N S ITU U ' Haile nstitute for Economic Research

Wirtschaftsforschung Halle

Quality of Service, Efficiency, and Scale
in Network Industries:
An Analysis of European Electricity Distribution

Christian Growitsch
Tooraj Jamasb
Michael Pollitt

July 2005 No. 3

IWH-Diskussionspapiere
IWH-Discussion Papers

Ide conomics


https://core.ac.uk/display/6281816?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

IWH

Autor: Christian Growitsch
Department of Industrial Organisation and Regulation
Christian.Growitsch@iwh-halle.de
Tel.: ++49 345 77 53-864

The responsbility for discussion papers lies solely with the individuéhors. The
views expressed herein do not necessarily represent those of the IWH.

Questions, comments and suggestions are welcome.

Herausgeber:
INSTITUT FUR WIRTSCHAFTSFORSCHUNG HALLE — IWH
Das IWH ist Mitglied der Leibniz-Gemeinschaft

Hausanschrift: Kleine Markerstral3e 8, 06108 Halle (Saale)
Postanschrift: Postfach 11 03 61, 06017 Halle (Saale)

Telefon: (0345) 77 53-60
Telefax: (0345) 77 53-8 20
Internetadresse: http://www.iwh-halle.de

2 IWH-Diskussionspapiere 3/2005



IWH

Quality of Service, Efficiency, and Scale
iIn Network Industries:
An Analysis of European Electricity Distribution

Christian Growitsch/
Tooraj JamashZ/
Michael Pollitt ./

Abstract

Quality of service is of major economic significance in natorahopoly infrastructure
industries and is increasingly addressed in regulatory schemesyveiowhis important
aspect is generally not reflected in efficiency analysithe$e industries. In this paper
we present an efficiency analysis of electricity distributi@tworks using a sample of
about 500 electricity distribution utilities from seven European cosniviee apply the
stochastic frontier analysis (SFA) method on multi-output transipgtidistance func-
tion models to estimate cost and scale efficiency with and withoatporating quality
of service. We show that introducing the quality dimension into the sisaifects es-
timated efficiency significantly. In contrast to previous research, smailidies seem to
indicate lower technical efficiency when incorporating quality. Mé® show that incor-
porating quality of service does not alter scale economy meafuesesults empha-
sise that quality of service should be an integrated part ofegitiz analysis and incen-
tive regulation regimes, as well as in the economic reviewarkeb concentration in
regulated natural monopolies.
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1. Introduction

Infrastructure industries, such as electricity, telecommunicatiges, transport, and wa-

ter continue to maintain their strategic importance in modern ecesor8ince the
1990s, the globally dominant paradigms governing the structure and ownecstefs m

of these industries, natural monopoly, vertical integration, and public sinpehave
been challenged. Liberal models based on competition, economic incentives, ated priva
ownership have been adopted to achieve internal and external efficiggroyements

in these sectors and to benefit customers in the form of lowes andthigher service
quality.

The electricity sector has witnessed considerable libenaltsattivities in many coun-
tries around the world. The main tenets of electricity sedterdiisation have been re-
structuring, regulation, and privatization. Implementing the new modalresl restruc-
turing of the industries to separate potentially competitive seggnggeneration and re-
tail supply) from natural monopoly activities (distribution and trassimn) that would
need to be regulated. Independent regulation would oversee the suceesgfahing
of competitive power markets and regulated transmission and disirbaétworks.
Private ownership and profit incentive would promote internal efficiemdjpe firms.
Moreover, two important aspects of the new industry structure havevwbdely ne-
glected: the question of (efficient) optimal firm size in ndtamanopolies and its rela-
tion to quality of service (Qo0S).

In competitive markets, competition and market size are importéintaants of firm
size and market concentration (subject to rules and policy). In nataradpolies, in the
absence of market forces, public intervention, regulation, and histoftarefactors
that affect efficiency and scale of firms. Theory charasgsrnatural monopolies to be
the most technically efficient market structure when a sifagfecan produce a specific
output vector at less cost than two or more firms (subadditivity).dslitihge cost struc-
tures have been theoretically and empirically shown in networksrastricture indus-
tries (e.g. Gilsdorf, 1995 and Salvanes and Tjgtta, 1998). However, the appraatate s
(of production) of natural monopolies is also of economic interest. Opfimasize as
well as technical efficiency is related to the underlying pradndechnology and struc-
ture of an industry. Therefore, in any given industry, the relationshiyebatefficiency
and scale is an empirical question.

In the context of European electricity sector reform, the natural monopobcofwastics
and economic importance of firm size and quality of service in distribution riet\was
led to public intervention and regulation in these activities. Firsheatime of restruc-
turing and unbundling, political decision-makers were faced with decisegeding
the number and size of firms. Second, in the post-reform period sinendhef the
1990s, mergers and acquisitions — vertically and horizontally — increagagket con-
centration dramatically and changed the size of the firms raguam informed policy
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towards this development. At the same time, the desirability of haviage number of
utilities in small countries (e.g. Nordic countries) poses anestieilg policy question.
Third, adoption of incentive regulation models in recent years has g$eeto concerns
that, if left unregulated, the pursuit of profit maximisationkelly to result in deteriora-
tion of quality of service.

In particular, a formal treatment of QoS from an industrial osgdinn point of view
and/or as an integrated part of regulatory analysis has beery watgécted. This is es-
pecially problematic as there are interactions and trade-offgebe utilities’ costs
(capital as well as operating and maintenance expenditures) ansizBeand quality of
services. A simple cost-only approach to efficiency in regulatétiest will, therefore,
not take an essential aspect of their activities into accoustcdinceivable that quality-
incorporated efficiency and scale measures of firms mightrdiiben those of a cost-
only approach. It is therefore important to enhance understanding ogtifecance of
quality of service for efficiency and scale in network indust&ggecifically, it might be
that small operations are justified even where they have high lmatsfgovide higher
service quality and vice versa.

This paper aims to fill the void in previous research and shed sopiecamlight on
the effects of including quality dimensions into the analysis dfnieal efficiency and
optimal firm size. We estimate technical efficiency andeseaonomies of a sample of
about 500 electricity distribution utilities from seven European cosntaigplying sto-
chastic frontier analysis (SFA) method and multi-output translog ghiptance function
models. The outline for the remainder of this paper is as followsthEweetical foun-
dations and previous literature are presented in Section 2. Sectiau8séis the meth-
odology, and the estimation method. In Section 4 we introduce the mod@ipnoaah
and specify the estimated models. The data is described in SecEstimation results
are presented in Section 6. Section 7 contains conclusions and highligtysmplica-
tions and directions for future research.

2. Efficiency and Quality of Service

The nature of electricity distribution has been examined in a nuofltkeoretical and
empirical studies, which predominantly support the existence of natorabpoly con-
ditions in distribution network$.This section recapitulates the basic conditions of natu-
ral monopoly theory and reviews previous research on (international) pudiguct
analysis, optimal firm size, and on quality of service in network iniéiss We then pre-

1 For exampleGilsdorf (1994, 1995)Filippini (1998), Salvanes and Tjgtt1998), andYatchew
(2000).
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sent two hypotheses regarding the relationship between qualityifeséechnical effi-
ciency, and firm size in electricity distribution networks.

The natural monopoly characteristics in electricity distributiam lce attributed to three
major aspects (e.g. Growitsch and Wein 2004): the high degree of suskrienés in
network assets (e.g. power lines and transformers), economieslefirseectricity
supply, and economies of scope between the major services in gledigtribution,
namely ‘customer connection’ and ‘energy delivénth economic theory, a natural
monopoly is described as a market structure, where it is tedgretiadient to produce
a certain output vector by a single firm. Technically, this condibiocurs if the cost
structure of such a market is strictly and globally subadditiveofput vectors Y
I=1,....m:

m m
cOYhH s> cyh (1)

i=1 i=1
In the case of a single-product firm, economies of scale (declavagage costs) and
concavity (falling marginal costs) are sufficient conditionsdobadditivity and there-
fore existence of natural monopd&yBaumol (1977) and Baumol et al. (1982) first dis-
cussed the economic concept of natural monopoly in the context of multi-pnodus-
tries. In multi-output settings, economies of scale and the rgdabgerty of declining-
ray average costs are neither necessary nor sufficient faldititidy of cost functions.
Instead, in the multi-output context, subadditivity also requires presgramsonomies
of joint production, either in the form of cost complementarity or tragsconvexity?
Cost complementarity holds if inequality 1 is true for incremeasavell as for total
costs (Sharkey, 1982). Figure 1 illustrates the concept of transnagxaty (here: in
connection with economies of scale both in separate and joint productiorpofsowt
and Y,). A cost function C for two outputs;Yand Y, satisfies the property of transray
convexity at a point Y if a line through Y shows a negative slope myatonomies of
joint production. The joint production cost function G£Y,) in Figure 1 is also con-
cave along all rays through the origin, indicating additional econoofissale. Being
concave and transray convex, the illustrated cost function sassfiésent conditions
of subadditivity.

2 For a detailed description of outputs in eledyidistribution, see Section 4.

3 Sharkey(1982) presents numerous examples of subadditise fanctions to illustrate that neither
economies of scale nor concavity are necessanyittmmsifor subadditivity. As the existence of natu-
ral monopoly conditions in electricity distributios an established notion, we are going to concen-
trate on more straightforward calculations rathenthypothetical exceptions.

4 SeeBaumol(1977) andBaumol et al(1982) for a detailed description of these coreepid suffi-
cient conditions for natural monopolies.
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Figure 1:

Subadditivity in the two-output case
A

C(Y1Y2)

Applying the concept of multi-output production in natural monopolies to electricity dis-
tribution we focus on analysis of multi-product economies of scalekwhiequivalent

to identifying concavity of the joint cost function in Figure 1), tegtior existence of
economies of joint production, namely economies of scope (which is tyaimsraexity

in Figure 1). This is appropriate, as the aim of this study isxamnme optimal util-
ity/service size and the natural monopoly characteristics ofrieigy distribution net-
works are well-established. Although, there is ample evidencehiérat is considerable
variation in efficiency of distribution utilities (e.g. IPART 1999 m&sb and Pollitt
2003), the effects of size and quality of service on efficient dparand performance

of these utilities is less clear.

The reviewed literature points to different economic and methodolagpealcts that are
related to the subject matter of this paper. First, a branchdiesthas focused on inter-
national comparisons of network industries including electricity idigion. Second,
there is a line of literature that analyses most productive size in electricity distribu-
tion. Third, a limited body of literature has addressed the issue lifycpfaservice as-
pect in network industries.

Academic research and, to a lesser extent, regulation has ossetountry efficiency
analyses partly to overcome problems due to a small number of obs®yatross-

border mergers, or/and the possibility of collusion among the reguatepdanies (Ja-
masb and Pollitt, 2003; Estache et al., 2004). Regulatory use of refficamalysis has
largely been limited to single country analysis. Cross-counidies of the performance
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of electric utilities are, however, rather few. In a comparisaddkofand US distribution
utilities, Pollitt (1995) finds a comparable performance in both cogntliRART
(1999), in a study for the Independent Pricing and Regulatory Tribunal tnaAaiso-
cuses primarily on Australian distribution companies, taking UK amwd Resaland utili-
ties as additional observations. In another comparison of seven Austnatia32 inter-
national electricity utilities Whiteman (1995) uses an internatimfarence set to ana-
lyse the development of X-inefficiency in Australian electricity uéhti

In a comparison of Scandinavian and Dutch electricity distribution coegpaiadvard-
sen and Fgrsund (2003) show the advantage of international comparisons fyindenti
peer companies. Jamasb and Pollitt (2003) compare the efficiency diftGBution
utilities from six European countries using parametric and non-pararbenchmark-
ing methods. They find that efficiency results tend to be ratheitse in level, al-
though not in rank order. Additionally, they report methods of introducing comparability
in international samples. Analysing panel data of 84 South American @tgalistribu-
tors from eight countries, Estache et al. (2004) point out the imporbamarnational
benchmarking and the coordination of regulators in order to reduce infonmaaym-
metries. In a recent study, Hattori et al. (2005) analyse thmeeffy development of
UK and Japanese distribution utilities using panel data from 1985-1998,imgpamnt
acceleration of productivity growth over time and positive economissalé for UK
companies relative to Japanese firms.

Previous research on scale economies and optimal firm size comapgtilys the Data
Envelopment Analysis (DEA) technique to calculate the scaleiexftty by comparing

the efficiency results from constant and variable returns te seatiels> Empirical re-
sults from parametric models tend to be rather few and predomiagpligd cost func-
tions for the analysis. For electricity distribution, an early wontion was by Nerlove
(1963), who applies a cost function based on a generalized Cobb-Douglas producti
function and gives evidence for the possibility of substitution amongrfaof produc-
tion. In two studies of Swiss electricity distribution utilitigsilippini (1996) and
Filipinni and Wild (2001) using a flexible translog and a linear ayerm@ost function
find evidence of increasing returns to scale throughout their sample of 39 and 59 utilities
respectively.

Other studies address the issue of minimum efficient scaeGiles and Wyatt (1993)
estimate a total cost function from a sample of 60 New Zealawcttieity distributors,
reporting an efficient scale for a sales range of 500 to 3500 GWthexa (2000) con-
verted the results from Giles and Wyatt on a number of customisr doas reports a
minimum efficient scale size at 30000 customers. Salvanes and ([[jg84) in a cross-
sectional analysis of 100 Norwegian electricity distributiontiggifind an optimal firm

5 For an introduction se@oelli et al.(1998).
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size at about 20,000 customers and that is relatively independent frdaWthesales.
These results confirm Yatchew’s (2000) findings based on a fourpgeal of 81 Ca-
nadian distributors. The study estimated a semi-parametricaganskt function and
reports substantial scale economies and a minimum efficierg achleved by firms
with about 20000 customers.

Empirical research on quality of service in network industriesasce and mostly con-
centrated on telecommunications sector (Resende and Faganha, 2004; Sappington, 2002;
Ai and Sappington, 1998; Kridel et al., 1996). For the electricity sectoiyi@dirosyan
(2003) analyses the effect of incentive regulation on duration and frggoketectric
outages for a panel of 78 U.S. utilities, reporting an increase iduttagion of outages
associated with incentive regulation. The study also finds that cuthgEease when
explicit quality benchmarks are introduced. Korhonen and Syrjanen (2003)niind i
provement in technical efficiency after incorporating quality aWise (interruption
time per customer) in their DEA analysis of 106 Finish distributitlities. CEPA
(2003) applies a two step DEA model to cross-sectional data fayKhand finds no
significant correlation between technical efficiency measared service quality in
terms of minutes lost per customer. Ajodhia et al. (2004) apply a &tfa Corrected
Ordinary Least Squares (COLS) model to a cross-sectional saiyddl electric utilities
from four countries (UK, Netherlands, Hungary and Malaysia), repodisgnificant
efficiency increase when quality is taken into account esped@ilgmaller utilities.
Giannakis et al. (2005) carried out a quality incorporated efficishayy with panel
data on UK electricity distribution. They show that technicatifficy does not neces-
sarily also involve high service quality and state that qualitgrparated regulatory
benchmarking is superior to cost-only approaches.

The relationship of efficiency, firm size, and quality in reguatetwork industries has
not been addressed previously. Kwoka (2005) is an exception, who in an aoigbysis
vate and public U.S. electric utilities estimates a quadraist function and reports
lower distribution costs and higher quality in terms of lower duration of intesngofor
smaller (public) companies. However, he did not apply frontier anadygiswas not
able to measure individual companyefficiency.

Our review of natural monopoly theory and previous studies on electlisttybution
suggests that important aspects of industry structure have notdoressed. The first
issue is the relationship between technical efficiency andsizen Insofar as economies
of scale exist, larger firms are expected to demonstratehigchnical efficiency ce-
teris paribus. This relationship also applies to economies of scopednedutputs (e.g.
customer numbers and energy supplied). Natural monopoly theory would thestsugg
increasing service area size until scale economies are exploited.

Inclusion of the quality dimension into technical efficiency analgsight alter the op-
timal firm size. Kwoka presents the hypothesis, that smalléragisupply higher qual-
ity, as they have easier access to local market and customer specific fihor(sizch as

IWH-Diskussionspapiere 3/2005 9
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demand characteristics and special technical conditions), being ampdot service
quality and reliability. Moreover, organizational aspects such asipteubbjectives
combined with observability of results and measurement problemsge fiams can
explain higher quality of service in small firms (Holmstrom, 1968 Bixit, 1997). In
addition, quality criteria are difficult to specify and to enfofkgvoka, 2005). Also, it
has been argued that closeness to customer leads to higher quabtyio If the
above proposition holds, incorporating quality of service in electric#tyildution utili-
ties’ production function and technical efficiency measurement codicceeseconomies
of scale and decrease optimal utility size relative to a paseanalysis. The following
two main hypotheses can be drawn:

() In a pure cost efficiency analysis, there are signifiesm@nomies of scale and
relative efficiency associated with firm siZzedonomies of scale’ hypotheksis

(i) The relative cost and efficiency advantage of largedidaclines when quality
of service is taken into accounfprximity to customers’ hypothesis)

We test these hypotheses by applying stochastic frontier anahgidistance functions
to examine the technical efficiency, scale economies and scopemaies of electricity
distribution utilities using a pure cost and combined cost-quality analysis.

3. Methodology

Shephard (1953, 1970) proposed the distance function approach for specifying the pro-
duction technology of a multi-output multi-input firm. When analysing eggdl indus-
tries this approach has advantages over cost or revenue functionthsibehavioural
assumptions of the latter approaches are likely to be violatedc{teset al., 2004).
Distance functions can be differentiated into input and output distanceofgcThe
former describes the maximum radial contraction of the input vedibe keeping the
output vector constant. The latter gives information about the maxinoh@ble out-
put given an input vector. For the purpose of this study, we use the inpuncdistinc-
tion approach as outputs of electricity distribution networks are exogé/ determined
due to the derived nature of demand (i.e. that is distribution of a givearda of energy
demanded to a given number of customers) for their output.

6  However, it should be mentioned that some degfselbselection may exist as small firms with low
quality of service may have gradually been acquinethrger and more efficient firms.

7 Estache et al. (2004) refer to a violation ohdrd assumptions (for example profit maximisation
efficient production) in production economics dae¢gulation and public ownership.
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The input distance function summarizing all economically relevamactaistics of the
production technology can be defined as

D' (X,Y)=max{p : (X/p) OL(Y)} (2)

where the input set L(Y) represents the set of all input vetdhat can produce out-

puts Y. We assume this production technology satisfies the propligoessed in Fare

and Primont (1995). From IXL(Y) follows that D (X,Y) > 1, equalling unity for any
company on the frontier of the input set. The input distance function haes asubahi

tional properties, it is linear homogenous and concave in X. The translog (transdendenta
logarithmic) functional form, originally introduced as a cost functimwdel by Chris-
tensen et al. (1973), has several virtues, which apply to a distand®riuas well
(Kumbhakar and Lovell, 2000). The translog input distance function is fleaideal-

lows imposition of assumptions from microeconomic theory such as homtygenei
symmetry and monotonicity.

When defined for the case of K inputs and M outputs, the translog inpanakstunc-
tion is specified as

| M LAY
InDy =ap + Zamln Ymi _Z ZC"mnIn Ymi IN Yni
- 2~ ==
m=1 m=1 n=1 (3)
K 1k K 1K M
+ ) B Inxg += > > B Inxyq Inx; +—Z D" OkmIN X I Y
k=1 221131 2421 m=1

with a, # and d being parameters to be estimated addnoting thath firm of the
sample. To impose the properties proposed by microeconomic theory, sornaictns
on the unknown parameters are required. Symmetry is given if thedseader coeffi-
cients satisfy

By =By andamp =apyfork=12,....Kandm=12...M. 4)
The restrictions required for homogeneity of degree + 1 in inputs are

K K M
> Bk =1 Ba=0k=12..Kand ) dm=0m=12,...M. (5)

m=1

The monotonicity constraint is satisfied if and only if

ainD'
alnxk

K M
:ﬁk+2ﬁklxl + Zo_kmymzo- (6)

=1 m=1

and
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dInD' M K
:am+§,amn3’n+§,5kmxk50- (7)
9In¥Ym n=1 k=1

Based on the above formalisation, it is possible to calculate addiéicor@omic charac-
teristics of the corresponding technology. A focal point of this stediie@ analysis of
optimal firm size. As shown above, this is related to scaldi@taes and returns to
scale, which can be obtained from the input distance function as showdréarkd
Primont (1995). For the multi-output case, returns to scale can be defined as follows:

RTS = I_—l : (8)
0D (y,x)y

where (D! (y,X) is the vector of first order partial derivatives of the distafnoetion
with respect to outputs (Rungsuriyawiboon and O’Donnell, 2004). Values of RTS
greater than one indicate increasing returns to scale, whereas gmaller than one
imply decreasing returns to scale. The optimal firm sizehsrevRTS equals unity; con-
stant returns to scale are a necessary and sufficient conditiaptimal scale size in
electricity distribution. Nevertheless, there is a distinctiowbeh scale economies and
scale efficiency. The latter is, in a parametric settiqgj\alent to the ray average pro-
ductivity at the observed input bundle relative to the constant retusesi® input vec-
tor and differs from the scale economy value except for bundles aiaobmsturns to
scale (Morrison-Paul et al., 200%)\We calculate the returns to scale as the negative in-
verse of the scale elasticities: the (negative) scasti@ts is defined as the sum of pro-
duction elasticities:

dInD'
- =- : 9)
Eiy Zm“aln Yim

As Morrison-Paul et al. (2004) state, this formiglaonsistent with Equation 8 and con-
ceptually comparable to the multi-output cost etégts in Baumol et al. (1982).

Indeed, this measure of multi-product scale elséistscincludes economies of joint pro-
duction. Denny and Pinto (1978) showed that ecoasnoif joint production (scope
economies) exist in translog functions-frm* an< a mn. To control for joint production
effects, we impose the constraiatnn=—am* a n into the scale elasticity formula and
calculate a net scale elasticity measure. Subtiactet scale elasticity from the scale
elasticity defined in formula 9 gives a measureainomies of scope.

Atkinson and Primont (2002) show that it is possitd calculate ‘implicit input value
shares’ (Rungsuriyawiboon and O’Donnell, 2004)dny input k by

0InD' _ x 0D
dlnx, D' dx

(10)

8  SeeRay(1999, 2003)Balk (2001), anddrea (2002) for more detailed discussions.
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Ratios of these derivatives can be interpreted anitaless rate of input substitution
(Rungsuriyawiboon and O’Donnell, 2004).

In order to estimate firm specific technical e#fiacy, we apply stochastic frontier analy-
sis (SFA), originally introduced by Aigner et all9¢7) and Meeusen and van den
Broeck (1977). SFA is a parametric method which @an estimate an efficient or best
practice frontier from a distance function moded dinm specific deviations (i.e. ineffi-
ciency) from the frontier in the form of techniaficiency scores (see e.g. Coelli et al.
1998). The estimated technical efficiency scoregeebetween 1 and 0 where a score of
1 means that a firm is the most efficient in thengke and is on the efficient frontier
while O represents the least efficiency.

Imposing the restrictions specified above, a stsitbdrontier model of firm can be
modelled as follows (Coelli and Perelman 1999, Rungawiboon and O’Donnell,
2004):

_In(XKi):

Qo + iam In yml Z Za'mnIn Ymi In Yni

K -1 K-1 11
3 AN 25 A M) )
;Ki i%ln(xk')lnymﬁv U

wherea , f and o are unknown parametessjs a random error term, ang= In Dil

is the (non-negative) technical inefficiency terfime error ternmv is distributed as iid
N(0, &), for u we assume a truncated normal distributiBm, &) as suggested by Ste-
venson (1980).

In order to capture systematic differences in erogs factors between firms, we also
include environmental variables to allow variatmina company’s mean efficiency, as-
suming environmental factors directly affectingheical efficiency. As suggested by
Battese and Coelli (1995), we assume the mearedfdincated normal distributed inef-
ficiency term to be a linear function of environrtarvariables z (here as country dum-
mies or density factors). For our moduelis specified as:

m =Jo+2 Az (12)
s=1
Following Battese and Coelli (1995), we estimaee ¢hbefficientsa , 5, o and A , the
standard deV|at|ons of the error componewotg ando, , the total error variance
o? = 03 +0'V and the ratlo of the variance of the inefficienoynponent to the total
error variancey = 05/ . y is bounded between zero and unity and indicatesdia-

tive contribution of inefficiency to total error #ance.
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The technical efficiency scores are calculatedofwithg the procedure by Coelli et al.
(1999). Technical efficiency for thieth firm in a set of cross-sectional data is define

by:
TE = Hexp(-y|5 )]
Ho_
_{ [ 1 2}} q{m U*} (13)
=18XR 4 + 50 —_—
A
Ox

S
7 =(1—y)[50+2(fszs,i}—yei (14)

with

s=1

and

o = y(1-y)o? (15)

4. Modelling Approach and Estimation Strategy

We now turn to the modelling of the electricitytdisution technology. First, we specify
the relevant input and output variables for theclséstic frontier model. Second, we
specify the functional form of the models to beireated. Concerning the variables,
previous research on efficiency measurement irtredég distribution has used a vari-
ety of variables and models (Jamasb and PolliR120This may be explained partly by
lack of data and partly by the nature of issuesested (Hattori et al., 2005).

In order to estimate relative efficiency and opfifivan size when taking the quality di-
mension into account, we specify two basic modehe first model (Cost-Only) fo-
cuses on efficiency only and consists of one ivautable and three output variables. A
single cost input is used to represttal expenditure4TOTEX) or total cash cost in
monetary terms defined as the sum of operating relipees (OPEX) and capital ex-
penditures (CAPEX). While OPEX represents operading maintenance (O&M) costs,
CAPEX represents the annual gross capital outlagscompany. Using a single mone-
tary measure for inputs facilitates internationainparison, as it reflects differences in
relative factor prices and substitution between ®REd CAPEX among the countries.
The issues of differences in cost levels, accogntires, currencies conversion and
other input level influencing factors will be dissed later.

14 IWH-Diskussionspapiere 3/2005
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The second model (Cost-Quality) incorporates gualitservice by using the number of
customer minutes lo§€ML) for each firm. CML represents the continuiiynension of
quality of service, it measures the average duratiooutages per connected customer
and is a proxy for service reliability. Followingadéawarng and Klein (1994) and Gian-
nakis et al. (2005), we treat outage duration asrafesirable input, assuming a substi-
tutive relationship between total spending and ttumeof outages. In an input distance
function model, an efficient firm can reduce CMLdacost while maintaining a given
level of outputs.

Electricity distribution utilities operate in a ndgted environment and provide a re-
quired amount of energy to a given number of custsnas a joint service. The two
elements of this service, electricity delivered amdnber of customers supplied, can be
treated separately, as they (i) drive differentscsnd (ii) interact with each other tech-
nically. Therefore, we use two output variablesthe cost-only and the cost-quality
models. These variables have been identified bagethe “separate marketability of
components” property suggested by Neuberg (1973}, i$ totalnumber of customers
andnumber of energy units supplietkasured in Gigawatt-hours (GWh). The two out-
put variables also reflect the structure of a tvao-pariff, i.e. a fixed charge per cus-
tomer as well as a variable part dependent on coedlenergy. In addition, economies
of scope between customers and supplied energy bese theoretically identified
based on advantages in load-management due toea t@sk of stochastic demand ef-
fects (law of large numbers) and the possibilitypobling non-perfectly correlated de-
mands to flatten total demand (Brunekreeft, 2008se effects gain importance with
increasing number of customers, relating economiiesxcope to economies of scale. A
separate analysis of number of customers and enitg/delivered allows the identifi-
cation of economies of scale and scope.

In addition to input and output variables, envir@mal factors can influence the tech-
nical efficiency of a firm but are beyond manadecantrol. We usecustomer density
(number of customer per network kilometre) as anrenmental variable to control for
density advantages. A set of country dummy vargldeised to capture national differ-
ences such as ownership structure, regulationtr@sttirules), different objectives for
utilities as well as differences in historical dieyanents regarding size of service area
and regulation regime.

Since the translog functional form requires an apionation of an underlying function
to a specific point of the sample, we correct thgables by sample means. This proce-
dure reduces the influence of outliers without etffeg the structure of data. In addition,
the first order coefficients can be interpretedeasmates of production elasticities at
sample means (Coelli et al., 2003).

For the cost-only model (Model 1), the outputs energy delivered and number of cus-
tomers, and the single input is total expendit§l@3TEX). Inclusion of country dum-
mies as environmental variables allows us to adjgsinates of relative efficiency for
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structural differences which might be attributecthe regulatory regime, historical in-
dustry structure and results of former regulatisloreover, we control for the differ-
ences in customer density which is expected to haveffect on firm-specific technical

efficiency.

and,

~In(TOTEX) =

ag +aqInenergy+a,In customers

+%allln energy’ +—; @In customef: (16)

+ay,Inenergyin  customers
Yy

Hi :/10 +/]UK +/1Fi +/‘SW+/‘N0 +/1It +/]Neth+/]cust_dens (17)

We now extend the discussion to a cost-quality h@dedel 1l), which incorporates
customer minutes lost as a second input.

and,

~In(TOTEX) =

ap +ajlnenergy+ a,In customers

1 1
+=ann energy +2azln customefs

+ap,Inenergy*in customers (18)

CML . 1 CML .,
+431In +=43.In
A (TOTEX) 2ﬁ 11 (TOTE

CML CML
+J In *In energy+ ,In *In customel
A (TOTEX) g¥* 22 (TOTE))(

-y

Hi =0 +Ayk + AR + Asw+ ANo T Ait + ANeth * Acust_dens (19)

Table 1 shows the inputs, outputs, and environnhgatables used in our models.

16
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Table 1:

Specification of models
Variable Model | Model Il
Inputs
TOTEX V V
CML l
Outputs
No. of customers \/ V
Units of energy (GWh) \ \
Environmental Factors (z)
Country dummies \ \
Customer density \ \

5. Data and Descriptive Information

The data set used for this study consists of 58&natity distribution utilities from eight
European countries, namely Finland, Ireland, Itéhe Netherlands, Norway, Spain,
Sweden and the United Kingdom. The data was celiefitom national regulators and
utility associations for the financial year 2002id section describes in detail how the
data was harmonized and processed.

Using monetary values of input variables from atenmational data set bears some
problems, the most relevant being comparability.séeged in Edvardsen and Fgrsund
(2003), the range of practical alternatives fommamizing is small. We convert the fi-
nancial data to a single monetary unit, the eusosaggested in Jamasb and Pollitt
(2003). Five of eight countries in the sample haueo as their common currency. As
conventional exchange rates do not fully cover tywspecific differences in price level
and purchasing power, we adjusted the OPEX and GARith the comparative price
levels for 2002 using purchasing power parities QDE2004). Table 2 shows descrip-
tive information of the data set and the variablesble 3 describes the variables and
summary statistics of data used.
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Table 2:

Number of utilities in the sample
Country Number of utilities
United Kingdom 14
Ireland 1
Netherlands 7
Finland 100
Norway 145
Sweden 226
Italy 8 Enel departments
Spain 4
Total 505

Table 3:

Variables and summary statistics
Variable Min Max Mean
No. of customers 310 5759000 136500
Energy supplied (GWh) 4280 48330000 1684856
Network length (km) 52 225299 6096
TOTEX 79140 770643600 25285020
CML 0.02 4834.68 123.04

As shown in the Table 2, the number of companiescpantry varies widely. For the
UK, Ireland, Finland, Norway, Sweden and Spain,sample is a near complete inven-
tory count of utilities. For the Netherlands, separfinancial data was not available for
2002 and we aggregated the technical and qualitigblas at the holding company
level. Data for Italy’s Enel distribution regionfammation was aggregated from 19 sub-
departments to 8 departments. Despite the datagafgon in both Italy and the Nether-
lands, our data set covers nearly the whole ofntiteonal distribution networks. The
large differences between the minimum and maximaies of variables (Table 3)
demands interpretation of results with care; ondtieer hand, it allows an unbiased
identification of optimal firm size across a widange.

Concerning our hypotheses, the descriptive stedisthow interesting relationships be-
tween costs, firm size, and quality of service. Tihat of total expenditures against
number of customer shows a decreasing increasesis (Figure 2). On a per customer
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basis, Figure 3 indicates a cost advantage foetargmpanies, supporting the econo-
mies of scale hypothesis.

Figure 2:
Total expenses and firm size
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Figure 3:
Total expenses per customer and firm size
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Figure 4 shows a scatter plot of the quality dinn@mgi.e. customer minute lost) against
the number of customers as the relevant dimendidinno size. The figure shows that

smaller firms exhibit a higher degree of servicalty, supporting our proximity to cus-

tomer hypothesis.

We controlled the data for outliers by applying thethod suggested by Hadi (1992,
1994), which identifies multiple outliers in muléikiate data. For the Model I, 15 obser-
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vations were dropped and another 5 observationsadoessing data. Data for Model i
is adjusted for 34 outliers in total; after dropgpih7 observations due to missing data,
another 17 cases where eliminated based on Hadtlsad?

Figure 4:
Quality of service and firm size
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6. Results

In this section we discuss the results of the eggohmodels, beginning with an analysis
of technical efficiency and economies of scaletifier cost-only Model I. We then extend
the discussion to the quality incorporated modediial.

Analysing the cost-only Model | (Table 4) the fallmg conclusions can be drawn. The
first order coefficients olih energyandin customeiare statistically significant and show
the expected signs. Also, the input TOTEX increas#is both increasing energy deliv-
ered and number of customers. The country dumnméscastomer density influencing
technical efficiency scores produce the followieguits. Five out of seven country vari-
ables are significant and can be interpreted d@ghleadummies for Nordic countries are
all positive, indicating significant higher techaicinefficiency for companies from
Sweden, Norway or Finland. Customer density infagsnthe technical efficiency score
as expected, with increasing customer density,nieah efficiency scores increase as

9 Applying the procedure suggested dropping all nkagi®ns from Spain. To avoid systematic biases,
we dropped the Spanish utilities for the cost-anbdel as well.
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well (to be exact, the negative sign representegative effect on inefficiencyQ The
monotonicity restriction is not violated and the M/a* test confirms a systematic in-
fluence by explanatory variables at 99% level ghgicance.

Table 4:
Cost-Only Model |
In Ener -0.4993*** P -1.037*+*
ay [-2.79] Iha [-8.29]
In Customer 10.4054* inv logy 0.004
[-2.40] [0.01]
0.4092 2
1
/> (In Energyj [1.50] o 0.3546
0.4194*
1
5 (In Customer) [1.69] v 0.5011
In Energy * -0.4138 2
In Customer [-1.61] gy 0.1769
0.4383** 2
Constant [3.72] g 0.1777
-0.212 -
z UK [:0.19] Log-likelihood -403.5747
. 1.613*** 2 1476.23
z Finland [8.45] Wald Y [0.000]
0.544*
z Sweden [1.69] N 485
27 Norwa 1.094***
y [4.68]
7 Ital -15.453
y [-0.45]
1.193***
z Netherlands [2.92]
-10.547*
z Customer / km [1.83]
Significant on 10%-. 5%-. and 1%-level: *, ** aft; z value in parentheses.

The relationship between technical efficiency atitityisize in Model | indicates pres-
ence of considerable economies of scale: Whilemban technical efficiency score is
0.45 for small utilities and 0.49 for medium siagdities respectively, the larger utili-
ties show a mean score of nearly 018This relation holds for the different countries as
well, while the UK (0.84) and Italy (0.82) show yesfficient distribution utilities, firms

10 we suppressed the environmental variables cartstabtain better interpretable results.

11 This analysis is based on the gross technicatiefity scores (se€oelli, Perelman and Romano
1999). Calculating net technical efficiency scaaessuggested by Coelli et al. reduces the effigienc
differences between small and large firms but damgslter the relation in general.
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from Nordic countries tend to be rather inefficieAh interesting and not expected re-
sult are the comparatively low efficiency scoresIfeland (0.54) and the Netherlands
(0.45). However, the confidence intervals of thigcefncy scores are large and to some
extent overlap. This indeed coincides with otheeagch and does not alter the results
in generall2

Also, returns to scale in relation to number oftoogers, economies of scale can be
found throughout the sample. The RTS measure rengainstant at about 1.1, which is
the observed scale economies at the sample meagllds Concerning the issue of op-
timal firm size, these findings suggest that evenlargest firms in the sample have not
exploited all scale economies; a further incredgbenjoint output vector seems reason-
able for the entire sample.

For the Model Il with incorporated customer minukest as an additional input factor,
we estimated a two input two-output translog ingistance function (Table 5). The first
order coefficients ofn energy In customer andin cml (normalized by TOTEX vari-
able) are highly significant and show the expedigghs. While total expenditures in-
crease with energy delivered and number of custenoeistomer minutes lost decrease
with cost, indicating a trade-off relation betwessst and quality. Again, five out of
seven environmental variables are significantlyuericing firm’s technical (in) effi-
ciencyl4 The Nordic firms as well as those from the Netimids are significantly less
efficient. The control variable for customer depshows a highly significant negative
relation between number of customers per kilomettmeetwork length and technical in-
efficiency. As in Model |, the monotonicity restiin is not violated. The Walg* test
confirms a systematic influence by explanatoryalkalgs at 99% level of significance.

The estimated efficiency scores clearly contratiietproximity to customer hypothesis.
While small firms show the lowest mean efficiencpres (0.38), technical efficiency
increases to 0.44 for medium sized and 0.81 fayeldirms15 Again, this relationship
holds for the countries as well. Italy (0.99) ahd UK (0.82) show rather high mean ef-
ficiency scores while Finish (0.22) and Norwegi@rB0) utilities are inefficient on av-

12 To estimate the confidence intervals of the tecdirefficiency scores, we applied the procedure sug
gested irHorrace and Schmidt1996) andKumbhakar and Lovel2000). Inkumbhakar and Lovell
(2000), formula (3.2.34) contains a typo. We theikiam C. Horrace for bringing this to our atten-
tion. The interested reader may be referrdddaace and Schmid000).

13 Applying the procedure of testing for economiegaifit production Penny and Pintal978) indi-
cates that this result of constant scale econotiniesighout the sample cannot be explained by scope
economies. This seems to be counter-intuitive, @mgparable RTS measure for Model 2 can clearly
be described by increasing economies of scopefinitisize (see below).

14 Again, we suppressed the environmental variatiestant to obtain better interpretable results.

15 The net technical efficiency scores are less wiffebetween small and large firms; but again, rés
lation still holds in general.
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erage. An exception among the Nordic countriesnsd&n with a mean quality adjusted
technical efficiency of the companies of 0.55. distequality terms a comparatively inef-
ficient utility can be found in Ireland (0.37), @it firms show a mean technical effi-
ciency of 0.51. As in Model I, the confidence imas of the technical efficiency score
are rather large and indicate coincidental diffeesnin technical efficiency to a certain
extent.

Table 5:
Cost-Quality Model 1l
In Ener -0.3944** Ino? -1.262***
ay [-2.51] no [-13.84]
In Customer 103440 invlo 0.929™
[-2.43] 9y [2.20]
15 (In Energy} i?d.ofsﬁs o2 0.2830
% (In Customer) ?6_2900710 v 0.7168
In Energy * -0.0685 2
In Customer [-0.28] gy 0.0801
*kk
In (CML/TOTEX) 0.2764 o2 0.2028
[6.12] u
*kk
15 (IN CML/TOTEXY ?40049210 Log-likelihood -333.1597
In (CML/TOTEX) * -0.1796*** 2 2561.28
In Energy [-3.24] Wald [0.000]
In (CML/TOTEX) * 0.2169*** N 471
In Customer [3.93]
0.7067***
Constant [6.79]
0.068
zUK [0.09]
. 1.847**
z Finland [12.43]
0.809***
Zz Sweden [4.39]
z Norwa 1.384"
y [8.12]
2 Ital -16.234
y [-0.36]
1.227***
Z Netherlands [3.34]
Significant on 10%-. 5%-. and 1%-level: *, **, atd; z value in parentheses
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Analysing the returns to scale in relation to numisiecustomers, economies of scale
can be found throughout the sample with RTS at alidi on average. Testing for
economies of joint production (Denny and Pinto )95t8ws decreasing net returns to
scale as well as increasing economies of scopefimthsize. Net returns to scale are
homogenously decreasing throughout the samplee szmnomies can be found for
utilities below 183,000 customers (see Figure B dguares}6 We calculated positive
scope economies for utilities with more than 108,80stomers (Figure 5, light trian-
gles)17 These findings support the assumed relation ofggnsupplied and number of
customers: At a certain utility size, stochastialscadvantages or positive effects of
pooling demand seem to develop. Our findings enipbdbat the existence of scale re-
lated scope economies drive optimal firm size. éujeggross RTS scores above one for
even the largest companies militate for an optintidity size beyond the maximum ob-
served number of customers in our sample. Thidtreas to be treated with care as it is
sensitive to the curvature of our estimated fumctidevertheless, for the given data set
the results are viable.

Figure 5:
Net RTS, scope economies, and number of customers
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16 We obtained this result be estimating a loggeddtfeinction in a scatter plot diagram of returns to
scale and number of customers, setting the trendtiea to one and solving for the number of cus-
tomers (R = 0.2317).

17 This result was obtained by estimating a loggeddrfunction in a scatter plot diagram of economies
of scope and number of customers, setting the tegpehtion to one and solving for the number of
customers (R= 0.2477).
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The relationship between the two inputs total exiieres and customer minutes lost,
indicates that the ratio of the CML elasticity ke fTOTEX elasticity increases with firm
size (Figure 6). This measure of factor substiilitglindicates that large utilities might
be technically better able to increase quality@vge at a given output level (by in-
creasing total costs) while small utilities cansobstitute total expenses against quality
to such an extent.

Figure 6:
Input substitution and firm size - Model Il

1.00 -
0.80

0.60

elasticity

0.40 A

0.20

Relation of CML and TOTEX

0.00

0 1 10 100 1000 10000

Number of customers in 1000

Comparing and recapitulating the results from Msdeland I, empirical evidence

clearly supports the economies of scale hypothésisoth the pure and the quality ad-
justed model, technical efficiency increases witimfsize. Additionally, the efficiency

differences are rather substantial. The efficiediferences in relation to firm size re-
flect the differences across countries as well.r@wes with large utilities such as Italy
and the UK show considerably higher mean techraeffadiency scores than countries
with smaller companies as the Nordic countries.

An interesting and somewhat unexpected resultasttte proximity to the customer hy-
pothesis can be rejected with confidence; empiotservations even give evidence to
the contrary (Table 6). While incorporating qualitiyservice increases average techni-
cal efficiency of large firms (and countries witredominantly large firms), efficiency
of small firms decreases substantially. Regressiadlogged) TE scores of Model Il by
those of Model | clearly support this finding; th& scores are significantly negatively
correlated, correlation is around -0.96.
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Table 6:
Comparison of technical efficiency of Models | dhd
Average
Model Mean Std. Dev, Min Max Change
. Cost-only TE 0.4503 0.1722 0.1129 0.925p
Small firms , o
Cost-quality TE 0.3765 0.1768 0.0591 0.8193 -16.40%
. . |CostonlyTE 0.4926 0.2004 0.1234 0.9885
Medium firms ) o
Cost-quality TE 0.4352 0.2176 0.0944 0.9868 -11.66%
o, Cost-only TE 0.7963 0.1985 0.338( 0.989%
Large firms . o
Cost-quality TE 0.8106 0.1788 0.3661 0.9891 1.80%
UK Cost-only TE 0.8353 0.0274 0.7721 0.885¢%
Cost-quality TE 0.8191 0.0658 0.635( 0.9106 -1.94%
_ Cost-only TE 0.2507 0.1164 0.1129 0.792p
Finland ) o
Cost-quality TE 0.2222 0.1345 0.0734 0.8883 -11.39%
Cost-only TE 0.6189 0.1235 0.1281 0.925p
Sweden ) o
Cost-quality TE 0.5523 0.1659 0.0591 0.867|1 -10.76%
Cost-only TE 0.5381 0.0000 0.5381 0.538]
Ireland ) o
Cost-quality TE 0.3661 0.0000 0.3661 0.366(1 -31.96%
Cost-only TE 0.3782 0.0549 0.2647 0.551p
Norway ) o
Cost-quality TE 0.3008 0.0676 0.1749 0.547 -20.46%
Cost-only TE 0.8169 0.0265 0.772( 0.843p
Italy ) o
Cost-quality TE 0.9891 0.0003 0.988f 0.9894 21.07%
Netherlands Cost-only TE 0.4445 0.1058 0.338( 0.595[1
Cost-quality TE 0.5123 0.1143 0.3351 0.6477 15.26%
" Small firms are defined as being part of the 5@%eentile of number of customers, medium firm atiw the
50% to 95% percentile, large firms are the lar§ést

Figure 7 visualizes the differences in level amgtribution of TE scores between Mod-
els I and Il. The scatter plots of technical e@iiwty and number of customers show size
advantages for both models; the distribution ofs¢tares however is different. In Model
I, the scores are less dispersed and the averaleidal efficiency is slightly higher.
The scatter plot of Model Il supports the resutteven in Table 6. While small and es-
pecially less efficient firms seem to suffer fronetinclusion of service quality into the
analysis, large and efficient firms seem to benefierms of efficiency scores. This re-
sult shows, illustrated in Figure 6, that largenfircan supply quality at lower cost.
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Figure 7:
Technical efficiency and firm size - Models | aihd |
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7. Conclusions

Our analysis of the relationship between firm sieehnical efficiency, and quality of

service for European electricity distribution utds shows evidence of significant
economies of scale in electricity distribution netks. In addition, we found economies
of scope between energy delivered and number dbigss can be observed among
larger firms.

Concerning quality of service and firm size, theutts are ambiguous: our descriptive
results indicate that small firms perform bettetarms of quality of service. Since pro-
vision of quality is related to level of costs,&liinding alone is not conclusive; the cost-
guality models revealed that large utilities arehtecally more efficient even when

quality is controlled for, indicating that largemfis can supply a given level of quality
of service at lower cost. Therefore, the hypothesiustomer proximity was rejected.

Regarding natural monopoly theory, the “proper’estf the natural monopoly utility
does not appear to be affected when quality isrparated in the analysis. Our analysis
of the mean technical efficiency of utilities canfs the findings on firm size; we found
significant differences among the countries andavgtbthat smaller utilities and coun-
tries with smaller firms (i.e. Nordic utilities) id be significantly less efficient than
large utilities from, for example, Italy or the UKdditionally, the relationship between
input elasticities (factor substitution) indicatiat larger companies might, in contrast
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to small utilities, be able to increase quality measily by increasing total expenses.
These findings contradict previous studies on ogtintility size, such as Yatchew
(2000) and Salvanes and Tjgtta (1994). While tleenmd optimal size at a rather low
scale; our analysis shows unexploited scale eca@®throughout the sample, indicat-
ing that utility size should be increased furtheerefor large companies. These differ-
ences might be explained by basically three diffefactors. First, our analysis is based
on a significantly larger sample with a broadergeaof firms. Second, in contrast to
those previous studies, our sample includes atyaofecomparably very large firms.
And third, the positive scale ecnomies throughbatdample can be explained by the re-
lationship of firm size and economies of scope ketwnumber of customers and deliv-
ered energy, which has not been analysed in detfole.

The policy implications from our study are threetdFirst, the possibility of factor sub-
stitution indicates the option of an increase iraliyy of service when appropriately
regulated especially in countries with large u@bt This might diminish the current
quality advantages of small utilities. Second, ¢oas with a large number of small
utilities should allow mergers in order to explpdtential gains. Third, in order to avoid
collusion among utilities against regulatory ageacive suggest a European harmonisa-
tion of data definition and collection and regutgitaccounts to facilitate international
comparisons and benchmarking.

Future research on technical efficiency, firm sanel quality of service in network in-
dustries in general and electricity distributionparticular should address the issue of
productivity development over time. This would requpanel data analysis to control
for cyclical effects and to overcome the shortcaysiof cross-sectional analyses. An-
other important aspect, not addressed in this stisdyhe relationship between effi-
ciency, quality, and ownership structure. Publialyned utilities may, due to differing
managerial or corporate objectives, exhibit diffengerformance in terms of efficiency
from private companies. Finally, the socio-econoaasts of outages as well as the cost
of quality improvement need to be incorporatedh@ &nalysis in order to improve in-
centive regulation schemes for quality of service.
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