to congestion on infrastructure in 8ro€high demand. This congestion is
internalised, in turn, through rising spot prices.

% Moreover, as Joskow et al. (2006) point out, in an efficient market price insensitive consumers’ demand may have to be
involuntarily curtailed.
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Figure 4.1 Daily spot prices at UK gas market (NBP)  and Dutch electricity market (APX)
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The volatility of short term prices need not be yorg for consumers if they can sufficiently
contract their electricity and gas in longer temntcacts. The extent to which longer-term
contracts are available differs according to théunity and liquidity of markets. IEA (2005a)
notes that in the mature Nordic market, traded melsi of longer-term contracts equal over four
times annual consumption. The financial markeelectricity contracts there evolved to grow
to over eight times total consumption over thet filscade of liberalised markets. Also in the
US Pennsylvania-New Jersey-Maryland (PJM) marieatjdity of the over-the-counter (OTC)
market is growing fast. Even in slightly less matararkets in Northwest Europe, contract
prices for 2 to 3 years in advance are quoted raatdtl (IEA, 2005a).

Also liberalised retail markets seem to be ablertwvide for longer term contracts to smaller
consumers. Littlechild (2006) documents the weaftbontract structures that evolved, partially
in response to price increases due to droughtiemMibrdic market. Similarly, in the liberalised
Dutch retail electricity and gas markets, offenstf@o or three year fixed price contracts have
become more common.

While short-term volatility may be less of an issuelatility on the longer term may be looked
upon less favourably. Some argue that liberaligatiay lead to longer-run price or investment
cycles, which may result in contract prices beirepded up as well. A case in point might be
the current longer-term price rises in the UK gaskat, where faster than anticipated decline
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of indigenous production produced a sequence araéwinters with tight supply-demand
conditions (see figure 4.2).

Gas prices in US (Henry Hub) and UK (NBP ), monthly average, 2000-2008
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Investments in liberalised markets are sometimasaterised as ‘just-in-time’, which may,
while ex ante optimal, from an ex post perspecdieteially be just too late in adverse
conditions. While the UK system so far has beer &bwithstand the above-mentioned shock
in terms of balancing supply and demand, this coabéise cost of high prices and significant
demand response. Before liberalisation, such comditvere less likely to happen as risks of
overinvestment were not borne by the investor pyuhe consumer (who would pay a higher
average price) as well as, where subsidisationimendved, the tax-payer. As a result, the
larger margin of spare capacity (to be on the sife) in the pre-liberalisation period tended to
dampen such price fluctuations.

The long-run average energy price fluctuationsnateéncomparable in magnitude to those in
other commodity markets (e.g. oil, metals). A majifference with these markets is that
electricity and, to a smaller extent, gas pricesadra more local nature: as a consequence of
infrastructure capacity constraints, global arlgigraf prices cannot occur (see e.qg. figure 4.2
for differences between UK and US prices). Averagee conditions among various local
markets may diverge more significantly than in ottemmodity markets, creating larger
fluctuations in relative competitiveness betweagiars, and potentially reducing liquidity of

forward markets. Long-run price fluctuations maynb@nageable by consumers through long-
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term fixed price contracts. However, a market farhslonger term contracts (of many years’
duration) does not appear liquid.

4.2.2 Meeting all consumer demand
Shortages may occur in gas and power markets assgguence of inadequacy of generation
capacity, outages in the transmission system,aal loroblems in distribution grids. One may
furthermore distinguish between involuntary curtaht of consumers and controlled demand
reduction, or economic shortage.

Real physical shortagE€shave always been mainly restricted to problensysiem

management or distribution grids, and have notimegal been caused by insufficient
production capacity. A well-known exception migletthe Californian power crisis, where
indeed consumers did experience (controlled) fodiedonnections. Even here, as explained in
Bushnell (2004), this appeared not so much a caseg of insufficient capacity, but rather of
insolvability of the utility firms.

Figure 4.3 Effect of Norwegian 2002-2003 price spik e on electricity consumption by the boiler market
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Source: Bye (2003)

On the supply side of the market, on the other haoohomicshortages (closing of production
activities because of high energy prices) have me@re widespread: liberalised markets do
generate market prices where consumers decideltcegheir energy use. In the UK gas

* In power markets, these would either be uncontrolled black-outs, or controlled rotating black-outs, brown-outs (voltage
reductions below normal operational limits), or forced interruptions of industrial users.
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market, for instance, demand response over thegrighd winter 05/06 was significant.
Regulator Ofgem estimated this as up to 10% of gata consumption; the majority of this
came about by electricity producers switching teeofuels. Energy intensive firms (e.g. in the
ceramics and paper industries) shut down durirgelgarts of winter. Also in the US, higher
gas prices have led to the delocation of someeofribre energy intensive consumers (e.g.
fertilizer production, see Fertilizer Institute,dH). In the Norwegian market, in the 2002-2003
winter, price spikes emerged, provoking significdeimand response, even from domestic
consumers, who were generally on short-term cotstieaed were therefore soon confronted
with the price rise, and as a result the markeedapmarkably well in preserving supply-
demand balance (Bye, 2003; see figure 4.3).

Apart from actual experience of incidents whereneeoic shortages appeared, one may also
investigate whether risks of supply shortages laseased since liberalisation. One indicator
of this is the evolution of spare electricity geat@n capacity after liberalisation. Declining
capacity margins make the system more susceptibifeidental supply shortage. In the EU-15,
the growth in electricity demand over the last lezades has slightly outpaced growth in
capacity: average utilisation of capacity incredsed% (see also figure 3.1). Focussing on
individual technologies, it appears that the aversgare margifi on nuclear and conventional
capacity has decreased (with utilisation rateseiasing by over 10% for each) (Eurostat). When
focussing on the last 5 years, this trend is evererapparent.

The lower margins of flexible capacity in EU-15 bawe be viewed in the perspective of
increased power trade among countries. In addigibocation of rights to use interconnection
capacity has become more flexible and swifter rasp@f power flows to short-run local
supply or demand changes is now possible. As dtrésibetter pooling of national spare
capacity margins (diversification), similar levelssecurity may be attained with lower

capacity margins.

Another indicator of risks of supply shocks is t&eel of diversification of supplies. More
diversity of supplies leads to pooling of risksmterruption of supplies from individual
sources. This leads to lower aggregate risk pravitie alternatives are equally relidfjand
shocks are uncorrelated. In electricity generatior often looks at diversity of technology
(and fuel) of electricity production. It is evideihiat gas-fuelled production and wind energy
have grown significantly, at the expense of nuctat, mostly, coal (see figure 4.4). Given the
traditionally high shares of the latter two fuels/ersification seems to have increased. This is

'8 Defined as the ratio of available capacity from these technologies and annual output.
9 Risks of different technologies do obviously differ in practice. Gas, for instance, is generally viewed to be more vulnerable
to political risk.
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Figure 4.4
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indeed confirmed by analysis of diversity indiceshie UK (see Grubb et al., 2006), but may
differ per country.

Contribution of various technologies to total generation (EU-15)
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Source: Eurostat.

In gas, diversification is often associated witlhgmphic sources of gas. Currently, imports of
gas into Europe come predominantly from RussiagAégand Norway (IEA, 2004). As
indigenous European production is declining overribxt decade, the reliance on imports will
only increase. Risks can be related both to (jgalitand technical) production risks, and to
transit and facility risks, which may increase rassit routes become longer. The importance
(and risk) of dependence on specific facilitieexsemplified by the 1998 Longford incident in
Victoria, Australia, where domestic and businessscmers’ supplies were cut during two
weeks, in the wake of an explosion at the Longfgas processing plant. All supplies depended
on this plant (NERA, 2002). Such dependence oflaxgumes of gas on single pieces of
infrastructure is not uncommon (and often indeedivated by cost efficiencies). For example,
for the UK, NERA (2002) and Stern (2003) pointlie importance of the Bacton gas terminal
in delivering gas to the country. Experience irergavinter demonstrates the effect of loss of

the Rough storage facility, which accounts for s@®& of UK storage capacity.

It is not obvious that liberalisation leads to mordess diversification. Generation portfolios in
the traditional systems may have been biased t@sohe technologies (e.g. as a result of coal

subsidisation in the UK before liberalisation), ieHiberalised markets may focus on different
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technologies. The Longford incident in Australiasvedtributed to the monopolistic status of the
gas sector. However, if observed current (lacldofgrsity gives rise to political concerns, this

may necessitate policy measures complementinghtbralised market.

Reliability of networks

The reliability of the electricity generation systés intimately connected with security of the
transmission system. Indeed, major power failufeg@ent years did not originate from
inadequacy of generation capacity, but were a cpresece of failures of system operations.
System operators are in charge of keeping elagtdgmand and supply balance intact over the
network. Failure to do so results firstly in ovexted transmission lines, and soon afterwards
from loss of equipment that may send the systemartascade of failing components and loss
of power over large areas. Well known examplegdfaae€2003 black-outs in the Eastern US and
Canada, leaving 50 million people disconnectedifoto 4 days, and in Switzerland and Italy,
that left Italy without power for a day.

IEA (2005b) provides some evidence indicating thatfrequency and extent of (smaller)
North-American outages may have increased sinceahg 90s. Secondly, IEA also notes that
larger black-outs occur mostly when systems opelate to their security limits. EU-15 cross-
border trade volume has increased by 4% per anvemtloe last decade, compared to a 2%
increase in generation (Eurostat). As a resulibefralisation and increased trade, many
interconnections between European countries argested a large part of the time (UCTE,
2005).

Another reason for strain on transmission capaugy be the higher share of intermittent
generation (in particular, wind) in Europe. The merratic supply patterns resulting from this
cause larger short-turn variation in transmisslows$ across European networks, and hence
place greater strains on reliability. A near-incitlehallenging stability of the Belgian power
grid as a result of German wind production is aanagle of this (UCTE, 2005).

The impact of liberalisation on the distributiorct® is mainly through stronger requirements
on unbundling and regulation in the member statadrive for efficiency as a result of
increased regulatory incentives might compromisgrihution grid quality, though this much
depends on the form of regulation. Figures on agag the UK grid do not show significant
increases of distribution disruptions, while outage a result of planned maintenance have
decreased (see CPB, 2004).

Performance of energy markets in delivering an efficient level of supply

From a welfare economic point of view, the questiban optimum level of supply security
can be rephrased as whether the market succeadkigving efficient balancing of supply and
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demand in the short run, and efficient levels @Estment in the long run. Efficiency does
require that short run prices fluctuate to refldwanging supply and demand conditions. While
in many periods, prices will be related to margic@sts of supply (in efficient markets), in
periods of scarcity prices rise to willingness &y by consumers. Prices in both regimes may
differ by orders of magnitude, where the high sicgay be required to recover the
investments. In these periods, furthermore, nadethand will be met. Security of supply
interpreted in terms of short- and long-run efiidg is therefore at odds with the concepts of
supply security analysed above.

The evidence of fluctuating prices and demand nespresented so far may be consistent with
a drive towards efficiency. Since security of sypplitself costly, the optimal benefit-cost
situation may well involve lower levels of suppbcsirity than those enforced by central
planners in the past or currently imposed througlip-service obligations. In this approach,
policy measures may be called for when markets faidfo achieve the efficient level of

supply.

An evident reason for intervention in energy maslestists because small consumers are not
aware of (real-time) electricity prices and manpsumers do not have the opportunity to react
to short-lived price rises by reducing their demaritk potential failure to balance the system
as a result of such demand rigidities might leaslysiem collapse, imposing an externality on
all users. System security is therefore a publimdgdn practice, the solution adopted to this
failure is that responsibility for balancing theseym and making decisions on curtailing
consumption is assigned to a system operator.

Uncertainty over peak prices is sometimes menti@seidnpediment to efficient investments.
Producers would not invest if they perceive theeraies to be too risky. This argument
disregards the fact that not investing would beadlguisky to those being short in energy:
consumers or those from whom they contract enétgyever, market failures may also occur
if prices in periods of price spikes do not adeqlyateflect the value of energy. This may result
from ill-designed real-time (balancing) markets lfatancing mechanisms), but also for
instance from (investors’ anticipation of) intertiens by governments or system operators in
mitigating temporary price rises (e.g. BushnelD20 As Joskow (2005) points out, especially
under scarcity conditions prices will be extremsdpsitive to the system operator’s
discretionary actions.

Incompleteness of markets can also result in sulapbehaviour. If markets, in particular for
long-term contracts, are not sufficiently liquightimal transactions may fail to take place.

Reasons for insufficient long-term contracting naaige from transaction costs, but also from
inadequate design of retail markets. If consumevsdr contracting with financially unreliable
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retailers since they are not exposed to the imloalansts in the event of the retailer’s
bankruptcy, insufficient contracting may result 88uaell, 2005).

Do markets deliver suboptimal diversity? Again, whisks of certain sources or technologies
translate into adequate price risk exposure toeticostracting from these sources, market
parties internalise those risks. An exception maydur in the gas market, if increased
dependence on (political) sources increases tlmsees’ incentives to interrupt supplies to
achieve political goals. In addition, there is dwious public good involved in trade relations
and international frameworks of property rightgeign policy affects costs and risks of

international supplies.

As to technology choice, there is, finally, a cleavironmental externality. In addition,
Neuhoff et al. (2005) argue that in the presenamariket power, base load plants (i.e. the low
marginal cost plants producing across all houthefday) or intermittent generation benefit
less from exercise of market power than peak plem. equilibrium mix of technologies may

therefore be distorted under market power.

Regarding transmission and distribution, optimgutation should incorporate incentives for
internalising reliability of the grids. A difficuftin transmission grid regulation in particular is
that local grids’ security is intimately connectedperations in adjacent grids (that will
typically be regulated by different regulators)isTbreates moral hazard where operators can
shift responsibilities to adjacent operators (sge@lachant et al., 2003). In addition, benefits
of investments spill over to other operators, amdsgnsitive to (imperfect) compensation

mechanisms for transit flows.

Policy options

Design of balancing markets

As discussed, the cornerstone of market efficidigsyin prices that adequately reflect the (real-
time) value of electricity or gas, as well as made&tors’ decisions that translate into exposure
to these prices. This allows market players torivetiise the effects of their actions on the

supply security of the system.

Most transactions in the wholesale electricity gad markets are regular contracts between
private counterparties, where rights and respalitgiisiare well-defined. The special features of
these markets are reflected in the necessity dfagnrun balancing markets. Both in

electricity and gas markets, given the public-gobdracter of system security, the system has
to be managed by an operator having the respoitsitit keeping the system in balance. The
system operator translates its responsibilities atitligations on users of the system through the
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design of a balancing regime with associated rightsresponsibilities. Under the balancing
regime, market parties generally have rights ta@ete(balanced) transactions, but are charged
for imbalances between input into the system, dftdke from the system. The design of the
balancing arrangements is critical in appropriatefking market parties internalise the
consequences of their decisions. In particulaicieficy requires that real-time prices reflect
real-time value of electricity or gas, in ordergige adequate incentives to participants to

contribute to supply security.

All other contract prices (in day-ahead and longem markets) are essentially forward prices
on the balancing price, so that inadequate dedignmarket feeds through into flawed
pricing in the complete wholesale market. As amgxe, if market parties anticipate that a
supply incident (such as a pipeline outage) witl result in costly imbalances, there will be no
incentive to hedge against such incidents throaghér term contracts. Moreover, there will be
no need of adjusting behaviour to reduce exposuseith incidents, leading to overreliance on

the supply source.

Not all EU markets have so far implemented marleteld balancing arrangements in gas and
electricity markets, relying instead on balancingctranisms whose prices at best imperfectly
reflect the real system balancing situation. Iniddg such markets would be a first step
towards ensuring adequate market provision of supgdurity.

Secondly, in particular (balancing) prices in diiias of system tightness are crucial in
provoking behaviour consistent with optimal supgpdgurity. Ex ante transparency on system
operator disconnection policy in case of real-tshertage, as well as pricing behaviour under
these conditions, can signal that system operatiirallow prices to reflect scarcity, and that
governments will refrain from interfering in the rkat in these events, thus providing
assurance to investors. A principal component ohgolicies would be the definition of the
so-called value of lost load, or the average valteched to remaining connected by smaller
customers (who cannot independently decide to disect). Values for price caps adopted in
various systems across the world are given in t&ldleln effect, this price would serve as a
price cap in the market, since when the markeepiceeds the cap it is, by definition, welfare
improving to stop supplies to these consumers. €mmly, whenever non-price-responsive
consumers are disconnected to solve balancingemshlthe (efficient) price for balancing
power would equal this disconnection value. Furtigre those consumers disconnected (or the
suppliers responsible for them) are in this cagpléers of balancing power to the market, and
it should be ex ante specified whether they wogddmunerated as such.
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Table 4.1 Price caps (per MWh) in various electrici  ty markets (from IEA, 2005a)

PIM Australia Britain Denmark Finland Norway Sweden
USD 1000 AUD 10 000 none none none NOK 50 000 SEK 20 000
EUR 830 EUR 6 250 EUR 6 300 EUR 2 100
4.4.2 Price and capacity regulation of wholesale ma  rkets

If high prices reflecting scarcity are either npblftically) acceptable, or cannot be credibly
committed to by government or system operatorspiogpprices at some maximum level may
be considered. To keep incentives for investmetitra, this requires additional compensation
for investors to make up for those profits that ldduave occurred in hours of scarcity. Various
methods to provide such payments have been coasdidierthe United States, various regions,
in particular in the North-East, have so-calleddiied Capacity (ICAP) markets, where
electricity suppliers have to buy sufficient ‘cajpgpcredits’ from generators. The amount of
these credits is related to the buyer’s level @flpdemand. Credits, being limited in supply,
command a positive price. Sales of credits forraglace of revenues to generators in addition
to electricity prices, and contributes to the ma@nce of a margin of supply over peak
demand. Effectively, the required margin is seth®/regulator. Such a system was advocated
more generally by the federal regulator FERC isd@scalled Standard Market Design, a

programme developed after the California crisis.

An alternative mechanism is that of capacity payisieor subsidies related to having
generation capacity available. In England and Wakesso-called Pool, which offered capacity
payments in addition to a price for electricity,sxgbandoned in 2000 in favour of the New
Electricity Trading Arrangements (NETA). One of tleasons was that the Pool mechanism
turned out to be sensitive to market power in tikeraarket (Newbery, 2005). Also in Spain, a
capacity mechanism is implemented, the detailslo€fwhave continued to be subject of much
debate (Batlle et al., 2006). In the Netherlardscerns over inadequate investment in
generation were met by the introduction of a ‘safedt’, providing the system operator with the
possibility to contract additional reserves to giate damage in case of a system emergency.
The system was designed to interfere minimally wittiinary market operation (see Lijesen
and Zwart, 2005). However, as producers appeaave fesponded to the tightening supply
situation by increasing investment, it was conctutteat implementation of the system was not
yet called for (TenneT, 2005). Brunekreeft (2008)es that in Scandinavia, except Sweden,
there are no plans for central acquisition of cédpac

Disadvantages of such approaches are the necetdityailed regulation and central planning
of required capacity. In the credits system, tlgil&or has to determine the level of capacity
required to be contracted by consumers, the pefaltyon-compliance, as well as the price cap
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in the wholesale market. In addition, in integrasgdtems, a price-capped system will lead to
muted incentives on market participants for pravidéystem security in times of stress, since
the benefits of making available additional suppbe reducing demand are lower (see e.g.
Hogan, 2005, and Batlle et al., 2006). Too low@iaps will effectively eliminate all potential
for demand side participation. Furthermore, ingné¢ed systems, price caps might give
perverse incentives to lean on the system and egpuerer to regions not affected by the cap.
Price caps are sometimes advocated as a deviogafiet power mitigation. However, as
argued by Bushnell (2005) and Joskow et al. (20@&yket power might well migrate to the

capacity market instead.

Insofar as inadequate contracting (and inabilitgaisumers to hedge against price volatility)
is the cause of concern, measures may be takemptove liquidity of contract markets. This
may require regulation on market transparency,leégry endorsement of market places, but
potentially also requirements on retail firms talge their price risks, and avoidance of
regulation that provides consumers (low) defaultgao switch to in times of high prices. The
latter would lead retailers to shy away from pusihg power or gas on longer term contracts,
as their customer base would decline as soon agpspes would drop below the long-term

contract price.

More draconian measures would be to force long-{eytion) contracts on consumers (see e.g.
Perez-Arriaga, 1999, Oren, 2005, and Hogan, 2@&h proposals, which have so far not
been implemented anywhere, resemble capacity geligmes to some extent. Selling an
option obliges generators, when prices rise abowagaeed strike price, to remunerate
consumers, the buyers of the options, the priderdifice. The gains from the contract sales
should provide the investors with sufficient retemtheir investments. Such obliged contracts
may mainly have merit if risk averse consumers havaccess to (long-run) contracts
protecting them from occasional price rises. Littidd (2006) demonstrates that absence of
such regulation may result in desired outcomeseadk with those consumers that prefer such
price protection voluntarily contracting with suggpk. Other measures may be support for
industrial consumers in negotiating collectivelpdeterm contracts with producers, as e.g.
occurs in France (Ministére de 'Economie, 2005) e Netherlands (Electrabel Nieuwsbrief,
2005).

Encouraging liquidity of markets

A liquid market gives a number of benefits to maidayers, both at the supply and the
demand side. On the demand side, market liquidlityva consumers to efficiently hedge their
exposure to short-term price fluctuations, andak@tadvantage of their ability to respond by
reducing demand when this is profitable in casghofit-lived price rises (potentially through

the services of specialised intermediaries).
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On the supply side, apart from a loss in efficieasya result of a failure in adequate trading
among players, a lack of volume and depth of theledale market is also likely to prove an
entry barrier for new players investing in the nedrlA liquid market lowers transaction costs
for new players in the market (e.g. entrants inrétail supply market) and facilitates entry of
independent investors (in for instance LNG ternshaly reducing potential hold up problems.
This is because liquidity of the market stronglgmases the asset specificity and the ensuing
need for long-term contracts (see box ‘Liquiditytieé market and investments’). As a result,
liquidity of markets may decrease market power &ydemoving investment barriers, increase

efficiency of investments.

The emergence of liquid markets may also changentitevzation for investment. Whereas in
the past, market parties would invest in e.g. gidia accordance with their needs to balance
their own supply portfolios, increased market lijtyi offers more opportunities to build
storage capacity for the purpose of trading, makisey of (shorter-term) fluctuations in supply
and demand. In the gas market this increases tus fan flexible short-term storage such as
salt caverns, while in electricity, flexible gaspls may become more attractive. The mix of

supply assets may therefore change.

It should not be concluded that competitive anditigmarkets will call forth more investments

in infrastructure than relatively non-liquid margetominated by incumbents. Indeed, one of the
goals of liberalisation was to avoid overinvestmarihfrastructure. Dominant incumbent

parties typically do not face hold-up risks if thénemselves control the end-user markets and
can shift costs towards captive consumers. It deem true, however, that liquid markets, by
removing a barrier for entry, can attract a mosedie range of investors, introducing
investment competition that favours the more effitiinvestors.
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Box: Liquidity of the market and investments

Assets in the gas market (such as LNG terminals, storage facilities, production) are of a long-lived nature. Market
parties, in their decision to invest, will only invest if the prospect of reaping the future rewards for these investments is
sufficiently certain. Risks may include both price and volume risks. Of particular concern is the danger of opportunistic
behaviour when large initial, relation-specific investments are involved (Williamson, 1979). After the investment has
been sunk, a buyer has the incentive to exploit its bargaining power to expropriate the resulting rents. Anticipating this,
the investor does not invest, or is 'held up’.

The standard answer to such hold-up problems is the use of long-term contracts, which indeed abound in the gas
industry. For Dutch gas producers, such contracts are mainly used to mitigate volume risk: contract prices are
renegotiated annually, with prices within the year being updated on the basis of price movements in baskets of traded
commodities. Most long-term contracts have some degree of price flexibility (see e.g. Creti and Villeneuve, 2003), or link
the price to some external benchmark (e.g. the UK NBP price).

Volume risk, or the risk that one’s output cannot be sold against market prices, is of particular concern if the number of
potential buyers is limited, which indeed makes investments relation-specific. Liquidity of the gas market strongly
decreases this specificity and the ensuing need for long-term contracts. A liquid gas market by definition is able to
absorb gas sales at market prices. Quoting Newbery (2000) on the UK gas market, “In the past the lack of a competitive
market for gas has meant that gas development faced the same problems of opportunism as other capital-intensive
sunk investments tied to a single market, which they managed by signing long-term contracts. If there is a genuinely
competitive gas market with a sufficiently large number of buyers and sellers, [...] then these problems of opportunism
are reduced, and only commercial risks remain. Oil companies are familiar with these potential problems, and manage
them with rather shorter-lived contracts, futures, and by shifting the remaining risks onto their shareholders who can
hold diversified portfolios.”

The fact that liquid gas markets reduce investment risk (or risk of hold-up) is illustrated by the Ormen Lange project, a
multi-billion dollar investment connecting a Norwegian gas field to the UK market, as described by Honoré and Stern
(2004): “Many of these companies have said on many occasions that it would be impossible to invest in multi-billion
dollar projects without long term contracts. And yet, it is striking that although the project is under construction, no long
term contracts have been announced and Norsk Hydro has said that it does not intend to sign any such contracts for its
share of the gas. The only company which could use an existing contract is Statoil which has a contract with Centrica for
5 Bcmlyear for 10 years at NBP prices for delivery at that location. It appears that other sellers intend to develop a
portfolio of long, medium and short term sales and possibly also arbitrage between UK and Continental European gas
markets depending on price differentials.” Stern and Honoré cite the liquidity of the UK market as one of the
explanations. Similarly, Newbery (2000) describes the developments of the UK market in the period 1995-1998: “The
development of increasingly liquid spot and futures markets created a serious alternative to long-term contracts for
producers and suppliers [...]. Contract lengths shortened, producers were encouraged to release supplies, and prices

dropped [...].”

Liquid markets may require, however, some help fpmiicy makers to get established. Firstly,
markets may be characterised by the existencetabnle externalities (see e.g. Economides
and Siow, 1988). This means that the benefits vinigega market is an increasing function of
the number of players because the number of opt@rarrying out efficient transactions
grows as the number of market players active imtheket increases. As individual trading
parties in a market are not fully able to capthese benefits, a market may therefore fail to
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develop. Especially in the starting-up phase, & ftsn government may be required. This
may take the form of active endorsement of a maylete, instilling confidence in a market by
introducing trade oversight through market suraeitle committees, and stimulating
transparency of markets, e.g. with the help ofitdependent system operator. Also, especially
in more concentrated markets, policies to prevacumbents from frustrating the development
of liquidity by impeding retrading (e.g. throughntractual clauses) of power or gas can be
warranted.

Regulation of energy mix and investmentin st  rategic stocks

Dependence of energy supplies on only a small nuwidifferent sources will increase the
aggregate supply’s exposure to external risks hemte may add to the risk of price or supply
shocks to consumers. This risk should be weighathagthe potential efficiencies of some
sources of supply over others. As noted, genecaligpetitive markets may achieve finding the
efficient trade-off between these effects, as peivavestors and consumers internalise the
benefits of diversification. Where either the réisigl exposure to price shocks is deemed
(politically) undesirable, or where market failuraay play a role, policy measures to increase
diversification may be sought.

In some cases, the historical situation may dsfdficiently from the driving forces of
competitive markets so that increase of diverdificemay be automatic. This is the case for
example with the increase of relatively low capitdénsive gas technology in markets that
were for historical reasons dominated by coal-figederation technology. Furthermore, in the
electricity market, relatively recent environmern(&inissions) regulations tend to increase
generation diversity (see Grubb et al., 2006, foigztions of diversity in the UK under low

carbon objectives).

Diversification in the electricity market may alke achieved by stronger linkage of markets in
various countries, pooling the risks of local disfances. As such interconnection increases
diversity, existing policy goals setting minimumusals on interconnection capacity may be
beneficial. Since regulatory structures may fadficdity in promoting sufficient availability of
interconnection capacity (see below), such goalg lmesa second-best answer to market or
regulatory failures associated to the natural mohogharacteristics of transmission grids. The
risk of overinvestment should be recognised, howdwgproving regulation on congestion

management and investment would be preferable.

In the gas market, diversity is probably a biggsue, in particular concerning geopolitical
sources of gas. In principle, those political @ht®ological risks that are exogenous to market
participants’ behaviour may be internalised by th&his does require that importers do face
these risks in terms of exposure to price risease of incidents. In particular, force majeure
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clauses in balancing arrangements, or the pogsgibilifinancial default against the system
operator would undermine this internalisation aatlito overreliance by market parties on the
risky source.

However, as noted, it can well be argued thatigleaf politically motivated supply restrictions
by gas producing countries increases with the dégrare of a consumer country on this source.
In that case, there is a negative externality txyring gas from such countries (i.e. by buying
the producing country’s gas, a party increasesisheof supply interruptions to other

importers), and policy measures to reduce deperedaght be efficient. One such measure
could be limiting the share of gas from individsapply countries, a measure adopted for
example by Spain.

Restricting shares of imports from individual caieg may be difficult to enforce in liquid
markets (except by directly limiting pipeline cajig) as a result of potential retrading of gas.
This in particular is the case for shipments of LNt may easily change ownership. The
costs of any such import constraints would depemthe substituting supplies. In the long-run,
these would presumably be increased imports oéfigd natural gas (LNG), shipped from
diverse locations. On the other hand, direct camant of political risk through foreign policy

is warranted (CIEP, 2004). Another viable route rhaypolitical efforts towards the reduction

of (transaction) costs for (other) sources of gdss could take the form of coordination of
siting permits for transmission infrastructureamild be the case for a planned alternative gas
route from the Caspian region through Turkey toopert

Other policy measures could involve investmentiatsgic reserves, as these would reduce the
effect of withholding supply, and hence the riskso€h actions occurring. The major risk here

is that private initiatives are crowded out: prevaitvestors may decrease their investment by a
similar amount of capacity. This clearly dependsl@deployment criteria of the strategic
reserves, but it would seem hard for government®itomit not to employ the strategic reserves
in all cases where prices rise significantly, thuging incentives for private investment. If only
used under contingencies, a cost-benefit analysigdibe called for: voluntary disconnection

of consumers may well be a less costly alternathgean example, IEA(2004) notes that gas
stocks are much more costly than oil resefJes.

Optimal regulation of grids and system operat  ors

The natural monopoly of transmission system opemaind investment evidently requires
regulation. In contrast to regulation of distrilmutigrids, analysis of, and experience with

regulation of transmission systems is still undeedigped. A notable example that is often
considered to be successful is that in the UK, wlilee independent system operator is

% gee also cost-benefit analyses in De Joode et al. (2004) and Mulder et al. (2006).
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regulated under a mix of cost of service and psifdaring mechanisms, under performance
metrics which include quality (Joskow, 2005). Giyimdequate incentives for inter-TSO
transmission investment is a more difficult isdugyever. Increasing transparency to
stakeholders of system characteristics and compntaf available capacities may be a useful
step.

Vertical integration with generation likely givestbrted incentives as system operator
decisions may have great impact on generator plility. Joskow (2005) argues that
ownership unbundling is optimal.

Minimum quality standards are widely used by retjukato protect customers from quality
decreases below a certain level. In particuladfstribution networks, such a standard may
require that the company has to pay a fine or evayloose its licence for violating this
standard. Minimum quality standards are used,Xan®le, in the UK (Ofgem, 2003).

Although minimum quality standards are effectiveptevent the drop of quality below a certain
level, they do not reward companies for the pravisif a higher quality or achieving a better
price-to-quality ratio. There have been regulattgmpts to introduce these incentives by
adjusting regulated tariffs with change in consumgsrruption cost (e.g., in Norway and the
Netherlands, see Langset et al., 2001, and DTe)206at way, the regulator balances cost-

reducing incentives with incentives for a bettécgito-quality ratio.
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Liberalisation and environment

Introduction

Electricity generation is a major source of envinemtal pollution. Emissions from burning
fossil fuels to produce electricity contribute stalogially to urban ozone and other air pollution,
acid deposition, regional haze and visibility pevhk as well as the build up of greenhouse gas
concentration in the earth’s atmosphere. The cams®gs are human health problems,
damages of ecosystems, crops, and building matarianity losses, and global warming (cf.
European Commission, 2003).

Against this background it is important to know himereased competition in the European
electricity markets is likely to affect the sizetbé environmental impact. The answer to this
guestion is not obvious because restructuring ffantahe environmental performance of
electricity generation in many different ways, sdeeding to increases of air pollution and
global warming and some leading to decreases. ffbet elepends on four key factors: how
liberalisation affects electricity consumption, haffects fuel efficiency, how it changes the
mix of technology to produce electricity, and hadleralisation affects voluntary environmental
initiatives and the performance of environmentgltation. This chapter first discusses these
issues based on theoretical literature (Brennah,e2002). Afterwards, some empirical
findings are presented both from inside and outdideEU and the results of a game theoretic

model of the EU electricity market are outlined.

Beforehand, it is important to note that in prineipberalisation does not lead to any change in
total CQ, emissions because they are capped by the Eur&peasions Trading Scheme (EU
ETS). If the emission cap is fixed and liberalisatfacilitates fuel efficiency and clean
technologies, this will only lead to more availabllwances that could be sold to other sectors
also covered by the EU ETS. It is, however, posdibét liberalisation results in a higher level
of electricity consumption with equal G@missions (see 5.3).

Effects of liberalisation on environment

Electricity consumption

A primary motivation for more competition in thesetricity market is the expectation that it
will lead to lower electricity prices. If priceslfathe consumption of electricity and emissions
from electricity generation can be expected todase, though not by a large amount since
electricity demand tends to be inelastic. Whetimek lsow much electricity prices fall as a result
of liberalisation depends on a number of factdydot instance, the new market is very
competitive and therefore leads to more efficientpction and more purchase options for all
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classes of consumers, this can result in signifigadower electricity prices. In the short term,
prices may also fall because overcapacities that baen produced by regulation and subsidies
may be abolished. Conversely, if the regulatedtyis a low cost supplier relative to its
neighbours, prices in this area can actually irs@aeander competition. Prices may also be
higher than they would have been under regulatientd mergers and strategic behaviour of
the electricity suppliers, as is described in chapt(see also Haas et al., 2000). Thus,
liberalisation has to be accompanied by a strofigreement of antitrust laws.

Liberalisation could also lead to greater use af-tiene pricing of electricity, leading to higher
prices during periods of peak electricity demand lanver prices during off-peak periods,
increasing market efficiency. Consumers may detdshift their electricity consuming

activities to off-peak periods. As the baseloadegation in many countries produces more
emissions than the peak units because of a higjlaee ®f coal, the shift from peak to baseload
could lead to higher emissions. In single countties have a high share of nuclear power in the
baseload generation, such as France, the shifd éeadl to lower emissions. In these cases other
problems like nuclear waste disposal or reactoidaots may become severer.

Fuel efficiency

Rate of return regulation, that was the leadingilagn in the old days of electricity
generation, covered generators’ costs of produgtios some fixed capital rent. This did not
enhance investments into innovative energy effigiwer plants. In contrast, after
liberalisation, electricity generators economiséumi use, as is seen in chapter 3, for example
by improving their degree of energy cycle efficignibecause they have stronger incentives to
reduce production costs. This could lead to redustin primary energy use and emissions per
produced kWh.

Mix of generation technologies

Liberalisation can have different effects on theedepment of nuclear generation, coal-fired
and gas-fired generation as well as generationdbaseenewable energy sources. For each
technology the effect can be theoretically eithesifive or negative. For example more
competition can on the one hand lead to an incdease of relatively cheap coal-fired
generators. On the other hand, some older coalspleilt require capital investments to extend
their lives and the costs of these investments tmighbe recoverable in a competitive market.
Increasing the output of these older plants widiidnally increase their maintenance costs,
potentially making them unprofitable and thus magkihem for replacement by more efficient
plants. The chances of renewables may be affef;tad €xpected, increased competition leads
to lower electricity prices and no other instrunsetat promote renewables are in place.
Conversely, liberalisation creates greater postdslfor differentiating purchase options that
can provide a boost to renewables. Incumbents Agsaew operators offer service packages
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featuring green electricity for which consumers\ailing to pay a premium above the market
price of conventional power (see also the sectiodymamic efficiency).

In general, whether a certain technology penettag&uropean electricity markets faster than
it would have in the absence of liberalisationriso@en question, for several reasons.
Competitive markets are riskier for investors, Isat the capital costs will be higher than under
regulation and tend to yield lower levels of invasht in new generation plants. Uncertainty
about future developments of environmental regmatavailable locations for new plants,
primary energy prices, or costs of the requiredmgant may have investment-reducing effects
as well (IEA, 2003).

5.2.4 Voluntary initiatives and environmental regul  ation
More competition in the electricity market can leaadewer utility-sponsored electricity
conservation programs that help to slow the graftblectricity consumption. If these
programs are actually effective in reducing elediridemand, eliminating them would result in
higher emission levels. Liberalisation of U.S. &letty for instance has contributed to the
demise of many utility-sponsored conservation prows. Voluntary commitments to reduce
emissions are also less likely to be forthcoming more competitive market where electricity

generators have a stronger incentive to keep tmsts

Greater competition may, at the same time, imptbeegenerators’ willingness to comply with
some environmental regulations, provided that naoimy is effective and thus, complying
doesn'’t create competitive disadvantages. In a mieregulated market, generators are more
concerned about minimising costs, so that the itivesnto install low cost abatement
techniques or to switch to cleaner fuels due tedax emissions trading are stronger. The
advantage of market based policies relative to canttrand-control methods is greater in a
competitive than in a regulated electricity markéarket based policies are therefore seen as
more consistent with liberalisation. Note, howetkat overall efficiency comparison between
regulated and competitive markets must include todnig costs which tend to be higher in the
latter case.

5.2.5 Empirical evidence
As the process of liberalisation in many countigestill ongoing, the existing literature doesn’t
provide a comprehensive research on all effects.félfiowing findings, however, present some
impacts of liberalisation which have been obses@éar. Pearson (2000) shows that
liberalisation of the U.K. electricity market in 89 was associated with a rapid decrease of both
total emission of several key pollutants as wek@ssions per unit of electricity generated.
The main reason for this development was thatwaalto a large extent replaced by gas. The
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author argues that this encouraged the governrmogaké a more proactive environmental
stance than they would have otherwise done.

Several studies analyse the effects of the maitketdlisation on energy efficiency and use of
renewables in the U.K. They conclude that libegadii coupled with other policies helps to
enhance energy efficiency but is in itself insuéfitt (e.g. Eyre, 2000; Wohlgemuth, 2000). This
result is confirmed by the development of the dedrfan green electricity after liberalisation of
the German electricity market. Only 1.2% of thectleity consumers switched from
conventional to green electricity due to highecesiand switching costs. Thus, the diffusion of
renewable energy technologies relies on additiprahotion measures (Borner, 2002).

Filippini et al. (2002) analyse the chances ofSkéss hydropower sector after the deregulation
of the Swiss and the European electricity marketey conclude that in the short run only a
few producers have financial difficulties to cowgrerational costs and that the majority of the
firms will not reduce or shut down their activitidshe chances in the long run will depend
crucially on the long run market price and on tapability of the producers to innovate.

Eikeland (1998) compares the impacts of liberdtisadf electricity markets on the
environment in the U.K. and Norway. The short-teffiects were different due to different
initial situations. Compared to the environmentabiovement after liberalisation in the U.K.
due to an intensified use of natural gas insteambal, the impacts in Norway have been more
complex. In Norway, nearly all electricity had histally been generated by hydro. Shortly
after the reform in 1990, a temporary stop in newedopment of hydro projects occurred,
leading to short-term environmental improvemenggduse the abolition of politically set
prices and the area franchise system revealed &xeesipply capacity. More fundamental
changes came because the reform led to increasest pade between Norway, Sweden,
Finland, and Denmark, coupling the Norwegian hyldased electricity systems with thermal-
based systems relying on coal, gas, and nucleaep®ihether or not the trade has led to a net
decrease in environmental damages in the wholeisirest clear. With respect to the long-term
environmental impacts, the patterns seem to hase feite similar in both countries. The new
electricity legislation allocated the responsililior environmental challenges to the state
(regulator), industry, and consumers.

Focussing on the climate change problem, EikelaB8&) ascertains that after liberalisation
regulators and industries had lower incentivesrtomwmte energy efficiency and renewables due
to other overriding interests. Consumers were r&tiitively passive. He emphasised however,
that the Swedish example of labelling green eleityried to a massive demand for green
electricity, pushing the liberalised market towaatismproved environmental performance.
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Fabrizio et al. (2006) examine whether liberalmathf the U.S. electricity market has increased
the productive efficiency on the plant level. THey that investor-owned utility (IOU) plants

in restructuring regimes reduced their labour amatHuel operating costs by 3 to 5% relative to
IOU plants in states that did not restructure tbé&ctricity market. The utilities in the
restructuring regimes have therefore a greatempiaté¢o reduce electricity prices which could
in principle lead to a higher level of electricdgnsumption. The authors also find little
evidence of increases in fuel efficiency relativgtants in regulated markets, although the
power of this test is limited due to a lack of da&taother US study, Bushnell et al. (2005),
finds that fuel efficiency of divested plants impeal by about 2%. Similar, though somewhat
smaller, improvements were also observed at utivtyned plants in states that imposed more
stringent regulation during the same time period.

Ringel (2003) takes a closer look at the firstdi®enf the European electricity markets after the
liberalisation. The author states that the libsedion does not only imply opportunities, but
also risks for the creation of a sustainable paseetor. Many risks are due to market
distortions caused by the delay in forming a féiligctional single European market. In the
short term, market liberalisation tends to createenmisks than opportunities because of lower
end-user electricity prices which increase the dastdvantage of renewable energies and
combined heat and power (CHP) plants. In the lemghowever, the efficiency gains of the
sector and the appearance of new actors, suchnasmegy service suppliers, are likely to
bring forth the opportunities and foster a transfation towards a sustainable electricity sector.

Kemfert et al. (2003) apply a game theoretic madetudy the strategic behaviour of energy
suppliers and their impacts on the environmentabsibn in the liberalised European electricity
market. The effects on environment are ambiguolerhlisation leads, on the one hand, to an
application of low cost technologies which are galtg¢ more damaging. On the other hand, in
the Nordic countries that have an initially higlashof renewable energy production
technology, the share of environmentally frienalgtnologies is further increased.

Summary

According to both theoretical as well as empiriesults, the impacts of liberalisation of the
electricity markets on the environment are ambigudine overall effect on the environment
consists of the various effects that liberalisatias on electricity consumption, mix of
technologies, fuel efficiency, and the effectivenetenvironmental regulations. According to
the theoretical literature the single effects carelther positive or negative. The case studies of
the U.K. and Norway show that the impacts alsoiatlycdepend on the initial situation in a
country before liberalisation. The initial situatediffer with regard to natural resources and
geographical conditions, technological know-howd aequirements of the existing
environmental regulation. Furthermore, the degfeaarket opening and the adjustment of
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5.3.1

environmental policy measures are crucial. Fordlreasons the impacts of liberalisation on the
environment will differ across the Member Statesyway, liberalisation is generally not
opposed to environmental objectives and can stnemgthe effect of market based

environmental instruments.
Effects of the European Emissions Trading Schem e on Competition

Introduction

The European Emissions Trading Scheme (EU ETS) farkthe most important policy
measure in the European electricity market direateghvironmental concerfslt was

launched at the beginning of 2005 to control,@@issions of the power generation and heavy
industry. The aim of emissions trading is to meetémissions reduction targets at least costs.
The cap-and-trade mechanism makes sure that thatters reduce emissions for whom it is
cheapest to do. The comment in the previous subsemh the positive interaction between
market based regulation and liberalisation holde for the EU ETS in particular. In a
liberalised market firms minimise their costs irdihg costs of C@emissions. Comparing
allowance price and marginal abatement costs ad@aides either to reduce emissions or to
buy allowances. The market mechanism of the EU tB€8fore achieves the efficient
distribution of emission allowances at least infation requirements for the regulator, i.e. the
regulator does not need to know the marginal abet¢costs of the emitters.

The initial allocation of allowances lies with thesponsibilities of the Member Sates. Some
design elements of the allocation mechanism méythis efficiency and effectiveness of the
EU ETS:

free allocation

allocation rules for new entrants and closures
multi-period nature of allocation (updating)
non-harmonised allocation

hybrid nature of allocation.

This section presents a short analysis of the cpesees of these features. As the EU ETS has
been started very recently the analysis is maiaged on the results of analytic and numerical
simulation models but also contains a limited nundieempirical results.

% The use of other policies, such as electricity taxes or measures to promote green electricity, differs across Member States.
They are mainly set at the national level (cf. Speck, 2003).

64



53.2

Free allocation

The power companies have to reduce emissions dghtlg as compared to business-as-usual
and receive most of the emission allowances fa. fievertheless, facing a market price of
permits constitutes opportunity costs for the firidere the question comes up whether the
opportunity costs of allowances are passed onrnsuoers through higher electricity prices,
even though the allowances were allocated for ffee.free allocation of allowances can be
interpreted as lump-sum transfer to the particigatiompanies which lower their average costs
of CO, emissions. In the ideal case however, competjtiiaes reflect marginal costs, not
average costs. Opportunity costs are part of makgiwsts so that passing on the emission
opportunity costs is generally in line with econorttieory. Due to a largely regionally traded
good, not fully liberalised markets, and a ratimelastic demand for electricity, the power
sector is in a very comfortable position to passhenopportunity costs. Indeed, empirical and
simulation model estimates for Germany and the &t&thds indicate that the share of LO
costs which is passed on to consumers ranges fooim 500% depending on market and
technology specific factors. As a result, power panies realise substantial windfall profits
and increase their profitability. At an allowana&p of 20 €/t, the windfall profits in the Dutch
power sector are estimated at 300 — 600 millioe€year, i.e. about 3 — 5 € per MWh
produced and sold (Sijm et al., 2006). The windfadifits constitute a competitive advantage
vis-a-vis other sectors that also participate Bt ETS but do not have the possibility to pass
on the costs due to international competition. Delpgy on the input structure of the
companies, they do not only face £@pportunity costs but also higher production cdsks to
higher electricity prices. Many electricity intemsiindustries, such as the aluminium industry
that compete internationally with their goods ané gt a competitive disadvantage vis-a-vis
industries from countries without G@ontrol. This problem, however, arises with anyetypf
costly environmental regulation. More competitiarthe power sector could help to mitigate
these distortions, though the disadvantage ofriatérnally competing industries will probably

persist.

Independent from passing on £€vsts, the problem of windfall profits would betigeéted, if
allowances were, at least partly, auctioned. Tieediure indicates that auctioning would lead to
higher overall efficiency regarding the optimalééwf output and emissions (cf. Béhringer and
Lange, 2005). Furthermore, auctioning providespibesibility of generating revenues which
could be used to reduce distortionary taxes aratengelfare gains (cf. Smith and Ross, 2002).
Given that one aim of the EU ETS is the reductibar@rgy demand the rise of gross energy
prices is unavoidable. Without special provisiomisifiternationally competing and particularly
energy intensive companies higher energy pricestie@ompetitive distortions. Auction,
however, provides an instrument to redistributedfati profits to households and the economy.
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Allocation rules for new entrants and closure s

Like any other environmental regulation, the EU E&&ds to increase the costs of entry and
therefore limits the number of potential compestitseeking to enter the market. For this reason,
most Member States reserve allowances for newrgnteend thereby, facilitate competition.
The promotion of competition, however, may coma abst. If the allocation depends on
technology, i.e. carbon intensive technologiesiveceslatively more allowances, the choice for
new power plants will be distorted away from Lficient plants towards more G@tensive
technologie¥. Although the overall emissions are capped thertelogy mix will then be
inefficient. In order to create efficient investnh@ncentives the allocation should be based on
output independent from technology. An alternatixrild be the auction of allowances. More
investments in C@efficient technologies tends to lower allowanciegs because less
allowances are needed for the same level of editgtnutput.

Allocation of allowances to incumbent generatorpuies in some Member States that the
power station operates a minimum number of hougra@duces a minimum number of MWh
per year. An operator then will run the power siagven if the marginal production costs
exceed the wholesale price, as long as the ldessghen the value of his allowances. As a
result, old and unprofitable power stations thaeowise might have been replaced by new
build power plants could stay online (Neuhoff et24105). The allowance price tends to be
higher because these operators keep the allowarstead of closing down and selling the
allowances. As both rules for newcomers and clasuaey, the incentives for new entrants and
operators of old and unprofitable power statioss atary between Member States.

Multi-period nature of allocation (updating)

The allocation of allowances is based on histogeaissions and follows a sequential process.
Allocation plans are decided on for one tradingqukat a time with repeated negotiations
about the allocation for the following periodsisitherefore likely that present emissions have
an impact on the negotiations and therefore onrdugilocations. A grandfathering scheme of
this type is likely to lead to dynamic inefficiersi If electricity generators anticipate that their
present behaviour affects future allowance allocsti the C@efficiency incentives of the EU
ETS will be reduced because any improvement maycetuture allocations. Analytic and
simulation models show that this strategic behavieaults in higher C&prices compared to
one-off allocation. The models also predict thaglastricity prices are lower, electricity
consumption will increase (Neuhoff et al. 2006; Boger and Lange, 2003). A fixed reference
date could avoid strategic behaviour because presgremissions decisions would not affect
future allowance allocations. It is, however, giggsible, whether future allocations could

% There are other policy measures to promote CO, efficient power plants such as renewable energy sources or CHP plants.
Note, however, that the instruments can interfere with each other and that an inefficient allocation can result. For discussion
see Bohringer et al., 2006.
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really be based on an old reference date, igndhagntermediate technological change.
Another possibility is to base allowance allocationoutput or benchmarks. Output based
allocation is independent from emissions and teldgyoand would therefore avoid strategic
behaviour and also create efficient investmentritiges. Benchmarks compare existing
technologies and define specific emissions lexstndards) for each technology. They could
also help to avoid strategic behaviour but coutdl I false investment incentives because they
are not independent from technology, i.e.,@@ensive technologies may be favoured (see
5.3.3). Due to technological innovations benchnrayias to be repeated regularly.

Non-harmonised allocation

The amount of national emission allowances is dztigy the Member States. They are,
however, required to be on the pathway to theincédn targets from the Kyoto Protocol and
the EU Burden Sharing Agreement, but they haverelien over what share of their overall
emissions reduction they plan to achieve in theEd\$ sectors, in the non-participating sectors,
or through the flexible mechanisms of the KyototBeol. In other words the Member States
have discretion in allocating allowances to thdipigating sectors. As there is no
harmonisation across countries, there is a rdathit differences in the assignment of free
allowances to firms could distort competition. Bidlger and Lange (2004) show that it is in
general impossible to obtain efficient €@ductions when requiring 100% free allocation of
allowancesand non-discrimination of similar firms across couesi They propose a continuous
increase of the auctioned ratio to promote harnaaiois and efficiency in the longer run,
leading the EU ETS to unfold its strength.

The allocation of allowances has also to considereiisting mix of technology. A large share
of nuclear power can help to reduce f&hnissions but may lead to other problems such as
nuclear waste disposal or reactor accidents. Ciegntrith a high share of nuclear baseload
power generation should therefore allocate fewlemances.

Hybrid nature of allocation

The EU ETS covers almost half of all EU £émissions of which two-thirds are from power
generation. The C{emissions of the sectors not covered by the EU &€S3o be controlled by
complementary policy measures. If the reductiogats from the Kyoto Protocol and the EU
Burden Sharing Agreement are supposed to be reawsaigdly by national reduction efforts and
not by using the international Kyoto mechanisms,dhocation of allowances to the EU ETS
sectors also determines the reduction obligatiothf® non-participating sectors. That is, a
generous allocation to the energy intensive EU Bd@&ors implies high reduction efforts for
the other sectors which have generally higher matgibatement costs. Such a shift of the
reduction burden can lead to substantial excess compared to a comprehensive emissions
trading system covering all segments of the econ(Biyringer et al., 2005). Furthermore the
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hybrid nature of the current allocation design carate distribution problems, i.e. discriminate
against non-participating sectors that will havééar a higher burden of abatement costs.

Summary

Some of the allocation rules favour carbon intem$iwestments and tend to increase the
allowance price for a given cap in the long rune Eonsequence of higher grices are
higher abatement costs to meet the reduction &rgsking the principally efficient and
effective design of emissions trading. This coelad to competitive disadvantages for the EU

compared the other countries with less,@€yulation.

The analysis of the EU ETS allocation mechanisnasvstthat various provisions are likely to
create distortions of competition in the electyigitarket. This includes distortions between
different participants, between participating aod-participating sectors within one country as
well as between Member States.

The EU ETS co-exists with the liberalisation pracekhe impacts on the electricity sector and
the environment are therefore a result of therittion. At this stage, we cannot quantify the
overall effect. There is, however, consensus tteket-based regulations are clearly more

compatible with a liberalised environment.

Macroeconomic costs of environmental regulation in European electricity
markets

Introduction

This section analyses the macroeconomic costsaithst important environmental policies in
the European electricity markets, namely the EUssions trading scheme (EU ETS),

electricity taxes, and measures to promote renesabhe analysis is based on selected
simulation studies that calculate the developméntacroeconomic variables, such as GDP,
employment, or welfare, after the implementatiothef environmental policy measures. The
baseline which serves as reference scenario #inalllation studies is business-as-usual. It
denotes the hypothetical scenario where the pafiegisure was never introduced and no certain

environmental objective is installed.

Theoretical background

There are several dimensions of efficiency of emvinental policies. The first dimension
concerns efficient taxation according to optimaktion theory and distortionary effects of
taxes. Unless we have lump-sum transfers or coeiplatelastic demand for a good taxation

will always involve dead weight welfare loss. Akthtee policies, EU ETS, electricity taxes,
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and promotion of green electricity, tend to inceeakectricity priceS they create inefficiencies
in terms of dead weight welfare loss. However,distortionary effects of a tax on a good
decrease with the elasticity of demand. As the dehedasticity of electricity tends to be
relatively small dead weight welfare loss of elmity taxes and ETS is expected to be also
small. Energy taxes can even have positive econompiacts if they replace more distortionary
taxes on goods with higher elasticity of demandulle Dividend). However, electricity is an
important input factor for many goods. Therefolighkr electricity prices usually lead to
higher product prices which in turn create ineffitiies. Furthermore, higher electricity prices

reduce the competitiveness of firms that face imagonal competition.

Optimal taxation theory does not consider extecnats of electricity generation and
consumption. The second dimension of efficiencgrefore, concerns the design of the policy
measures with respect to the internalisation aérewetl costs related to electricity generation and
consumption. Environmental policy measures, fotainse, should target the fuel mix to reduce
emissions efficiently, i.e. they should raise maagjicosts of emissions rather than costs of
electricity as a whole. In this respect, ETS isesiqy to taxes and standards because the
legislator determines only the total quantity ofigsions and leaves abatement decisions to the
emitters. Efficiently set taxes and standardspimti@st, require information about marginal
abatement costs of all emitters. Another aspetiaispolicy measures should principally target
marginal costs rather than fixed costs, since tHesermine the actors’ decisions. That means
that a policy measure that increases marginal ¢ostisle to internalise external costs at lower
macroeconomic costs than a policy that targetslfoests.

The third dimension addresses distributional e$feletectricity taxes increase costs for
electricity consumers, i.e. households and comgaaigd increase government income.
Recycling of the additional government income t® ¢économy can disburden tax payers.
Considering the EU ETS, the initial allocation 4baances to the participating sectors is for
free and covers the need of the participating fifse® 5.3.2). So, at first, firms bear only LO
opportunity costs. If the power sector is abledasgon the CQOopportunity costs through

higher prices the burden is assigned to electraotysumers. The free allocation can be taken as
a lump-sum transfer to the power sector. Hencetrééy taxes and EU ETS change the
distribution. Both of them tend to burden electyi@onsumers and disburden other actors, such

as the power sector, government, or tax payers.

In this section we deal mainly with the first dins@an of efficiency. Accordingly, we do not
focus on the internalisation of external costs disttibutional effects but rather on
macroeconomic costs that arise from dead weighfaveelosses and losses of international

% We observe that the power sector is in a comfortable position to pass on the CO, opportunity costs to consumers so that
the EU ETS is likely to increase electricity prices. See e.g. Oberndorfer and Rennings, 2006 or Sijm et al., 2006.
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competitiveness due to increasing electricity [wit¢é¢igher electricity prices can also have
positive impacts if they lead to the developmemt mnmplementation of new energy efficient
technologies. This effect is commonly known asRbeter Hypothesis. It says that stringent
environmental regulations can in principal incretigecompetitiveness of firms, sectors and
economies because they trigger environmentallygmeimnovations which may reduce
production costs or create other competitive acagag. In addition, follower countries that also
introduce ambitious environmental regulation may these new technologies (Porter and van
der Linde, 1995; Porter, 1998j.

543 Macroeconomic effects of European Emissions T rading Scheme (EU ETS)
The previous section, 5.3, presented the implioatif the design of the EU ETS for
competition and efficient investment decisionsthis section we describe the impact on
welfare and other macroeconomic variables. The a@isaon the one hand due to the hybrid
regulation principle of the EU ETS. The segmentthefeconomy that do not participate in the
EU ETS have to be regulated by complementary doegslicies. On the other hand the
inclusion of the international flexible mechanisfram the Kyoto Protocol plays an important
role. The Kyoto target can be achieved by emissiedactions in the ETS sector as well as in
the non-ETS sector. Furthermore, countries cardédoi buy carbon credits in the framework
of the international flexible mechanisms from thgko Protocol, namely the international
Emissions Trading, Clean Development Mechanism (GCavid Joint Implementation (J1).
CDM and JI projects can also be used by ETS fimarder to comply with their allowance

endowment.

Oberndorfer and Rennings (2006) review the residltarious simulation studies in order to
assess the competitiveness effects of the EU EM&y find small negative effects on the
sectoral and macroeconomic level, if the baselrmusiness-as-usual. The losses in most
sectors are modest except for the aluminium sedgtbrits particular competitive situation,
very limited options to reduce electricity consuimpt and hence profits highly dependent on

electricity prices.

Klepper and Peterson (2005) employ the computadrergl equilibrium model DART to
assess the effects of the EU ETS in the year 20Ehwhe Kyoto targets will have to be met.
The baseline is business-as-usual that keepsrakte policy measures introduced until the
year 2002 in place but does not include any nemvatk policies. The simulation includes the
actual NAP of each EU15 Member State for the freding period 2005 to 2007. The use of

# The inclusion of innovations and technological progress in economic modeling is still at the beginning. So most simulation
models set technological progress as an exogenous variable and therefore cannot testify to the Porter Hypothesis (cf.
Léschel, 2002; Goulder, 2004). Many empirical studies, however, that analyse the Porter Hypothesis do not find a significant
correlation between environmental regulation and competitiveness, neither positive nor negative. For literature surveys, see
for example Jaffe et al. (1995), Jenkins (1998), Taistra (1999), or Kaiser and Schulze (2003).
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CDM and Jl is unrestricted for the ETS sectorsthatgovernment purchases are restricted to
the existing official plans. For the emissions r&dhns in the non-ETS sectors a uniform but
regionally differentiated C&tax is assumed. The implementation of the EU EES8d to a
welfare loss of 0.9% compared to the business-aatimseline. Without the use of CDM and

JI the welfare loss would rise to 1.7%.

Peterson (2006) applies the same model to asseefftitts of the NAPs for the second trading
period 2008 to 2012. The baseline is business-aatugthout any climate policy measure
enacted after 2001. It is assumed that both the &fifiShe non-ETS sector contribute a
proportionate share in order to achieve the Kyatgdt. The governmental purchases of
international carbon credits are restricted totagsofficial plans. They do not increase the
allowances allocation to the ETS sector and theeefeduce the reduction burden of the non-
ETS sector. The reduction target for the non-ETcSosén each country is achieved through a
uniform CQ tax. The purchases of CDM and JI credits by th8 Eiims altogether are
restricted to 8% of total allowances in the EU ETBe welfare loss vis-a-vis the baseline
amounts to 1.1%. The analysis of other policy sdesavith different allowances allocations
for the second trading period shows that the welfass would be considerably greater if more

of the reduction burden were shifted from the E@ $& non-ETS sector.

Macroeconomic effects of electricity taxes

Most Member States have implemented electricitgsaX he level of taxes differs substantially.
In order to avoid loss of competitiveness most Mentitates, especially those with relatively
high tax levels, offer tax exemptions or rebatedtie electricity intensive industry as well as
recycling of tax revenues, e.g. through cuttingeotiaxes. For this reason the existing tax

schemes have only small impacts on the macroecariens|?

On the EU level, the EU Directive 2003/96/EC onltlaemonisation of energy taxation defines
minimum tax rates between 0.5 and 1 €/ MWh for a#irgy products, namely coal, oil, gas, and
electricity. It contains a number of general andmer specific exemptions and transitional
periods particularly for the new Member States. @hanges of national energy taxation due to
the EU Directive differ between the Member Staldg impacts on tax rates are generally low
for most of the EU15 countries because the minintaxrates are not very high relative to
existing rates. The directive leads to more impartdanges in some southern countries, such

as Greece, Portugal, and Spain, and in most newhdeBtates.

Kohlhaas et al. (2004) investigate the economieat$fof the EU directive by means of the

CGE model GTAP-E. They assume that all EU25 coasffiilfil the minimum tax rates and all

% See for example Kohlhaas (2005) for an analysis of the German Eco-tax and Agnolucci et al. (2005) for an analysis of the
British Climate Change Levy.
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countries with higher tax rates hold them on tighér level. The additional tax revenue is
allocated to government spending, private conswmptnd private savings in the same
proportions as total spending in the initial sitolat The baseline is business-as-usual as if the
EU directive had never been introduced. The effeotthe national GDPs are very small. They
range from — 0.01 to — 0.18% for those countriekkvheed to substantially increase their
energy taxes, namely the new Member States, betlaeigacrease in energy taxes reduces
energy use and therefore reduces the productititiysoother production factors. The effects in
the other countries are negligible. The {&issions decrease in all Member States,

particularly in the new Member States.

Kouvaritakis et al. (2003) apply the general etpuilim model GEM-ES3 to analyse the impacts
of an energy tax scheme in the EU15. The basdibeasiness-as-usual including existing
energy taxes levied for climate change in some Merftates. Three policy scenarios are
investigated: minimum energy tax rates correspandpproximately to the EU Directive, a
more climate friendly energy tax scheme that be##ects the carbon content of each energy
product, and the EU minimum energy taxation whenKkioto target is fulfilled by EU ETS
and a domestic carbon tax. Tax revenues are dinestycled through a decrease of social
security contributions (Double Dividend). The irttation of minimum energy tax rates
reduces C@emissions by 0.5% vis-a-vis business-as-usual.ovkeall impacts on GDP,
employment, and welfare are nearly zero becausidueed price increase is very small. In
the case of the more climate friendly energy taxe€Q, emissions are reduced by 2.7%. The
effects on GDP (0.02%) and welfare (0.06%) arenhllfigpositive because the induced price
increase is still limited and the negative effeares compensated by reducing the labour cost
through the reduction of social security contribof. As the C@constraint is stronger in the
third policy scenario, the economic impacts becoegative. GDP decreases by 0.09% and
welfare by 0.5%. The negative effects are howeweitdd by the efficient design of the EU

ETS and the tax revenue recycling strategy.

These results are confirmed by a more recent diadgd on the same model (Kouvaritakis et
al., 2005) which analyses the impacts of an enxggcheme in the enlarged EUThe

baseline is business-as-usual with minimum tasratéhe EU Directive or national tax rates
(if they are higher) applying in the EU15. In treanMember States only the current tax rates
apply regardless of whether they are higher thamtmimum tax rates or not. As before, three
policy scenarios are considered: the introductibih® EU minimum energy tax rates in the
new Member States, the EU-wide implementation wioae climate friendly tax, and the EU

minimum energy taxation when the Kyoto target ifilffed by EU ETS and a domestic carbon

% For numbers see table 5.1 in the conclusion.
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tax. The overall economic effects as well as tlhects on CQ emissions are minor in the case
of EU minimum energy taxation or the more climaterfdly energy taxation. The impacts on
the EU economy are negative if the Kyoto targédise achieved. An efficient initial allocation

of emission allowances and tax revenues recyclamglimit these negative effects.

5.4.5 Macroeconomic effects of promotion of renewab  le energy sources
According to the EU Directive 2001/77/EC on themation of electricity produced from
renewable energy sources, 22% of electricity coqgiam is to be produced from renewables in
2010, compared to 14% in 1997. In consideratiothefational targets of the ten new Member
States the collective objective of the EU25 de@sds 21%. The EU Directive does not
specify any particular instruments in order to aghithe targets but rather leaves the
responsibility for the implementation of appropeimeasures with the Member States. The
analysis of the policies and measures currentplane in the EU15 shows that they will
probably achieve a share of only 18 — 19% in 2@itly Denmark, Germany, Spain, and
Finland are on track whereas the remaining couminiehe EU15 have to implement further
measures to reach their targets (European Commi&6id4). A longer term target, stated in at
the Renewables Conferences in 2004 in Berlin amhBis a 20% share of renewable energy

sources in primary energy consumption in 2020.

The dominating support system in the EU15 are faddriffs which exist for instance in
Germany, Denmark, and the Netherlands. The secopdrtant support system are quota
obligations associated with a system of tradaldegicertificates (TGC) which exist for
instance in the U.K., Sweden or Italy. Feed-inftare specific prices for green electricity,
normally set for a fixed-term period, which elecityy companies have to pay to producers of
green electricity. The prices are typically diffetiated by the type of renewables source, e.g.
hydropower, wind, biomass, and solar. The additionats of electricity generation due to a
larger use of renewables are usually passed oovtempconsumers by premiums on end-user
prices. In the case of a TGC system electricityscomers are required to purchase a certain
share of green electricity, i.e. green certificatesording to their electricity consumption.
Alternatively producers can be obliged to producerain share of green electricity according
to their production. In order to exploit the chestpeossibilities consumers or producers are free
to trade the green certificates between each oflirers, in addition to the power market there

exists a market for green certificates.

The CASCADE MINTS project of the EU (Uyterlindeadt, 2004 and 2005) contains three
CGE models, namely NEMESIS, PACE, and NEWAGE-W,chirassess the economic
impacts of a high penetration of renewables inefleetricity sector. The models show the
consequences of increasing the share of greemieigctp to roughly 30% by 2020, which

corresponds to the long term EU target of 20% rexdevenergy sources in primary energy
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consumption. Similar to a TGC system, the 30% taigachieved through a quota financed by
either endogenous uniform subsidies or potentlatiner electricity prices. The baseline in all
simulation models is business-as-usual includihgdicy instruments existent by the end of
2003 and a moderate carbon tax from 2012 onwaptesenting future European climate
policy. The NEMESIS model assumes uniform subsittim® 2005 to 2020 in order to meet
the 30% target. The subsidies are passed on taicens through higher electricity prices. The
impacts on macroeconomic indicators for the EUXormgative. By the end of the simulation
period in 2020 both GDP and private consumptionekese by about 0.2%, employment
decreases by 0.15% compared to the baseline. PARE model, the 30% quota on renewable
electricity production is also achieved througheadogenous uniform subsidy. The result is a
relatively modest welfare loss for the EU15 randiagn 0.03% in 2010 to 0.08% in 2020. In
the NEWAGE-W model the introduction of the 30% quosults in substantially higher
electricity prices and higher product prices. TH2Rdoss of the EU15 amounts to 0.3% in
2010 and 0.8% in 2020.

Summary

Table 5.1 summarises the results. Due to differeintenodels and assumptions the results
cannot be compared directly with each other. N&edetss, we observe some tendencies. The
economic impacts are likely to be small if the eomimental effects are also small. In contrast,
the achievement of more ambitious environmentatatbjes would lead to higher costs. The
economic effects tend to be small, and in somescagen positive, if tax revenues are recycled
to the economy. The economic implications of theEELS depend on the division of the
reduction burden between the ETS sector and theBN@hsector as well as the inclusion of the
international Kyoto mechanisms. Note that we cagrsahly effects on the macroeconomic

level. The impacts may be severe on the sectarrordvel.
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Table 5.1

Environmental effects and macroeconomic ¢

renewables in relation to business-as-usual baselin e

osts of EU ETS, energy taxes, and promotion of

Study Model Policy Level Year Environmental Effects Macroeconomic Costs
Oberndorfer et Various EU ETS EU15 Mostly Kyoto compliance  Mostly small negative
al. 2006 models effects on macro-
economic variables
Klepper and DART EU ETS EU15 2012 Kyoto compliance Welfare — 0.9%
Peterson 2005
Peterson 2006 DART EU ETS EU25 2012 Kyoto compliance Welfare — 1.1%
Kohlhaas etal. GTAP-E Energy tax EU25 2004 CO, reductions GDP reductions
2004 in all MS from in a few MS from
—0.04%to— 3.23% —0.01% to — 0.18%
Kouvaritakis et  GEM-E3 Energy tax EU15 2010 CO2-0.5% GDP +/- 0%
al. 2003 Welfare + 0.01%
CO,—-2.7% GDP + 0.02%
Welfare + 0.02%
Kyoto compliance GDP - 0.09%
Welfare — 0.50%
Kouvaritakis et GEM-E3 Energy tax EU25 2010 CO;-0.5% No effects
al. 2005
CO, - 3.5% GDP + 0.01%
Welfare + 0.03%
Kyoto compliance GDP - 0.10%
Welfare — 0.13%
Uyterlinde et al. NEMESIS Promotion of EU15 2020 30% green electricity GDP - 0.2%
2004 and 2005 renewables Employment — 0.15%
PACE Promotion of EU15 2020 30% green electricity Welfare — 0.08%
renewables
NEWAGE-W  Promotion of EU15 2020 30% green electricity GDP - 0.8%
renewables
55 Conclusion

The theoretical and empirical literature indicatest liberalisation triggers many effects which

can be either positive or negative for environmlequiality. This includes effects of

liberalisation on electricity consumption, fuelieféncy, technology mix, and environmental



regulation. The comparison between Norway and tlie pbints furthermore that the effects
differ across EU Member States due to differeniahsituations and different developments of
liberalisation and environmental regulation. Priradly, liberalisation is not opposed to
environmental objectives and can strengthen thecefff market based environmental

instruments which aim to reach environmental oljestin a cost efficient way.

The second and third part of the chapter studgtomomic effects of the most important
environmental policy measures in European eletyrioarkets, namely EU ETS, electricity
taxes, and measures to promote green electridity.ifiplications for welfare or other
macroeconomic variables depend on both the underlmvironmental target and the design of
the instruments. Considering the EU ETS which teenhin the focus of our analysis, the
division of the reduction requirement between EE&ar's, non-ETS sectors, and reductions
abroad plays an important role. Furthermore thégdesf allowances allocation rules is a
critical factor with regard to efficient investmantentives and long term macroeconomic
costs. Even though emissions trading is generallgffective and efficient instrument the
literature indicates that the EU ETS in its curremin is far from perfect and many design

elements could be changed for the better.
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