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Abstract

The role of Environmental Efficiency (EE) is an important and crucial issue in the
policy agenda and therefore it is vital to have an accurate assessment of environmental
performance. In order to assess the impact of industrial / country carbon emissions,
we use a Directional Distance Function(DDF) for assessing environmental performance.
In addition, we propose a relatively new indicator in the bibliography called the ”Envi-
ronmental Performance Gap” for adverse effects and its measurement using data from
17 European countries and 13 industries for the period 1999-2006, without ignoring the
presence of a common technology for all sectors / countries. Thus, taking into account
the underlying heterogeneity, in this report we adopt a non-parametric metafrontier to
assess the efficiency of carbon dioxide. The proposed efficiency ratings are estimated on
the assumption that two hierarchies (one for the countries and one for the industries) are
dominated. Our empirical assessments show that the environmental performance of Euro-
pean countries / industries seems to have separate champions and backsliders. Relying on
empirical results, the high yield of low dispersed Environmental Efficiency Technological
Gaps (EETG) have been detected independently of the imposed hierarchy.
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1 Introduction

Due to climate change humanity must inhabited another ”home ” if we want our race to
survive, that was the words of Stephen Hawking for the survival of human kind. Climate
change is the phenomenon that humanity, in the entire history, has helped in the worst way.
The pollution of the air, the earth and the water are the elements that the humanity with his
‘garbage’ managed to destroy, the contamination of these three elements is the beginning and
cause of the climate change of our planet.

When the climate became perceptible by the scientific community, various measures were
taken to reduce and eliminate this phenomenon. Thus, the protection of the environment has
become the dominant issue of resolving the scientific community as well as the governments
of all the countries. The questions that the scientists were trying to find the answers were:
what the greatest amount of damage is we have caused to the environment, this damage is
reversible, there is a way to put an end to such a question. 0ur main adversary in the fight
for the protection of the environment is the greenhouse effect caused mainly by the carbon
dioxide emissions. This gas is produced in enormous quantities, mainly from large industrial
zones around the world. The governments all around the globe have made tremendous efforts
to stop the greenhouse effect but also to greatly reduce carbon dioxide emissions. Countries
with large industrial holdings are signing each year environmental conditions, and these con-
ditions determine whether they can contaminate the environment. The best-known conditions
in all our conditions are the Kyoto Protocol (1997), Copenhagen (2010), Doha (2011), Warsaw
(2013).There is also one more important date to be mentioned This date is the 2015 in Paris
the important reason is that the USA abandon the meeting and the cooperation for the save of
the environment. These efforts from all countries have been successful, according to the data
we have now but also according to the environmentalists.

The Climate Action division of the European Commission is particularly concerned with
land transport emissions, as it ”contributes to around one-fifth of the total CO2 emissions,
which is the main greenhouse gas”. In 2012, the latters are still 20.5% higher than 1990
levels. ” The only major factor in the EU where CO2-greenhouse gas emissions keep rising
are the transportations”. Create a comprehensive package of measures and to promote their
implementation from the member states aiming at reducing the GHGs below 8%, compared to
the levels in 1990, by 2012, to be in line with the Kyoto protocol’s directives.

Turning our attention i economic scene the environmental issue has drown out of the most
important issuse.Thus questions are our top of efficipolicy male agen that need to be answered
are as follows: reducing pollution is economically viable, the ways to tackle climate change are
cost-effective and energy-efficient for an enterprise, there is a way to measure ecological energy
efficiency if it is, how we can do that. Several of these questions will try to study and respond
to this inquiry. Our desire to understand the problem has led to the creation of mechanisms or
otherwise indicators that provide us with information on the assessment of energy performance
and environmental performance. More analytically we will study these: the main objective is
to evaluate and examine the differences in environmental of European industries the 1999-2006
period. The way this will be done is to evaluate the policies of each government either at
industry level or at country level. An assessment of whether or not environmental policy had
an effect or not. Analyzing differences in environmental performance between industrial zones
on the European market as you become using different technologies corresponding to different
performance standards. Having in mind the technological diversity that one of our approaches
is going to be metatechnology. Based on previous studies and methodologies, we will try to
extract results and analyze how the results we have come across converge and what each result
we find (what methodologies and what each of them will do, then, analytically refer to the
methodology sector).
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2 Review of the literature

According to the existing bibliography and knowledge of each environmental performance as-
sessment of a set of DMUs within the field of efficiency and productivity analysis, the tool that
has dominated and gained a reputation in the last years is the directional distance functions
(hereafter DDF). The main reaso most production processes around the world generate byprod-
ucts which are undesirables and cause gas emissions like CO2 in firms and industries levels or
diseases and mortality rate as concern the health system. We will mention three important
scientists who have studied the specific and similar subject, always using their own visual angle
and methodologies. I will first start with Fare and his collaborators where from 2001 in all their
published studies they use and continue to use the DEA method. Then, as far as the DDF
method is concerned, it is used by Zhang and its associates from 2009 until today. Finally, the
other method, which has been reported and used extensively in the literature, is the Malmquist
productivity index by Kumar and Managi starting from 2006, it should be noted that in other
studies they have also used these DDF methods in combination with the Malmquist productiv-
ity index. The main feature of the increased popularity of the method DDF is the way it treats
the desirable (good) outputs and the undesirable(bad), at the same time and in a similar way
reduces bad outputs while at the same time enhancing good outputs. The result generated by
the production process of each DMU has three aspects: economic, social and environmental
(Zhang et al., 2014), therefore empirical studies have as their main method the DDF to conduct
a proper investigation of the performance of each DMU (Please see Table 11 for a thorough
representation of the respective studies by field). On the other hand, the method has been used
in previous studies and in other areas such as energy efficiency (Zhou et al., 2012, Zhang et al.,
2013;), environmental efficiency (Caramero et al., 2008, Kumar and Khanna, 2009, Kounetas,
2015), sustainability performance (Zhang et al., 2014) and eco-efficiency (Zhang et al., 2008,
Oggioni et al., 2011, Picazo-Tadeo et al., 2012;).

Measuring environmental efficiency has become an essential issue so far scholars have evap-
ored several questioaring methods to answer the envirnmental performance assement. Giving
attention to the methodological approaches used to calculate and record the above mentioned,
according the literature, three major groups have been identified, according to the employed
framework. The first group, regards transformations of conventional DEA models (i.e hyper-
bolic distance functions (Fare et al., 1989) or radial and non-radial measures (Chambers et
al., 1996)),as for the second group who deals with modifications on the slack based measures
(Tone, 2004).In the end , the third group contains more modifications for the DDF (Chung et
al., 1997).These group gave us the oportunity to create three tables and categorize the research
of the others based on them.These tables are Table 16.1,Table 16.2 and Table 16.3(Review of
the literature).These tables have the researchers, the data about the research,the year that the
paper been wrote, also the method that be used to analyze the data and the results that been
published.

There is a wide variety of empirical studies using DDFs that aim at assessing energy and
environmental performance for different DMUs. As mentioned above, the radial nature of DDFs
has been the trigger and at the same time the limit that the researchers must surpass to develop
non-radial measures as well. For example, first of all were the Fare and Grosskpof (2010) and
Zhou et al., (2012) extended the conventional DDF in a non-radial model and on the other
hand Mahlberg and Sahoo (2011) proposed a non-radial Luenberger indicator. The extension
of the DDF was made by Zhang et al., (2013), Choi et al. (2012), while the development of
various measures for environmental performance was made by Zhou et al., (2006), followed by
a combination of basic concepts behind the DDF and SBM for measuring the performance of
environmental performance by Fukuyama and Weber (2009). et al., (2012) incorporated the
proposed DDFs slack-based measures as well as the weighted Russell DDFs while Sueyoshi
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et al., (2010) presented a Range-Adjusted measure model for the US coal-fired power plants.
Finally, Chang and Hu (2010), Fare and Grosskopf (2010) and Cheng and Zervopoulos (2014)
have introduced a generalized non-radial DDF while Zhang et al., (2014) have presented a
sequential generalized directional distance function analytical framework.

On the other hand, are have case stydies which have taken into consideration the technology
heterogeneity. Among those recognizing the technological heterogeneity, there is Oh (2010)
which integrates the heterogeneity of the group using a Malmquist-Luenebrrger productivity
index, while Chiu et al (2012) and Yu-Ying Lin et al (2013) Kounetas (2015) only take into
account the gaps in technology and the gaps in technological performance that contribute to
the lack of literature on such studies, taking into account the diffuse role of heterogeneity.

As ecology has entered for the good in life of all of us, it could not be missed by the
industry and the countries respectively. it will be right to create a unit that will measure
energy efficiency based on ecology as a key factor. Such a measure in the literature is called
ecological energy efficiency or with a more common name as ecological factor total energy
efficiency(TEE). The founders of this term are considered Li and Hu (2012), who analyzed
the ETEE for the region of China. Also, the most recent study which use this term come
from Li and Lin (2017), who in their research illustrates this term using the DEA models and
technological heterogeneity between heavy and light industries. In conclusion, the bibliography
leads us to another definition where countries and industries are concerned. Efficiency gap as
term existed or not? According to Alcott and Greenstone (2012), existed and created by two
major factors: 1) the technological gap between industries and 2) the extent to which business
investments achieve or fail to meet the economic objectives.
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3 Methodological Issues

3.1 Directional Distance Function and Technology gap

Starting with the methodology , we follow Chambers et al., (1996) and Fare and Grosskopf
(2000) approach. Starting with the main assumption that we have an industry that consists
of two matrices xεRN

+ and yεRM
+ The vector relates to inputs, while the second is related to

industrial outflows. As far as the second vector is concerned, we owe it to make that separation
into two vectors. The first vector after the separation refers to the ”good” output which is the
gross domestic product(GDP) and we will call it y = (y1, y2, ..., yk)εR

K
+ the second vector will

refer to the ”bad” - harmful output (which is not wanted to produce it and it is the carbon
dioxide emissions (CO2)) and we call it b = (b1, b2, ..., bk)εR

L
+. Let us now define P(x) as the

feasible output for the given vector xεRN
+ and L(y, b) is the input requirement set for a given

output vector y∗ or (y, b). The following technology set denotes the relationship between the
input and the output and can be defined as:

T (x) = {(y, b) : x can produce (y, b)}

It is a bounded, non-empty and closed while Chambers et al., (1996) used that to repre-
sent the environmental production technology. Moreover, the technology set satisfies that if
(x, y)εT, x

′ ≥ x, and y
′ ≤ y then (x

′
, y
′
)εT (free disposability) implying that if an observed

output vector is feasible, then any output vector smaller than that is also feasible. Yhe good
and the bad outputs are null-joint implying that desirable output cannot be produced without
producing undesirable ones; while a country cannot produce good output in the absence of a
bad output while if (x, y)εT and x = 0 → y = 0x = 0 → y = 0,(No free lunch) and finally
(0, 0)εT (Kumar, 2006). Two additional assumptions those of the weak and strong disposability
are crucial for the DDF determination. The weak disposability implies that it is not possible to
reduce undesirable output without reducing desirable and thus if (y, b)εR(x) and 0 ≤ θ ≤ 1 and
then θ(y, b)εR(x) whilst the strong disposability assumption considers (y, b)εR(x) and y∗ ≤ y,
then (y∗, b)εR(x) suggesting that it is possible to reduce desirable output without reducing
undesirable.

It turns out that the DDF is a representation of a multiple-output, multiple-input distance
function. Following Chambers et al., (1998) and Picazo-Tadeo et al., (2005) we can define
DDFs on the technology T as:

~DT (x, y, b; gy, gt) = max{β∗ : (x, y + b∗gy, b− β∗gb)εT (x, y, b)}(1)

which allows for desirable outputs to be proportionally increased, while undesirable outputs to
be proportionally decreased at the same time using the non-zero direction vector g = (gy, gb)
which determines the output-input variables to be scaled and corresponds for the desirable
and undesirable output determining the direction towards which efficiency is measured. This
function is an implicit representation of an M-output, N-input production technology and an
input-output vector is feasible if and only if ~DT (x, y, b; gy, gt) ≥ 0 The directional vector specifies
in which direction an output vector is scaled so as to reach the boundary of the output set.
This implyies that a DMU becmes more efficient by increasing good output and decreasing bad
outputs simultaneously while the solution β∗ gives the maximum expansion and contraction
amount of good and bad outputs respectively or the distance between an observation (i.e.
DMU) and a point on the production frontier (Watanabe and Tanaka, 2007).

In the case where multiple technologies become applicable, each DMU is considered as
operating under exactly one of those. Thus, given k distinct technologies T 1, T 2, ..., T k the
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metatechnology set, denoted as TM is the smallest convex set containing all input–output
feasible combinations (e.g. see O’Donnell et al., 2008). Formally, TM = con.hul(T 1, T 2, ..., T k)
or TM = {(x, y) : x ≥ 0, y ≥ 0, x can produce y in at least one of T 1, T 2, ..., T k}

The output sets PM(x) associated with the metatechnology are defined as for a single tech-
nology, while the corresponding DDF can be defined as

~DT (x, y, b; gy, gt) = max{βM : (x, y + bMgy, b− βMgb)εTM(x, y, b)}(2)

Thus we can define the DDFs with respect to frontier and the metafrontier MF in order to
calculate the technology gap ratio (Battese et al., 2004) or the reciprocal relationship of metat-
echnology ratio (O’Donnell et al., 2008).Following O’Donnell et al., (2008) the metatechnology
ratio is defined as

MTR(x, y, b) = MTEff(x,y,b)
Eff(x,y,b)

(3)

and identifies technology differentials among the European system due to national production
structures. The introduction of the metafrontier provides a benchmarking for all the partici-
pating countries independently from the frontier that each DMU belongs to. As a result, when
technology heterogeneity comes into the scene, any differences can be attributed to heteroge-
neous –in technological terms- patterns which can be captured by the calculated technology
gaps, and can be interpreted in the context of the structure of national markets, national regu-
lations and policies, cultural profiles,legal and institutional frameworks (Halkos and Tzeremes,
2011), available resource endowments, economic infrastructure, and other characteristics of the
physical, social and economic environment in which production takes place (O’Donnell et al.,
2008), knowledge characteristics and strategic orientation (Kontolaimou and Tsekouras, 2010)
, the aggregation of political, cultural and social characteristics (Kounetas et al., 2009).

The estimation of technology gaps, namely the distance and identifies technology differen-
tials among the European system due to national production structures. The introduction of
the metafrontier provides a benchmarking for all the participating countries independently from
the frontier that each DMU belongs to. As a result, when technology heterogeneity comes into
the scene, any differences can be attributed to heterogeneous –in technological terms- patterns
which can be captured by the calculated technology gaps, and can be interpreted in the con-
text of the structure of national markets, national regulations and policies, cultural profiles,legal
and institutional frameworks (Halkos and Tzeremes, 2011), available resource endowments, eco-
nomic infrastructure, and other characteristics of the physical, social and economic environment
in which production takes place (O’Donnell et al., 2008), knowledge characteristics and strate-
gic orientation (Kontolaimou and Tsekouras, 2010) , the aggregation of political, cultural and
social characteristics (Kounetas et al., 2009). The estimation of technology gaps, namely the
distance TG(x, y, b) = 1−MTR(x, y, b)
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3.2 Environmental Efficiency and Technology gap

Assuming that the DDF is separable in good and bad outputs (Caramero et al., 2008, Kumar
and Khanna, 2009) we can define environmental efficiency (EEF ) with respect to each frontier
taking into account the case that the technology set has been restricted only to the production
of good outputs as:

EEF = (1+ ~DT (x,y,b;gy ,gb))

(1+ ~DT (x,y,b;gy)
(4)

The environmental efficiency index (EEF ) aims to capture the contraction in increasing
outputs by each unit (i.e country, industry) under the potential ability of the production process
convention from free disposability to costly disposal of CO2 taking values between zero and
one. Conceptually, for a DMU with environmental efficiency (EEF ) score one, the cost of
transforming their production from strong disposability to weak for CO2 should be zero while
values lower than zero denote a significant opportunity cost for this transformation (Kumar
and Khanna, 2009). Furthermore, environmental efficiency has been defined as the ratio of
two distance functions assuming strong and weak disposability of CO2 emissions. Since the
frontier, which was constructed assuming weak disposability of pollutants, envelops the data
more closely than the frontier constructed assuming strong disposability, the ratio of those two
distances leads to values very close or equal to one (Zaim and Taskin 2000).

In an analogous way we can estimate the values of the (EEF ) scores with respect to the
metafrontier(EEFM) to evaluate the gap capturing the possible pressure of European policy
directives (metaefficiency scores) against the national effort (productive efficiency score) as fol-
lows:

EEMTR = EEMF

EEF
=

(1+
~

DMF
T

(x,y,b;gy,gb))

(1+
~

DMF
T

(x,y,b;gy))

(1+
~

DF
T

(x,y,b;gy,gb))

(1+
~

DF
T

(x,y,b;gy))

(5)

Frontier EEF and metafrontier environmental efficiency EEMF take values less or equal to
one and thus the EEMTR follows the same interpretation as the MTR. EEF represents DMU’s
ability to produce more by altering its production process concerning CO2 emissions from
strong to weak disposability with respect to the technology the latter employs. Furthermore,
EEMF corresponds to the ability of each DMU to take into account the extent of reducing CO2

emissions and increase GDP equi-proportionately taking into account the group heterogeneity.
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3.3 Non Parametric Specification

Using directional distance function is an alternative approach to measuring environmental per-
formance that can increase desired outputs and reduce unwanted ones at the same time. The
wording used in the literature for assessing the environmental performance score is reported
on the non-parametric DEA model, on the other hand, on the specification of the parametric
boundaries. In this report, we chose to use the non-parametric DEA model based on the fact
that each year includes different technology capabilities for the EU countries participating in
the sample. The relative efficacy of each country in relation to boundaries and metafrontier can
be measured with the aforementioned distances and can be easily achieved by solving similar
linear programming (LP) problems (for example see Picazo-Tadeo et al., 2005 Watanabe et al.
Tanaka, 2007). The output distance function for the i-th country (and industry) is achieved by
solving the following maximization problem:

~D0(xk
∗
, yk

∗
, bk

∗
; gy, gb) = maxbk

∗

s.t
∑k
k=1 zkykm ≥ yk∗m + bk

∗
gym ,m = 1, , 2, ...,M∑k

k=1 zkyki = bk∗i − bk
∗
gbi , i = 1, , 2, ..., I∑k

k=1 zkXk ≤ xk∗n, n = 1, , 2, ..., N∑k
k=1 zk = 1

zk ≥ 0, k = 1, , 2, ..., K

where zk is the weight of the k-th country(and/or industry).
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The Directional Distance Function is an important tool to measure input and output and
get the optimal solution.We will use the concept of the metafrontier to measure the environmen-
tal efficiency between the two hierarchies{1(sector-country),2(country-sector)}.The concept of
meta-frontier was proposed by Hayami i 1969 to solve error problems. In this model in Figure
1 we have the opportunity to observe three groups the group F1, the group F2 and the group
MF.Between the two hierarchies we can interpret two different opticals analysis.If we use the
fisrt hierarchie the group F1 and F2 represent two different idustries and the MF repsent the
total of this country. On the other hand in hierarchie two the group F1 and F2 represent two
different countries and the MF represent the total branch.rontier models are indicated in Figure
1 . The observed values are indicated by numbers that correspond to the particular regional
frontiers, whereas their corresponding (unobservable) stochastic frontier outputs are indicated
by the numbers in circles above them numbers can be considered as means of the potential
stochastic frontier outputs for the given levels of the inputs. The metafrontier function has
values that are no less than the deterministic functions associated with the stochastic frontier
models for the different groups involved.
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3.4 Slack-Based Measure(SBM model)

Compared with conventional DEA model, the SBM model could overcome the ”slack bias”
and therefore has more discriminating power than radial efficiency measures. Suppose that
there are n= 1, 2,. . . ,N industries in assessing, and each industry uses three inputs x (capital,
labor and energy) to produce desirable output y (GDP). Meanwhile, undesirable outputs b
are also produced as by-products. According to (Li L,Hu J.,2012., Rao X, Wu J, Zhang Z, et
al.,2012, Zhang N, Kong F, Yu Y.,2015), undesirable outputs contain CO2, SO2 and COD.
The ecological multi-output production technology can be described as:

P = {(x, y, b) : x can produce (y, b)}(1)

After defining the ecological multi-output production technology set P, a nonparametric
DEA method is applied to specify it. Following Hsiao and Chern, we could formulate P for N
industries as follows:

P = {(x, y, b) : x
∑N
n=1 λnχmn ≤ χm,m = 1, ...,M,∑N

n=1 λnyrn ≤ yr, r = 1, ..., R,∑N
n=1 λnbjn ≤ bj, j = 1, ..., J,
λn ≥ 0, n = 1, 2, ..., N}(2)

where λn is non-negative variables for constructing the ecological production technology by a
convex combination; M, R and J are the number of inputs, desirable outputs and undesirable
outputs which equal to 3, 1 and 3 respectively in the present case;m=1,...,M denotes index
of inputs, r=1,...,R denotes index of desirable outputs, j=1,...,J denotes index of udesirable
outputs.

As discussed above, the conventional radial DEA method does not consider the slack vari-
ables and hence might lead to bias estimation of the efficiency if there are non-zero slacks. The
SBM proposed by (Tone K.,2002) is a non-radial DEA model which incorporates input and
output slacks into efficiency evaluation. (Zhou P, Ang B, Poh K.,2006) extend the SBM to
further incorporate undesirable outputs. According to (Tone K.,2002, Cooper W, Seiford L,
Tone K. 2007), the SBM with undesirable outputs could be specified as:

ρ∗ = { 1− 1
M

∑M

m=1

sxmo
xmo

1+ 1
R+J

(
∑R

r=1

s
y
ro

yro
+
∑J

j=1

sbmo
bjo

)
}

s.t{∑N
n=1 λnχmn = χmn − sxmo∑N
n=1 λnyrn = yrn + syro∑N
n=1 λnbjn = bjn − sbjo

sxmo ≥ 0, syro ≥ 0, sbjo ≥ 0, λn ≥ 0}(3)

where o is the decision-making unit (DMU) to be assessed, sxmo , syro and sbjo denote slack
variables of inputs, desirable outputs and undesirable outputs, respectively. The slacks reflect
the potential reduction of inputs and undesirable outputs, as well as the potential increase of
desirable outputs.

The programming problem depicted in Eq. (3) is non-linear, using the Charnes-Cooper
transformation, it can be transformed into an equivalent form:

τ ∗ = min{1− 1
M

∑M
m=1

tsxmo

xmo
}
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s.t{t+ 1 + 1
R+J

(
∑R
r=1

tsyro
yro

+
∑J
j=1

tsbmo

bjo
) = 1}

{∑N
n=1 λntχmn = tχmn − tsxmo∑N
n=1 λntyrn = tyrn + tsyro∑N
n=1 λntbjn = tbjn − tsbjo

t ≥ 0, sxmo ≥ 0, syro ≥ 0, sbjo ≥ 0, λn ≥ 0}(4)

Let tsxmo = Sxmo, ts
y
ro = Syro, ts

b
jo = Sbjo and Λn = λnt, we could obtain the linear program in

t,Sxmo, S
y
ro, S

b
jo and Λn:

τ ∗ = min{1− 1
M

∑M
m=1

Sx
mo

xmo
}

s.t{t+ 1 + 1
R+J

(
∑R
r=1

Sy
ro

yro
+

∑J
j=1

Sb
mo

bjo
) = 1}

{∑N
n=1 Λntχmn = tχmn − Sxmo∑N
n=1 Λntyrn = tyrn + Syro∑N
n=1 Λntbjn = tbjn − Sbjo

t ≥ 0, Sxmo ≥ 0, Syro ≥ 0, Sbjo ≥ 0,Λn ≥ 0}(5)

Obviously, ρ∗ = τ ∗ due to the transformation process, and ρ∗ lies between zero and one.
Based on the definition in [38], the xyb DMU(xo, yo, bo) is SBM-efficient if ρ∗= 1, which indicates
sxmo = 0,syro = 0 and Sbjo = 0.If the slack of energy input is zero, i.e., semo = 0, the (xo, yo, bo) is
energy efficient (Zhang N,Kong F,Yu Y.,2015), where e denotes energy.

According to (Li L,Hu J.,2012,Hu J,Wang S.,2006), the ETFEE for industry i at time t
could be defined as the ratio of target energy input to actual energy input:

ETFEE(i, t) = Targetenergyinput(i,t)
Actualenergyinput(i,t)

(6)

The target energy input for each industry in each period is computed by the SBM model
with undesirable outputs, which is defined as:

Targetenergyinput(i, t) = Actualenergyinput(i, t)− Targetenergyinputslack(i, t)(7)

Therefore, the ETFEE can be formulated as below:

ETFEE(i, t) = e(i,t)−se(i,t))
e(i,t)

(8)

It is clear to observed that the ranges of ETFEE are [0,1] by definition, and larger ETFEE
indicates better ecological energy efficiency performance. ETFEE=1 implies that the slack for
energy are 0 and the assessed DMU can be regarded to be ecological energy efficient.
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3.5 Meta-frontier SBM model

Although the SBM model with undesirable outputs is powerful for evaluating ecological
energy efficiency, it has a shortcoming in that it does not consider the group heterogeneities
of different industries. However, there is substantial difference in production technology for
heavy industry and light industry, reflecting the relative energyintensity of the manufacturing
process.

In order to incorporate the technological heterogeneity of industries, the meta-frontier DEA
approach is combined with the above SBM model with undesirable outputs. Similar to (Zhang
N,Kong F,Yu Y.,2015, Liu H, Lin B.,2016), both group-frontier and meta-frontier technologies
are defined.

Suppose that there are H different groups, and there are Nh industries for the h-th group.In
the present case,H = 2 i.e., heavy industry group and light industry group. Like ( O’Donnell
C, Rao D, Battese G,2008),the group-frontier technology is defined as : Ph = {x, y, b : x can
produce(y, b)} h=1,2,...,H and Ph is formulated as Eq. (2). Using the SBM with undesirable
outputs in Eqs. (3)–(5) and the definition in Eq. (8), the group-frontier ETFEE for a specific
grouph (GETFEEh) can be calculated by:

GETFEE(i, t) = Group−frontierTargetenergyinputh(i,t)
Actualenergyinputh(i,t)

(9)

As indicated by ( O’Donnell C, Rao D, Battese G,2008), meta-frontier technology can be
defined as Pm = {P1 ∪ ... ∪ PH}. In order to improve the comparability of between different
years, the global technology has been incorporated into the proposed model. In a recent study,
(Lin B,Du K.,2015) also apply global technology in evaluating energy and CO2 emissions per-
formance. According to (Zhang N,Kong F,Yu Y.,2015, Oh D.,2010), we could formulate the
global meta-frontier technology Pm as following:

P = {(x, y, b) : x
∑T
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∑H
h=1
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h
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λhn ≥ 0, n = 1, 2, ..., Nh, h = 1, 2, ..., H}(10)

The global meta-frontier SBM can be solved using the following DEA-type model:
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sxmo} ≥ 0, syro ≥ 0, {sbjo ≥ 0, λn ≥ 0}(11)

Similar to the basic SBM model in Section 3.5, Eq. (11) can be transformed into a linear
program using the Charnes-Cooper transformation. Based on the optimal solutions for all ob-
servations, the metafrontier ETFEE (METFEE) can be calculated as below:

METFEE(i, t) = Metafrontierenergyinputh(i,t)
Actualenergyinputh(i,t)

(12)
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3.5.1 Decomposition of METFEE

As proposed by (Battese G,Rao D,O’Donnell C.,2004, O’Donnell C, Rao D, Battese G.,2008),
meta-frontier ecological energy efficiency can be further decomposed into intra-group efficiency
and metatechnology ratio (MTR):

METFEE = GETFEE ∗MTR(13)

Then, the technology gap ratio (TGR) of ecological energy efficiency for each group with
respect to the meta-technology can be defined as:

TGR = 1−MTR(14)

Clearly, a largerTGR implies further gap of group-frontier technology with respect to the
meta-frontier. If TGR is zero, there is no technology gap between group-frontier and meta-
frontier technologies.
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4 Data

Using the information we gathered from four sources in the public domain, we created a whole
set of data, ie a unique balanced panel consisting of 13 2-digit industries(more specifically, 9
of them belong to the manufacturing (food and beverages, textiles, wood, pulp, chemicals,
other non-metallic, basic metals, transport equipment) and 4 to the transportation sector (land
transport, water transport, air transport and supporting and auxiliary transport activities))
in accordance with theInternational Standard Industrial Classification (ISIC) in 17 European
Union ANNEX I countries(In particular, Belgium, Czech Republic, Denmark, Germany, Ire-
land, Greece, Spain, France, Italy, Netherlands, Austria, Poland, Slovenia, Slovakia, Finland,
Sweden, United Kingdom.) for a period of 8 years from 1999 to 2006. The main fact that de-
served to be noted is in 2002 because it was the beginning of the implementation of the Kyoto
Protocol for all the countries that we have in our sample.Thus, the present dataset contains
221 observations on the cross section dimension and 1,768 observations at panel level.

The final dataset contains six variables; one desirable output (henceforth good output), one
undesirable output (bad output) and four input variables. More precisely, the good output
variable is captured by the Gross Value Added (Y) for each industry in each country measured
in millions of euros, while the bad output variable is represented by the carbon dioxide emissions
(CO2) of each industry in each country measured in kilo tons of oil equivalent. The input set
is formed by the employees’ total hours worked (L) as a more accurate and preferred proxy
of labour input (see Coelli et al., 2005, p.142) measured in millions of hours worked per year,
the intermediate inputs (M) measured in millions of euros, the energy consumption (E) of each
industry in each country per year measured in million tons of oil equivalent and the capital
stock (K) measured in millions of euros as well.

The Groningen Development & Development Center database (GGDC) collected raw data
on gross value added, total working hours and intermediate inputs, energy consumption data
was collected through the Enerdata - Odyssey database and carbon dioxide emissions data
collected through the International Energy Agency IEA). Due to the partial unavailability of a
coherent set of data on gross fixed capital formation during the study period, it was necessary
to combine and report these data from two additional sources. the OECD structural analysis
database and the EUKLEMS(For more details, see EUKLEMS Growth and Productivity Ac-
counts: November 2009 Release, updated March 2011, accessible at http://www.euklems.net/)
Growth and Productivity database. If the capital expenditure data are not provided by the
former, we have filled in the gaps in the capital inflow records of the latter and, in particular,
we have used the nominal gross fixed capital formation.

With respect to the variables used in monetary values, ie Y, M and K, we have converted
them to 2000 fixed prices using the OECD STAN database for the industry deflators corre-
sponding to each country.

It is no use to mention that since the stock data are not available, we used time series of
gross investment costs for manufacturing industries as well as for transport and along with
the standard PIM inventory method), we appreciated the equity (Zhou et al., 2010; Oh 2010;
Oh and Lee, 2010; Krautzberger and Wetzel, 2012; Wang et al., 2013). More specifically, the
following relationship has been used: Ki,j,t = (1− δ)Ki,j,t−1 + Ii,j,t where Ki,j,t and Ii,j,t are the
capital stock and investemnt of the j−th industry in the i−th country for the year t respectively.
In addition, δ is the depreciation rate, which is assumed to be 10% on an annual basis(In order
to test the validity of our estimates, we considered alternative depreciation rates which did not
altered significantly the results.). In order to address the equity problem in the initial period,
we used the initial condition K1999 = I1999

δ+g
where g is calculated as the average growth rate of

capital investment over the past five−year period for each industry and country concerned.
As can be seen in section 8.2.1, there are a number of graphs for the countries we are
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studying and showing both average CO2 emissions and average energy consumption prices. In
the first chart we can see the comparison between co2 and energy. The countries now seeming
to be pioneers in both pollutants and energy consumption are not among the big economies of
Europe such as Germany, England and France. On the other hand Now in this list, Slovenia is
a landmark example in the field of environmental economics, a country that takes on minimal
energy and tries to gradually reduce the ravines where it does. The next two of us they show
how the countries are staying at Pareto, the results are almost the same, the first countries
are the ones mentioned above, both in the rays and in the energy, where we can see a small
alternation between the former. This change is that the French consume more energy than
the Italians and produce less CO2, while Italians are those who, with less energy consumption,
produce more CO2

As can be seen in section 8.2.2, there are various graphs for the industries we study and
show us both the average CO2 emissions and the average energy consumption. In the first
chart we can see the comparison between CO2 and energy. The industries now seeming to be
pioneers of pollutants are not other than the basic and necessary, different industries that we
have ranked together with the exogenous and chemical sectors .At the other side of the list you
will find the timber sector which is a sector that produces few slogans but needs a minimum of
energy to be able to operate. In our next chart now we can do What are the areas which need
continuous supply energy, the first area that needs plenty of energy is the one the exorixeis who
has the highest percentage.

Table 1:Variables, units of measurement and sources
Variable Units of measurement Source

Gross Value Added (Y) million euros GGDC
Capital(K) million euros OECD STAN, EUKLEMS

Labour(L)
million hours worked by

employees
GGDC

Intermediate inputs (M) million euros GGDC
Energy consumption (E) million tons of oil equivalent Enerdata- Odyssey

Carbon Dioxide Emissions (CO2) kilo tons of oil equivalent IEA
All the values are in constant 2000 prices using industry specific deflators.
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Table 2:Descriptive Statistics of the variables per country
with respect to the Meta-Frontier for 1999-2006

Country Y K L E M

Austria
3,749 20,426 107.975 1.153 5,786

(3,732) (22,744) (114.683) (1.859) (3,953)

Belgium
4,320 19,461 99.815 1.647 11,439

(3,234) (14,373) (77.534) (2.346) (8,060)

Czech Rep.
1,614 10,976 189.263 1.080 4,491

(1,231) (23,844) (169.705) (1.482) (4.052)

Demark
2,401 9,159 65.533 0.589 4,746

(1,971) (6,941) (62.069) (1.016) (4,417)

Finland
2,555 9,159 64.115 1.383 4,357

(2,173) (6,941) (59.790) (2.225) (3,813)

France
19,716 63,842 558.171 6.659 42,524

(17,284) (69,373) (580.158) (11.052) (35,394)

Germany
31,995 96,897 928.138 9.296 60,073

(24,969) (98,318) (812.794) (14.818) (51,865)

Greece
2,055 9,796 101.646 0.892 2,665

(2,678) (10,279) (115.950) (1.505) (3,218)

Ireland
2,664 9,468 54.229 0.541 4,316

(3,563) (9,462) (76.510) (0.972) (4,992)

Italy
18,739 103,214 569.381 6.404 41,557

(14,874) (96,987) (476.815) (10.194) (26,641)

Netherlands
6,033 30,423 161.328 2.225 12,643

(5,169) (30,802) (158.568) (2.629) (11,723)

Poland
3,092 24,270 348.803 1.981 7,091

(3,099) (28,651) (316.457) (2.795) (6,287)

Slovak Rep.
572.215 131.896 62.433 0.464 1,560

(509.262) (207.664) (55.152) (0.652) (1,851)

Slovenia
1.612 15.147 30.837 0.235 3.807

(1.249) (16.361) (26.980) (0.344) (2.911)

Spain
12,423 87,914 574.034 4.686 26,571

(13,799) (60,901) (818.315) (7.440) (24,214)

Sweden
4,343 20,976 120.009 1.627 7,888

(2,981) (22,553) (102.452) (2.258) (5,384)

United Kingdom
22,006 102,949 638,169 6.502 37,581

(18,635) (75,459) (566.057) (11.035) (31,475)

Total
8,137 36,336 274.934 2.786 16,194

(13,651) (59,419) (460.343) (6.782) (26,434)
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Table 3: Descriptive Statistics of the variables per industry
with respect to the Meta-Frontier for 1999-2006

Industry Y K L E M

Food & Beverages
9,723 39,685 376.588 1,723 29,302

(10,450) (56,861) (369.075) (1.603) (29,588)

Textiles
2,049 6,843 97.338 0.464 7,425

(2,860) (8,638) (105.939) (0.631) (11,590)
Wood & wood

products
2,009 13,158 93.422 0.382 4,118

(2,072) (26,899) (74.893) (0.358) (4,020)

Pulp Paper
8,380 37,809 230.451 2.180 14,473

(9,351) (64,412) (244.461) (2.380) (14,492)

Chemicals
9,653 60,933 163.996 3.211 21,590

(11,421) (74,900) (179.805) (3.319) (24,983)
Other non-metallic

minerals
3,966 16,490 136.646 2.374 6,727

(4,549) (17,278) (129.576) (2.589) (7,925)

Basic Metals
12,007 67,863 427.353 5.439 23,616

(15,316) (95,229) (437.768) (5.714) (28,194)

Transport Equipment
9,716 50,245 271.373 0.616 31,959

(16,310) (61,519) (341.160) (0.830) (49,353)

Construction
26,479 62,010 1,031 0.366 40,162

(28,530) (87,707) (1,047) (0.344) (42,332)

Land Transport
10,660 10,660 435.456 16.268 12,086

(11,065) (42,929) (369.681) (17.472) (14,544)

Water Transport
1,464 5,548 19.543 0.272 2,987

(1,887) (9,849) (16.283) (0.354) (3,814)

Air Transport
1,772 14,577 35.514 2.585 4,053

(2,318) (17,313) (39.422) (3.173) (4,792)

Supporting Activities
7,899 56,414 254.907 0.338 12,019

(9,318) (63,513) (329.467) (0.517) (13,716)

Total
8,137 36,336 274.934 2.786 16,194

(13,651) (59,419) (460.343) (6.782) (26,434)

Table 5: Descriptive Statistics of the C02 emissions
by industry for the period 1999-2006

Industry Mean St.Dev. Min Max
Food& Beverages 4.171 4.211 69 16.701

Textiles 1.107 2.092 27,42 9.944
Wood & wood products 473,6 535,5 9,1 2.118

Pulp Paper 2.759 2.435 175,2 9.024
Chemicals 8.444 8.521 137,13 33.549

Other non-metallic minerals 13.446 15.978 1.042 51.812
Basic Metals 14.155 15.220 339,19 67.864

Transport Equipment 1.175 1.496 27,71 5.001
Construction 2.960 3.120 107.38 11.971

Land Transport 9.754 9.066 820,59 28.566
Water Transport 5.259 7.648 9,68 42.476

Air Transport 7.450 10.559 1,51 43.143
Supporting Activities 1.107 2.546 42,52 11.931

Total 5.558 9.281 1,51 67.864
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5 Results and Discussion

In order to give the reader more knowledge of the data, Table 1 shows the variables used and
the data sources used in the analysis, Tables 2 and 3 illustrate the descriptive statistical data
of the variables included in the final data set corresponding to each country and industry, while
Tables 4 and 5 focus specifically on the CO2 variable for the countries concerned (Hierarchy 1)
and industry specialists (Hierarchy 2) respectively a is the main focus of the present analysis.
Table 4 shows the country’s carbon dioxide emissions for the period 1999-2006. We note that,
as expected, countries such as Germany (17,101 ktoe), the United Kingdom (13,677 ktoe), Italy
(12,190 ktoe) and France (11,564 ktoe) are among those with the highest CO2 emissions period.
On the other hand, countries such as Slovenia (357,963 ktoe), Ireland (845,781 ktoe), Slovakia
(1,423 ktoe) and Greece (1,423 ktoe) have the lowest levels of carbon dioxide emissions on aver-
age over the period considered . By focusing on Table 5, which presents the industry’s carbon
dioxide emission statistics for the period considered, it is noteworthy that from the Manufac-
turing sector, basic metals (14,155 ktoe) and other non-metallic minerals (13,446 ktoe) , the
land transport and transport industries through Pipelines (9,745 ktoe) and air transport (7,450
ktoe) have on average the highest levels of CO2 emissions. CO2 emissions, while timber and
timber products (473,601), textiles (1.107), supporting transport activities (1.107) and trans-
port (1.175) show the lowest CO2 emissions, in the EU for the examined period.

Table 6 : Correlation matrix of inputs, desirable and
undesirable output

Y K L E M CO2

Y 1.000

K
0.659

1.000
(.000)

L
0.921 0.585

1.000
(.000) (.000)

E
0.345 0.317 0.320

1.000
(.000) (.000) (.000)

M
0.914 0.642 0.799 0.245

1.000
(.000) (.000) (.000) (.000)

CO2
0.398 0.403 0.325 0.550 0.361

1.000
(.000) (.000) (.000) (.000) (.000)

Observnig the Table 6 have the opportuity to see the correlation coefficients along with
their significance (p values are in brackets) between the desired (Y), unwanted (CO−2) output
and inputs (K, L, M, E) used in the analysis. We notice that unwanted production (CO2) is
correlated, albeit in a significant way, with the input of energy.
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Table 7: Average Carbon Dioxide Emissions by year for the hierarchy
1 (country-dominated frontiers) for the period 1999-2006

1999 2000 2001 2002 2003 2004 2005 2006
Austria 2.023 2.143 2.146 2.228 2.308 2.349 2.534 2.575
Belgium 4.733 4.776 4.634 4.474 4.580 4.619 4.485 4.490

Czech Rep. 2.193 2.382 2.267 2.224 2.406 2.569 2.535 2.630
Denmark 2.252 2.467 2.393 2.514 2.822 2.947 3.499 4.283
Finland 1.882 1.899 1.863 1.837 1.923 1.950 2.065 2.125
France 11.884 11.949 11.804 11.579 11.696 11.648 11.075 10.875

Germany 17.788 17.944 17.259 17.167 17.026 16.921 16.044 16.657
Greece 1.527 1.468 1.625 1.623 1.652 1.599 949,2 992,8
Ireland 746,9 825,8 877,4 849,5 815,9 864,8 889,2 896,4
Italy 11.737 12.072 12.020 11.702 12.341 12.794 12.416 12.434

Netherlads 4.748 4.710 4.638 4.609 4.717 4.723 4.781 4.805
Poland 5.972 6.111 5.586 5.241 5.278 5.518 5.294 5.846

Slovak Rep. 1.441 1.374 1.366 1.354 1.414 1.420 1.467 1.550
Slovenia 293,8 296,7 335,2 337,2 346,6 390,7 416,1 447,1

Spain 8.073 8.425 8.856 8.986 9.388 9.804 10.077 10.141
Sweden 2.138 2.182 2.187 2.141 2.210 2.343 2.337 2.359

United Kingdom 13.620 13.602 13.705 13.308 13.724 14.022 14.036 13.396
Total 5.474 5.566 5.504 5.422 5.567 5.567 5.582 5.677

Table 8 : Average Carbon Dioxide Emissions by year for the
hierarchy 2 (industry-dominated frontiers) for the period 1999-2006

1999 2000 2001 2002 2003 2004 2005 2006
Food & Beverages 4.786 4.667 4.731 4.675 4.648 4.556 2.681 2.622

Textiles 1.205 1.237 1.216 1.131 1.136 1.042 980,8 907,5
Wood & wood products 473,3 495,1 488,9 459,1 485,9 461,3 458,4 466,7

Pulp parer 2.662 2.705 2.772 2.688 2.843 2.745 2.872 2.788
Chemicals 8.797 8.872 8.689 8.334 8.245 8.296 8.309 8.008

Other non-metallic minerals 13.452 13.579 13.163 12.992 13.334 13.671 13.488 13.891
Basic Metals 14.147 14.579 13.998 13.610 14.148 14.429 13.871 14.456

Transport Equipment 1.156 1.183 1.196 1.159 1.206 1.182 1.177 1.134
Construction 2.825 2.854 2.876 2.903 2.988 3.016 3.098 3.123

Land Transport 9.116 9.147 9.408 9.557 9.703 10.181 10.329 10.586
Water Transport 4.539 4.632 4.795 4.912 5.365 5.608 6.046 6.177

Air Transport 6.997 7.397 7.183 6.962 7.133 7.411 8.090 8.426
Supporting Activities 998,9 1.017 1.030 1.105 1.142 1.184 1.169 1.211

Total 5.474 5.566 5.504 5.422 5.567 5.675 5.582 5.677

With the help of Tables 7 and 8 managing to show the evolution of average CO2 emissions on
an annual basis in order to monitor the impact of the implementation of the Kyoto’ Protocol on
the respective country and industry boundaries respectively throughout the study. With respect
to the country’s specific borders (Table 7), the picture appears to be quite mixed, as there are
countries that have reduced the average CO2 emissions (eg France, Germany), others that have
increased them (Austria, Denmark, Italy ) and some others that kept emissions almost constant
(eg Finland, Ireland, Slovakia). Focusing on Table 8 on average carbon dioxide emissions in the
case of industrial borders (hierarchy 2), it appears that in this case the picture is also scattered,
with some industries increasing their emissions from 2002 onwards (eg Construction, Transport
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Equipment, Wood and wood products), with only a small part of the industries selected in this
document reducing their emissions (eg Chemicals and Foods & Beverages). Graphs 1 and 2,
respectively, illustrate the above situations in a more informative manner.

By shifting attention to the estimated DMU Environmental Efficiency values under the
technological hierarchy 1, ie the hierarchy that dominated the borders of the countries, and the
technological hierarchy 2, that is, the hierarchy that dominated the frontiers of industry.

Table 9 : Environmental Efficiency statistics for the case of
country specific frontiers (Hierarchy 1) for the period 1999-2006

Country Mean St.Dev. Min Max
Austria 0.997 0.011 0.939 1.000
Belgium 0.946 0.163 0.001 1.000
Czech 0.986 0.050 0.733 1.000

Denmark 0.991 0.050 0.515 1.000
Finlnad 0.986 0.051 0.754 1.000
France 0.962 0.079 0.692 1.000

Germany 0.967 0.077 0.687 1.000
Greece 0.989 0.098 0.000 1.000
Ireland 0.914 0.257 0.002 1.000
Italy 0.989 0.041 0.774 1.000

Netherlands 0.956 0.146 0.000 1.000
Poland 0.996 0.021 0.849 1.000

Slovak Rep. 0.991 0.034 0.740 1.000
Slovenia 0.960 0.136 0.195 1.000

Spain 0.973 0.055 0.728 1.000
Sweden 0.942 0.234 0.001 1.000

United Kingdom 0.855 0.316 0.000 1.000
Total 0.965 0.142 0.000 1.000
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Table 10: Environmental Efficiency statistics for the case of
country specific frontiers (Hierarchy 1) by year

1999 2000 2001 2002 2003 2004 2005 2006
Austria 0.995 0.997 0.997 0.997 0.997 0.997 0.998 0.997
Belgium 0.962 0.974 0.962 0.940 0.948 0.927 0.909 0.947

Czech Rep. 0.986 0.981 0.983 0.979 0.977 0.997 0.987 0.997
Denmark 0.997 1.000 1.000 0.999 0.999 0.985 0.992 0.960
Finland 0.990 0.982 0.985 0.990 0.987 0.991 0.981 0.982
France 0.965 0.957 0.956 0.957 0.957 0.963 0.967 0.970

Germany 0.964 0.964 0.963 0.962 0.968 0.973 0.970 0.969
Greece 0.999 0.999 0.999 0.999 0.921 1.000 0.999 0.999
Ireland 0.844 0.843 0.850 0.917 0.936 0.969 0.981 0.973
Italy 0.971 0.986 1.000 0.999 0.999 0.971 0.995 0.992

Netherlands 0.973 0.975 0.979 0.903 0.907 0.973 0.971 0.970
Poland 0.988 0.990 0.997 0.999 1.000 0.991 0.999 1.000

Slovak Rep. 0.998 0.999 0.998 0.998 0.999 0.990 0.981 0.970
Slovenia 0.972 0.962 0.986 0.979 0.936 0.938 0.934 0.975

Spain 0.955 0.977 0.978 0.964 0.951 0.972 0.992 0.992
Sweden 1.000 1.000 0.923 0.923 0.923 0.923 0.923 0.923

United Kingdom 0.907 0.910 0.915 0.826 0.812 0.858 0.822 0.789
Total 0.969 0.970 0.969 0.961 0.954 0.966 0.965 0.965

Continuing with Tables 9 and 10 we will present the environmental performance estimates
for hierarchy 1 for the period 1999-2006 and on an annual basis respectively. Table 9 shows
that Austria (0.997), Poland (0.996), Denmark (0.991) and Slovakia (0.991) (0.946) among the
countries with the highest environmental performance averaged over the period 1999-2006 ),
Sweden (0.942), Ireland (0.914) and the United Kingdom (0.855) were among the least envi-
ronmentally efficient, for the period 1999-2006. Table 10 gives an insight into the evolution of
the environmental performance of each country on average and overall. Compared to the year
2002, which is the year of the launch of the Kyoto Protocol directives, it appears that the UK,
Danish and Swedish environmental performance shows a decline by the end of the period under
review, while the environmental performance of Ireland, France and the Netherlands show an
increase by the end of the study period. Overall, the estimates show that the Kyoto Proto-
col directives have slightly increased the environmental performance of the countries concerned.
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Table 11:Environmental Efficiency statistics for the case of
industry specific frontiers (Hierarchy 2) for the period 1999-2006

Industry Mean St.Dev Min Max
Food & Beverages 1.000 0.000 1.000 1.000

Textiles 0.955 0.192 0.001 1.000
Wood & wood products 0.885 0.315 0.000 1.000

Pulp Paper 0.991 0.087 0.001 1.000
Chemicals 0.947 0.222 0.000 1.000

Other non-metallic minerals 0.985 0.121 0.001 1.000
Basic Metals 1.000 0.000 1.000 1.000

Transport Equipment 0.868 0.340 0.000 1.000
Construction 0.895 0.305 0.000 1.000

Land Transport 0.944 0.224 0.000 1.000
Water Transport 0.916 0.257 0.000 1.000

Air Transport 0.910 0.249 0.000 1.000
Supporting Activities 0.829 0.350 0.000 1.000

Total 0.933 0.240 0.000 1.000

In addition, Table 11 refers to environmental performance estimates in the case of industry-
dominated borders, ie Hierarchy 2. It appears that the food and beverage industries (1,000),
basic metals (1,000), paper pulp (0,991) and other non-metallic minerals (0,985) is, on average,
among the most environmentally efficient for the period under review. Construction (0.895),
timber and timber products (0.885), transport equipment (0.868) and support activities (0.829)
appear to be on average the least profitable industries for the EU study period.

Table 12: Environmental Efficiency statistics for the case of
industry specific frontiers (Hierarchy 2) by year

1999 2000 2001 2002 2003 2004 2005 2006
Food & Beverages 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Textiles 0.941 0.915 0.920 0.941 0.991 0.992 1.000 0.944
Wood & wood products 0.940 0.882 0.939 0.960 0.824 0.824 0.825 0.883

Pulp Paper 0.999 1.000 1.000 1.000 0.941 1.000 0.999 0.999
Chemicals 0.936 0.940 0.879 0.824 1.000 0.997 0.999 1.000

Other non-metallic minerals 0.941 0.999 0.941 1.000 1.000 1.000 1.000 1.000
Basic Metals 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Transport Equipment 0.824 0.882 0.824 0.941 0.824 0.882 0.882 0.882
Construction 0.872 0.941 0.934 0.882 0.882 0.882 0.882 0.882

Land Transport 0.941 0.941 0.973 0.941 0.994 0.882 0.941 0.941
Water Transport 0.899 0.929 0.934 0.927 0.887 0.886 0.934 0.931

Air Transport 0.937 0.870 0.910 0.905 0.905 0.795 0.977 0.980
Supporting Activities 0.746 0.679 0.779 0.929 0.869 0.812 0.985 0.833

Total 0.921 0.921 0.926 0.942 0.932 0.919 0.956 0.944

Presenteb by Table 12 the average environmental performance estimates per year for in-
dustrial boundaries. We could argue that estimates provide a shocking picture as there are
industries that have not been affected (eg Food & Beverage, Basic Metals), others that have
reduced their environmental performance (eg Wood and Wood Products) environmental per-
formance (eg chemicals and chemicals, textiles).
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Table 13: Environmental Inefficiency with respect to the
European Technology for the case of the country

specific frontiers (Hierarchy 1) for the period 1999-2006
Basic Chem Fb Lt Other Pulp Txt Treq Wt Wdp Total

Austria 0 8 0 0 0 1 0 0 0 2 11
Belgium 0 4 0 0 8 6 0 0 0 0 18
Czech 1 0 5 0 3 3 0 0 7 0 12

Denmark 0 6 3 0 0 3 0 0 0 0 19
Finland 0 0 0 0 8 0 0 0 0 0 8
France 8 0 8 0 7 8 0 2 0 0 33

Germany 8 8 1 0 0 8 0 0 6 0 25
Greece 0 1 1 0 0 3 0 0 0 0 11
Ireland 2 7 7 0 8 0 0 1 0 0 25
Italy 0 0 7 0 2 2 0 0 0 0 11

Netherlands 8 0 8 0 0 5 0 0 0 0 21
Poland 0 0 0 0 3 6 0 0 0 0 9

Slovak Rep. 0 1 0 0 3 2 0 8 0 0 14
Slovenia 3 7 0 0 1 8 0 3 0 0 22

Spain 8 8 8 0 8 8 0 6 0 0 46
Sweden 0 0 0 0 0 0 0 0 6 0 6

United Kingdom 5 8 6 1 8 0 2 4 0 0 34
Total 43 58 54 1 59 63 2 24 19 2 -

Table 14: Environmental Inefficiency with respect to the
European Technology for the case of

industry specific frontiers (Hierarchy 2) for the period 1999-2006
At Chem Cnstr Lt Other Pulp Sta Txt Treq Wt Wdp Total

Austria 8 0 0 0 0 0 2 0 0 4 0 14
Belgium 0 0 0 0 0 0 4 0 0 0 0 4
Czech 1 0 0 0 0 0 3 0 0 4 0 8

Denmark 6 7 0 0 0 5 8 6 1 8 0 41
Finland 6 0 1 0 0 0 8 2 0 0 0 17
France 1 0 8 4 0 0 0 0 8 0 7 28
Greece 0 0 0 0 0 0 0 0 0 0 5 5
Ireland 0 4 0 1 3 0 8 1 5 2 0 24
Italy 7 3 8 5 0 0 0 0 0 0 6 29

Netherlands 0 0 0 0 0 0 0 0 4 5 2 11
Poland 5 0 0 0 0 0 0 0 0 0 0 5

Slovak Rep. 1 0 0 0 0 0 0 0 0 0 0 1
Spain 0 0 0 0 0 0 5 0 0 0 0 5
Total 35 14 17 10 3 5 38 9 18 23 20 -

Showed by Tables 13 and 14 the number of cases where each country and industry have
been recognized as being environmentally inefficient compared to the European level of tech-
nology. Table 13 shows that the Spanish industries (46 times), the United Kingdom (34 times),
France (33 times), Germany (25 times) and Ireland (25 times) show increased environmental
inefficiency, while Sweden (6 times), Finland (8 times) and Poland (9 times) show low environ-
mental inefficiency compared to European conversion technology throughout the period under
review, respectively. Table 14 refers to Hierarchy 2, where the industry’s borders came into
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force. More specifically, Table 14 shows the number of cases that each country operating under
the technology of this industry has been recognized as environmentally ineffective. The support
and support industries -STA- (38 times), air transport -AT- (35 times), maritime transport -
WT- (23 times) and wood and wood products -WDP- (20 times) ( 3 times), paper pulp (5
times) and Textiles -TXT- (9 times) appear to be the least inadequate compared to European
post-treatment technology for the study period respectively.

Table 15: Average Environmental Efficiency statistics for the
case of industry and country specific frontier by year

1999 2000 2001 2002 2003 2004 2005 2006

Country frontier
0.96 0.963 0.965 0.976 0.981 0.97 0.959 0.942

(0.177) (0.171) (0.157) (0.126) (0.114) (0.151) (0.179) (0.218)

Industry frontier
0.961 0.968 0.969 0.972 0.975 0.976 0.961 0.954

(0.161) (0.146) (0.149) (0.133) (0.119) (0.116) (0.174) (0.191)

The results presented in Table 15 provide valuable information on the individual perfor-
mance of EETGs for countries / industries provided that all of them have access to the same
technology. A notable finding is the very high performance of EETGs over the period under
review, suggesting that the average country / industry seems to adopt the highest available
technology to a significant extent. This finding seems to be true regardless of the hierarchy
adopted and appears to be very low for the entire period under consideration. A parametric
test used to examine the different behavior between the two hierarchies reveals that there is
no difference in EETG in the hierarchy of each production unit (t = -0.434, p-value = 0.664).
Figure 3 illustrates this image which conceals the high concentration of meta-technology ratios
for the two different hierarchies.
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6 Conclusion

The contribution or this master thesis is twofold. Firstly, it proposes a fairly new index
in the literature, called the technological performance gap for environmental performance, in
order to measure the environmental profit of individual countries / industries in the European
region. In addition, the second contribution is based on the assumption that individual DMUs
share a productive process under different technological hierarchies. This peculiarity gives us
the opportunity to question the validity of different environmental performance performances
in different technology regimes.

Using a data set for seventeen EU Member States for the period 1999 to 2006, we calcu-
late the environmental performance scores using a forward-distance technique that highlights
different production performance standards for both industrial and country- comparable to
European transport technology. More specifically, in our first hierarchical status, the results
of our environmental performance show that countries such as Austria, Denmark, Finland and
Greece, on average, are the champions, where the United Kingdom and Ireland have shown sig-
nificant performance. In addition, a small decrease on average for our sample has been detected
since 2002. Now focusing on the second hierarchy, industries prefer food and beverages, basic
metals and paper pulp to a relatively high average, while supporting activities, constructions,
wood and wood products and transport equipment appear to be completely different. However,
the average returns for all the industries concerned during the period 199-2006 appear to be
negligible.

Finally, our results reveal that the technological gaps in terms of environmental performance
showed on average steady and high yields over the period under review regardless of the hier-
archy of its production unit. In addition, there were no significant differences in EETGs with
regard to the two hierarchies considered. A possible explanation for the high performance of
EU and EETGs results can be attributed to country / industry compliance with the Kyoto
guidelines and the role of rigorous European environmental policies.

Studies that consider the achievment of environmental efficiency uder different technological
regimes are not and to compare different technological hierarcy are even made more.
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8 Appendix

8.1 Tables

Table 16.1: Review of the literature
Country/Region level Studies

Authors Year Country/Region Method Results

Jeon
and Sickles

2004
OECD and

Asian economies
DDF,Malmquist and

Malmquist-Luenberger index

-OECD countries show
minor change.

-The Asian economies
show little apparent impact.

Yörük
and Zaim

2005
28 OECD
countries

Malmquist-
Luenberger index

The OECD has a long-standing
program to improve
resource efficiency.

Kumar 2006
Various

countries
DDF, Malmquist and

Malmquist-Luenberger index

These traditional measures of
productivity found that environmental

regulations have
an adverse effect on productivity.

Yörük 2007
28 OECD
countries

Malmquist and
Malmquist-Luenberger index

Productivity growth incorporating
the negative effect of

environmentally harmful outputs.

Kumar
and Khanna

2009
Annex I

and other countries
DDF, DEA

Negatively affects the
environmental productivity of countries as

they strive to
compete in the world market.

Kumar
and Managi

2010
Various

countries
DDF, DEA

Developing countries were c
atching up to the

developed countries
in their pollution.

Oh 2010
OECD

countries
Malmquist-

Luenberger index
Productivity growth

is mainly attributed to tributed.

Oh 2010
Various

countries
Malmquist–Luenberger

productivity growth index
Implications for the policymaking

related to sustainable growth.
Oh and

Heshmati
2010

OECD
countries

Malmquist–Luenberger
productivity index

Integrate the effect of
environmentally harmful by products.

Zhou
et al.

2010
Various

countries
Malmquist

index

GDP per capita and the ratification of the
Kyoto Protocol have a positive while energy

intensity has a negative
effect on total factor carbon emission performance.

Mahlberg
and Sahoo

2011
OECD

countries
DEA

Different environmental DEA models in each
group yield

different EE estimates
because they have different projection schemes.

Mahlberg et al. 2011 EU Country
DEA,

Malmquist index

The impact of
environmental regulation on
the measured eco-efficiency.

Chiu et al. 2012
Annex I

and other countries
DDF and meta
frontier analysis

The technology frontiers of the HH, HM,
LM, and LL countries differ significantly.

Halkos
and Tzeremes

2012
Region-level

data in Germany
‘DEA

The efficiency results obtained after
applying the techniques have
been significantly improved.

Zhang
et al.

2012
China

Province-level data

DDF in the field of
energy and environmental

(E&E) modeling

The radial efficiency measures
and output-oriented
model are the most

widely used specifications.

Zhao 2012
China

Province-level data
Energy efficiency

and productivity efficiency

Productivity improvements can play a
significant role in addressing

environmental problems while simultaneously
improving standards of living.

Halkos
and Tzeremes

2013
Regional-level

data in the UK
DEA

The results reveal the existence of a ‘U’ shape
relationship between regional environmental

efficiency and regional GDP per capita levels.

Shinji
and Managi

2004
China

Province-level data
Malmquist index

Productivity improvements can play a
significant role in addressing

environmental problems while simultaneously
improving standards of living.

Martini
et al.

2013
Airports
in Italy

DDF
Measured the noise and pollution levels

produced by airport, and not
their effects on the population.

Yu et al. 2008
Taiwan
Airports

Malmquist–Luenberger
productivity index

Reductions in aircraft noise, be important
in the vicinity of airports, their omission will
result in managers and policy-makers who are

seeking signals to expand capacity
receiving biased performance signals..
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Table 16.2: Review of the literature
Industry level Studies

Authors Year Industry Method Results
Chung
et al.

1997
Paper and pulp
mills in Sweden

DDF,Malmquist–
Luenberger index

The productivity in this industry has
improved over the whole period.

Weber
and Domazlicky

2001
US Regional

manufacturing industry

DDF,Malmquist
and Malmquist-

Luenberger index

Measured inefficiency was significantly
greater and measured productivity

growth was significantly lower.
Domazlicky
and Weber

2004
US Chemical

industry
DDF and Malmquist-

Luenberger index
Find significant regional

variations in productivity.
Managi
et al.

2005
US Well-level data

of the oil and gas industry
DEA

The productivity in this industry has
improved over the whole period.

Färe
et al.

2006
US Agriculture

industry
DODF(directional output

distance function)

The pollution costs associated
with the leaching of pesticides are

higher than the pollution costs
with the runoff of pesticides.

Watanabe
and Tanaka

2007
China Province-level

industry data
DODF(directional output

distance function)

Efficiency levels in countries
like China, where environmental

problems are a large concern.

Managi
and Jena

2008
India State-level

manufacturing industry data
Luenberger productivity

index and DEA

India’s extremely rapid economic
growth, the

scale and seriousness
of environmental

problems are no longer in doubt.

Zhang 2009
China Province-level

industry data
DEA

Three provinces and one city (Jiangsu,
Zhejiang, Guangdong,

and Shanghai)
holding the highest

efficiency scores for all indicators.

Mandal
and Madheswaran

2010
India

Cement industry
DEA

To control pollution, firms are bound
to divert some of their productive

resources , otherwise,
have been used for

producing desirable output.

Mukherjee 2010
India State-level

manufacturing industry data
Directional Distance

Function(DDF)

The economy would be to shift
the composition of the
overall manufacturing

output to increase the share of the less energy
intensive industries over time.

Heng
et al

2012
US Trucking

industry
Malmquist

productivity

The implications of air pollution
reductions in the trucking sector
and its economic performance.

Krautzberger
and Wetzel

2012
EU Transportation

industry
Malmquist-Luenberger

productivity index

Positive productivity development
for nearly half of the

countries in the observed period.

Wu et
al.

2012
China Regional
industrial sector

DEA

Static energy efficiency change had a
negative impact while
technological change

had a positive impact on the change
in dynamic energy

efficiency performance.

Riccardi
et al.

2012
Cement production industry

in various countries
DEA and DDF

Mandatory and voluntary
emission regulations,

countries which invest in alternative
raw materials and alternative

fuels are efficient.

Kaneko et al. 2010
China Thermal

power sector
DDF

Technological innovations
shift the current

production frontier upward.
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Table 16.3: Review of the literature
Company,Firm,Plant and other Studies

Authors Year Data Method Results

Arocena and
Waddams Price

2002
Spain Coal-

fired power plants
Malmquist

productivity index

Public coal powered generation plants
were more efficient than

those in the private sector
under cost of service regulation.

Ball
et al.

2004
US Regional

agricultural farm
Total factor

productivity (TFP)
Some states come to

catch up the developing ones.

Färe
et al.

2005
US

Electric utilities
DEA and DDF

A broad range of environmental
issues as well as cases in

which the usual economic
data on prices.

Picazo-Tadeo
et al.

2005
Spain Ceramic
tile producers

DDF

Evaluate the costs of rules that
effectively

restrict the production
of undesirable outputs.

Vardanyan
and Noh

2006
US

Electric utilities

Linear
Programming

(LP)

The existence of alternative
functional forms that can be used for the

approximation of the true production.

Färe
et al.

2007
US Coal fired
power plants

DDF

Decrease in the distance
between the regulated and

unregulated frontiers
induced by

biased technical change
can be interpreted as

evidence of the
“Porter effect.

McMullen
and Noh

2007
US Bus

transit agencies
DDF

Emissions with the lowest
social cost in terms of

passenger-miles foregone
in abating emissions.

Lepetit
and Moing

2007
Pig production
farms in France

Malmquist–
Luenberger

index.

Reducing productive
inefficiencies existing

in the French pig sector.

Nankano
and Managi

2008
Steam power

companies in Japan

Generalized Method
of Moments (GMM)

and Malmquist–
Luenberger index.

Aims at introducing more
competition to enhance

efficiency and productivity.

Kjærsgaard
et al.

2009
Denmark

Fishing trips
Non-Parametric Frontier

and DDF

Maximizing industry revenues
while implementing a

substitution process among outputs
as a consequence of a variety

of individual quotas.

Kumar
and Managi

2010
US Electric

utilities

Directional Output
Distance Function

(DODF)

Induced effects on
technological change.

Macpherson
et al.

2010
US

Watersheds
DDF

This study is like
its use in cross-country

comparisons of productivity.

Murty
et al.

2007
India Thermal
power plants

Directional Output
Distance Function

(DODF)

The correlation analysis of
shadow price of bad

output and the
pollution intensity of
firms shows that the
higher the pollution

intensity the lower is the
shadow price.

Nankano
and Managi

2010
Japan Prefecture-

level data

(DEA) and
Luenberger

productivity index

The difference in the assumption of
abatement factors does not

have a large impact on our results.

Briec
et al.

2011
Portugal

Hydroelectric plants
Malmquist

productivity index

Upgrade their performance
toward the frontier
of best practices.

Fujii
et al.

2011
US and

Japan Manufacturing
firms

Total factor
productivity

The relationship between
environmental

efficiency measured by toxic risk
and two economic performances.

Ha et
al.

2011
Japan Air

and rail companies
DEA-based

nonparametric method

Creates an underestimation bias
of inefficiency for a DMU

with relatively large
undesirable outputs.

Khanna
and Kumar

2011
US

S&P500 firms’ data
DDF

Increase their
environmental efficiency.

Molinos–Senante
et al.

2011
Spain Waste water
treatment plants

Non-radial Data
Envelopment Analysis

Energy-intensive facilities
contributing in
some measure

to climate change.

Matsushita
and Yamane

2012
Japan

Power companies

Directional
Output Distance Function

(DODF)

Useful guidance for a
future comprehensive

energy policy.
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8.2 Graphs
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8.2.1 Country
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8.2.2 Sector
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