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Abstract

Standard practice is to benchmark managerial pedoce against best observed practice,
because engineering information is rarely availa¥ile exploit a rare opportunity to benchmark
managerial performance against engineering stasd@dr managerial performance describes
the activities of Spanish electricity distributoasid our engineering standards are obtained from
an engineering grid created by an internationasotiancy. We find the consultancy's network to
be much less costly to operate. When we decompusecdst differential, we find that the
superior network design, combined with lower inputes, accounts for more than all of the
predicted cost savings. However we also find thatrhanagers are more cost efficient than the
consultancy, presumably because they exploit theantive to be cost efficient under a revenue

cap regulatory regime.
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The Managers versus the Consultants*

l. Introduction

Variants of revenue cap regulation of monopolyitigd are in use or under consideration
in a growing number of countries. The motive iptovide utilities with an incentive to reduce
cost through improvements in efficiency and prooiityt and to provide regulators with the

ability to force utilities to share the benefitghwconsumers.

The most challenging part of the exercise is therd@nation of the performance offset X
in the revenue cap formula RPI - X, where RPI igtail price index. In some countries a linear
programming technique known as data envelopmenysisdDEA) has been used to benchmark
the performance of the regulated utilities agabestt practice standards. DEA thus allows the
regulator to implement a sort of yardstick compatitvhen actual competition is missing. In this
way DEA can assist the regulator in the determimatif the performance offset Xittelsen
(1999) and Agrell and Bogetoft (2001) have argueat tegulatorshoulduse DEA to assist in
the determination of revenue caps in a wide seirofimstances. They demonstrate that DEA-
based yardstick competition can provide performancentives to utilities, and also can provide
the regulator with the ability to capture part bé trents arising from information asymmetries

that would otherwise accrue to the utilities.

An equally challenging part of the exercise is de¢ermination of best practice standards.
The theoretical benefits of DEA-based yardstick petition notwithstanding, in practice the use

of DEA has been hindered in many jurisdictions tmall sample sizes caused by a small (and
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declining) number of regulated utilities. The tygicemedy has been to add overseas utilities to

the domestic sample, both to expand the sampleasiddo provide potential benchmarks. The
drawback of this practice is that overseas utditiee structured differently, operate in different

regulatory environments, and so are rarely compafab

The second challenge confronts the Spanish reguldgain has nine regulated electricity
distributors, an insufficient number with which tonplement yardstick competition.
Consequently the regulator has commissioned amatienal consultancy to validate a proposed
ideal (“referencia”) engineering network. The netkvads very detailed, technologically and
geographically, and enables the regulator to replaappropriate overseas distributors with a
domestic benchmark network specifically tailoredhe structure of Spanish electricity demand.
This in turn enables the regulator to monitor penfance and set tariffs without recourse to the

use of controversial overseas benchmarks.

The existence of an engineering network raisegjtlestion of how good it really is. Our
objective is to use DEA, not in @&x anteattempt to determine X, but in @x postcomparison
of the performance of the distributors with thatleé consultancy's ideal network. Our strategy is
to benchmark the actual performance of the exidistyibution network against the potential
performance of the ideal network designed by thesattancy and adopted by the regulator. We
measure performance in terms of the operatinginostred in meeting electricity demand. We
decompose the cost differential into three comptmanan effort to identify the sources of the
cost differential. The first component is a netwddsign differential, which we expect to favor
the consultancy's more modern network. The secomtponent is an input price differential,

which we also expect to favor the consultancy'swvaek. The third component is a cost
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efficiency differential, for which we have no expeon. This exercise provides us with an

unusual opportunity to benchmark actual performames against typical “best practice”
standards established in a predetermined samplectfal producers, but against ideal

engineering standards established by an interredteammsultancy.

The rest of the paper is organized as follows.dati®n 2 we provide some background on
the regulation of electricity distribution in Spain Section 3 we describe our two data sets. One
consists of actual observations on the activitiethe distributors in 1996. The other consists of
hypothetical observations designed by the constytdn Section 4 we propose an economically
informative decomposition of the cost differentitween the actual distribution network and
the ideal network proposed by the consultancy. datiSn 5 we show how to implement the
decomposition, using DEA. Section 6 summarizeseasupirical findings. Briefly, we find the
network design differential and the input priceeliéntial, both of which favor the consultancy’s
ideal network, to be partially offset by the codficeency differential, which favors the

incumbent managers who exploit their incentivedotol costs. Section 7 concludes.

Il. Background

Prior to 1998 each of Spain's nine regional eleityrdistributors was vertically integrated
between generation and distribution. Following rdisgration, six of these companies formed a
single group (Endesa), leaving just four independeistributors. The market is heavily
concentrated, with the Endesa group and one ofdhgpanies (Iberdrola) controlling over 80%

of electricity distributior.
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Beginning in 1987 distributors’ tariffs and theastal investment plans were governed by

the Marco Legal Estable (MLE)Under this decree distributors’ revenues wererdahed by
their allowed “standard costs." Tariffs were detiewed by dividing aggregate standard costs by
expected demand. This system has worked somewgat lrevenue cap system, since it gave
distributors the incentive to reduce their actuzdts. The main difference between this system
and conventional RPI-X regulation is that, althostgndard costs have been adjusted upward to
account for inflation, they appear not to have badjusted downward to reflect cost-reducing
productivity gains. Moreover, the high level of centration in the industry, combined with the
distributors’ financial and political influence, $iimited the ability of the regulator to implement
anything like yardstick competition. Thus the caoesable benefits of productivity gains realized
over more than a decade have been retained by dhwpamies, rather than shared with

consumers.

Consequently in 1994 a law (LOSEN) was passedingeatnew regulatory body (CSEN),
whose main charge was to protect consumer integgsisto guarantee transparency of the
regulatory process. CSEN planned to overhaul teeesy of regulation, since thdLE remained
in effect but had not been updated since 1987.rdieroto obtain requisite technological and
financial information, CSEN sent a questionnairealiodistributors and monitored compliance.
The resulting information is contained in an inlr@SEN document known as ATLAS, which
provides a detailed summary of the distributiorwoek in 1996. At the same time the Ministerio
de Industria was considering a rationalization othbthe structure of the network and the
standard cost framework by which distributor reveswere determined. The idea seems to have

originated with one of the distributors, Hidroeléza del Cantabrico, which proposed an ideal
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network to the Ministerio and the other distribstofhe Ministerio then commissioned an

international consultancy to validate the feadipitf the ideal network. The motivation of the
Ministerio was apparently the same as that of C3BNipdate the decade-old RPI-0 regulatory
system. The Ministerio and the distributors havé pegiodically since then, in an ongoing effort
to reach a final agreement concerning both thettre of the ideal network and a revision of the

standard cost framework on which distributors’ raves are determinéd.

In 1997 another law, “Ley 54/97 del Sector Electficwas enacted to introduce
competition into electricity generation and to désttle the vertical integration of the distributors.
It also recognized the consultancy's ideal netwaska benchmark with which to regulate
electricity distribution. This ideal network conereéd the structure of demand as being
exogenously determined, its structure being gowkrdoe location, peak demand and type of
voltage required. On this basis it proposed bothdaal network incorporating a high level of
service quality, and a set of ideal input pricelse Teason it proposed ideal input prices is that

they are required to adjust the standard cost fnaoriein order to set revised revenue caps.

The consultancy's ideal network has been contr@lerand alternatives have been
proposed by the distributor Unién Eléctrica Fenasd by the Endesa group. The distributor
Iberdrola claims that regulation using any idedlvaoek presents such difficulties that it is better
to reform the old revenue cap system, in the behaf any such network would be unfair to
urban distributors and infeasible in light of ewwimental and zoning restriction3his
controversy has impeded the regulatory use ofdbal inetwork ever since its adoption after the

passage of the 1997 law. The consequence of tksoleagreement is that the regulator is using
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it, but in an unclear way. Nonetheless it has m8gdain a pioneering country in regulating

electricity distribution using an engineering bemetnk grid rather than yardstick competition.

As a consequence of this chain of events, we hesesa to a pair of data sets. One is
contained in ATLAS, and describes the network axited in 1996. The other describes the
consultancy’s ideal engineering network. The formehe result of many years of managerial
decisions based on growth in demand, a concomitargase in market power, and continuing
regulation based on economic incentives. The latdre result of the consultancy's effort to
design an ideal network from scratch, in light ofrent technology and current and projected

future demand. The two differ substantially.

lll. The Two Data Sets

Our actual data set describes the 1996 operatibngne distributors, each of which
operates in one or more of 47 provinces. Allocatrggributor operations to provinces generates
a total of 68 distributor/province observationsvamch we base our analysis. We have excluded
the island provinces of Canarias and Baleares, vemchave deleted one atypical mainland
distributor/province observation (Unién Eléctricenesa’s facility in the province of Lugo)
because it provides electricity primarily to a $en¢arge aluminium producer, and its initial

inclusion distorted the empirical results.

The data were provided to us by CSEN. The primaata csource is ATLAS, which
contains information on inputs and outputs at tiséridutor/province level. Additional detailed
information concerning high voltage lines and satishs was derived from alternative sources

made available by CSEN. Service reliability infotroa was obtained from the distributors' trade
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association. FinallyMLE contains information used to derive actual inpritgs. Based on

consultations with CSEN, our variable list contafive outputs and five inputs. In order to
conserve on degrees of freedom, several of thesables have been aggregated from more
detailed information provided by CSEN. We firstidefthe variables in general terms, and we

then describe how the actual variables differ ftbeconsultancy’s ideal variables.

Outputs: low voltage electricity customers (#)
medium and high voltage electricity customers (#)
service territory area (kin
low, medium and high voltage electricity distribdi@Wh)
service reliability [low and medium voltage elecity distributed (MWh) /
low and medium voltage electricity lost to unpladmaterruptions (MWh)]

Inputs: low voltage (< 0.38 KV) lines (km)
medium voltage ([0.38 KV, 36 KV]) lines (km)
high voltage ([36 KV, 132 KV]) lines (km)
substation transformer capacity from high voltagligh and medium voltage,
and from medium voltage to medium voltage (MVA)
substation transformer capacity from medium voltagiew voltage (MVA)

The variable list is fairly conventional, althoutite inclusion of service territory area and
service reliability among the outputs, and the glisagation of the line and transformer capacity
inputs, makes it more detailed than most variaists.| The list does not contain a labor input,

because labor expenses are embedded in the ogezasinof the other inputs.

Actual and ideal outputs are the same, in botmdefn and magnitudeActual inputs are
available in ATLAS at the distributor/province lévddeal inputs were calculated at the
municipality and industrial area level, based omiotss indicators of electricity demand, and

aggregated to the distributor/province level.

The MLE provides a framework for reimbursement based callawed “standard cost” for

distributing high, medium and low voltage electsiciThis is the only available source of
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operating cost information for the distribution electricity. Since the framework has not been

updated since 1987, the standard cost allowand®plyoverstates actual operating cost.

Our procedure for deriving actual input prices ies four steps, established in
cooperation with CSEN. We first allocate standgrdrating cost associated with the distribution
of medium and low voltage electricity from the distitor level to the distributor/province level,
in the proportion of each activity accounted for dgch province. We then allocate standard
operating cost associated with the distributiomeflium and low voltage electricity to the inputs
associated with each activity, using cost allocajwocedures developed in cooperation with
CSEN. Once standard operating cost has been atbtateach input at the distributor/province
level, we derive actual input prices by dividingunh allocations by input quantities. These three
steps generate distributor/province level pricesldw voltage lines, medium voltage lines and
substation transformer capacity from medium voltagelow voltage. Finally, we generate
distributor/province level prices for the two remapg inputs from actual information on high
voltage lines and high voltage substations. Thigrination exists at the micro level, and does

not have to be allocated from the distributor leweahe distributor/province level.

The consultancy’s ideal input prices are determigeite differently, from more detailed
information. Their procedure begins with three &/ operating cost: maintenance, repair and
preparedness. Each includes labor cost, and eabéfireed at municipality or industrial areas.
The first two cost components are defined on aupérbasis for each input, and must be
aggregated to the distributor/province level baeadthe ideal input vectors. The third cost
component is defined at the distributor/provinogeleand must be allocated to inputs based on

their expected failure frequencies. All three comihponents vary across provinces, which have
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different operating environments. Once the first tsost components have been aggregated to

the distributor/province level, and the third costmponent has been allocated to inputs, ideal

expenditure on each input is divided by ideal inmpuantities to derive ideal input prices.

The two data sets are summarized, for the nineilaisors rather than for all 68
distributor/province observations, in Tables 1 -Tables 1 and 2 illustrate the enormous size
disparity among the distributors, as well as thmith@ance of the Endesa group (CSE, ENHER,
ERZ, EV, FECSA and HECSA) and lberdrola. Tablel@strates the difference between the
actual network and the consultancy’s ideal netwéidggregate resource use is lower for all five
inputs in the consultancy’s network. In only sistiEnces does the consultancy recommend an
increased use of a particular infukable 3 illustrates the difference between adnyalt prices
and those proposed by the consultancy. The consylt@commends average decreases in three
input prices, and average increases in the prided!é and HV lines. The pattern of
recommended price changes is generally consisteass distributors, although there are a few

exceptions.

In conjunction with the consultancy’s smaller ideatwork, its ideal input price structure
implies that its ideal operating cost is 28% lowean the actual operating cost. Adoption of the
consultancy's recommendations would have generapedating cost savings of nearly 300

million euros’
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IV. The Analytical Framework

Let x = (x,...,xn) = 0 be a vector of inputs used in the productioa wéctor of outputs y =
(Y1,...,ym) 2 0, and let w = (w...,wx) > O be a vector of input prices. Cost is theéx & c(y,w),
where c(y,w) is a cost frontier characterizing thmimum cost required to produce outputs y

when input prices are w.

We designate the actual situation confronted bynheagers with superscrigt’ ‘and the
benchmark situation designed by the consultandy stperscript “*”. Then #/x° = °(y,w°) and
wrTx* > cx(y,w*), where &y,w°) embodies the actual network and input prices cifglw*)

embodies the consultancy's ideal network and ippaeés.

In addition to the two cost frontier§(g,w°) and c*(y,w*), in order to decompose the cost
differential (W'x° - w*"x*) we need a pair of hypothetical cost frontie?e/av*) and c*(y,w’).
The former describes the best the managers can ito tiweir actual network and the
consultancy’s ideal input prices, and the lattesctibes the best the consultancy can do with its
ideal network and the managers' actual input prisexe the managers and the consultancy face

the same output demands, we do not attach a supétscy in any of the four cost frontiers.

The four cost frontiers are depicted in Figure heTactual cost frontier’g,w°) is the
highest, and observed cosf™w > (y,w°). The consultancy’s cost frontier c*(y,w*) is the
lowest, and the consultancy’s cost 'w* > c*(y,w*). The two hypothetical cost frontiers
c’(y,w*) and c*(y,w’) are located in the middle, in no particular ord®ur objective is to
decompose the cost differential(w® - w*'x*) in an economically informative way. We have

two options, as indicated in Decompositions 1 and 2

10
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Decomposition 1.The cost differential ({/x° — w*'x*) decomposes as

(WOTX° — w*Tx*) =
[c°(y,W°) — c*(y,W)] network design differential
+ [c*(y,W°) — c*(y,w*)] input price differential
+ {[w°TX° — Ay, WO)] — [w* Tx* - c*(y,w*)]} cost efficiency differential

Decomposition 2.The cost differential (/x° — w*'x*) also decomposes as
(W°TX° — w*Tx*) =

[c°(y,w*) — c*(y,w*)] network design differential
+ [c°(y,w°) — C(y,w*)] input price differential
+ {[w°TX° — Ay, WO)] — [w* Tx* - c*(y,w*)]} cost efficiency differential

In Figure 1 &y,w°) = w’'xB, c*(y,w*) = w*'xE, c*(y,w°) = w’'x" and &y,w*) = w* 'x®.
Thus the cost decomposition exercise requires imgo&hephard's (1953) lemma to retrieve the
unobserved cost-efficient input vectors x Owoc?(y,w°) and X = O,+c*(y,w*), and either the
hypothetical input vector= Ouc*(y,w°) in Decomposition 1 or the hypothetical input ect

x® = Oyc°(y,Ww*) in Decomposition 2.

The two decompositions identify the same three caurof cost difference. The first
component attributes a portion of the cost difféeénto differences in network design; the
consultancy's ideal network may be less costlyperate at either input price vector. The second
component attributes a portion of the cost difféegro input price differences; the consultancy's
ideal input price vector may lead to lower costareliess of which distribution network is used.
The third component attributes the remainder of ¢bet differential to differences in cost

efficiency; since the consultancy has simultangodskigned both an ideal network and an ideal

11
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input price vector, this combination may be moretcefficient than that of the incumbent

managers.

The two decompositions share a common cost effigiedifferential, but they have
different network design and input price differafgi because they are based on different
hypothetical cost frontiers. The first decompositevaluates the network design differential at
the managers’ input vector’wand evaluates the input price differential ugimg consultancy’s
network c*¢). The second decomposition evaluates the netwedigd differential at the
consultancy’s input vector w*, and evaluates thgutnprice differential using the managers’

network ¢€(e).

We expect the two network design differentials ® dimilar, and the two input price
differentials to be similar. However the conditionsder which c*(y,R) = (y,w*) (which
would make both differentials coincide) are restres and are unlikely to be satisfied
empirically. Accordingly it is useful to combine eéhtwo decompositions and express the

combination in arithmetic mean form, as indicate@ecomposition 3°

Decomposition 3The cost differential (Wx° — w*'x*) decomposes in arithmetic mean form as

(WOTX° — w*Tx*) =

(12){[c°(y,w°) - c*(y,w°)] + [c°(y,w*) - c*(y,w¥)]} network design differential
+ (12){[c*(y,w°) - c*(y,w*)] + [c°(y,W°) - (y,wH)]} input price differential
+ {[wX° — Ay,WO)] — [w* "x* - c*(y,w*)]} cost efficiency differential
In contrast to Decompositions 1 and 2, the meam ecomposition 3 is based on all four

cost frontiers, and so it requires finding all faumobserved cost-efficient input vectors identified

in Figure 1 and defined beneath Decomposition 2vél@r the mean form decomposition has

12
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two nice features. As a practical matter, it avdidsing to choose between the two hypothetical

cost frontiers c*(y,R) and &y,w*). From a theoretical perspective, its inpuicp differential
component is the arithmetic mean of a pair of Ko(l824) input price (or cost of living)
indexes, one using the managers’ network and ther atsing the consultancy’s ideal network.

Thus the mean form decomposition has an attrathizeretical foundatiofh'*?

V. The Empirical Technique

Decomposing the cost differential requires findihg four unobserved cost-efficient input
vectors (X,xE,x7,x®), which requires solving four cost minimizationoptems. We use linear
programming techniques described in Fare, Gross&ongfLovell (1985) to do so. The general

form of these four linear programming problems is

ming, W'x
subject to W<IAYd  m=1,..M
Xn = T X n=1,..N
Aj20 ji=1,...,d
Zj)\j = 1,
where the superscript “i” indicates the producenpevaluated and there are J producers in the
sample. In our application M =5, N =5, and J = 6Be production technology constructed by

the constraints in the program satisfies monotoniand convexity, and allows for variable

returns to scale.

The solution to the problem identifies a cost miazimg input vector for producer i facing
input prices Wand constrained by best practice technology abkstted by the constraints in

the program. When the data are the managers’ dafan’), the solution to the problem i$ in

13
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Figure 1, and %y,w°) = w’'x® in Decomposition 3. When the data are the conseyta data

(y,x*,w*), the solution to the problem is>in Figure 1, and c*(y,w*) = w*" in Decomposition
3. The input vector xin Figure 1, for which c*(y,®) = w°'x" in Decomposition 3, is determined
as the solution to the problem when the data apef,(y°) and contain the consultancy’s input
vector and the managers’ input price vector. Fjntile input vector % in Figure 1, for which
c°(y,w*) = w* 'x® in Decomposition 3, is determined as the solutiothe problem when the data
are (y,X,w*) and contain the managers’ input vector and ahesultancy’s input price vector.
Identification of (X,xF,x",x®) for each producer in each scenario enables umptement the

cost differential decomposition in Decomposition 3.

VI. The Empirical Findings

We have solved the four linear programming problefos each of the 68
distributor/province observations. The solutionshiese four sets of problems generate values of
the four cost-efficient input vectors %x x",x%) required to implement the cost differential
decomposition in Decomposition 3. Our empiricatifimgs appear in Table 4, which summarizes

the decomposition by distributor rather than byritistor/province observatiofi.

The final three rows of Table 3 demonstrate thatabtual network operates at a cost that
is nearly 300 million euros, or nearly 40%, higltlean the cost of operating the consultancy’s
ideal network. Thus the consultancy’s ideal netwbds the potential to achieve a 28% cost
saving. This cost saving is widespread, and apptiethe seven largest distributors. It is this

potential cost saving that we wish to decomposeitstconstituent sources.

14
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Table 4 demonstrates that 69% of the potential &g is attributable to the fact that the

consultancy proposes lower input prices, in thereggie and for the seven largest distributors.
49% of the potential cost saving is due to the tlaat the consultancy proposes a leaner network,
in the aggregate and for all nine distributors.thsi of these findings is surprising, since the
consultancy's engineers were unencumbered by yiStbe consultancy’s network was designed
solely on the basis of current and projected futleand, and without the structural constraints
imposed by past developments, while much of theahatetwork was built years ago before
demand evolved to its current level and geogragtstibution. It is noteworthy, however, that

these two sources exceed the total cost saving.

It follows that the consultancy’s ideal networknist as cost efficient as the actual network.
This gives the managers a countervailing 18% cdgarage, amounting to 53 million euros,
over the consultancy. The superior cost efficieoicthe actual network is widespread, applying
to seven of nine distributors. There are at least plausible explanations for the superior cost
efficiency of the actual network. First, the conanty’s network was designed by engineers
rather than by economists, and while the engindeveloped a superior network design, they
were less concerned with its cost efficiency. Witis in mind, Gomez and Pacheco (2000) and
GERE (2000) have proposed a revision of the engmgerocedure used to build the ideal
network. Second, the standard cost reimbursemdr@nse allows managers to retain excess
revenues, and the standard cost parameters havéemot adjusted for improvements in
productivity since 1987. This provides managerdwaitpowerful incentive to be cost efficient.

Superior allocative efficiency gained through yeafsmanagerial experience is the driving

15
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source behind both of these explanations, sincetwioenetworks have essentially the same

technical efficiency.

VII. Conclusions

We have exploited an unusual opportunity to benckntae managers’ performance
against engineering standards established by amattonal consultancy. The usual practice is to
benchmark against best observed practice, becauggeeering information is rarely available.
The distinction is important, because the consaltametwork was designed solely on the basis
of currently available technology and current andjgrted future demand, and without the
structural constraints imposed by outdated tectgyoémd past developments, while much of the
existing network was built years ago before tecbgypladvanced and demand evolved to its

current level and geographic distribution.

Our actual performance describes the 1996 actvifeSpanish electricity distributors, for
which we have a total of 68 distributor/provincesetvations. Our engineering standards are
obtained by aggregating detailed information gemeeraby the consultancy to the same

distributor/province level.

As expected, we find that the network design ddifidial and the input price differential
both favor the consultancy's ideal network. Howesiece the ideal network was designed by
engineers rather than by economists, we also fiatl the incumbent managers are more cost-
efficient than the consultants because they explatr incentive to be allocatively efficient

under the revenue cap regulatory regime. Sincedis network does not allocate inputs in a
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cost-efficient manner, we conclude that the coasily has understated the potential cost savings

by nearly one-third.

Nonetheless the consultancy's ideal network hapdtential to serve the regulator well, as
a substitute for yardstick competition in a marlgetpplied by so few distributors that
implementing yardstick competition would require tintroduction of international comparators
of dubious relevance. We find that the regulataakieving part of this potential. The regulator
is using it to justify a reallocation of the aggaég revenue cap among distributors. However
there is little evidence to suggest that the rdguls also using it to reallocate monopoly rents
away from distributors toward consumers by settingositive X so as to reduce the aggregate

revenue cap.
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Footnotes

* Previous versions of this paper have been presgeat the Sixth European Workshop on
Efficiency and Productivity Analysis held at KVL,ofenhagen, Denmark, at Aston Business
School, Birmingham, UK, and at the Australasian figgs of the Econometric Society,

Queensland University of Technology, Brisbane, Aalgt. We are grateful to Comision

Nacional de la Energia (CNE), Generalitat de Cata@l200SGR00052, and Direccion General
de Enseflanza Superior e Investigacion CientifiE€;Z001-2793-C03-01, for generous financial
support. We thank Luis Magueda and Arturo RomerGNE for their assistance, Peter Bogetoft

for his guidance, and Steinar Holden and two refefer their constructive comments.

1. In an academic setting, DEA has been used testigate the performance of electricity
distributors in a number of countries, includingrivay by Fgrsund & Kittelsen (1998), and
Sweden by Hjalmarsson & Veiderpass (1992a,1992. regulatory setting, Agrell & Bogetoft
(2001) report that DEA has been proposed or issaio a number of countries. The Norwegian

and Finnish experiences are described by Kittg|$889) and Korhonen and Syrjanen (2002).

2. Sample sizes are relatively large in Finlandywy and Sweden, but relatively small in
Denmark, the Netherlands and New Zealand. In Alistraehere regulation is conducted at the
state level, sample sizes are extremely small, thedinclusion of overseas distributors for
benchmarking purposes has been controversial; S#AH1994), IPART (2001), REGGEN

(1998) and QCA (1999).

3. The Swedish Energy Agency (2002) describes tigoiaog construction of what it calls a
“fictitious” grid with which to calculate resouraequirements for the efficient distribution of

electricity at high reliability and reasonable figri Fictitious line lengths and substation
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capacities are to be combined with cost functimmsefich part of the grid. This grid is intended

to provide incentives to the grid companies to afgens effectively as possible, and to provide
the regulator with a benchmark against which tessshe performance of the grid companies

and the reasonableness of their tariffs.

4. Much of the material in this Section is basedd@tussions with CNE personnel. Arocena,
Kihn & Regibeau (1999) provide additional infornoati and Crampes & Laffont (1995) explore

the relationship of MLE to yardstick competition.

5. CSEN has been renamed twice since 1994. Thergreame is “Comisién Nacional de la
Energia” (CNE). We retain the original name in tlager. CSEN was given a limited role in the
reform process, with the Ministerio de Industriganeing primary decision-making authority

until it disappeared after the parliamentary etediof 1999. In its place there is a new ministry.

6. Since 1998 the regulator has issued an aggregaénue cap that is divided among the
electricity distributors. This allocation is basew shares that are, in theory, calculated using the
ideal network. In fact, they are very close to sedhat can be calculated from the information on
ideal cost in Table 3. But it is unclear how thgufie issued by the regulator is calculated. It
seems that the regulator is using the old reveapesgstem to calculate it, but it is difficult to
say because there is no information about it. Askv in this paper, full implementation of the

ideal network would generate a significant reductiothe cost of electricity distribution.

7. Spanish law defines the transmission activitynaslving lines transmitting at least 220 KV.
Our distribution lines distribute no more than 132. However since high voltage substations
must be capable of transforming voltages above 132ke define the first substation input in

terms of the capacity to transform high voltageOdQd, 220KV or 132KV) to a lower high
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voltage (132KV, 66KV or 50KV), in terms of the cajig to transform high voltage (132KV,

66KV, 50KV or 45KV) to medium voltage as defined fmes, and in terms of the capacity to
transform medium voltage to a lower medium voltagelefined for lines. We define the second
substation input in terms of the capacity to transf medium voltage to low voltage, both as

defined for lines.

8. The one glaring anomaly is®>¢ x;* for CSE. According to CNE personnel, this refiethe
fact that CSE serves Andalusia, where large prpmatvelopers have installed their own low
voltage lines. These do not appear in the actualtirvector, but they are included in the
consultancy’s ideal input vector. Although it woulé desirable to adjust eithes®or x*, the

requisite information is unavailable.

9. It is worth noting that the standard operatingtof 1,048 million euros we are examining is

just over one third of standard total cost alloddtethe distributors.
10. It is also possible to express Decompositiomngeometric mean form as
(WOTX°/ w*Tx*) =
{[c°(y,w®) / c*(y,wO)] x [c°y,w*) / c*(y,w*)]} ¥  network design ratio

x {[c*(y,w°) I c*(y,w*)] x [c°(y,w°) / (y,w*)]} /2 input price ratio
x [woTx°/ y,w°)] / [w* 'x* [ c*(y,w¥)] cost efficiency ratio

Details and empirical calculations are availableenuest.

11. For more on the Konus price index and relatatters, see Balk (1998).

12. It is also possible to decompose the costieffay differential into a technical efficiency

differential and an allocative efficiency differait Such a further decomposition has the
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potential to shed light on the nature of the cdBtiency differential, since cost inefficiency

decomposes into technical inefficiency (an equiprbpnate excess use of all inputs) and
allocative inefficiency (a misallocation of inputs light of their respective prices). We do not

report results of this decomposition, although ltesare available on request.

13. Decompositions 1 and 2 produce very similaultes and so the arithmetic mean form

decomposition in Decomposition 3 is not averagiisparate results.
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TABLE 1. Output Quantities for Spanish Electricity Distributors

Electricity Distributors

CSE ENHER ERZ EV FECSA HECSA HC 1B UEF

Y1 Number consumers,LV | 3,425,337 1,075,904 646,787 509,957| 1,820,524, 545,331| 485,949| 7,804,648 2,639,83
Y2 Number consumers, MV & g 5qq 939 2.380 592 1,120 355 525| 33,884| 7,132
HV

Y3 Service territory area, Kin 99,616/ 16,282| 43,064| 18,432 18,806 5,845 7,565 207,243 69,433
Y4 LV, MV&HV Electricity 19,910, 10,956 4.420 3,601 14,479 4,008 6,239| 53706/ 17,367
distributed, GWh

Y5 Reliability 523.6 495.2 594.8 826.8 499.1 970.8| 1,009.5| 1,304.0 426.1

CSE = Compafiia Sevillana de Electricidad, S. A.
ENHER = Energia Nacional Hidroeléctrica del Ribagorzana

ERZ = Eléctricas Reunidas de Zaragoza, S. A.

EV = Electra de Viesgo, S. A.

FECSA = Fuerzas Eléctricas de Catalufia, S. A.
HECSA = Hidroeléctrica del Cantabrico, S. A.

HC = Hidroeléctrica del Catanufa, S. A.

IB = Iberdrola, S. A.

UEF = Union Eléctrica Fenosa, S. A.
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TABLE 2. Input Quantities for Spanish Electricity Distributors

Electricity Distributors

CSE ENHER ERZ EV FECSA HECSA HC IB UEF
Actual Inputs
x°1 LV lines in Km 27,770 | 15,336 | 9,001 | 15,278 27,933 4,739 | 10,065 | 100,709 | 47,133
x%, MV lines in Km 35,925 9,920 10,144 | 7,994 20,406 3,728 4,657 | 71,924 | 29,901
x°3 HV lines in Km 9,135 1,993 3,056 1,741 2,956 1,077 1,214 | 16,853 | 6,814

XO4 Substation transformer capaq 19,505 7,636 4,879 3,605 10,247 3,863 3,958 66,042 | 15,752
HV/HV, HV/MV, MV/MV, in MVA

Xos Substation transformer capacify10,105 4,332 1,566 1,336 6,148 2,100 915 17,206 5,976

MV/LV, in MVA
“Ideal” Inputs
x*1 LV lines in Km 48,483 | 12,694 | 6,730 9,519 17,355 3,600 | 8,184 | 94,288 | 39,769
X*, MV lines in Km 32,602 | 6,454 9,259 7,183 8,644 2,837 6,673 | 67,549 | 30,412
X*3 HV lines in Km 6,046 1,143 2,574 828 1,131 399 620 13,748 | 4,232

X*4 Substation transformer Capaci y15,218 6,654 5,597 2,809 12,194 3,747 3,406 45,501 16,125
HV/HV, HV/MV, MV/MV, in MVA

X*5 Substation transformer capaci V. 6,892 2,672 1,525 1,012 4,949 1,403 1,030 16,225 5,857
MV/LV, in MVA
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TABLE 3. Input Prices and Total Operating Cost for Spanish Elec tricity Distributors
Electricity Distributors
Actual Input Prices CSE ENHER ERZ EV FECSA |HECSA | HC 1B UEF
WP euros by Km LV 1,689 1,198 638 282 709 1,231 546 890 73p
W°, euros by Km MV 976 1,164 552 446 803 1,426 1,044 980 87B
WCs5 euros by Km HV 1,063 1,127 1,040 1,089 1,248 1,224 981 1,080 1,140
WC, euros by MVA 2,058 2,639 3,413 2,490 2,675 2,954 1,468 2,402 172,71
WP euros by MVA 3,739 4,515 3,812 3,525 5,766 5,714 5,856 5,610 3051
“Ideal” Input Prices
W*, euros by Km LV 883 955 943 721 883 1,039 920 894 87%
W*, euros by Km MV 1,542 1,549 1,596 1,521 1,523 1,587 1,673 1,538 101.%
W*5 euros by Km HV 1,789 1,773 1,737 1,731 1,791 1,811 1,874 1,757 0011
W*, euros by MVA 842 814 861 800 832 678 524 789 654
W*5 euros by MVA 3,379 3,061 3,488 5,245 3,497 3,344 4,833 3,270 49,6
Total Operating Cost CSE ENHER ERZ EV FECSA | HECSA HC 1B UEF TOTAL
(millions euros)
Actual Cost = w°x° 162.9 76.8 39.4 21.8 118.8 38.9 22.7 423|5  143.4 04812
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“Ideal” Cost = w*x* 139.5 37.9 34.9 26.7 57.3 17.0 26.6 2962  113.8  .974d
WOC - W 3k 23.4 38.9 4.4 4.8 61.5 21.9 3.9 1273 29. 298




TABLE 4. Cost Differential Decomposition for Spanish Electri

city Distributors (million euros)

Network Input Price Cost "Ideal"
Electricit Number of i i i Actual Cost
y oo Design Differential +| Efficiency Cost
Distributors Provinces WX - WX i i Inefficienc ici
Differential Differential Y | Inefficiency
CSE 9 23.4 13.8 26.0 -16.4 21.6 38.0
ENHER 7 38.9 14.7 20.6 3.6 9.4 5.8
ERZ 4 4.4 4.2 2.3 2.1 2.4 4.6
EV 5 -4.8 3.1 -5.0 -2.9 8.0 10.9
FECSA 4 61.5 27.6 34.1 -0.2 11.4 11.6
HECSA 4 21.9 7.3 10.7 4.0 7.3 3.4
HC 1 -3.9 1.9 -0.9 -4.9 0.0 4.9
IB 25 127.3 50.9 89.8 -13.4 25.2 38.6
UEF 9 29.6 22.0 28.3 -20.7 17.4 38.2
TOTAL 68 298.3 145.5 205.9 -53.1 102.7 155.9
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Figure 1. The Cost Decomposition Framework



