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Abstract

The aim of the work is to examine the potential aipof liberalization on the cost of the main egerg
firms in EuropeThe literature on the link between competition amatket liberalization is large and still
growing in Europe. Liberalization, such as the reatoof entry barriers, or the abolition of state
monopolies, is usually associated to larger cortipetiamong firms. On the contrary theoretical and
empirical findings on the effects of a more competienvironment on firms' performance are lesarcle
cut. To the best of our knowledge there are noissutthat consider the effect of liberalization, wéhall
customers will be able to choose their energy {et#ty and/or gas) supplier, on firms' efficiendife
consider the estimation of a stochastic frontiest donction for a panel dataset, covering 20 ambieg
largest European energy companies observed oveetiw 2000-2009. We simultaneously estimate the
cost function and the inefficiency model, i.e.r@ehr specification that includes a set of enviramiadeor
external factors as explanatory variables of theammef the pre-truncated normal distribution of the
inefficiency term. The main explanatory variablesthe mean inefficiency term is a set of indicatmr
the proportion of the market actually open to cotitipa, switching rates, the market concentration
ratio. In general inefficiencies decrease whenntlagket is open and more competitive, especiallhén
electricity market. On the contrary, a certain legé market concentration seems to act improving
performances, especially in the gas sector.
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1. Introduction

During the last two decades the European energystng has been involved in relevant reforms,
mainly related to the Union efforts directed towsatte creation of a liberalized single European
energy market. The process is based on three mgisidtive pillars (“packages”).Starting from the
96/92/EC Directive concerning common rules oriertte@nproving the functioning of the internal
energy market the European power sector was résteacin order to produce competition in
generation and supply. The gas sector was interdste similar process in 1998, oriented to the
separation of distribution and supply. Thanks te ffecond EC Directive (2003/54), since July
2004, European small-business customers are frebaose their supplier for electricity and gas,
while 2007 was set as the deadline for full mareéning (including households). The second
Directive also introduced more pervasive unbundlieguirements (legal unbundling) for the
network operations and imposed the appointmentoohpetent bodies as national regulators,
independent from the industry.

Finally, the third Energy package entered intewdoin September 2009, requiring the introduction
of ownership unbundling, the setting up, for eaabu@ry, of a single regulatory Authority at
national level completely independent also from @w/ernment, and creating an Agency for the
cooperation of energy regulators; customers’ ptatecvas further enhanced. The implementation
of the process towards liberalization has been siowshowing its effects. The European
Commission enquiry on the agreements and abusdsminant positions (COM 2006/851) still
highlighted the impossibility for many European somers and industrial facilities of purchasing
energy from a wide number of suppliers competinghiwi their own country or beyond the
international European market. This means thathait moment, competition is still distorted and
companies and consumers were unable to take fudirddge of liberalisation.

The main obstacles in this sense seemed to be rhaggket concentration, vertical foreclosure,
absence of market integration and it is importaniriderstand which of them could be an effective
target for the EU policy.

The degree of concentration remained almost the sanprior to liberalisation, with the local firms
maintain a large control of generation, distribntas well as of gas imports.

Market concentration implies monopolistic power, ot the other hand, larger firms can benefit of
economies of scale. In fact, while the minimumaadint size has fallen strongly in the electricity
generation, at the same time a number of studidgeg@nd Wyatt, 1993, Salvanes and Tjotta, 1994,
Filippini, 1996) give evidence of economies of scal the distribution segment. Yatchew (2000)

confirms increasing returns to scale only for snfaths and substantial economies in power



procurement.

With respect to vertical foreclosure, we know tlaattical integrated operators in a regulated and
partially liberalised market can distort competitidhey might limit supply at the generation stage
in order to obtain price advantages. At the distidn stage they might charge discriminatory
prices. The same firm managing the different stagdbe industry gives the opportunity of cross-
subsidization practices. However, the simultangamesence of upstream and downstream stages
produces cost synergies linked to lower averageatipes and maintenance costs, more effective
coordination of the activities across the stagasings on transaction costs. Theoretical (Polo and
Scarpa, 2003) and empirical literature on verte@dnomies is quite wide: applied works such as
Kaserman and Mayo (1991), Gilsdorf (1994), Kwok@(2), Michaels (2004), Nemoto and Goto
(2004), Fraquelli, Piacenza, Vannoni (2005) givedence of substantial economies of vertical
integration.

Paying attention to the presence of scale and seop@omies, it seems that improving competition
by a disintegration of the local energy industryldobe a very costly measure in terms of lost
production efficiency; rather we think that it wdude more useful to allow all consumers to choose
their supplier for energy and gas in an open atejnrated European market.

Our paper addresses the above thesis by analysnghanges in efficiency at firm level after the
implementation of the opening of the electricitydagas markets and the effects of competition
intensity in the European countries.

We estimate a stochastic cost frontier for a sarap0 firms among the largest European energy
companies observed over the period 2000-2009. Waltsineously estimate the cost function and
the inefficiency model, i.e. a linear specificatitirat includes a set of environmental or external
factors as explanatory variables of the mean of ghetruncated normal distribution of the
inefficiency termu; (Wang and Ho, 2010). We test different sets of @axglory variables for the
mean inefficiency term: the proportion of the mar&etually open to competition, switching rates,
the market share of leader retailers.

Our identifying strategy is based on the impacmeafket liberalization on firm level efficiency (as
measured by a stochastic frontier) exploiting crmmsntry variation in the extent and timing of
policy reforms. In particular we are able to takéoiaccount unobserved firm heterogeneity by
estimating a fixed effects specification

The rest of the paper is organized as follows.elctien 2 we present the literature, while section 3
introduces our estimation strategy. In section 4dvgeuss the sources and the characteristics of the
data, and in section 5 the estimation results merpreted while section 6 discusses some model

extensions. Section 7 concludes.



2. Literaturereview

The liberalization reforms of the energy sector@mplex processes encompassing several degrees
of intervention, usually they take long time andgeneral they are far from being completed in
most countries.

Jamasb and Pollit (2005), referring to reformshef ¢lectricity sector, identify four main steps.

- Restructuringof the system, including for instance the vertigabundling of the network
segments from the competitive ones (generatiorretad supply), or the horizontal splitting
of the latter in order to reduce the market cormeiain.

- Competition and markets,e. designing and maintaining effective wholesafel retail
markets, also by allowing new entries in the coitigetbranches.

- Regulation which involves the existence of an independegtiledor and the effectiveness
of the regulatory activity itself, for instance digh the implementation of incentive
regulation.

- Ownership, i.e. privatization of the existing public business the entry of private
competitors, although the authors point out thas s not a necessary step, as the
mechanisms aimed to foster competition can be eghpliso to publicly owned enterprises.

In principle, as argued in Joskow 2008, the maref@am is implemented in a “complete” way, the
more it is likely to be successful. Often empiricabrks aimed at evaluating the impact of
liberalization consider the effect of one, or f@kthese key aspects on some variables of interest,
such as efficiency and productivity, either parpaltotal (TFP), profitability, investments, prices
GDP (see Pollit, 2012, for a summary). In this waokle will focus on the impact of liberalization
on efficiency performance of the big European piaye

There are two main branches of studies assessingftiacts of liberalization. The first one treats
reform indicators as determinants of sector peréorte measured by aggregate variables at country
level. Among the contribution developed within tlaigproach, it is worthwhile to mention Steiner
(2001). She employs a panel dataset including 1&€@Eountries over the period 1986-1996 to
assess the impact on efficiency and prices of sodieators on liberalization, either in generation
and supply, on privatization and vertical integyati Efficiency is measured in terms of capacity
utilization and distance from the optimal levelreServe margin. Unbundling of generation from
transmission and private ownership appear to sgamfly improve both efficiency measures.

In a similar vein, Zhang et al. (2008) assess tiygarct of privatization, competition and regulation

on the generators’ performance in 36 developingntt@s. The performance variables refer to
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generating capacity, generated electricity, labpuwductivity and capacity utilization. These
measures are all significantly affected only by degree of competition, while privatization and
regulation, not significarpier se show a positive impact when interacted.

Finally, a recent contribution is provided by Erdag(2011) over a panel of 92 countries. The
author finds that the impact of reforms, ranked arscale from 0 to 8 on the basis of the
implementation of eight different steps of libezalion, is significant but limited with reference t
all the considered performance metrics: capacitjzation, distance from the optimal reserve
margin, network losses and net generation per gmploLiberalization is shown to slightly
improve efficiency, except in the network lossegression, where it acts worsening the
performance (i.e. increasing the losses level).

A second branch of studies is based on firm leagh.dFor instance, an important contribution is
provided by Fabrizio et al. (2007), showing thagulatory restructuring of the electricity industry
in US positively affects the cost performance afigyating firms. In particular the reform reduces
the labour and the non-fuel inputs use, while thpact on fuel efficiency is more limited. Also in
Hiebert (2002), applying a stochastic frontier noeththe efficiency of coal generation plants
appears to be positively affected by the implenmtentaof retail competition and by private
ownership. Kwoka et al. (2007), instead, conceetost US distributors’ performance, showing that
vertical divestiture negatively affects efficienayhich is measured by means of Data Envelopment
Analysis (DEA).

Among the most recent works involving South-Amemi¢ams, Ramos-Real et al. (2009) focus on
the changes in productivity of Brazilian electiycdistributors, analysing a panel of firms over the
period 1998-2005, characterized by sector reformainly concerning privatization and the
introduction of incentive regulation. The MalmquiBEA results show an improvement in
productivity, mostly driven by technical change,itthe technical efficiency component impacts
negatively, except at the end of the period.

A similar, although broader, approach is adoptedPbynbo and Taborga (2006), analysing the
effects of separation and privatization reform€&€olombia, occurred in 1994. Also in this case, the
authors rely on DEA and Malmquist indexes for édficy and productivity estimates, and the main
results suggest a positive impact of the sectorruesiring on productivity, mainly driven by
technical change. Inefficient units, instead, wordkeir performance, rather than showing an
efficiency catch-up.

Focusing on studies based on European samplesymntant contribution is provided by Arocena
et al. (2011), who rely on data related to SpapisWer firms. The authors, by means of a non-

parametric frontier technique, implement a detadedomposition of the value created by firms
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before and after the sector restructuring. The dniglost-reform value creation is mainly driven by
an increase in productivity, while the margin effes less relevant. Also in this case, the
productivity improvement appears to be mostly deteed by technical change and by a more
balanced output mix in terms of generation andribistion. The cost efficiency effect, instead,
plays a limited role.

Finally, it is worthwhile to consider two works efaping (European) cross-country data: Bena et
al. (2011) and Zarnic (2010). While the former ctmition’s scope of analysis covers several
network industries (airlines, electricity, gas, pawilways, telecom), the latter work focuses on
electricity. However, both studies rely on paramcedistimates of Total Factor Productivity (TFP)
and are consistent in showing some productivityngalue to reforms, although Zarnic (2010)
points out that they involve the firms closer tee tfrontier, while other firms show limited
improvements. Finally, most of the productivity mmiare shown to depend on within firm
efficiency, rather than on reallocation effects.

A detailed survey of the effects of reforms on parfance is provided by Jamasb et al. (2005).

3. Empirical analysis. methodological issues

We consider the estimation of a stochastic frortest function for a panel dataset:

Ci=vViat+xif+¢ +& fori=1,...N;t=1,..., T Q)
&t = Vit + Uyt 2)
Vie ~N(0,64) 3)
Uit =h(z,9) u* 4)
u* ~N'(0,0%) (5)

whereC;; is the logarithm of the cost of production fomiir at timet, y;; is al x mvector of the
output measures;; is al x kvector of input prices for thigh firm at timet. « andg are vectors of
unknown parameters to be estimated. Fingllis individuali’s fixed unobservable effect and the
error termg; = Vit + Ui is split into two independently distributed randehocks' components; are
random variables assumed to be identically andpiedeently distributed as(0, 6%); while u; are
non-negative random variables which account fot aosfficiencies. We are going to modeay
following Wang and Ho (2010): it is given by theoguct of the non negative scaling function
hi(z, 9), that we are going to assume to Iz, 6)=exp(z ) and theu* term a time invariant



random variable thdbllows a truncated normal distributiod (0, 6°). Ui* is independent of all T
observations on; and both u* andv; are independently distributed across time amddfiwith
respect to {yit , Xt , Z }. z: IS @ 1 x pvector of external factors entering the scalingction which
may influence the efficiency of a firm, whikeis ap x 1vector of unknown parameters that are
simultaneously estimated withandp. The above model has the scaling property (seegViad
Schmidt, 2002, Alvarez et al., 2006), i.e. the ghapthe distribution of inefficiency is the sanue f
all firms, but the scale of the distribution islugnced by the factors .

The model is estimated via maximum likelihood afteéthin transformation, where the sample
mean of each panel is subtracted from every obsenvan the panel and the estimated index of

technical efficiency from the cost frontier areidetl as (Battese and Coelli, 1988):

EFF: = E(exp(-w| &)

WhereEFF; will take values between 0 (most inefficient firam)d 1 (most efficient firm).

One of the advantages of dealing with longitudimidta is the possibility to disentangle
heterogeneity from inefficiency. Pitt and Lee (1P8lere the first to adapt a stochastic frontier
model to panel data. In particular they modelledffiniency as a time invariant Half Normal
random term§ = ¢ ~ N'(0, ¢%) in (1) and(2)). Schmidt and Sickles (1984) applied the ‘fixed
effects’ estimation technique to the time invarisefficiency term, in order to deal with corretati
between error terms and frontier regressors. Astpdiout by Greene (2005a, 2005b) the main
drawback with this kind of approach is the potdntantification problem as the inefficiency term
Ui now captures both firm specific heterogeneitg) (and inefficiency effects. Heterogeneity,
especially in a dataset as the one considered g capture a set of time invariant factors that
influence costs but are not under the control & tdompanies. These effects should not be
considered as inefficiency. The true fixed effqotsposed by Greene (2005a, 2005b) allows for the
estimation of ‘true’ inefficiency effects as hetgemeity is removed by the inclusion of a set of
individual (e.g. firm) specific dummy variables. €h Schmidt, and Wang (2011), Wang and Ho
(2010) and Wang (2003) argue that the incidentahmpater problem that affects the true fixed
effects estimation (i.e. the fact that maximum likeod estimators of the parameters may be
inconsistent as the number of included parametgra function of the sample size) may be
overcome by a within transformation of the datapto the maximum likelihood estimation. This
is the approach we follow: in order to get rid oflividual specific effects, all variables are

transformed by subtracting the sample mean of packl from every observation in the panel. In



this way we avoid the incidental parameter, whiv@toolling for the potential correlation among
individual effects and included regressors.
The cost function we take to the data is the foihawy

TC =f(y_gas_sale, y_elec_sale, dummy_elec_pradnau gas_transp, PC, PL, PG, Time Trend)

Where, TC represents yearly total operating costs while aregt contains the two outputs we
consider, i.e. gas sale, and electricity sale, bafiressed in TWHRC, PL,andPG are input prices
and they represent the prices of capital, labauwd, raatural gas respectively. We also include in all
specifications a timdrend to capture technological change. We also expetiete with the
inclusion of two dummies for the production of dtesty (dummy_elec_prgd and gas
transportationdqummy_gas_tran3pAs with respect to the functional form, we opfeda Translog

Specification:

IN(TC/PC) = a9 + a1 In(y_gas_sale) &, In(y_elec_sale) + Va1 In(y_gas saléy % a
In(y_elec_salé} a3 In(y_gas_sale) In(y_elec_sale)s In(PL/PC) + B, In(PG/PC) + % fn
IN(PL/PCY + Y% B2 In(PG/PCY + 5 In(PL/PC) In(PG/PC) +8, In(PL/PC)In(y_gas_sale) #s
In(PG/PC) In(y_gas_sale)#s In(PL/PC)In(y_elec_sale) #; In(PG/PC) In(y_elec_sale)#; Trend
+ A Trend +v +u

(6)
Where, theg;’'s , f's and j's are the unknown parameters to be estimated, vaarttiu are the
random shocks and the cost inefficiency term rasgayg (firm and time subscripts are omitted to
simplify notation). The time invariant firm spedciffixed effectsg are removed from the model by
within transformation.
The translog specification is a flexible functiofatm for the cost function in order to capture the
features of the frontier and it is often used ia ¢émergy cost literature (Hiebert, 2002).
In order to deal with a well-behaved cost functibamogeneous of degree one in input prices, the
total costTC and the input pricesP( and PG) are normalized by the price of capit®C. All
variables, except for the time trend, are expresseaatural logarithmic formIf) and are
normalized by the sample mean.
We simultaneously estimate the cost function ardinlefficiency model, i.e. a linear specification
that includes a set of environmental or externatoid as explanatory variables of the scaling
function multiplied by the truncated normal distriton of the inefficiency termi;. We are going to

assume the exogeneity of all the included factorsrgthe short period covered by our data. We test
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different sets of explanatory variables for the maeefficiency term: the proportion of the market
actually open to competition, switching rates, #m&concentration ratio of the market.

Our identifying strategy is based on the impacmeafket liberalization on firm level efficiency (as
measured by a stochastic frontier) exploiting crmmsntry variation in the extent and timing of
policy reforms. In particular we are able to takéoiaccount unobserved firm heterogeneity by
estimating a fixed effects specification.

We estimate four different specifications, where alternatively include four different groups of
market openness and degree of competition indigatior all specifications we also include a
constant term, year dummies, the population densitycontrol for differences in customers'
distribution over the territory of the countries evl the companies operate and a nuclear dummy
variables to control for the technology of the camp

The inefficiency model is thus:

Zi'0 = 0o+ o1 market_open+ J, pop_density+ J3 nuclear_dummy+ 6, Year Dummies +;

where, we alternatively include the variables néfigr to gas and electricity markets openness in

market_open

4. Data

The dataset consists of an unbalanced panel cgv@@namong the largest European energy
companies observed over the period 2000-2008ey are big operators employing on average
about 37,000 workers. The main sources of the datathe annual reports published by the
companies. An effort has been made to make datsistent. In particular many of the considered
companies are large corporations, whose lines efnbas range on several sectors. In the data
collection we tried to obtain information about ynthe energy divisions, in particular the
production and distribution of electricity and tdestribution and transportation of natural gas.
When it was not possible to disentangle the diffelmisiness lines, we dropped those years where
the data for the energy divisions were not avadaioreover our focus is on Europe and we
considered only data about the European market.

Total costTC corresponds to total annual operating costs argdgiven by the sum of labour (L),
material (M) and capital (K) costs. L is given lhettotal number of employees at the end of the

fiscal year, M is mainly given by energy input, ¥ehK is the capital stock constructed by the

1 The considered companies are: British Energyiridan DONG AS, E.ON, Electrabel, EDF, Edison, EnBW
Endesa, Enel, Essent, GDF, Gas Natural, Gasumigdrifla, RWE, SSE, ScottishPower, Suez-TractelsbMattenfall.
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perpetual inventory method. Capital stock at time given byK; = (1-0)Ki.1+l;, whered is the
capital depreciation rate computed as the ratitotal depreciation expenses to book-valued fixed
assets at the beginning of the period, and invedSrie are given by the sum of depreciation
expenses and changes in assets between the bggamuirthe end of the fiscal year.

Labour pricePL is defined as the ratio of total annual staff sdaetthe number of employees at the
end of the fiscal year. Material price is approxieshby the price of natural g&5, expressed in
Euro per kWh. It is obtained from Eurostat andatigs over time and across countries. We also
experimented with the inclusion of oil price as rigyeprice. Given the high correlation among
natural gas and oil prices, we were not able ttude both measures and we finally decided for the
inclusion of the gas price only as it may bettgtaee energy costs for our set of energy firms.
Following Christensen and Jorgenson (1969), theef capitaPC is computed as:

_ PPC(r+9)
S @-1)

PC

Where,PPC is the producer price index for capital gogdsis an estimated yearly average long
term lending interest rate, computed for each comw@s the ratio between financial expenses and

financial debts, whil@ is the depreciation rate amds the corporate tax rate.

As described abové, is computed as the ratio of total depreciationesges to book-valued fixed
assets at the beginning of the perios. obtained as total paid taxes divided by opegapirofits, as
they appear in the financial statements.

We introduce two output measures in the cost gpatibn: natural gas sale/ (gas_salg and
electricity sale y_elec_sale)The two outputs are expressed in annual TWh amafnrdtion is
obtained from companies’ annual reports and ocona#lio from other company publications (as
social or environmental responsibility reports). dontrol for the multi output nature of most
included companies, we also insert two dummy végmldummy_elec_prothat takes value equal
to one if the firm produces electricity addmmy_gas_transghat is equal to one if the company
provides gas transportation services. Table 1 shibgyaumber of firms supplying gas, electricity or
both. The number of firms supplying both electyi@nd gas increased over time: 7 firms in 2000
vs 14 firms in 2009. This finding seems to pointfavour of the presence of some form of
complementarity between gas and electricity diatidm, given that the strategy of the main
European players is towards diversification.

Descriptive statistics on all variables are presénh table 2. Average total costs amount to about

2 Data source: Eurostat, DS-074567-Industry predpdces index, domestic market - annual data —
(2005=100) — MIG - Capital goods.
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16,000 Million Euro. The share of labour on totakts is 12% on average, while the share of
material and energy is 78% on average. Averagesgies amount to 175 TWh per year, while
average electricity sales are 153 TWh. About 87%wofobservations come from firms that also
produce electricity, while only 19% of sampled c@myp-year couples supply gas transport.

We aim at explaining technical inefficiencies thgbua set of variables on market and technological
characteristics. The variables about the openinghef energy markets are obtained from the
European Regulators’ Group for Electricity and GARGEG). The three sets of variables we
consider are:

1. Rate-open-gasnd Rate-open-electhat respectively measure the percentage of #se/g
electricity market actually open. A market openiagdefined by the percentage that the
consumption of the eligible consumers (those altbwe choose electricity/gas supplier)
represents as a proportion of total electricity/gassumption.

2. Switch-rate-gasand Switch-rate-electhe actual switching rate of final small customer
They represent the percentage of eligible (smatl domestic) consumers who have
changed supplier in a particular year.

3. CR3-gasandCR3-elec the sum of the market shares of the three mampetitors in the
gas and electricity retail markets respectively.

All variables vary across countries and over tiiitee energy market is considered to be open when
customers have access to private contract for greengply on the retail market at end user market
prices. The degree of openness of the energy mafiest depends on the considered customer
segment or type: medium to large businesses ang\eimdensive segments have been the first to
be opened. The rate of market openness is bastamlumes sold (total KWh sold), not on the
number of customers actually able to freely chotte@r supplier. We also include population
density to control for differences in customerstdbution over the territory and a nuclear dummy
for the technology of the company.

Figure 1 shows the trend over the considered sapwied in the liberalization and competition
indicators over time. By 2007 all countries com@iethe liberalization process and the declared
rate of openness is 100% for both the gas and lirieity industries (figure 1, panel A).
Switching rates are in general quite low and theylarger in the electricity sector over almost all
observed year (panel B). The market shares ofttle tmain competitors decrease over time, but
still are quite high as their average over theqeis around 67-68% for both the energy industries.
There is some variability over time, but in gen€2&3 are larger in the gas sector, especiallyat th

beginning of the sample period (panel C).
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5. Estimation results

We estimate four different models and results agsgnted in table 3.

In model (1) we includ&kate-open-gasandRate-open-eleas explanatory variables for the firms’
technical inefficiency. In model (2) we uSeavitch-rate-gasndSwitch-rate-elecwhile in model (3)
we include the two measur€&R3-gas and CR3-ele¢inally, model (4) includes all indicators:
market opennesfRate-open-gaandRate-open-elg¢ switching rates§witch-rate-gagand Switch-
rate-eleg and the degree of concentration CRRB-gas and CR3-elgc

Table 3, panel A shows results from the cost fumcestimation. Since all variables in the cost
function are expressed in logarithm (except fortthee trend and the two dummies for electricity
production and gas transportation), the coeffigdecan be interpreted as elasticities. Moreover
given the normalization of all regressors by theample mean, all elasticities are evaluated at
sample means.

The electricity coefficient y_elec_sale is quite stable across specifications and it lisags
significant. A 1% increase in electricity salesaissociated to a 0.26%-0.30% increase in total
operating costs. The coefficient for gas saleg@s_salg is quite low in magnitude, ranging
between 0.03 and 0.07 and it is never significadiffierent from zero. Squared terms in electricity
sales output is always positive and significant,ilevithe interaction term is negative and
significantly different from zero in all specificgahs. Almost all firms in our sample are multi-
output firms (see table 1). We account for thisibgluding the output measures for gas and
electricity sales and for two dummy variables captuthe effect of electricity production and gas
transportation. The inclusion of the additional puit measures for the latter two activities was
prevented by the high correlation between all thduided outputs. In particular the correlation
coefficient for our measures for electricity sadesl electricity production was higher than 0.85 for
all years.

The computation of scope economies is beyond tinechithe present paper, however it could be
highlighted the presence of some cost complemeiesarirom the joint activity in the gas and
electricity industries, since, at least at the mgaint of the sample, the following conditions e t
estimated coefficients is always true (see equdpn

o1 a0+ az <0

The dummy variable for electricity productiodymmy_elec_prodis always negative and
significant in model (2) indicating lower costs firms producing electricity on their own, with

respect to other firms. The parameter estimategdsrtransportatiorDUmmy_gas_prodare not
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precisely estimated, probably because only twodioperate also in this segment of the industry.
The input price elasticities are always significtortlabour prices, ranging between 0.64 and 0.70.
For the average energy firm, labour accounts fof78% of total costs, while energy inputs
represent 15-30% of total costs. The remaining %14 the share of capital. The actual factor
shares for labour and energy are somehow difféhemt the estimated one, with an average labour
share that equals 12%, an average energy inpug #hetrcorresponds to 78% and a remaining 10%
for capital (see table 2).

The time trend is significant in only one specifioa (model 3). The fact that technological change
has no effect may be an expected result. In theggmedustry, in fact, technological innovationais
slow process, and it is unlikely to find relevaiftetences over a ten years period.

In the inefficiency model (table 3, panel B) weabtthat the population density is significant only
in specifications (2) and (4), with opposite sighghile the dummy for nuclear technology is
always positive and significant in specificatio23 &nd (4). Higher inefficiencies are associated to
nuclear powered plants and to companies servinguatcy with lower population density in the
preferred specification (4).

The opening of the market has different effectsimefficiencies depending on the considered
market and the included indicator. From model (Efficiencies increase when we observe a larger
degree of openness in the gas market. On the cpmtfaigher degree of openness of the electricity
market is associated to smaller inefficiencies, th# estimated coefficient is not precisely
estimated.

In model (2) the switching rate increases inefficigin the electricity market, the opposite result
true for the gas market. While in model (3) the rdegof concentration is coefficients are not
statistically significant.

In model (4) we consider all market liberalizatiand competitiveness indicators. Results from
previous models are confirmed and, moreover, wen gai precision as all coefficients are
statistically different from zero.

Liberalization indicators point in opposite direets depending on the considered market: while
lower inefficiencies are associated to a largex cdtmarket openness, a lower switching rate and a
lower concentration ratio in the electricity markexactly the opposite happens for the gas market
where lower inefficiencies are linked to a smatlegree of market openness, larger switching rates
(even if not significant) and an higher concentratiatio.

Looking at the estimated inefficiency scores, wl fihem to be quite high in all specifications and
show some degree of correlation across the fourifsgaions, except for model (2) (see table 4).

Average scores from the preferred specificationd@hd4)) is 0.92 and the interquartile range
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amounts to 0.11 (table 5): on average the sampled tlisplay a degree of inefficiency around 8%,
while firms in the third quartile are more effictetihan firms in first quartile by 11 percentage

points.

Scores are particularly low (and cost inefficiescaee particularly high) in the central period 2003

2005 and since then, they increase. It seems rib#tciencies increased exactly during the years
where liberalization was more seriously implemented

Table 6 breaks down (average) scores accordingpeoattivity of firms. Firms supplying only

electricity show lower efficiency than gas and dsiked firms.

6. Mode extensions

As a robustness check we experimented for the srartuof additional variables in the inefficiency
model. First, following Zarnic (2010) we included8 growth to account for change in demand
conditions. While GDP growth is not significantsudts did not qualitatively change.

Also we used data from the OECD International Rafjom Database (Conway and Nicoletti,
2006). The database consists of a set of indicatarshe regulation of energy, transport and
communication industries (ETRC). We included adfeindicators for the electricity and the gas
markets (the aggregate indicators and some mofisp@dicators on liberalization, such as the
degree of openness of the market to final consuymershe inefficiency model. Unfortunately
OECD data cover up to 2007 and results did nottpminany significant effect, also probably
because of the shorter data coverage.

Given the quite small estimated coefficients fotpoti measures, we also estimated a translog cost
function using Seemingly Unrelated Regressions (SWRich allows for the simultaneous
estimation of the cost function and input shareatigns obtained applying the Shephard’s lemma
to equation(6). While the estimated input shares more closely imitme actual ones, results on
output elasticities are confirmed.

Finally we tried to interact competitiveness arfebfalization measures, by extending the model
specification (4). The interaction terms did nobwho have explanatory power in the inefficiency

model.

7. Concluding remarks

The aim of the work is to examine the potential actpof liberalization on the cost of the main
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energy firms in Europelhe literature on the link between competition amatket liberalization is
large and still growing in Europe. Liberalizatiosych as the removal of entry barriers, or the
abolition of state monopolies, is usually assodaie larger competition among firms. On the
contrary theoretical and empirical findings on #féects of a more competitive environment on
firms' performance are less clear cut. To the bestir knowledge there are no studies that consider
the effect of liberalization, where all customersl Wwe able to choose their energy (electricity
and/or gas) supplier, on firms' efficiency. We mstie a stochastic cost frontier for a sample of 20
firms among the largest European energy compartssreed over the period 2000-2009. Our
identifying strategy is based on the impact of rearikberalization on firm level efficiency (as
measured by a stochastic frontier) exploiting crmmsntry variation in the extent and timing of
policy reforms. In particular we are able to takéoiaccount unobserved firm heterogeneity by
estimating a fixed effects specification (Greer@)5a, b; Wang and Ho, 2010).

The opening of the market has different effectsirmefficiencies depending on the considered
indicator. In general inefficiencies decrease whiea market is open and more competitive,
especially in the electricity sector. A higher netriconcentration ratio is associated to lower
inefficiencies, especially in the gas industry.

From the policy perspective, these findings seemsumggest that introducing competition in the
supply market by giving the consumers the oppotyunii choosing their supplier is a good choice
also in terms of firms’ performances. Nevertheldhs, effects on firm performance are different
depending on the considered indicators. More efficy is associated to a more open and
competitive environment for the electricity secwhile the same firms do enjoy lower efficiency
when the gas market is open and competitive. Piglgas and electricity markets are too different
environments and competition indicators act in gieadirections in the two industries.

AcknowledgementdVe wish to thank Elena Salvarola for excellergistance on the data. Financial support from
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Table 1. Sample description: Count of firms supplying gas, electricity or both products

Year Gas | Electricity | Gasand | Total Number
Electricity of Firms
2000 4 6 7 17
2001 3 7 7 17
2002 3 7 9 19
2003 2 4 14 20
2004 2 4 13 19
2005 1 4 13 18
2006 1 4 13 18
2007 0 1 14 15
2008 0 0 15 15
2009 0 0 14 14
Total Number of 16 37 119 172
Observations

Notes: Firms supplying gas are retail gas suppligiectricity firms are both electricity retailerand
generators
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Table 2. Descriptive statisticsfor the main included variables.

Description Variable name Mean SD Median Min Max

Total operating

costs (Mil. Euro) TC 16,200 14,800 10,700 463 70,648
Input measures
Labour price (th
Euro per worker PL 58.72 14.54 58.28 34.27 115.9¢4
Gas price
(Euro/kWh) PG 0.02 0.01 0.02 0.01 0.04
Labour share SL 0.12 0.06 0.11 0.01 0.28
Material share SM 0.78 0.09 0.78 0.56 0.98
Output measures
Gas sale (TWh) y gas_sale 175.08 239.69 74.60 0.00 1211.00
Electricity sale
(TWh) y_elec_sale 152.53 161.14 98.41 0.00 731.40
Dummy for
electricity D“mmg’ae'ec—p 0.87 0.33 1.00 0.00 1.00
production
Dummy for gas| Dummy_gas_trd ) | 0.39 0.00 0.00 1.00
transportation nsp
Inefficiency
model
% openness X
electricity marke Rate-open-ele¢ 85.13 23.73 100.00 30.00 100.00
0, =
o o ket T Rate-open-gas  87.00 2273 | 100.00|  20.00|  100.00
% Switch rate in .
the electricity SW'tClh'rate' 6.84 6.76 4.00 0.00 22.00
market elec
% Switch rate in o - &
the gas market Switch-rate-gas 6.08 7.29 3.47 0.00 35.00
Concentration
ratio in the CR3-elec 66.83 18.89 62.00 15.00 100.0(¢
electricity marke
Concentration
ratio in the gas CR3-gas 68.65 25.05 75.00 10.00 100.0(
market
Dummy for | lear dummy ~ 0.40 0.49 0.00 0.00 1.00
nuclear plants
Population
density pop_density 198.88 117.89 204.00 21.60 487.20
(people/Knf)

Notes: All monetary values are deflated using tfaenibnized Consumer Price Index by Eurostat (base ie2005).
Unbalanced panel of 20 firms observed over theqae?000-2009. Total number of observations 172.
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Figure 1. Trend in theliberalization and competitivenessindicators (yearly average)
Panel A. Rate of openness of the retail market
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Table 3. Sochastic Frontier Cost estimation results.

Pand A. Cost modd

1) 2) 3) (4)

Ln(y_gas_sale) 0.053 0.034 0.066 0.025
(0.05) (0.03) (0.05) (0.04)
Ln(y_elec_sale) 0.274** | 0.301*** | 0.279** | 0.256***
(0.07) (0.05) (0.08) (0.06)

Ln(y_gas_salé) -0.009 0.011* -0.010 0.004
(0.01) (0.01) (0.01) (0.01)

Ln(y_elec_salé) 0.024* 0.028*** 0.025* 0.023**
(0.01) (0.01) (0.02) (0.01)
In(y_gas_sale)in(y_elec_sale)-0.034*** | -0.018** | -0.027*** | -0.046***
(0.01) (0.01) (0.01) (0.01)
Ln(PL) 0.741** | 0.697*** | 0.726*** | 0.636***
(0.13) (0.10) (0.14) (0.12)

Ln(PG) 0.154 0.281** 0.163 0.308**
(0.15) (0.11) (0.16) (0.12)

Ln(PLY -0.012 0.149 -0.085 0.444
(0.38) (0.28) (0.37) (0.31)
Ln(PGY 1.427% | 1.151** | 1.307** | 1.403***
(0.40) (0.29) (0.39) (0.31)

Ln(PL)In(PG) -0.861* | -0.750*** | -0.768** | -1.017***
(0.35) (0.26) (0.34) (0.28)

Ln(PL) Ln(y_gas_sale) 0.061** -0.004 0.032 0.008
(0.03) (0.02) (0.02) (0.02)

Ln(PL) Ln(y_elec_sale) 0.076 0.058 0.073 0.097**
(0.05) (0.04) (0.06) (0.04)

Ln(PG) Ln(y_gas_sale) -0.041* 0.009 -0.016 -0.014
(0.03) (0.02) (0.02) (0.02)

Ln(PG) Ln(y_elec_sale) -0.084* -0.053 -0.076 -0.088**
(0.04) (0.03) (0.05) (0.04)

Dummy_elec_prod -0.334 -0.508** -0.333 -0.257
(0.27) (0.20) (0.30) (0.22)

Dummy_gas_transp -0.157 0.227 -0.089 -0.177
(0.27) (0.19) (0.30) (0.21)

Trend 0.045 0.006 0.063* -0.046
(0.03) (0.02) (0.03) (0.03)

Trend -0.000 0.001 -0.002 0.006**
(0.00) (0.00) (0.00) (0.00)
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Panel B. Inefficiency model

1) (2) (3) (4)
nuclear_dummy 0.376 1.529* 0.129 1.092**
(0.89) (0.88) (1.08) (0.54)
pop_density -0.134 0.038*** -0.633 -0.040**
(0.10) (0.01) (7.97) (0.02)
Rate-open-gas 0.007*** 0.102**
(0.00) (0.05)
Rate-open-elec -0.005 -0.058***
(0.01) (0.02)
Switch-rate-gas -0.391 *** -0.024
(0.11) (0.05)
Switch-rate-elec 3.530*** 0.543**
(0.10) (0.25)
CR3-gas -0.906 -0.111**
(9.28) (0.04)
CR3-elec 1.275 0.198**
(14.92) (0.10)
Time Dummies Yes Yes Yes Yes
oAy -3.114%** -3.708*** -2.980*** -3.614***
(0.12) (0.12) (0.12) (0.12)
o’ 19.638 -136.282 -0.368 -28.430*
(15.51) @) (978.68) (17.11)
logL 18.21 60.71 9.86 42.40
N.obs 172 172 172 172

Notes:Dependent variable: natural logarithm of total opéng costs, normalized by the capital price. Ral&iSs in parenthesis.
All estimates performed by the command ‘sf_fieffStata 10.1, by Wang and Ho (2010). In the eion of the standard translog
specification, zero output levels are substitutgdthe value 0.01. ***, ** and * indicate significece at 1, 5 and 10% level,

respectively.
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Table 4. Spearman rank correlation coefficients for the estimated inefficiency scores (the star
indicatesthat the correlation issignificant at 1% level)

M odel Q) (2) ©) (4)
(1) 1.000
) -0.130 1.000

3 0.673* | -0.060* | 1.000

4 0.538* 0.482* | 0.386* 1.000

Table 5. Distribution of estimated inefficiency scoresfrom model (4).

Year M ean SD 1% Median | 3 N.
Quartile quartile | firms
2000 0.931 0.161 0.991 1 1 17
2001 0.915 0.157 0.921 0.996 1 17
2002 0.911 0.148 0.874 0.979 1 19
2003 0.841 0.216 0.761 0.922 0.998 20
2004 0.882 0.205 0.804 0.995 1 19
2005 0.883 0.2 0.805 0.979 1 18
2006 0.900 0.179 0.841 0.984 1 18
2007 0.992 0.0137 0.988 1 1 15
2008 0.971 0.0536 0.969 0.999 1 15
2009 0.968 0.056 0.968 0.993 1 14
Total 0.915 0.162 0.887 0.996 1 172

Table 6. Mean estimated inefficiency scores by activity sector. Estimates based on model (4).

Year Gas | Electricity | Gasand Total
Electricity

2000 0.971 0.835 0.990 0.931
2001 1.000 0.820 0.974 0.915
2002 0.999 0.868 0.914 0.911
2003 0.998 0.594 0.889 0.841
2004 0.982 0.713 0.919 0.882
2005 0.938 0.707 0.934 0.883
2006 0.883 0.728 0.954 0.9
2007 0.988 0.992 0.992
2008 0.971 0.971
2009 0.968 0.968
Total 0.979 0.778 0.949 0.915
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