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1. INTRODUCTION

Over the last few decades, the energy sector inynaacountries, and particularly in
Europe, has experienced a group of reforms; thefeems attempt to cope with three
main aspects of the energy-producing firms: segwiitthe supply of raw materials,
the control of shocks in prices, and efficiency royements of firms in the energy
sector. In this paper, we explore the latter aspmud in particular weather market
integration has exerted a relevant effect on tfieiefcy improvement of the energy
producing firms and power plants. We review difféarmethods of measurement that
have been proposed in the literature, discuss ifferehces in the results obtained
when applied in different studies and, finally agklr improvements in efficiency that
might be directly related with the integration ofieegy markets in Europe or
alternative phenomena. While efficiency improversdmve been pointed out as one
of the main objectives in the design, developmeamd deployment of European
reforms in this sector, we think that the greapest of improvements can be better
identified with other causes such as technologstaft or new energy generation
methods. Better identification of factors and theansequences is crucial to cope
better with further reforms and policy design.

In particular the European Union began this preadgenergy markets reform
in 1988 with the publication of the “White Papertbk European Commission on
Interior Market Construction”. The idea behind thighite paper was that any
European citizen might purchase energy from anyjean provider, regardless of
who owns the transport grid. However, it was notilutfR92, with the Treaty of
Lisbon that the entire process started with thergeof four basic goals: 1) improve
assurance of the supply; 2) achieve lower pricesfif@l consumers; 3) improve
environment-friendly practices and; 4) improve @éfncy of firms through energy
savings. From the very beginning, the process veagded in different stages, with
the third stage bargained among European Union (Bmbers along the 2007-2009
period; from that juncture, a compliance period vedso designated until 2011
(Eikeland, 2008).

As stated previously, in this paper we focus mainlghe fourth of these goals,
that is, the efficiency improvement of the energgeucing firms. In order to do this,
we propose a two-fold research question: Under wbatlitions do the efficiency of
electricity-producing firms improve? And to whiclactors may we attribute the
greater part of this improvement?

We discuss briefly the methods used to assessegiti, its advantages and flaws
but most importantly, we conduct a two-step emplramalysis, first with a data set at
country level and secondly, with a different daga & firm level. In this manner we
first sought the most efficient countries withiretRuropean countries and afterward
we were also able to look for the progression @rgwy producing firms in Europe.

Our general hypothesis is that efficiency has inapdogreatly in the last fifteen
years, but that there are important observationsotmduct with regard the main
factors of this improvement. We present such carscer the form of three particular
hypotheses: first, with respect to what concernsrall’improvements (at the country
level), the improvements are the consequence ajra diverse energy mix; second, a
large proportion of the inefficiency detected ie tass efficient countries is caused by
installed but unused capacity and not only by te@innefficiency; and third, in
terms of what particularly concerns energy prodgdinms, we think that a greater
part of their improvement is due to technologidadmge (use of better technologies)
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and not only to increasing competition due to epengrket integration, either at the
regional or the European level.

For the development of our work we set four objexdiclearly differentiated: We
first describe the most frequently employed measwt efficiency evolution in
different companies and, in particular, energy-pioag firms. After this, we
introduce the type of methods that are currentlijzatl to assess efficiency, and
secondly we discuss some advantages and drawb&dtke different measures and
indicate two of the best methods that we will usele empirical part of our work.
The third objective of this paper is to focus ie #mpirical data that will allow us to
compare different methods, rank the different coaestand energy-producing firms
and assess the more likely cause of energy imprexntan

As a fourth objective we will contrast our resuiisth the expectations at the
beginning of the reform of the energy sector arel électricity-producing firms in
particular.

The rest of the paper is organized as follows:ectisn two we will describe and set
up the subject of the paper, stressing the relstipnbetween the construction of a
single energy market and efficiency changes in gewrdn section three we will talk
about the methods regularly used to disentangl&ititeof problems we present and
we will point out a couple of those (Data Envelopinénalysis and Stochastic
Frontier Analysis) that we will use in the applisection. Section four is devoted to
explicit our plan, how we will proceed and whatalate will use, at country and
power plant level. The fifth section of this papgrthe summary of the results we
obtained at both levels of analysis and with adl thols we used. Finally, the sixth
and last section is devoted to state our conclgsion

2. SINGLE MARKETSAND EFFICIENCY

In economics it is a well-known result that opersnasd integration of markets can
lead to a series of results among which we can thedincreasing efficiency of the
firms operating in the area to be integrated (coesitregions, etc.). Improvement in
efficiency is not the sole result, it is clear thhéere are some additional positive
results as well as negative ones. In this sectfohe paper, we will mention all of
these, but we will extend some more in the efficieeffect.

When European policy-makers first conceived thetawa of a single market, they
were thinking mainly of this tool as a trade enlnamong European Union
members. But as expected, while constructing timgles market, they had to assess
other positive outcomes and all negative onesdthtian to efficiency improvements,
we have also mentioned gains in trade volume, asing competition (thanks to what
we can expect in terms of prices cuts, technicgkravements, and efficiency gains),
the exchange of ideas and production methods, duéndreasing commercial
exchange, can also be an innovation enhancer j@alty/f there can be policy making
synergies thanks to sector spill-overs. With respecenergy policies, these spill-
overs can affect environmental policy or highereadion.

In what concerns the negative outcomes that canrpwe can first point out trade
diversion losses from third parties of the new (@)antegrated area as trade increases
among partners, third parties may lose terrain.cBsonizing policies with one’s
partners and tightening the scope of your posslblgsions with those of the group
might be observed as sovereign cost and causeowverdy within countries. A
different type of cost is that described as subsydcosts, which are those created due
to the obligation of complying with some policiestnwell fitted to local needs

4



(wearing a uniform can be useful, but it does moalf bodies or situations). Finally
there are the costs of the process, while therdtniig some that are paid for only
once (new energy lines, costs of adaptation, efieere are some costs that, once
created, must be paid regularly (costs of new aiiib®, new maintenance costs, etc).
All these costs and benefit evolve in different wags integration towards a single
market advances, but in the following paragraphs wike focus solely in how
efficiency improves and the tools employed by Eesp countries to construct the
single energy market.

The basic tool-kit of European single market cargton might be easily simplified,
but is extremely more complex than what we desdrdre. The first type of tools are
those of the construction of any free-trade orawmsarea, which comprise eliminating
internal tariffs and imposing tariffs on third gad, and of course, depending on the
degree of integration, tariffs can be blurred amptetely eliminated and third parties
tariffs can apply to all or a group of country mesrgy The signing of and compliance
with different European Treaties comprise one efrtiain tools; nearly all, if not all,
EU treaties contain some new rules to intensifyitibegration of European countries,
mainly with respect to free movement of goods, isess and production factors
(capital and labour). Compliance with Europeantiesaand directives often requires
mutual recognition of other member states lawsrardhs, in addition to pronounced
coordination and harmonization of rules and instnal structures such as
unbundling of vertical integrated energy firms erstructuration of member state
energy markets. It is quite common that the EUdtives contain some suggestions
for adapting member states ways to the best pesgtiout it is also true that the
Nation-State has proven to be way more resiliesnt that is usually thought.
Because there is a positive and a negative sitleeahtegration of markets, there is a
trade-off; thus there must be an optimal outcomleere there is no possibility of
improving without becoming worse in at least onpeas. While it is good to know
that there might be an optimal point and that gassible to reach it, for our purposes
it is primarily important to asses such optimalron what concerns to efficiency as
well as it is important to know whether we are hegdoward it, that is, whether
efficiency has really been improving and if suchimprovement can be attributed to
the creation of the European single energy market.

3. METHODS AND PROCEDURES
3.1 Overview of current methods

The literature in what concerns to measuring tlieiefcy of firms is abundant, and

it can divided it in two main groups; first the salled non-frontier approach, that
basically consist in estimate a cost function with@a stochastic component for
inefficiency and thus it is assumed that all firaperate in the cost frontier. Once the
cost functions have been estimated it is possileatculate the inefficiency of scale

and scope of the companies (Mehdi & Filippini, 2088@masb & Pollit, 2001; Jamasb
& Pollitt, 2003). The most common methods of estioraof these cost functions are
Ordinary Least Squares or Total Factor Productivéghniques. Both of these

techniques use a mean or an average performaramargfanies to compare all firms

and that is why this group is also known as theagye performance approach.

The second part of the literature is the Frontgpraach, which assumes that the full
cost efficiency is limited to those companies thed identified as the best-practice
producers (Mehdi & Filippini, 2009). It is alsosasned that the rest of companies in
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the sector produce at higher costs and thus tlicieacy is higher than zero. In this
case, it is possible to measure not just the semplescale inefficiency but also the
cost inefficiency. In what concerns to the estimatnethods, this second group can
be also divided in two different categories tha¢ &ne non-parametric and the
parametric methods. In the first one we can fined Bata Envelopment Analysis,
which is a linear programming method; while in #eeond category we can find the
Deterministic Statistical Frontier Analysis methadthe Stochastic Frontier Analysis
that both are statistical approaches (Jamasb &ttRP@&A003; Pollitt, 1995). In the
figure 1 we present a scheme of the literaturelatolw we describe the most relevant
ones.

All these methods of measuring efficiency of diéier firms or DMUs (Decision
Making Units) have been developed with a main dbjecthat is, help regulators to
promote efficiency improvement by rewarding goodf@enance relative to some
pre-defined benchmark (either a frontier or a mean)

It is also true that several scholars trying toresidedge the efficiency of different
firms have used all these methods. In particularweeld like to call the attention
over two particularly relevant studies.

Fig. 1

Measuring Efficiency
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The first one of these studies was conducted biittP@995), and it analyses the
technical productive efficiency of an internatiors@imple of electric power plants.
The data Pollitt uses in this study is an inteoral sample of power plants (rather
than firms) and it uses different methodologieke IStochastic Frontier Analysis,
Data Envelopment Analysis and other, to acknowledge what is called a
“methodological cross-checking”. Nonetheless, ohdhe main objectives of this
study is to identify differences in efficiency adifpic and private owned power plants
and this constitutes one of his main results (heiadly finds that there are no
significant differences in the performance of ptarggarding if it's publicly or private
owned). Other significant results are the compar@alternative methods like DEA
and Parametric Programming Approach, where the dorngives a better
approximation of the actual frontier; regarding nprogramming techniques, the
Stochastic Frontier Analysis results more efficievtile estimating the frontier



function while the DSA Deterministic Statisticaldfatier Analysis (DSA) performed
worst with Pollitt's sample.

The second one, is that conducted by Fgrsund aitéld€@n (1998), they use a
Malmquist index to study shifts in frontier techoagy and change in efficiency for
Norwegian electricity distribution utilities. Thégund a positive productivity growth,
averaging 2% per year, but also that this changenamly due to the shift in
technology frontier. Even when they offer quitéenesting and relevant results, they
use data for only few years and they account tbee@se for distribution firms while
we plan to do so for electricity producing plants.

3.2 Selected methods

Our toolkit consists of three basic applicationg eecided to keep these instead of
other available ones because of a number of reaaoreg which we might mention
simplicity of calculation, alternative experiencelsimplementation with which we
could compare to and finally, our opinion about tlagvs of some of those methods.
This way, we are sure that we will use the beshiod and the best fitted to get the
answers we are looking for. In the following seeicdhen we will detail how the
methods we selected works, mainly Data Envelopmé&nalysis (DEA) and
Stochastic Frontier Analysis (SFA) put the focustlom performance of firms and the
evolution of the best performers and the firms tfudiow the lead, whereas we
decided to include the Malmquist index in orderagsess the factors to which we
should attribute the changes in efficiency.

3.2.1 DEA - The first of all methods we would like comment is the Data
Envelopment Analysis (DEA). This method was firsveloped by Farrell (1957) and
somehow retaken and further developed by Coelld$20With their examples we
will illustrate how it functions assuming a setfofns that use two inputs; and x,,
and produce a single outpufwe use here the single output example only tgkiyn
the explanation, but one capital feature to sddEth as a methodological approach is
that it can be implemented with multiple outpuisg will sustain the assumption of
constant returns to scale.

Fig. 2
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The isoquant SS’ represents the full efficient fimfigure 2 and knowing this line we
can measure the technical efficiency of a givem firlf such firm uses quantities of
inputs in the point P, to produce a unit of inphie distance QP can represent the
technical inefficiency of that firm, which is thenaunt by which all inputs could be
proportionally reduced without a reduction in outpuNe can also present that in



percentages with the ratio QP/OP, which repredéetpercentage by which all inputs
can be reduced. Finally we can define the Techiiitfadiency (TE) of a firm like;

TE=0Q/0P

This measure takes values between zero and on@randles an indicator of the
degree of technical inefficiency of the firm. Ifethirm is efficient it might obtain a

value of one and it would be placed in the isoquidd the point Q.

If we also know the input price ratio, here repreged by line AA’ it is possible to

calculate the allocative efficiency (also refersmimetimes as price efficiency). The
allocative efficiency (AE) of the firm operating Rtis defined to be the ratio

AE=0R/0Q

Since the distance RQ might be taken as the remucti production costs that might
occur if production takes place in the in the albeelly and technically efficient Q’,
instead of produce at the technically efficient @lldcativelly inefficient point Q.

The efficiency measures we have presented so sanasthat the production function
is known (or the cost function if such approacprsferred), but in practice this is not
the case, and thus, the efficient isoquant mustdbenated from the available data.
Two alternatives have been suggested to calcutetasbquant, either a picewise-
linear convex isoquant, or using a Cob-Douglastionditted to the data.

3.2.2 SFA — The second method considered heresiS$tbchastic Frontier Analysis
that is a parametrical method. We prepared thisaegtion based mainly in Coelli et
al. (2005). We might say that one of the most ingdr differences with the
previously exposed method is that the envelopmétata is done by choosing an
arbitrary function. The most common function usedapplications is the Cobb-
Douglas of the form:

lnqi=xi',8—ul- l=1,,1

wheregq; is the output of the firny x; is a K x 1 vector with the logarithm of inpujs;

is a vector of unknown parameters and; ;is a non-negative random variable
associated with technical inefficiency. For thareation of these parameters different
studies have used different methods like lineagmmming, maximum likelihood,
least squares or a variation of this last one, fremtlleast squares.

The problem with the frontiers like the one we haws described is that it does not
take in account (like DEA neither) measurementreray other sources of statistical
noise and thus, all deviations of the frontier assumed to be the result of technical
inefficiency unless we introduce some modifications

We can find in the literature stochastic frontiemoguction functions like the
following:

Ing; =x;'f +v; —u;

That is, more or less the same described aboveibuta symmetric random erroy,
to acknowledge for statistical noise.

In order to illustrate graphically how the stoci@a$tontier model works, we will use
the transformation and simplification by Coelli () in which it is used only one
inputx;.. The Cobb-Douglas stochastic frontier model tdakas the following form:



Ing; = By + L1lnx; +v; + 4

or qi = exp(Bo + B1lnx; +v; + ;)
or q; = exp(Bo + B1ln x;) X exp(v;) X exp(u;)
where:

exp(Bo + B1lnx;) is the deterministic component
exp(v;) IS noise

and exp(u;) Is the inefficiency

Still following the example by Coelli (2005) we pent below a graph where two
firms are plotted, A and B, and where diminishieturns of scale are assumed. The
horizontal axis corresponds to inputs and the e@rtaxis measures the outputs.
andgq, are the input level and output used and obtaiyerin A, and thuscz andqgp

are the input level and the output of firm B. Wiith inefficiency effect, that iga=0
andug=0, the frontier outputs for firms A and B respeely will be

qa = exp(Bo + B1ln x4 +v,) and  qp = exp(Bo + B1ln xp + Vi)

Observed values are indicated in the graph below hile frontier values are
indicated by®. Frontier output for firm A lies above the detenmtic part of the
production frontier only because the noise effectpositive ¢, > 0), while the
frontier output of the firm B lies below the detenmstic part of the frontier because
the noise effect is negativer < 0). In the graph it is also represented that the
observed output of firm A lies below the deternmtigigart of the frontier because
noise and inefficiency summed up, — u, < 0) are negative.

If we generalize this example to cases with firmsng several inputs,
observed outputs tend to lie below the determmigért of the frontier. Indeed they
can only lie above the deterministic part of thenfrer when noise effect is positive
and greater than the inefficiency effegt & exp(x;B) if €; = v; — w;).

Fig. 3
q;‘l = eXp(ﬂo + [ilnx, + VA) ................ ® : noise effect
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qa = exp(Bo + Prlnxy +v4 —uy)




3.2.3 Malmquist Productivity Index — Using this éxd we can decompose the
productivity improvements into technological changed other productivity

improvements (Fgrsund & Kittelsen, 1998)

The Malmquist efficiency index was first definedeaf Sten Malmquist (1953) and
gained a big deal of popularity to measure not prsiductivity but also how this

changes over time. Nonetheless this index has alsencriticized and reviewed by
many scholars that have shed some light on its lolaks, specially, in some
systematic bias and its dependence on the magndfideale economies (Grifell-

Tatjé & Lovell, 1995); (Bjurek, 1996); also see (k& & Tzeremes, 2006). Still, if

we proceed carefully, it is a great tool that majphus to test our main hypothesis;
first we calculate productivity development, relatito the best practice production
frontier and; secondly we can split into changeefficiency and technical change,
acknowledging changes in individual performancatred to the frontier, but also

changes in the best practice, that is, the frontier

As Farsund (1998) and Farrell (1957) defined pneslyp the production possibility

set that faces an operation unit can be expresstdiaws:

Pt = {(y,x)|y can be produced by x at time t}

wherey is the vector oN outputs andc the vector ofSinputs, given that we assume a
multi-input, multi-output scenario. As with othekanples, we also assume here
constant returns to scale. The Farrell efficiencgasure for an input-output
combination 7, x7) for observatiorj at timer, with technologyPt from the yeat
can be expressed as

Ef, = By}, o) = Ming{61(y]. 6x) € P'}

Minimizing 8 we minimize the use of outpyiwith the available technolody at time

t. When an efficiency score is less than one, tlseation is inefficient compared to
the technology in periotd Since our goal is acknowledge sifts in efficieosygr time,
we will base our index in binary comparisons focle@roduction unit between two
time periods. In this example we denote those pereods with 1 and 2. Expressions
involving period 2 observations will be in the nuater and expressions involving
period 1 observations will be in the denominatdnug, the Malmquist productivity
index,M;, », that compares the performance of ynitith a frontier technology from
periodl as reference is

By Ming{0,107,0, %) € P')
Ejy  Ming,{6:|(y},61,x) € P}’

M1, = M(y}, %}, y7, x}7) 1,2€T

T represents the time periods. M§; , > 1, the observation in period 2 is more
productive than the observation in period 1. A gem productivity might be caused
by either a change in efficiency or a shift in tinentier production. Fare (1994)
showed how these indexes can be decomposed wéaHatadt least two time periods;
the Malmquist productivity indeM;,, can be decomposed into two parts: the

catching upVc;, ,, and the pure technology shift;” as follows
_E: _E; Ep

My, === 2= =Mgjr, Mp?,12 €T
! By Ep Ej ! "
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This way we can know the catching-up effégt;; ,, that is the relative movement of
the observed unit to the frontier. The frontiettealogy change, on the other hand, it
is expressed by the ratio of the efficiency scdogsthe second period observation
relative to the two technologies.

4. OUR PLAN

We split our analysis in two stages clearly diffdrated; first we will compare the
overall efficiency of a group of countries; thisogp includes almost all European
Union member states and some non EU members likéz&iland, Norway or
Turkey, we consider the inclusion of this non EUnmbers might be useful not just as
a control group but also for further country groupi A complete homogeneous
change in all countries, including those non-EU rbers, would give us the idea that
the change is due to factors affecting equally ¢htvgo groups (EU and non-EU
members) and not just one of these groups of cesnifor our interest it is good to
find some evidence that such homogeneous resuliseito the technological change
to which all countries have access regardlessehtmbership or association status
with the EU). This stage of the analysis consisintgan conducting a multi-output,
multi-input analysis adapting linear programmingl$oto set a point of comparison
for different methods. We use the Data Envelopnfardlysis to get a first rank of
countries from the more efficient ones and thodleviang the lead. Since the first set
of data (at countries level) has a wider rangepéits and outputs this will allow us to
assess the energy efficiency improvements. This $ilage of analysis give us a first
hint of the effects that will also appear in them® stage of analysis, since we aim to
assess the main factors and conditions that faogrieity producing firms.

In the second part of the analysis, on the othedhae will use micro-data related to
a sample of power plants, to conduct our analyispower plant level. At this point,
we will compare different scores obtained with eliéint methods, like the mentioned
Data Envelopment Analysis and Stochastic Frontiealysis. Our aim at this point of
our work is to be also capable to discuss the pmdace of the most used techniques
used to measure efficiency, not just by scholatsalao by some regulators. With the
micro data we also calculate the Malmquist-Inddreshe 2004-2009 and 2009-2013
pairs of years, this way we will be available tareoent not just the evolution of
efficiency but we will be also capable to split tlesults into technical efficiency and
improvements due to other factors, that is, theeanwmnts of the power plant’s scores
towards the frontier of production (catch-up effembd the movement of the same
frontier (technology shift).

4.2 Data

The data we use as we mentioned above consisabgsictwo datasets, each for one
of the two levels of analysis we are willing to dowct. First dataset refers to countries
(energy systems) while the second dataset refersldatricity generation power
plants.

The first dataset we will use is a combinationigé finput variables and five
output variables and each of these is observesitteen years, from 1995 until 2010;
this period of time covers almost all the procekintegration of European energy
markets, taking in account that the first packaf@dib®eralization measures were
adopted in 1996. This is a completely balancedsaatas it is needed for conducting
DEA and SFA, all series are homogeneous sincef @allam have been published by
Eurostat.
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Table 1

Input variables Output variables
_Primary energy consumed* Solar Photovoltaic Produce
_Energylintensity | Nuclear Power Produced
_Nuclear Power Capacity | Hydro Power Produced
_Combustible Fuel Capacity Wind Power Produced
Hydro Power Capacity Solar Power Consumed

The second dataset we use to do the empiricabpé#ris paper consist in a sample of
130 power plants in eighteen countries (sixteen maembers and two non-EU
countries): Italy, Romania, Bulgaria, Spain, Fran&weden, Czech Republic,
Germany, Slovenia, Switzerland, Finland, Croatiayngary, Slovakia, Belgium,
Norway, Portugal, Estonia. All the current EU mensbeere part of the EU at the
starting point of the dataset and thus were coragetb follow the same rules
regarding the liberalization of energy markets, aegarding the two non-EU
countries we include them for control and compariparposes. We don’t need data
for all the industry in all countries, since ourimabjective is to know if there have
been changes in European firms in the last fewsyaad to which particular factors
we may attribute those changes. In the case ofseaond database it has been
extracted from the AMADEUS database that publistmesdata collected from the
financial statements of all European countries ihithe main reason why this second
set of data is mainly financial data. In order tvé a better understanding of the
efficiency improvements, we construct the varialdatput” as a proxy of the real
output of the firms dividing the total sales by firece of the energies, even when this
proxy is just an indicator of the real output italso measured in kw/h, like the real
output.

Table 2
Input variables Output variables
_Labour (number of workers) Operating Income
_TotalAssets YearlyResults
Size ... ResultspeforeTaxes
_Costof materials Sales .
Independence of stakeholders Output

Data accuracy is of capital importance in ordeminimize further problems; frontier

approaches are susceptible to shocks and data.efitus is specially the case when
cross sectional data is used and there is no allcsvéor errors as in DEA (Jamasb &
Pollit, 2001), this is the main reason why we prégestick with a carefully selected

group of variables instead of trying a larger grawp with other flaws, consequence
of the collection or the sources (unbalance ofpiduael, multiplicity of sources, etc.).

5.RESULTS
In this section we present the results we haveirmddawith the treatment of the first
and second dataset, we also speak of some addlitemadts of the first and second

stage of the analysis, in the next section we pviisent our conclusions related with
the results presented in this section.
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5.1.1 Results

As a starting point for our analysis we first const a simple index based in the
energy intensity of each of the countries inclughedur first set of data. The goal is to
have a first approximation to the scores we mighd fin the more sophisticated
analysis and, on the other hand, we might alsolbe @ critically overview the
standard measures (energy intensity) and otheesdidke those resulting from the
Data Envelopment Analysis and other methods.

If we only take in account the standard measureef@€iency which is energy
intensity, we might expect a quite inefficient gexleenvironment, and we take these
first results as a comparison point to start exyha our first results.

Different countries have faced different resoureedowments and may rely solely in
a particular source of energy generation, partiulexpensive or that account in a
high proportion against the energy intensity ofsthaountries; that, for example
might be the case of the Czech Republic, Romarsmnia and Bulgaria, some of the
most energy inefficient countries if we only rely ahe energy intensity as an
indicator. Energy mixes are quite diverse throughiba European continent and it is
also the case for general economic performanceofier side of the energy intensity
measure is GDP or the size of the economies irs#ieOur first results then, the
position in the ranking (see Table 3) and the bglumnto one group or another might
be highly dependent on GDP during the period oflystand to the deployment of
certain generation methods in further proves wéleilable to test these results but so
far there seems to be a correlation between GDMthroates, the size of the
economies and energy efficiency improvements. Sometries, because of their
climate conditions for example, exhibit higher neéal energy than others, when it is
the case that such countries are among the lessefh\countries in the EU (have
small GDP’s), their energy intensity is way muclgher than others. That affects
directly their scores in this first index dependentthe energy intensity indicator.

Table 3
Efficient Group The follower Group The non-Efficien  The less Efficient
(0.85-1) (0.50-0.85) (0.20-0.49) (0.07-0,19)
Switzerland Italy Malta* Lithuania
Ireland Norway Sweden Poland
Denmark United Kingdom Belgium Latvia
Austria Cyprus Slovakia
Spain Turkey Czech Republic
Luxemburg Finland Romania
Germany Iceland* Estonia
Greece Croatia Bulgaria
France Slovenia
Portugal Hungary

Netherlands
* Missing data may alter the result

We can clearly distinguish four groups of countregarding the position that each of
them occupies in the ranking; in the table belowpnesent the groups regarding the
score obtained in our first analysis. These grob@ge been labeled as Efficient,
Follower, non-Efficient and less Efficient. Even evha small GDP can drag you to
the bottom of the rank, it is also true that a hiBP level do not grant a good
performance in the exercise, since it is also kntlvat with higher GDP’s there are
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also more need for energy, not just because threrenare appliances in use but also
because consumption of all kind of products is é@ighnd there is more need of
energy to produce them.

An additional result that is worth reporting is tthlaere is some convergence in what
concerns to efficiency, that is, a group of cowdriparticularly the less efficient ones
move towards the frontier (even when at the enthefanalyzed period are still far
from the frontier); we must take in account, thoutitat some countries start from
quite inefficient scenarios, which might be fivenés less efficient than the best
performers.

A result that we were expecting and that has beetialy proved is that energy
efficiency has improved in the last fifteen yedrkis improvement has been of about
two or three percent each year, depending of the lyat also of the country. We have
already talked about the existence of a catch-fgeiefand that such effect is stronger
in the less efficient countries, then, it is clélat more efficient countries exhibit
smaller rates of improvements in their energy efficy scores. Nonetheless, at the
present rates of improvement and “all things besral it might take decades to the
less efficient countries to catch the more effitisoores. For the full table see the
appendix one at the end of the paper.

5.1.3 DEA by country

When we use more sophisticated techniques to atémuthe efficiency of the group
of countries we have included in our set, a veffedint reality awakens. The first
results that we would like to stress is that caestperform much better than what we
expected. There are more countries in the frotiign what we could expect from the
first approximation with the energy intensity indior. Around half of the countries in
the set perform fairly well and are in the frontedrleast once, even when some of
them lose this position at least once. Some camstart a little below the frontier
but end up catching it, like Belgium, Hungary, Nethnds, Slovenia or Finland,
some others even when they are in the frontieeadtlonce, lose this position in the
year 2010, like Austria or the United Kingdom; jpautarly these two countries lose
some ground since it seems that the frontier mavesy from them (detailed results
are reported in the Annex 2). After comparing abres and looking for certain
correlations, it is also true that the more promuctethods are used in the different
countries, the more likely is that such countryl wrid up been in the frontier and the
higher the score in energy intensity the less Vilseich country will be in the frontier.
Both observations might be quite intuitive, the endiverse the country’s energy mix
is, the more efficient might be and the more inpiutakes to produce an extra unit of
GDP the less efficient it is also in overall terms.

What is really interesting about the use of norapeetric techniques such as DEA is
that this methodology let us know not just the ssoof every country and assess
different technologies, that is, the combinationceftain inputs to produce one or
more outputs, but also how much technology improves

5.1.3.1 Frontier moves and catch-up effects

Given these results it is also worth to mention di@nges in the frontier of
production, acknowledged by the Malmquist indexcgkted and also available at
detail in the Annex 2. Between 1995 and 2000 tke fioductivity increased a 2% in
average, but the technical change effect wasla ldéss important than the efficiency
change (catch-up effect), 0.9% and 1% respectiviglis changes slightly for the rest
of the years coupled, where technical change isl@ better than the catch-up effect,
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like in the 2005/2010, when the technical changmuaits for a 0.96% and efficiency
change for a 0.93.

5.1.4 DEA by production firms

As it was expected, the efficiency scores at tlealpetion plant levels are way more
diverse that the results at country levels. Ongall portion of the complete set of
producing firms (11%) reach and maintain the posiin the frontier for the whole
period of study. As often happens in these sodtadies, many firms or DMU score
differently in every year, even when they maintaircertain level of efficiency. In
average, the distance from the typical producing tio the frontier is of about 30%,
but again, some firms are way more inefficient tbémers. Size of the firm is one of
the factors that can be directly correlated with tass efficient scores, that is, the
bigger the firm, the less likely that it will get the production frontier; it is harder for
bigger firms to achieve full efficiency. On the ethhand, and non-surprisingly, the
higher the volume of assets the firm holds, thearideely is for it to reach the
production frontier.

Finally, if we account by country of origin of tifiems, there are no strong correlation
with been a given country and perform better thenrest of countries. It is clear that
there are stronger factors, micro factors (likenfisize, assets available or cost of
factors) rather than national states context aulegn.

5.1.4.1 Frontier moves and catch-up effectsin production firms

Since technology is an important factor in produttithe use and ageing of certain
production method can account relevant changes imotihe frontier (how much
electricity is produced in the whole sector) anaviauch can a given firm produce
(catch-up effect). In the set of firms we studyséems that there is a correlation
between the source used to produce electricitythadinal efficiency score; firms
using traditional sources of energy, like coal threo fossil fuel lose ground through
time more easily than others.

A very relevant result and that we would like teess again is that the frontier moves
accounting for a higher production of the firmsthe sample, the increase is of 12%
within 2004 and 2009 (2.4% each year), 12% agaiwden the year 2009 and 2013
(2.4% again). On the other hand, those firms tb#&ebimprove their scores are those
that account for a higher technical change tharrébeof the firms in the set; that is,
technical change is the more important driver ditigincy improvement at the firm
level also.

5.1.5 SFA by production firms

Finally, we report some results from the Stochastantier Analysis estimation. First
thing that we should say is that this method hagrgortant flow relative to other

methods used here and in other related studies,ghgou can only estimate the
stochastic frontier using only one output, otherltmautput approaches using
stochastic frontier methodology are under develograed we couldn’t warranty the
comparability of the results. We decided then tkena second calculation of DEA
frontiers taking only one output for sake of congtmlity.

Scores estimated with the SFA method are consigtémiwer, as expected, the
difference is a full 10% in average. This differens partially explained by the fact
that since SFA estimations also accounts an estimatror while DEA calculation

of inefficiency attributes all the distance frometbbserved inefficient units to pure
inefficiency.
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When we compare different SFA scores for 2004 aff92we can say that
productivity has increase, but not for all firmsr mo equal quantities. Somehow the
results are equivalent to those of the DEA, buteydifferent in its size and nature.

6. CONCLUSIONS

Efficiency measures are useful, not just for bermtking of firms, power plants or
countries as part of the energy sector (or anyratbetor where you want to apply
these techniques), but also for policy makers amdepreneurs. While the second
group must be aware of the major causes that deksellts after the energy market
reform and the slow pace that some results have bgkibiting, the entrepreneurs
can be interested in their position in the market the factors that might help them to
improve their performance relative to their diresimpetitors.

Even when different regulators use different measuit is important to know other
possibilities and the drawbacks of all of them, vilnat concern to simplicity,
reliability and the information that every technégprovides. Sometimes it might be
not enough with just a ranking of firms or courdrimit also to assess the main factors
of change, in this respect, the inclusion of thermvpiist index is quite illustrative,
but also other techniques that enrich the results.

Asses the different components or factors of tHeiehcy improvements are also
important for further policy deployments and to knbetter where to put more effort,
either in the group of policies that help comparteesnove towards the frontier of
production or in the group of policies that promtgehnological change and thus an
overall improvement in the sector (It is importdidw we use different scores to
different phenomena).

An important and shared drawback of all the measigéehe relevance of accurate
data. There is an important margin for improvemeitjust from the development of
different methods (parametric and non-parametraiptpof view but also from the
collection and availability of data, particularly rm level. Even when there is
information available at country level, the availép of information decrease when
we look for micro data.

We were able to prove the relevance of the teclyndbprogress in the improvement
in the volume of output, even if we were expectimgher shares relative to the catch-
up effect, if we differentiate by production sowscehe effect can be more clearly
seen. The increasing participation of renewablercasu of energy is a clear
improvement in the overall sector, besides of ottemisions that firms can make at
the micro level, like the amount of labor, the effthey put in sales or the output
produced.
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Annex 2. DEA scores by country and Malmquist indexes fofedént pairs of years
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Annex 3. Efficiency scores of the set of firms lmays DEA (part 1)

No Name of the company e2004 e2009 e2013
1 ELECTRICITE DE FRANCE 0,4886 0,4874 0,5524
2 IBERDROLA GENERACION SAU 1,0000 0,5114 0,6072
3 ENEL ENERGIAS.P.A. 1,0000 1,0000 1,0000
4 ENEL PRODUZIONES.P.A. 1,0000 0,4887 0,4716
5 CEZ A.S. 0,5536 0,5096 0,5116
6 A2AS.P.A. 0,5973 0,4682 0,4262
7 ENDESA GENERACION SA 0,6628 0,6408 0,4687
8 MVV ENERGIE AG 0,5274 0,5862 0,5703
9 HIDROELECTRICA DEL CANTABRICO SA 0,4614 0,4873 0,4715
10 STADTWERKE LEIPZIG GMBH 0,5816 0,5917 1,0000
11 SLOVENSKE ELEKTRARNE, A.S. 1,0000 0,4838 0,4689
12 STADTWERKE HANNOVER AKTIENGESELLSCHAF 0,6454 0,5632 0,5012
13 MAINOVA AKTIENGESELLSCHAFT 0,5390 0,5125 0,5291
14 REPOWER AG 0,5927 0,5122 0,4716
15 UNION ELECTRICA DE CANARIAS GENERACION ! 0,5616 0,6234 0,5751
16 FORTUM POWER AND HEAT OY 1,0000 0,7040 0,9478
17 HIDROCANTABRICO ENERGIA SA 1,0000 1,0000 1,0000
18 COMPAGNIA VALDOSTANA DELLE ACQUE 0,8701 0,7665 0,7254
19 REPOWER ITALIAS.P.A. 1,0000 0,9344 1,0000

20 EON GENERACION SL 0,3264 0,4417 0,5535
21 E.ON KARNKRAFT SVERIGE AB 1,0000 1,0000 1,0000
22 AZIENDA ENERGETICAS.P.A. - ETSCHWERKE 1,0000 1,0000 1,0000
23 STADTWERKE KIEL AKTIENGESELLSCHAFT 0,7480 1,0000 0,6544
24 RHONENERGIE FULDA GMBH 0,4397 0,5445 0,4921
25 HEP-PROIZVODNJAD.O.0. 0,3395 0,4157 0,4700
26 MVM PAKSI ATOMERGMU ZARTKO 0,5404 0,9283 1,0000
27 ELECTROCENTRALE BUCURESTI SA 0,7097 0,6254 0,4686
28 OKG AKTIEBOLAG 0,2911 0,3031 0,2690
29 GASY ELECTRICIDAD GENERACION SA 0,7270 0,5334 0,3782
30 GROSSKRAFTWERK MANNHEIM AK 0,4098 0,4289 0,2756
31 JAMTKRAFT AKTIEBOLAG 1,0000 0,4709 0,4118
32 EESTI ENERGIA NARVA ELEKTRIJAAMAD AS 1,0000 1,0000 1,0000
33 GETEC ENERGIE AG 1,0000 0,7966 1,0000
34 SOCIETATEA NATIONALA -NUCLEARELECTRICA- 0,2494 0,3240 0,3628
35 ELIAASSET 0,4727 0,4285 0,3614
36 TEOLLISUUDEN VOIMA OY) 0,8013 0,8273 1,0000
37 AELLKO310AYW EAL, 1,0000 1,0000 1,0000
38 ROSEN - ROSIGNANO ENERGIA SPA 1,0000 1,0000 1,0000
39 MATRAI EROMU ZARTKORUEN MUKODE RESZV 0,8280 0,7111 0,6268
40 KERNKRAFTWERK GOSGEN-DANIKEN AG 1,0000 1,0000 1,0000
41 EWV ENERGIE- UND WASSER-VERSORGUNG GN 0,5965 0,8313 0,8089
42 KERNKRAFTWERK GUNDREMMINGEN GMBH 0,2896 0,8381 1,0000
43 E-CO ENERGI AS 1,0000 1,0000 0,9508
44 TEL, MAPULA U3TOK 2 EAZ 0,9081 0,8840 0,8198
45 AGDER ENERGI VANNKRAFT AS 1,0000 0,7739 1,0000
46 ENEL GREEN POWER ESPANAS L 0,6270 1,0000 0,3372
47 SWEENERGIE GMBH 0,5550 0,7554 0,9422
48 LYSE PRODUKSJON AS 0,8748 1,0000 1,0000
49 TERMOELEKTRARNA SOSTANJ D.O.O. 0,7781 0,8358 0,5485
50 BKK PRODUKSJON AS 1,0000 1,0000 1,0000
51 ITAL GREEN ENERGYS.R.L. 1,0000 1,0000 1,0000
52 STADTWERKE TUBINGEN GMBH 0,4739 0,6420 0,5159
53 KOHTYPI/IOBAN MAPULIA U3TOK 3 AfL 0,9495 1,0000 1,0000
54 TEJO ENERGIA - PRODUGAO E DISTRIBUIG 1,0000 1,0000 1,0000
55 JYVASKYLAN ENERGIA OY 0,8088 0,5112 0,6787
56 ZEAG ENERGIE AG 0,9561 0,4855 0,4165
57 INFRASERV GMBH & CO. WIESBADEN KG 0,6645 1,0000 1,0000
58 LAHTI ENERGIA OY 0,5908 1,0000 0,7349
59 STADTWERKE REMSCHEID GESELLSCHAFT MIT | 0,3252 0,5374 0,4694
60 G.O.R.I.S.P.A. - GESTIONE OTTIMALE RISORSE | 1,0000 0,9394 1,0000
61 FMVSA 0,8801 1,0000 0,7341
62 ENERGOTRANS, A.S. 0,8423 1,0000 1,0000
63 UNTERFRANKISCHE UBERLANDZENTRALE EG 0,5102 0,5296 0,5390
64 KRAFTWERKE OBERHASLI AG 1,0000 0,7120 0,6198
65 ELCOGAS SOCIEDAD ANONIMA 0,4573 0,5723 0,5642
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Annex 3. DEA of the set of firms (part 2)

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
8
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

-

126
127
128

130

FLYENERGIA SOCIETA' PER AZIONI
SKO-ENERGO, S.R.0.

EDISON ENERGIE SPECIALI S.P.A.
GEMEINSCHAFTSKRAFTWERK VELTHEIM GESEL
SCHLUCHSEEWERK AKTIENGESELLSCHAFT
ASTEAS.P.A.

HYDRO EXPLOITATION SA

GUDBRANDSDAL ENERGI AS

OTTANA ENERGIA SOCIETA' PER AZIONI-S.P.A. (
ENGADINER KRAFTWERKE AG

ITALGENS.P.A.

BIOMASSE ITALIAS.P.A.

CEZ OBNOVITELNE ZDROIJE, S.R.O.

DRAVSKE ELEKTRARNE MARIBOR D.0.0.
ELEKTRIZITATSWERK ALTDORF AG

HARJEANS KRAFT AKTIEBOLAG

TAFJORD KRAFTPRODUKSJON AS
ENERGIEVERSORGUNG SYLT GMBH
SEAENERGIAS.P.A.
LOMELLINAENERGIAS.R.L.

KEMIJOKI OY

PORVOON ENERGIA OY - BORGA ENERGI AB
ETELA-SAVON ENERGIA OY

ASMTERNI S.P.A.

ONDA COGENERACION SL

GREEN GAS DPB, AS.

SOSKE ELEKTRARNE NOVA GORICA D.0.0.
TOMNIODPUKALMA NNEBEH EAL,

ISTAD KRAFT AS

ELEKTRIZITATSWERK OBWALDEN
COGENERACION DEL NOROESTE SL

TAMPIERI ENERGIE S.R.L.

KANTONALES ELEKTRIZITATSWERK NIDWALDEI
VULKAN ENERGIEWIRTSCHAFT ODERBRUCKE G
TUSSA ENERGI AS

ASPIRAVI

SWL ENERGIE AG

HAMINAN ENERGIA OY

SEL EDISON SPA % SEL EDISON A.G.
TOMNIOPUKALMA PYCE EALL

VOGHERA ENERGIAS.P.A.

TECHNISCHE BETRIEBE GLARUS SUD

SAN MARCO BIOENERGIES.P.A. IN FORMA ABB
VATAJANKOSKEN SAHK® OY

BALTEAU IE

TEL, CBMNO3A AL,
GKS-GEMEINSCHAFTSKRAFTWERK SCHWEINFU
KAINUUN VOIMA OY

TARANIS DU ROUVRAY

MJOLBY- SVARTADALEN ENERGI AB
MASTROPASQUA INTERNATIONAL - S.P.A.
PRIMIERO ENERGIAS.P.A.

EDA RENOVAVEIS, S.A.

ECOSESTOS.P.A.

AKTIEBOLAGET EDSBYNS ELVERK

E.T.A. - ENERGIE TECNOLOGIE AMBIENTE SOCIE
SOCIETA' ELETTRICA IN MORBEGNO SOCIETA' C(
CENTRALA ELECTRICA DE TERMOFICARE ARAD ¢
VARESE RISORSE S.P.A.

VOSS ENERGI AS

GRANADA VAPOR Y ELECTRICIDAD SL

AZIENDA SPECIALIZZATA SETTORE MULTISERVIZ
LINEAENERGIAS.P.A.
VERSORGUNGSBETRIEBE BORDESHOLM GMBH
VEST - ENERGO SA

1,0000
1,0000
1,0000
0,6374
0,2756
0,6735
1,0000
1,0000
1,0000
1,0000
1,0000
0,7092
1,0000
1,0000
0,8500
1,0000
0,7962
1,0000
0,6924
0,5846
0,3089
0,5798
0,4941
0,6419
0,7935
0,8257
0,7006
0,7382
1,0000
0,4820
0,9325
0,8277
0,7355
0,8016
0,6435
1,0000
0,6257
0,7315
1,0000
0,4004
1,0000
0,9742
0,7284
0,4123
1,0000
1,0000
0,4250
0,4396
1,0000
0,7797
1,0000
1,0000
1,0000
0,6648
0,5349
0,5515
0,6676
0,2997
1,0000
0,6393
0,6169
0,4507
0,3934
1,0000
1,0000

1,0000
1,0000
0,5858
0,6296
0,5186
0,6267
1,0000
0,7194
0,9615
0,3927
0,8280
1,0000
1,0000
0,8706
1,0000
0,6933
1,0000
0,7233
0,7673
0,8191
0,2888
0,6437
0,5684
0,5836
0,6727
0,8560
0,3049
0,8668
0,9705
0,7557
1,0000
1,0000
0,3827
1,0000
0,6631
1,0000
0,6361
0,6504
1,0000
0,6590
0,5406
1,0000
1,0000
0,5053
1,0000
0,7154
0,8330
0,5373
0,8701
0,5147
1,0000
1,0000
0,7756
0,6820
0,7659
0,5995
0,6946
0,6766
0,9937
0,5074
0,9889
0,4594
0,6296
1,0000
0,7533

1,0000
0,6678
1,0000
0,7334
0,3769
0,8383
1,0000
0,7894
0,8539
0,5470
0,8746
0,7735
1,0000
0,7942
1,0000
0,7383
1,0000
0,7627
0,7878
0,9789
0,3859
0,5523
0,5540
0,7631
1,0000
0,9214
0,4215
0,6224
0,8994
0,6613
1,0000
1,0000
0,5825
0,5485
0,6203
0,5897
0,9534
0,6401
1,0000
0,6106
0,5314
0,7561
0,6939
0,5464
0,9261
0,7031
0,7386
0,6478
0,8635
0,4366
0,9996
1,0000
1,0000
0,5766
0,6908
0,3966
0,6402
0,3202
0,7288
0,5838
1,0000
0,3960
0,5712
1,0000
1,0000
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Annex 4. Production Firms Malmquist indexed 200820decomposed (part 1)

2004/2009
No Name ofthe company Tech change Eff Change Mz004,2000
1 ELECTRICITE DE FRANCE 1,0012 1,0025 1,0037
2 IBERDROLA GENERACION SAU 1,3984 1,9554 2,7344
3 ENEL ENERGIAS.P.A. 1,0000 1,0000 1,0000
4 ENEL PRODUZIONES.P.A. 1,4305 2,0462 2,9271
5 CEZ A.S. 1,0423 1,0863 1,1323
6 A2AS.P.A. 1,1295 1,2757 1,4409
7 ENDESA GENERACION SA 1,0170 1,0343 1,0519
8 MVV ENERGIE AG 0,9485 0,8997 0,8534
9 HIDROELECTRICA DEL CANTABRICO SA 0,9731 0,9468 0,9213
10 STADTWERKE LEIPZIG GMBH 0,9914 0,9829 0,9745
11 SLOVENSKE ELEKTRARNE, A.S. 1,4377 2,0670 2,9717
12 STADTWERKE HANNOVER AKTIENGESELLSCHAF 1,0705 1,1460 1,2267
13 MAINOVA AKTIENGESELLSCHAFT 1,0255 1,0517 1,0786
14 REPOWER AG 1,0757 1,1572 1,2448
15 UNION ELECTRICA DE CANARIAS GENERACION ¢ 0,9491 0,9009 0,8550
16 FORTUM POWER AND HEAT OY 1,1918 1,4205 1,6929
17 HIDROCANTABRICO ENERGIA SA 1,0000 1,0000 1,0000
18 COMPAGNIA VALDOSTANA DELLE ACQUE 1,0654 1,1352 1,2094
19 REPOWER ITALIAS.P.A. 1,0345 1,0702 1,1071
20 EON GENERACION SL 0,8596 0,7390 0,6352
21 E.ON KARNKRAFT SVERIGE AB 1,0000 1,0000 1,0000
22 AZIENDA ENERGETICAS.P.A. - ETSCHWERKE 1,0000 1,0000 1,0000
23 STADTWERKE KIEL AKTIENGESELLSCHAFT 0,8649 0,7480 0,6469
24 RHONENERGIE FULDA GMBH 0,8986 0,8075 0,7257
25 HEP-PROIZVODNIJAD.O.O. 0,9037 0,8167 0,7381
26 MVM PAKSI ATOMEROMU ZARTKO 0,7630 0,5821 0,4442
27 ELECTROCENTRALE BUCURESTI SA 1,0653 1,1348 1,2089
28 OKG AKTIEBOLAG 0,9800 0,9604 0,9412
29 GASY ELECTRICIDAD GENERACION SA 1,1675 1,3630 1,5912
30 GROSSKRAFTWERK MANNHEIM AK 0,9775 0,9555 0,9340
31 JAMTKRAFT AKTIEBOLAG 1,4573 2,1236 3,0946
32 EESTI ENERGIA NARVA ELEKTRIJAAMAD AS 1,0000 1,0000 1,0000
33 GETEC ENERGIE AG 1,1204 1,2553 1,4065
34 SOCIETATEA NATIONALA -NUCLEARELECTRICA- 0,8774 0,7698 0,6753
35 ELIAASSET 1,0503 1,1032 1,1586
36 TEOLLISUUDEN VOIMA OY)J 0,9842 0,9686 0,9532
37 AELLKO3N04YWM EAL 1,0000 1,0000 1,0000
38 ROSEN - ROSIGNANO ENERGIA SPA 1,0000 1,0000 1,0000
39 MATRAI EROMU ZARTKORUEN MUKODG RESZV 1,0791 1,1644 1,2565
40 KERNKRAFTWERK GOSGEN-DANIKEN AG 1,0000 1,0000 1,0000
41 EWV ENERGIE- UND WASSER-VERSORGUNG GN 0,8471 0,7176 0,6078
42 KERNKRAFTWERK GUNDREMMINGEN GMBH 0,5878 0,3455 0,2031
43 E-COENERGI AS 1,0000 1,0000 1,0000
44 TEU, MAPWULIA U3TOK 2 EAL, 1,0135 1,0273 1,0412
45 AGDER ENERGI VANNKRAFT AS 1,1367 1,2922 1,4688
46 ENEL GREEN POWER ESPANAS L 0,7918 0,6270 0,4965
47 SWE ENERGIE GMBH 0,8572 0,7347 0,6298
48 LYSE PRODUKSJON AS 0,9353 0,8748 0,8182
49 TERMOELEKTRARNA SOSTANJ D.0.O. 0,9649 0,9310 0,8983
50 BKK PRODUKSJON AS 1,0000 1,0000 1,0000
51 ITAL GREEN ENERGY S.R.L. 1,0000 1,0000 1,0000
52 STADTWERKE TUBINGEN GMBH 0,8592 0,7382 0,6342
53 KOHTYPI/IOBA/I MAPULIA U3TOK 3 Afl 0,9744 0,9495 0,9252
54 TEJO ENERGIA - PRODUCAO E DISTRIBUIC 1,0000 1,0000 1,0000
55 JYVASKYLAN ENERGIA OY 1,2578 1,5822 1,9901
56 ZEAG ENERGIE AG 1,4033 1,9693 2,7636
57 INFRASERV GMBH & CO. WIESBADEN KG 0,8152 0,6645 0,5417
58 LAHTI ENERGIA OY 0,7686 0,5908 0,4541
59 STADTWERKE REMSCHEID GESELLSCHAFT MIT 0,7779 0,6051 0,4707
60 G.O.R.l.S.P.A. - GESTIONE OTTIMALE RISORSE | 1,0318 1,0645 1,0983
61 FMVSA 0,9381 0,8801 0,8257
62 ENERGOTRANS, A.S. 0,9178 0,8423 0,7730
63 UNTERFRANKISCHE UBERLANDZENTRALE EG 0,9815 0,9634 0,9456
64 KRAFTWERKE OBERHASLI AG 1,1851 1,4045 1,6645
65 ELCOGAS SOCIEDAD ANONIMA 0,8939 0,7991 0,7143
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Annex 4. Production Firms Malmquist indexed 20082,0decomposed (part 2)

66 FLYENERGIASOCIETA' PER AZIONI 1,0000 1,0000 1,0000
67 SKO-ENERGO, S.R.O. 1,0000 1,0000 1,0000
68 EDISON ENERGIE SPECIALI S.P.A. 1,3065 1,7071 2,2304
69 GEMEINSCHAFTSKRAFTWERK VELTHEIM GESEL 1,0062 1,0124 1,0186
70 SCHLUCHSEEWERK AKTIENGESELLSCHAFT 0,7290 0,5314 0,3874
71 ASTEAS.P.A. 1,0367 1,0747 1,1141
72 HYDRO EXPLOITATION SA 1,0000 1,0000 1,0000
73 GUDBRANDSDAL ENERGI AS 1,1790 1,3900 1,6389
74 OTTANAENERGIASOCIETA' PER AZIONI-S.P.A. ( 1,0198 1,0400 1,0607
75 ENGADINER KRAFTWERKE AG 1,5958 2,5465 4,0636
76 ITALGENS.P.A. 1,0990 1,2077 1,3273
77 BIOMASSEITALIAS.P.A. 0,8421 0,7092 0,5972
78 CEZ OBNOVITELNE ZDROJE, S.R.O. 1,0000 1,0000 1,0000
79 DRAVSKE ELEKTRARNE MARIBOR D.O.0O. 1,0717 1,1486 1,2310
80 ELEKTRIZITATSWERK ALTDORF AG 0,9220 0,8500 0,7837
81 HARJEANS KRAFT AKTIEBOLAG 1,2010 1,4424 1,7323
82 TAFJORD KRAFTPRODUKSJON AS 0,8923 0,7962 0,7104
83 ENERGIEVERSORGUNG SYLT GMBH 1,1758 1,3826 1,6256
84 SEAENERGIAS.P.A. 0,9499 0,9024 0,8572
85 LOMELLINA ENERGIAS.R.L. 0,8448 0,7137 0,6030
86 KEMIJOKI OY 1,0342 1,0696 1,1062
87 PORVOON ENERGIA OY - BORGA ENERGI AB 0,9491 0,9007 0,8549
88 ETELA-SAVON ENERGIA OY 0,9324 0,8693 0,8105
89 ASMTERNIS.P.A. 1,0488 1,0999 1,1535
90 ONDA COGENERACION SL 1,0861 1,1796 1,2811
91 GREEN GASDPB, A.S. 0,9821 0,9646 0,9474
92 SOSKE ELEKTRARNE NOVA GORICAD.0.0. 1,5159 2,2978 3,4831
93 TOMNJIOPUKALMA NNEBEH EAL, 0,9228 0,8516 0,7859
94 ISTAD KRAFT AS 1,0151 1,0304 1,0459
95 ELEKTRIZITATSWERK OBWALDEN 0,7986 0,6378 0,5094
96 COGENERACION DEL NOROESTE SL 0,9657 0,9325 0,9005
97 TAMPIERI ENERGIE S.R.L. 0,9098 0,8277 0,7530
98 KANTONALES ELEKTRIZITATSWERK NIDWALDEI 1,3863 1,9219 2,6643
99 VULKAN ENERGIEWIRTSCHAFT ODERBRUCKE G 0,8953 0,8016 0,7177
100 TUSSAENERGI AS 0,9851 0,9704 0,9560
101 ASPIRAVI 1,0000 1,0000 1,0000
102 SWLENERGIE AG 0,9918 0,9837 0,9756
103 HAMINAN ENERGIA OY 1,0605 1,1247 1,1928
104 SEL EDISON SPA % SEL EDISON A.G. 1,0000 1,0000 1,0000
105 TONOPUKALIMA PYCE EAL 0,7795 0,6076 0,4736
106 VOGHERA ENERGIAS.P.A. 1,3601 1,8498 2,5159
107 TECHNISCHE BETRIEBE GLARUS SUD 0,9870 0,9742 0,9616
108 SAN MARCO BIOENERGIES.P.A. IN FORMA ABB 0,8535 0,7284 0,6217
109 VATAJANKOSKEN SAHKO OY 0,9033 0,8160 0,7370
110 BALTEAU IE 1,0000 1,0000 1,0000
111 TEL CBMNO3AAL 1,1823 1,3978 1,6526
112 GKS-GEMEINSCHAFTSKRAFTWERK SCHWEINFL 0,7143 0,5102 0,3644
113 KAINUUN VOIMA OY 0,9045 0,8182 0,7401
114 TARANIS DU ROUVRAY 1,0721 1,1493 1,2321
115 MJOLBY- SVARTADALEN ENERGI AB 1,2308 1,5149 1,8645
116 MASTROPASQUA INTERNATIONAL -S.P.A. 1,0000 1,0000 1,0000
117 PRIMIERO ENERGIAS.P.A. 1,0000 1,0000 1,0000
118 EDARENOVAVEIS, S.A. 1,1355 1,2893 1,4640
119 ECOSESTOS.P.A. 0,9873 0,9748 0,9624
120 AKTIEBOLAGET EDSBYNS ELVERK 0,8357 0,6984 0,5836
121 E.T.A.-ENERGIE TECNOLOGIE AMBIENTE SOCIE 0,9591 0,9199 0,8823
122 SOCIETA' ELETTRICA IN MORBEGNO SOCIETA' C( 0,9804 0,9611 0,9423
123 CENTRALA ELECTRICA DE TERMOFICARE ARAD ¢ 0,6655 0,4430 0,2948
124 VARESERISORSES.P.A. 1,0032 1,0063 1,0095
125 VOSS ENERGI AS 1,1225 1,2600 1,4143
126 GRANADAVAPORY ELECTRICIDAD SL 0,7898 0,6238 0,4927
127 AZIENDA SPECIALIZZATA SETTORE MULTISERVIz 0,9905 0,9811 0,9717
128 LINEAENERGIAS.P.A. 0,7905 0,6248 0,4939
129 VERSORGUNGSBETRIEBE BORDESHOLM GMBH 1,0000 1,0000 1,0000
130 VEST-ENERGO SA 1,1522 1,3275 1,5295
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Annex 5. Production Firms Malmquist indexed 2009-20decomposed (part 1)

2009/2013

No Name ofthe company Tech change Eff Change M2009,2013
1 ELECTRICITE DE FRANCE 0,9393 0,8823 0,8288
2 IBERDROLA GENERACION SAU 0,9177 0,8422 0,7729
3 ENEL ENERGIAS.P.A. 1,0000 1,0000 1,0000
4 ENEL PRODUZIONES.P.A. 1,0180 1,0363 1,0549
5 CEZ A.S. 0,9980 0,9961 0,9941
6 A2AS.P.A. 1,0481 1,0985 1,1514
7 ENDESA GENERACION SA 1,1693 1,3672 1,5986
8 MVV ENERGIE AG 1,0138 1,0279 1,0421
9 HIDROELECTRICA DEL CANTABRICO SA 1,0166 1,0335 1,0507
10 STADTWERKE LEIPZIG GMBH 0,7692 0,5917 0,4551
11 SLOVENSKE ELEKTRARNE, A.S. 1,0158 1,0318 1,0480
12 STADTWERKE HANNOVER AKTIENGESELLSCHAF 1,0600 1,1237 1,1912
13 MAINOVA AKTIENGESELLSCHAFT 0,9842 0,9686 0,9533
14 REPOWER AG 1,0422 1,0861 1,1319
15 UNION ELECTRICA DE CANARIAS GENERACION ¢ 1,0411 1,0840 1,1286
16 FORTUM POWER AND HEAT OY 0,8618 0,7428 0,6402
17 HIDROCANTABRICO ENERGIA SA 1,0000 1,0000 1,0000
18 COMPAGNIA VALDOSTANA DELLE ACQUE 1,0279 1,0567 1,0862
19 REPOWER ITALIAS.P.A. 0,9666 0,9344 0,9032
20 EON GENERACION SL 0,8933 0,7980 0,7129
21 E.ON KARNKRAFT SVERIGE AB 1,0000 1,0000 1,0000
22 AZIENDAENERGETICAS.P.A. - ETSCHWERKE 1,0000 1,0000 1,0000
23 STADTWERKE KIEL AKTIENGESELLSCHAFT 1,2362 1,5281 1,8890
24 RHONENERGIE FULDA GMBH 1,0519 1,1065 1,1639
25 HEP-PROIZVODNJAD.0.0. 0,9405 0,8845 0,8318
26 MVM PAKSI ATOMEROMU ZARTKO 0,9635 0,9283 0,8944
27 ELECTROCENTRALE BUCURESTI SA 1,1553 1,3346 1,5418
28 OKG AKTIEBOLAG 1,0615 1,1268 1,1961
29 GASY ELECTRICIDAD GENERACION SA 1,1876 1,4104 1,6749
30 GROSSKRAFTWERK MANNHEIM AK 1,2475 1,5562 1,9414
31 JAMTKRAFT AKTIEBOLAG 1,0694 1,1435 1,2228
32 EESTI ENERGIA NARVA ELEKTRIJAAMAD AS 1,0000 1,0000 1,0000
33 GETEC ENERGIE AG 0,8925 0,7966 0,7110
34 SOCIETATEA NATIONALA -NUCLEARELECTRICA- 0,9450 0,8931 0,8439
35 ELIAASSET 1,0889 1,1857 1,2911
36 TEOLLISUUDEN VOIMA OY) 0,9096 0,8273 0,7525
37 AELLKO3/104yM EALL 1,0000 1,0000 1,0000
38 ROSEN - ROSIGNANO ENERGIA SPA 1,0000 1,0000 1,0000
39 MATRAI EROMU ZARTKORUEN MUKODE RESZV 1,0651 1,1345 1,2084
40 KERNKRAFTWERK GOSGEN-DANIKEN AG 1,0000 1,0000 1,0000
41 EWV ENERGIE- UND WASSER-VERSORGUNG GN 1,0138 1,0277 1,0418
42 KERNKRAFTWERK GUNDREMMINGEN GMBH 0,9155 0,8381 0,7673
43 E-CO ENERGI AS 1,0255 1,0517 1,0786
44 TEL MAPWULIA M3TOK 2 EAf 1,0384 1,0783 1,1197
45 AGDER ENERGI VANNKRAFT AS 0,8797 0,7739 0,6808
46 ENEL GREEN POWER ESPANAS L 1,7221 2,9656 5,1070
47 SWEENERGIE GMBH 0,8954 0,8017 0,7179
48 LYSE PRODUKSJON AS 1,0000 1,0000 1,0000
49 TERMOELEKTRARNA SOSTANJ D.0.0O. 1,2344 1,5238 1,8810
50 BKK PRODUKSJON AS 1,0000 1,0000 1,0000
51 ITAL GREEN ENERGYS.R.L. 1,0000 1,0000 1,0000
52 STADTWERKE TUBINGEN GMBH 1,1155 1,2444 1,3882
53 KOHTYPT/I06A/T MAPULIA U3TOK 3 AL 1,0000 1,0000 1,0000
54 TEJO ENERGIA-PRODUGAO E DISTRIBUIG 1,0000 1,0000 1,0000
55 JYVASKYLAN ENERGIA OY 0,8679 0,7532 0,6537
56 ZEAG ENERGIE AG 1,0797 1,1657 1,2585
57 INFRASERV GMBH & CO. WIESBADEN KG 1,0000 1,0000 1,0000
58 LAHTI ENERGIA OY 1,1665 1,3607 1,5873
59 STADTWERKE REMSCHEID GESELLSCHAFT MIT | 1,0700 1,1449 1,2250
60 G.O.R.l.S.P.A. - GESTIONE OTTIMALE RISORSE | 0,9692 0,9394 0,9105
61 FMVSA 1,1671 1,3622 1,5899
62 ENERGOTRANS, A.S. 1,0000 1,0000 1,0000
63 UNTERFRANKISCHE UBERLANDZENTRALE EG 0,9912 0,9826 0,9740
64 KRAFTWERKE OBERHASLI AG 1,0718 1,1488 1,2312
65 ELCOGAS SOCIEDAD ANONIMA 1,0072 1,0144 1,0216
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Annex 5. Production Firms Malmquist indexed 2009-20decomposed (part 2)

66 FLYENERGIA SOCIETA' PER AZIONI 1,0000 1,0000 1,0000
67 SKO-ENERGO, S.R.O. 1,2237 1,4975 1,8324
68 EDISON ENERGIE SPECIALI S.P.A. 0,7654 0,5858 0,4484
69 GEMEINSCHAFTSKRAFTWERK VELTHEIM GESEL 0,9265 0,8585 0,7954
70 SCHLUCHSEEWERK AKTIENGESELLSCHAFT 1,1730 1,3760 1,6140
71 ASTEAS.P.A. 0,8646 0,7476 0,6464
72 HYDRO EXPLOITATION SA 1,0000 1,0000 1,0000
73 GUDBRANDSDAL ENERGI AS 0,9546 0,9113 0,8700
74 OTTANA ENERGIA SOCIETA' PER AZIONI-S.P.A. ( 1,0611 1,1260 1,1949
75 ENGADINER KRAFTWERKE AG 0,8473 0,7179 0,6083
76 ITALGENS.P.A. 0,9730 0,9467 0,9212
77 BIOMASSE ITALIAS.P.A. 1,1370 1,2928 1,4700
78 CEZ OBNOVITELNE ZDROJE, S.R.O. 1,0000 1,0000 1,0000
79 DRAVSKE ELEKTRARNE MARIBOR D.0.0. 1,0470 1,0962 1,1477
80 ELEKTRIZITATSWERK ALTDORF AG 1,0000 1,0000 1,0000
81 HARJEANS KRAFT AKTIEBOLAG 0,9690 0,9390 0,9100
82 TAFJORD KRAFTPRODUKSJON AS 1,0000 1,0000 1,0000
83 ENERGIEVERSORGUNG SYLT GMBH 0,9738 0,9483 0,9235
84 SEAENERGIAS.P.A. 0,9869 0,9740 0,9612
85 LOMELLINAENERGIAS.R.L. 0,9147 0,8368 0,7654
86 KEMIJOKI OY 0,8651 0,7484 0,6474
87 PORVOON ENERGIA OY - BORGA ENERGI AB 1,0796 1,1655 1,2582
88 ETELA-SAVON ENERGIA OY 1,0129 1,0260 1,0392
89 ASMTERNIS.P.A. 0,8745 0,7648 0,6688
90 ONDA COGENERACION SL 0,8202 0,6727 0,5517
91 GREEN GASDPB, A.S. 0,9639 0,9290 0,8954
92 SOSKE ELEKTRARNE NOVA GORICA D.0.0. 0,8505 0,7234 0,6152
93 TOMNODUKALMA NEBEH EAZ, 1,1801 1,3927 1,6435
94 ISTAD KRAFT AS 1,0388 1,0791 1,1209
95 ELEKTRIZITATSWERK OBWALDEN 1,0690 1,1427 1,2216
96 COGENERACION DEL NOROESTE SL 1,0000 1,0000 1,0000
97 TAMPIERI ENERGIES.R.L. 1,0000 1,0000 1,0000
98 KANTONALES ELEKTRIZITATSWERK NIDWALDEI 0,8106 0,6570 0,5325
99 VULKAN ENERGIEWIRTSCHAFT ODERBRUCKE G 1,3502 1,8232 2,4617
100 TUSSA ENERGI AS 1,0339 1,0690 1,1053
101 ASPIRAVI 1,3022 1,6958 2,2083
102 SWL ENERGIE AG 0,8168 0,6672 0,5450
103 HAMINAN ENERGIA OY 1,0080 1,0161 1,0242
104 SEL EDISON SPA % SEL EDISON A.G. 1,0000 1,0000 1,0000
105 TOMNOGUKALIMA PYCE EAZ 1,0389 1,0793 1,1212
106 VOGHERA ENERGIAS.P.A. 1,0086 1,0173 1,0261
107 TECHNISCHE BETRIEBE GLARUS SUD 1,1500 1,3226 1,5210
108 SAN MARCO BIOENERGIES.P.A. IN FORMA ABB 1,2005 1,4411 1,7300
109 VATAJANKOSKEN SAHKO OY 0,9617 0,9248 0,8893
110 BALTEAU IE 1,0391 1,0798 1,1221
111 TEL,CBUO3AAL 1,0087 1,0175 1,0264
112 GKS-GEMEINSCHAFTSKRAFTWERK SCHWEINFL 1,0620 1,1278 1,1977
113 KAINUUN VOIMA OY 0,9107 0,8294 0,7554
114 TARANIS DU ROUVRAY 1,0038 1,0076 1,0115
115 MJOLBY-SVARTADALEN ENERGI AB 1,0858 1,1789 1,2800
116 MASTROPASQUA INTERNATIONAL - S.P.A. 1,0002 1,0004 1,0006
117 PRIMIERO ENERGIAS.P.A. 1,0000 1,0000 1,0000
118 EDARENOVAVEIS, S.A. 0,8807 0,7756 0,6831
119 ECOSESTOS.P.A. 1,0876 1,1828 1,2864
120 AKTIEBOLAGET EDSBYNS ELVERK 1,0530 1,1087 1,1674
121 E.T.A. - ENERGIE TECNOLOGIE AMBIENTE SOCIE 1,2295 1,5116 1,8585
122 SOCIETA' ELETTRICA IN MORBEGNO SOCIETA' C( 1,0416 1,0850 1,1301
123 CENTRALA ELECTRICA DE TERMOFICARE ARAD ¢ 1,4536 2,1131 3,0716
124 VARESE RISORSES.P.A. 1,1677 1,3635 1,5921
125 VOSS ENERGI AS 0,9323 0,8691 0,8103
126 GRANADA VAPOR Y ELECTRICIDAD SL 0,9944 0,9889 0,9834
127 AZIENDA SPECIALIZZATA SETTORE MULTISERVIZ 1,0771 1,1601 1,2495
128 LINEAENERGIAS.P.A. 1,0499 1,1022 1,1572
129 VERSORGUNGSBETRIEBE BORDESHOLM GMBH 1,0000 1,0000 1,0000
130 VEST-ENERGO SA 0,8679 0,7533 0,6538
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Annex 6. Production Firms Malmquist indexed 2004-20decomposed (part 1)

2004/2013

No Name ofthe company Tech Change Eff Change Ma2004,2013
1 ELECTRICITE DE FRANCE 0,9405 0,8845 0,8319
2 IBERDROLA GENERACION SAU 1,2833 1,6469 2,1135
3 ENEL ENERGIAS.P.A. 1,0000 1,0000 1,0000
4 ENEL PRODUZIONES.P.A. 1,4562 2,1204 3,0877
5 CEZ, A.S. 1,0402 1,0821 1,1256
6 A2AS.P.A. 1,1838 1,4015 1,6591
7 ENDESA GENERACION SA 1,1892 1,4141 1,6816
8 MVV ENERGIE AG 0,9617 0,9248 0,8893
9 HIDROELECTRICA DEL CANTABRICO SA 0,9892 0,9786 0,9680
10 STADTWERKE LEIPZIG GMBH 0,7626 0,5816 0,4435
11 SLOVENSKE ELEKTRARNE, A.S. 1,4604 2,1327 3,1144
12 STADTWERKE HANNOVER AKTIENGESELLSCHAF 1,1348 1,2877 1,4613
13 MAINOVA AKTIENGESELLSCHAFT 1,0093 1,0187 1,0282
14 REPOWER AG 1,1211 1,2568 1,4089
15 UNION ELECTRICA DE CANARIAS GENERACION ! 0,9882 0,9765 0,9650
16 FORTUM POWER AND HEAT OY 1,0272 1,0551 1,0837
17 HIDROCANTABRICO ENERGIA SA 1,0000 1,0000 1,0000
18 COMPAGNIA VALDOSTANA DELLE ACQUE 1,0952 1,1995 1,3137
19 REPOWER ITALIAS.P.A. 1,0000 1,0000 1,0000
20 EON GENERACION SL 0,7679 0,5897 0,4528
21 E.ON KARNKRAFT SVERIGE AB 1,0000 1,0000 1,0000
22 AZIENDA ENERGETICAS.P.A. - ETSCHWERKE 1,0000 1,0000 1,0000
23 STADTWERKE KIEL AKTIENGESELLSCHAFT 1,0691 1,1430 1,2220
24 RHONENERGIE FULDA GMBH 0,9453 0,8935 0,8446
25 HEP-PROIZVODNJAD.O.O. 0,8499 0,7223 0,6139
26 MVM PAKSI ATOMEROMU ZARTKO 0,7351 0,5404 0,3973
27 ELECTROCENTRALE BUCURESTI SA 1,2307 1,5145 1,8638
28 OKG AKTIEBOLAG 1,0403 1,0822 1,1257
29 GASY ELECTRICIDAD GENERACION SA 1,3865 1,9223 2,6651
30 GROSSKRAFTWERK MANNHEIM AK 1,2194 1,4869 1,8132
31 JAMTKRAFT AKTIEBOLAG 1,5583 2,4284 3,7842
32 EESTI ENERGIA NARVA ELEKTRIJAAMAD AS 1,0000 1,0000 1,0000
33 GETEC ENERGIE AG 1,0000 1,0000 1,0000
34 SOCIETATEA NATIONALA -NUCLEARELECTRICA- 0,8291 0,6874 0,5700
35 ELIAASSET 1,1437 1,3080 1,4959
36 TEOLLISUUDEN VOIMA OYJ 0,8952 0,8013 0,7173
37 AEL,KO3104YWM EAL, 1,0000 1,0000 1,0000
38 ROSEN - ROSIGNANO ENERGIA SPA 1,0000 1,0000 1,0000
39 MATRAI EROMU ZARTKORUEN MUKODE RESZV 1,1493 1,3210 1,5183
40 KERNKRAFTWERK GOSGEN-DANIKEN AG 1,0000 1,0000 1,0000
41 EWV ENERGIE- UND WASSER-VERSORGUNG GN 0,8587 0,7374 0,6332
42 KERNKRAFTWERK GUNDREMMINGEN GMBH 0,5381 0,2896 0,1558
43 E-COENERGI AS 1,0255 1,0517 1,0786
44 TEL, MAPULIA M3TOK 2 EAZL 1,0525 1,1077 1,1658
45 AGDER ENERGI VANNKRAFT AS 1,0000 1,0000 1,0000
46 ENEL GREEN POWER ESPANAS L 1,3636 1,8594 2,5355
47 SWEENERGIE GMBH 0,7675 0,5890 0,4521
48 LYSE PRODUKSJON AS 0,9353 0,8748 0,8182
49 TERMOELEKTRARNA SOSTANI D.0.O. 1,1910 1,4186 1,6896
50 BKK PRODUKSJON AS 1,0000 1,0000 1,0000
51 ITAL GREEN ENERGY S.R.L. 1,0000 1,0000 1,0000
52 STADTWERKE TUBINGEN GMBH 0,9584 0,9186 0,8804
53 KOHTYPI/IOBA/ MAPULIA U3TOK 3 Afl 0,9744 0,9495 0,9252
54 TEJO ENERGIA - PRODUGAO E DISTRIBUIG 1,0000 1,0000 1,0000
55 JYVASKYLAN ENERGIA OY 1,0916 1,1917 1,3009
56 ZEAG ENERGIE AG 1,5151 2,2956 3,4780
57 INFRASERV GMBH & CO. WIESBADEN KG 0,8152 0,6645 0,5417
58 LAHTI ENERGIA OY 0,8966 0,8039 0,7208
59 STADTWERKE REMSCHEID GESELLSCHAFT MIT | 0,8323 0,6928 0,5766
60 G.O.R.l.S.P.A. - GESTIONE OTTIMALE RISORSE | 1,0000 1,0000 1,0000
61 FMVSA 1,0949 1,1989 1,3127
62 ENERGOTRANS, A.S. 0,9178 0,8423 0,7730
63 UNTERFRANKISCHE UBERLANDZENTRALE EG 0,9729 0,9466 0,9209
64 KRAFTWERKE OBERHASLI AG 1,2702 1,6134 2,0494
65 ELCOGAS SOCIEDAD ANONIMA 0,9003 0,8105 0,7297
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Annex 6. Production Firms Malmquist indexed 2004-20decomposed (part 2)

66 FLYENERGIA SOCIETA' PER AZIONI 1,0000 1,0000 1,0000
67 SKO-ENERGO, S.R.O. 1,2237 1,4975 1,8324
68 EDISON ENERGIE SPECIALIS.P.A. 1,0000 1,0000 1,0000
69 GEMEINSCHAFTSKRAFTWERK VELTHEIM GESEL 0,9323 0,8691 0,8102
70 SCHLUCHSEEWERK AKTIENGESELLSCHAFT 0,8551 0,7312 0,6253
71 ASTEAS.P.A. 0,8963 0,8034 0,7201
72 HYDRO EXPLOITATION SA 1,0000 1,0000 1,0000
73 GUDBRANDSDAL ENERGI AS 1,1255 1,2668 1,4258
74 OTTANAENERGIA SOCIETA' PER AZIONI-S.P.A. ( 1,0822 1,1711 1,2673
75 ENGADINER KRAFTWERKE AG 1,3521 1,8282 2,4718
76 ITALGENS.P.A. 1,0693 1,1434 1,2226
77 BIOMASSE ITALIAS.P.A. 0,9575 0,9169 0,8779
78 CEZ OBNOVITELNE ZDROIJE, S.R.O. 1,0000 1,0000 1,0000
79 DRAVSKE ELEKTRARNE MARIBOR D.0.0. 1,1221 1,2591 1,4129
80 ELEKTRIZITATSWERK ALTDORF AG 0,9220 0,8500 0,7837
81 HARJEANS KRAFT AKTIEBOLAG 1,1638 1,3545 1,5763
82 TAFJORD KRAFTPRODUKSJON AS 0,8923 0,7962 0,7104
83 ENERGIEVERSORGUNG SYLT GMBH 1,1450 1,3111 1,5013
84 SEAENERGIAS.P.A. 0,9375 0,8789 0,8240
85 LOMELLINAENERGIAS.R.L. 0,7728 0,5972 0,4615
86 KEMIJOKI OY 0,8947 0,8005 0,7162
87 PORVOON ENERGIA OY - BORGA ENERGI AB 1,0246 1,0498 1,0756
88 ETELA-SAVON ENERGIA OY 0,9444 0,8919 0,8423
89 ASMTERNIS.P.A. 0,9172 0,8412 0,7715
90 ONDA COGENERACION SL 0,8908 0,7935 0,7068
91 GREEN GASDPB, AS. 0,9466 0,8961 0,8483
92 SOSKE ELEKTRARNE NOVA GORICAD.0.0. 1,2892 1,6622 2,1429
93 TOMNJTIO®UKALMA NNEBEH EAL 1,0891 1,1861 1,2917
94 ISTAD KRAFT AS 1,0544 1,1119 1,1724
95 ELEKTRIZITATSWERK OBWALDEN 0,8537 0,7289 0,6223
96 COGENERACION DEL NOROESTE SL 0,9657 0,9325 0,9005
97 TAMPIERI ENERGIES.R.L. 0,9098 0,8277 0,7530
98 KANTONALES ELEKTRIZITATSWERK NIDWALDEI 1,1237 1,2627 1,4188
99 VULKAN ENERGIEWIRTSCHAFT ODERBRUCKE G 1,2089 1,4614 1,7667
100 TUSSA ENERGI AS 1,0185 1,0374 1,0566
101 ASPIRAVI 1,3022 1,6958 2,2083
102 SWLENERGIEAG 0,8101 0,6563 0,5317
103 HAMINAN ENERGIA OY 1,0690 1,1428 1,2217
104 SEL EDISON SPA % SEL EDISON A.G. 1,0000 1,0000 1,0000
105 TONJIO®UKALMA PYCEEAL 0,8098 0,6557 0,5310
106 VOGHERAENERGIAS.P.A. 1,3718 1,8818 2,5815
107 TECHNISCHE BETRIEBE GLARUS SUD 1,1351 1,2885 1,4625
108 SAN MARCO BIOENERGIES.P.A. IN FORMA ABB 1,0246 1,0497 1,0755
109  VATAJANKOSKEN SAHKO OY 0,8687 0,7546 0,6555
110 BALTEAU IE 1,0391 1,0798 1,1221
111 TEU CBUNO3AAL 1,1926 1,4223 1,6962
112 GKS-GEMEINSCHAFTSKRAFTWERK SCHWEINFLU 0,7586 0,5754 0,4365
113 KAINUUN VOIMA OY 0,8238 0,6786 0,5590
114 TARANIS DU ROUVRAY 1,0761 1,1581 1,2463
115 MJOLBY- SVARTADALEN ENERGI AB 1,3364 1,7858 2,3865
116 MASTROPASQUA INTERNATIONAL -S.P.A. 1,0002 1,0004 1,0006
117 PRIMIERO ENERGIAS.P.A. 1,0000 1,0000 1,0000
118 EDARENOVAVEIS, S.A. 1,0000 1,0000 1,0000
119 ECOSESTOS.P.A. 1,0738 1,1530 1,2380
120 AKTIEBOLAGETEDSBYNS ELVERK 0,8800 0,7743 0,6814
121 E.T.A.-ENERGIE TECNOLOGIE AMBIENTE SOCIE 1,1792 1,3906 1,6398
122 SOCIETA'ELETTRICA IN MORBEGNO SOCIETA' C( 1,0212 1,0428 1,0649
123 CENTRALA ELECTRICA DE TERMOFICARE ARAD ¢ 0,9675 0,9360 0,9055
124 VARESERISORSES.P.A. 1,1714 1,3721 1,6073
125 VOSS ENERGI AS 1,0465 1,0951 1,1459
126 GRANADAVAPOR Y ELECTRICIDAD SL 0,7854 0,6169 0,4845
127 AZIENDASPECIALIZZATA SETTORE MULTISERVIZ 1,0668 1,1381 1,2142
128 LINEAENERGIAS.P.A. 0,8299 0,6887 0,5716
129 VERSORGUNGSBETRIEBE BORDESHOLM GMBH 1,0000 1,0000 1,0000
130 VEST-ENERGOSA 1,0000 1,0000 1,0000
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Annex 7. SFA, 2004 and 2009 scores for producimgdi(part 1)

No Name ofthe company sfa2004 sfa2009
1 ELECTRICITE DE FRANCE 0,5219 0,5230
, IBERDROLA GENERACION SAU 0,5440 0,5084
3 ENELENERGIA S.P.A. 0,4799 0,5755
4 ENEL PRODUZIONES.P.A. 0,5762 0,5506
5 CEZA.S. 0,5733 0,5680
6 A2AS.P.A. 0,4939 0,5395
- ENDESA GENERACION SA 0,5605 0,5173
8 MVV ENERGIEAG 0,4934 0,5067
9 HIDROELECTRICA DEL CANTABRICO SA 0,5271 0,5079

10 STADTWERKE LEIPZIG GMBH 0,4298 0,5029
11 SLOVENSKE ELEKTRARNE, A.S. 0,5059 0,4816
12 STADTWERKE HANNOVER AKTIENGESELLSCl  0,4843 0,5000
13 MAINOVA AKTIENGESELLSCHAFT 0,4717 0,4659
14 REPOWERAG 0,3709 0,4497
15 UNION ELECTRICA DE CANARIAS GENERAC 04522 0,4522
16 FORTUM POWER AND HEAT OY 0,5169 0,4952
17 HIDROCANTABRICO ENERGIA SA 0,3953 0,4461
18 COMPAGNIA VALDOSTANA DELLE ACQUE 0,3888 0,3890
19 REPOWERITALIAS.P.A. 0,3665 0,3834
20 EON GENERACION SL 0,4107 0,4275
21 E.ONKARNKRAFT SVERIGE AB 0,4401 0,3990
22 AZIENDA ENERGETICA S.P.A. -ETSCHWERKE  0,1865 0,1803
23 STADTWERKE KIEL AKTIENGESELLSCHAFT 0,3720 0,2762
24 RHONENERGIE FULDA GMBH 0,3247 0,3596
25 HEP-PROIZVODNJA D.0.0. 0,4255 0,4115
26 MVM PAKSI ATOMEROMU ZARTKO 0,4258 0,3942
27 ELECTROCENTRALE BUCURESTI SA 0,4555 0,4069
28 OKG AKTIEBOLAG 0,4118 0,3625
29 GASY ELECTRICIDAD GENERACION SA 0,4207 0,4118
30 GROSSKRAFTWERK MANNHEIM AK 0,3818 0,3612
31 JAMTKRAFT AKTIEBOLAG 0,3127 0,2979
3, EESTIENERGIA NARVA ELEKTRIJAAMAD AS 0,4671 0,4751
33 GETEC ENERGIEAG 0,2638 0,3150
34 SOCIETATEA NATIONALA -NUCLEARELECTRI 0,3579 0,3926
35 ELIA ASSET 0,3798 0,3471
36 TEOLLISUUDEN VOIMA OY) 0,2878 0,2901
37 AELLKO3NIOAYAEAL, 0,3093 0,3152
38 ROSEN - ROSIGNANO ENERGIA SPA 0,4306 0,4750
39 MATRAIERGMU ZARTKORUGEN MUKODORE  0,3733 0,3544
40 KERNKRAFTWERK GOSGEN-DANIKEN AG 0,3245 0,5096
41 EWV ENERGIE- UND WASSER-VERSORGUNG  0,3412 0,3402
42 KERNKRAFTWERK GUNDREMMINGENGMB  0,3134 0,3340
43 E-COENERGIAS 0,3763 0,3590
44 TELLMAPULA U3TOK 2 EAZL 0,5255 0,4050
45 AGDER ENERGI VANNKRAFT AS 0,3588 0,3717
46 ENEL GREEN POWER ESPANA SL 0,2594 0,3192
47 SWE ENERGIE GMBH 0,3151 0,3537
48 LYSEPRODUKSION AS 0,3542 0,3320
49 TERMOELEKTRARNA SOSTAN) D.0.0. 0,6045 0,4379
50 BKKPRODUKSION AS 0,3447 0,3466
51 ITAL GREEN ENERGY S.R.L. 0,6184 0,5736
5, STADTWERKE TUBINGEN GMBH 0,2788 0,2823
53 KOHTYPI/IOBA/I MAPULIA U3TOK 3 AZL 0,6720 0,7261
54 TEJOENERGIA - PRODUCAO E DISTRIBUIC 0,5667 0,6029
55 JYVASKYLAN ENERGIA OY 0,6255 0,5947
56 ZEAG ENERGIEAG 0,2729 0,2652
57 INFRASERV GMBH & CO. WIESBADEN KG 0,3071 0,2884
5g LAHTI ENERGIA OY 0,5855 0,5808
59 STADTWERKE REMSCHEID GESELLSCHAFTN  0,3053 0,2811
60 G-O-R.I.S.P.A. -GESTIONE OTTIMALERISOR!  0,6075 0,5849
61 FMVSA 0,6232 0,5907
62 ENERGOTRANS, A.S. 0,3209 0,3023
63 UNTERFRANKISCHE UBERLANDZENTRALEEC  0,2221 0,2325
64 KRAFTWERKE OBERHASLIAG 0,6040 0,6008
65 ELCOGAS SOCIEDAD ANONIMA 0,3361 0,2843
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Annex 7. SFA, 2004 and 2009 scores for producimgdi(part 2)

66 FLYENERGIA SOCIETA' PER AZIONI 0,5939 0,5720
67 SKO-ENERGO, S.R.0. 0,2760 0,2444
68 EDISON ENERGIE SPECIALIS.P.A. 0,5656 0,6639
69 GEMEINSCHAFTSKRAFTWERK VELTHEIM GE 03067 0,2717
70 SCHLUCHSEEWERK AKTIENGESELLSCHAFT 0,2522 0,2412
71 ASTEAS.P.A. 0,5985 0,5948
72 HYDROEXPLOITATION SA 0,5274 0,5174
73 GUDBRANDSDAL ENERGI AS 0,6358 0,6080
74 OTTANA ENERGIA SOCIETA' PERAZIONI-S.P  0,5905 0,5794
5 ENGADINER KRAFTWERKE AG 0,6474 0,6528
76 ITALGENS.P.A. 0,6357 0,6159
77 BIOMASSE ITALIAS.P.A. 0,6130 0,6212
7 CEZ OBNOVITELNE ZDROJE, S.R.0. 0,0841 0,1423
79 DRAVSKE ELEKTRARNE MARIBOR D.0.0. 0,6541 0,6579
80 ELEKTRIZITATSWERK ALTDORF AG 0,6090 0,6158
g1 HARJEANS KRAFT AKTIEBOLAG 0,6630 0,6196
g2 TAFJORD KRAFTPRODUKSION AS 0,6470 0,6586
g3 ENERGIEVERSORGUNG SYLT GMBH 0,2079 0,2013
g4 SEAENERGIA S.P.A. 0,6174 0,6141
g5 LOMELLINA ENERGIA S.R.L. 0,6410 0,6538
86 KEMIJOKI OY 0,6144 0,6296
g7 PORVOON ENERGIA OY - BORGA ENERGI AB 0,6297 0,6200
gg ETELA-SAVON ENERGIA OY 0,6334 0,6309
89 ASM TERNIS.P.A. 0,5641 0,5943
90 ONDA COGENERACION SL 0,6342 0,6142
91 GREENGASDPB, A.S. 0,1970 0,1988
92 SOSKE ELEKTRARNE NOVA GORICA D.0.0. 0,6386 0,6329
93 TOMNOGUKALIMA NNEBEH EAZ 0,6394 0,6465
94 ISTAD KRAFTAS 0,6142 0,6077
95 ELEKTRIZITATSWERK OBWALDEN 0,6258 0,6183
96 COGENERACION DEL NOROESTE SL 0,6137 0,6042
97 TAMPIERI ENERGIES.R.L. 0,6238 0,6259
98 KANTONALES ELEKTRIZITATSWERKNIDWAL  0,6071 0,5982
99 VULKAN ENERGIEWIRTSCHAFT ODERBRUCK 02438 0,1587
100 TUSSA ENERGI AS 0,6335 0,6281
101 ASPIRAVI 0,5778 0,6060
102 SWLENERGIEAG 0,6125 0,6014
103 HAMINAN ENERGIA OY 0,6324 0,6189
104 SELEDISON SPA % SEL EDISON A.G. 0,6272 0,6429
105 TONNIO®UKALMA PYCE EAL, 0,6439 0,6315
106 VOGHERA ENERGIA S.P.A. 0,4318 0,6397
107 TECHNISCHE BETRIEBE GLARUS SUD 0,5290 0,5177
108 SANMARCO BIOENERGIES.P.A.INFORMA )  0,6219 0,6213
109 VATAJANKOSKEN SAHKO OY 0,6213 0,6152
110 BALTEAUIE 0,6112 0,5933
111 TELCBUNO3A AL 0,6431 0,6282
117 GKS-GEMEINSCHAFTSKRAFTWERKSCHWEIl  0,1975 0,1684
113 KAINUUN VOIMA OY 0,6373 0,6240
114 TARANIS DUROUVRAY 0,6765 0,6309
115 MJOLBY-SVARTADALEN ENERGI AB 0,6290 0,6082
116 MASTROPASQUA INTERNATIONAL -S.P.A. 0,6004 0,5933
117 PRIMIERO ENERGIA S.P.A. 0,6163 0,6235
118 EDARENOVAVEIS, S.A. 0,5810 0,6044
119 ECOSESTOS.P.A. 0,6226 0,5940
120 AKTIEBOLAGET EDSBYNS ELVERK 0,6113 0,5942
121 ET.A.-ENERGIETECNOLOGIE AMBIENTESO 06035 0,5980
122 SOCIETA' ELETTRICA IN MORBEGNOSOCIET/ 05762 0,6085
123 CENTRALA ELECTRICA DE TERMOFICAREAR 06185 0,6045
124 VARESERISORSES.P.A. 0,5668 0,5833
125 VOSSENERGIAS 0,6060 0,5531
126 GRANADA VAPORY ELECTRICIDAD SL 0,6054 0,5961
127 AZIENDA SPECIALIZZATA SETTORE MULTISE 0,5901 0,5866
128 LINEA ENERGIAS.P.A. 0,6069 0,6021
129 VERSORGUNGSBETRIEBE BORDESHOLM GM  0,1082 0,1098
130 VEST-ENERGOSA 0,5849 0,6048
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Annex 8. Different Technologies Plots for producing firni¥:A method.
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