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ABSTRACT

Over the last few years concerns have enhanced about the bioenergy industry as main source for renewable and sustainable energy in many countries.
These concerns have been major magnitude for countries with joint green energy legislation such as European Union (EU) member states. A significant
aspect to be considered when selecting a provided bioenergy is the efficiency involved in its production. In this context, the current study analyzes
the technical efficiency (TE) components in bioenergy industry in EU28 region between 1990 and 2013. To this end, parametric and non-parametric
frontier models are applied, where both are particularly appropriate in this special context due to their treatment of undesirable outputs. Results are
presenting higher means for TE and pure TE in developing countries in compare with developed countries. In the other hand, scale efficiency mean
presenting high value in developed countries in compare with developing ones.

Keywords: Bioenergy Industry, Technical Efficiency, EU28 Region
JEL Classifications: Q4, D61

1. INTRODUCTION

The world economy is on the edge of one of the biggest model
transfer since the beginning of the industrial revolution worldwide.
Wide convert from utilizing fossil fuel energy to renewable and
sustainable energy, due to many serious reasons such as: Producing
and consuming fossil fuels energy is enhancing relentlessly and
along with the emission of climate killer CO,. Moreover, traditional
fossil fuel energy supplies can barely meet the world requirement
for energy. Furthermore, as per the International Energy Agency
report, by 2012 oil production will reach the peak and will not be
able to meet the world demand (Geheeb, 2007). In addition, the
price of energy imports has been increased significantly affecting
the international market economies. Nevertheless, climate change
caused by CO, emission is threating the renewable energy sources
through destroying the natural resource and environment. The
world society requires serious changes in energy systems, away

from fossil fuel energy sources to a renewable and sustainable
energy sources (Geheeb, 2007).

Bioenergy is one of the most sources of renewable and sustainable
energy which can provide an essential contribution to supply future
green energy in a sustainable approach. Bioenergy is the biggest
world contributor of renewable and sustainable energy, and has
an important role in different fields such as heating and cooling,
electricity and power, and fuel for transportation. Biomass is the
main source to produce bioenergy, presented by the organic raw
materials and biological waste from different source (such as:
Forestry, agriculture, food, fishery, municipality, etc.).

In 2010, National Renewable Energy Action Plan (NREAP)
schedule gives detailed road maps of how the European Union (EU)
countries can reach the 2020 targets, which can be summarized as
follow: 20% mitigation of greenhouse gas emission in comparing
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with 1990 emission level, 20% increment of the portion of energy
production from renewable energy sources, 20% reduction of
energy consumption from conventional sources through increasing
the efficiency. Scowcroft and Nies (2011) have indicated that
bioenergy is a significant player to reach the 2020 (NREAP) targets.
Also, Reddy and Assenza (2007) have pointed out that increasing
energy efficiency can help to meet the gap between increased
demand and shortage in supply without any change in the quality
of produced energy. Based on Jossart and Calderon (2013), there is
relation between the level of efficiency and the level of the country
economic development, where developed EU countries have high
level of efficiency presented in high production and export, less
consumption and import, while developing countries have low
level of efficiency presented in high consumption and import, less
production and export (Burck et al., 2012).

The European Union (EU28) is an economic and political union
of 28 countries or members. The EU countries manage a single
and an internal market which authorize free transfer of goods,
capital, services and citizens between EU member states. The
latest statistics related to the Bioenergy balance in Europe in
2011 has showed that EU countries with high rate of efficiency in
bioenergy production, such as: Bulgaria, Czech Republic, Estonia
have registered high rate of efficiency in bioenergy production
(electricity and heat sections in specific) with the average of
(83.33%, 50.07%, 79.19%) respectively, have less import, more
export, less final energy consumption and more primary energy
production. On the other hand, countries with low rate of efficiency
in bioenergy production for the same above fields, such as: Greece,
Spain, Croatia have registered low rate of bioenergy efficiency
in electricity and heat sections with the rate of (31.58%, 33.74%,
23.08%) respectively, have presented more import, less export,
more final energy consumption and less primary energy production
(Jossart and Calderon, 2013).

The need for efficiency in bioenergy industry has become a
necessary requirement in the EU28 energy economic, due to
the shortage in bioenergy production. For example the biofuel
production in 2011 was (250.45 Thousand Barrels Per Day) which
needs to be improved efficiently to meet the biofuel consumption
(340.43 Thousand Barrels Per Day) in 2011. Moreover, the
CO, emission increment from fossil fuel use has not decreased
significantly since 1990 to meet the set (NREAPs) targets in 2020
(Scowcroft and Nies, 2011).

The inefficacy of bioenergy industry has affected EU28 countries
economy negatively through; the over consumption of bioenergy
and inability of bioenergy production to meet the required
consumption. Moreover, failed to reach the (NREAP) 2020 targets
as per the estimation of Scowcroft and Nies (2011) due to biomass
supply gap, which is need to be imported from different regions
for bioenergy production purpose. Furthermore, the mitigation of
the CO, emission in EU28 region is unbalanced due to the over
consumption and inefficient production of bioenergy (Scowcroft
and Nies, 2011)

The main objective of this paper is to investigate the technical
efficiency (TE) and analyze pertaining to the decomposition of

bioenergy industry in the EU28 countries. While the output of this
paper will identify which EU28 countries have high efficiency
rate or low efficiency rate (inefficiency). Moreover, we will be
able to recognize the factors behind the efficiency in bioenergy
industry in some countries which will help to derive the required
policies to improve the bioenergy industry process and obtain
better efficiency in other inefficient countries. Furthermore, policy
makers will be able to identify the needed policies and procedures
in the bioenergy industry to develop and improve the bioenergy
industry in EU28 region.

2. LITERATURE REVIEW

2.1. Empirical Review for Efficiency of Bioenergy
Industry

In this part an empirical review for efficiency of bioenergy
industry will be discussed in different regions/countries and sectors
(electricity and power, heat and cooling, and transport) using
different methods to measure the efficiency. In China, biomass is
playing a main source for bioenergy production which presents
the majority of renewable energy sources (Chang et al., 2013).
However, bioenergy production could not meet the local demand
in China for bioenergy due to the shortage of biomass. Therefore,
China has transformed to become a net energy imported country
(Chang et al., 2013). In South Africa, Winkler (2003) has granted
with the other group of researchers regarding the importance of
developing the renewable energy for electricity field to implement
environmental, health and economical goals without losing sight of
social development targets. Winkler (2003) has found that proper
investment in renewable energy (bioenergy) and energy efficiency
is significant to minimize the negative economic, social and
environment effects from energy production. Scarlat et al. (2013)
admits that bioenergy industry is a main player in the process to
convert for renewable energy in electricity and power, heating
and cooling, and transportations sectors in Italy and achieve the
set targets to transform to green energy. In addition, biomass is
anticipated to provide the largest source of renewable energy in
Italy. Kythreotou et al. (2012) have analyzed the biomass potential
for bioenergy production in Cyprus. However, the results indicated
to that anaerobic digestion pertaining to bioenergy would give
decentralization of bioenergy production in locations that are
outlaying. Moreover, give the farms the opportunity to be energy
self-governing and less impacted by the fuel prices variation.
Balat and Balat (2009) have pointed that bioenergy (hydrogen
energy) generated from biomass, organic and waste resources
can provide an economical and environmental friendly energy
output free of pollution, free of carbon, and can be utilized in
household service, industry, and transports sectors. Shafie et al.
(2012) has referred to that bioenergy is the highest potential energy
source to meet the increasing demand for energy and provide a
sustainable renewable energy security with proper environment
protection in Malaysia. Berndes et al. (2009) has found that in
2" generation of biofuel production output, there is an inverse
relationship between the age of capital plant and the potential
of bioenergy production. Evans et al. (2010) have found in their
paper that the sustainable bioenergy production in Australia can
be implemented through improving hardy crops on marginal or
unutilized land. In Malaysia, Tye et al. (2011) has resulted that
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the second generation of bioethanol is considered significant, due
to the potential as energy source for transportation sector and its
long term strategies and development. Hu and Wang (2005) have
analyzed in details the bioenergy efficiency for 29 regions in China
for the period between 1995 and 2002. Empirically, there is an
inverse relationship between the efficiency of energy production
and used input (labor, capital stock, etc.) in the process of energy
production.

2.2. Theoretical Review for Overall TE Approach

The study by Lee (2009) is among different studies which measured
the operational efficiency of (173) medium- sized audit firms in
2005 by employing frontier efficiency approach. Lee (2009) has
employed different parametric and non-parametric tests to a panel
analysis for the studied sample. Lee (2009) has indicated that there
are (24) audit firms with the overall TE value of (1 = fully efficient).
In terms of overall TE, pure TE (PTE) and scale efficiency (SE), the
result shows that the average SE of all samples is higher than the
average PTE. By using the DEA statistical mathematic, Yudistira
(2004) examines the efficiency the performance of (18) Islamic
banks during the period between 1997 and 2000. Yudistira (2004)
has found that the Islamic banks suffered slight of inefficiencies
during the world crisis for the period between 1998 and 1999 due
to pure technical inefficiency rather than scale inefficiency. In
another study, Sufian (2007) supposed that the TE of Malaysian
Islamic banks reduced during the period between 2002 and 2004.
Sufian (2007) has found that the local Islamic banks were more
technical efficient compared to foreign Islamic bank in Malaysia.
Sufian (2007) has pointed that the source of technical inefficiency
of Malaysian Islamic banks is SE but not PTE. Another study,
Sufian and Haron (2008) has examined the efficiency of Islamic
banks in the MENA (Middle East and North African) and Asian
countries. By applying the DEA statistical mathematic Sufian and
Haron (2008) evaluated the TE, PTE and SE. Sufian and Haron
(2008) has found that pure technical inefficiency override scale
inefficiency since Islamic banks were found to have been operating
at arelatively optimal SE of operations but they were managerially
inefficient to utilize their resources to the fullest. Sufian and
Habibullah (2011) have examined the effect of economic freedom
on bank efficiency in a developing economy. Sufian and Habibullah
(2011) employed data envelopment analysis (DEA) statistical
method to measure the TE of the Chinese banking industry for
the period between 2000 and 2008. Sufian and Habibullah (2011)
have founds that the inefficiency of the Chinese banking sector
was major in SE than PTE.

3. RESEARCH METHOD

The present study collects data on the bioenergy industry from
European Union (EU28) countries which are listed in Table 1, for
the period between 1990 and 2013. The main source of biomass
and bioenergy data is the EUROSTAT database produced by the
European Union Commission which provides all related data
for biomass and bioenergy industry. We obtained data related to
the used input and output variables from EUROSTAT databases.
The final sample comprised (23) member/country operating in
EU28 Region, can be divided into (15) developed countries and
(13) developing countries in EU28 Region (Table 1). All input

Table 1: List of EU28 region member countries

Austria 1995 Bulgaria 2007
Belgium 1958 Croatia 2013
Denmark 1973 Cyprus 2004
Finland 1995 Czech Republic 2004
France 1958 Estonia 2004
Germany 1958 Hungary 2004
Greece 1981 Latvia 2004
Ireland 1973 Lithuania 2004
Italy 1958 Malta 2004
Luxembourg 1958 Poland 2004
Netherlands 1958 Romania 2007
Portugal 1986 Slovakia 2004
Spain 1986 Slovenia 2004
Sweden 1995

United Kingdom 1973

Source: Official Website of European Union (www.Europa.cu)

and output have been converted to Thousand TOE (tonnes of oil
equivalent) for the purpose of comparability.

3.1. The DEA First Stage

The level of TE is identified by using the DEA statistical approach.
The DEA statistical method builds a frontier of the observation
of input and output ratio through linear programming techniques.
The linear programming substitution is acceptable between
observed input groups on an isoquant (the same volume of output
is generated while amending the volume of two or more inputs)
that was assumed by the DEA statistical method. Charnes et al.
(1978) were the first to version for the method of DEA to scale
the efficiency of each decision making unit (DMU), obtained as
a maximum of a ratio of weighted outputs to weighted inputs.
The more the output generated from provided inputs, the more
efficient is the generation of the (DMU). This study applies
efficiency assessment under the variable returns to measure
(VRS) hypothesis. The VRS hypothesis was given by Banker
etal. (1984). The Banker, Charnes, and Cooper (BCC) structured
model (VRS) expanded the Charnes, Cooper, and Rhodes model
which was first suggested by Charnes et al. (1978) by relieve the
constant return to measure hypothesis. The found BCC model
was applied to evaluate the efficiency of DMUs specified by
VRS hypothesis. The VRS hypothesis gives the degree of PTE.
PTE measure the efficiency of DMUs without getting infectious
by scale effects.

Moreover, outcomes concluded from the VRS hypothesis gives
extra trustworthy information on DMUs’ efficiency compared to
the constant return to scale (CRS) hypothesis (Coelli et al., 1998).
The TE model is given in equation (1). As resulted, the technical,
pure technical and SE scores are limited between the values (0)
and (1) range. To choose optimum weights we selected the below
mathematical programming problem:

l:\l,il;’(u-Yi ) &Sla j:1:2""7n’ u’VZO
V X. VX,
D Vx, (M
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The above Equation| has an issue to infinite solution and therefore
we impose the constraint (v’ xi = 1), which drives to:

min

u"p(u'yl)(p'xi’ =1, u'y1 —':p'ki <0, j=12,..,N, o,u= @)

In Equation 2 we have adjusted the notations to reverberate
the conversion from (u) and (v) to the (1) and (@) respectively,
employing the duality in linear programming, an equivalent
envelopment method of this issue can be derived as follow:

e, y,+ YA =0, Ox,— XA =0, A =0 G

Where (0) is a scalar illustrating the value of the efficiency score
for the (i) country will score between the values (0) and (1) () is
the vector of (N*1) constants. The linear programming has to be
computed (N) times, once for each country in the EU region. Due
to compute the TE under the hypothesis of VRS, the convexity
constraint identify the how nearly the production function envelop
the observed input and output integrations and is not required in
the CRS situation (Sufian, 2009).

By computing the three efficiency measures (e.g., technical, pure
technical, scale), we will be capable to observe a more robust result
for the bioenergy industry developed and developing countries in
EU28 region over the period under study between 1990 and 2013.
However, the present study point’s greater emphasis on the TE
measure compared to the other decomposition efficiency measures
(e.g., pure technical and scale).

3.2. The Input and Output Variables in DEA

Based on Cooper et al. (2002), there is a standard requirement to
be met in order to choose the number of inputs and outputs. The
basic rule formula which can give instruction can be presented as:

n>max {m*s,3 (m+s)} 4)

Where, (N) refer to the number of DMUs; (M) point to the number
of inputs; and (S) indicate to the number of outputs. Given the
underdevelopment of bioenergy industry in EU28, the importance
of efficiency of bioenergy production is critical as a significant
source of renewable and sustainable energy. Therefore, it is
reasonable to suppose that the efficiency of bioenergy industry
in terms of their intermediation function is crucial as an effective
channel to provide energy for different sectors (power, electricity,
heat, cold, and fuel) from renewable and sustainable sources.
In this vein Chang et al. (2013) has pointed out that bioenergy
industry play an important economic role in providing renewable
and sustainable source of energy by converting biomass into
energy and contribute to develop the economic sector.

Winkler (2003) has granted that the efficiency of renewable energy
industry has also been shown to perform a critical role electricity
field to implement environmental, health and economical goals
without losing sight of social development targets. As confirmed by
different scholars to the significant role of efficiency in bioenergy
industry in the economic (Kythreotou et al., 2012; Scarlat et al.,
2013; Balat and Balat, 2009; Shafie et al., 2012; Evans et al.,
2010). Following Sufian (2008), Sufian and Habibullah (2013),

Sufian and Kamurdin (2015), and Coelli (1996) among others, the
present study uses the TE approach which views TE as the solution
to develop the bioenergy industry in EU28 countries. Accordingly,
three inputs and one output variables were chosen. The three
input vector variables consist of x1: Raw material, x2: Labor and
x3 physical capital, the output vector is y1: Production.

4. EMPIRICAL RESULTS AND DISCUSSION

Following many studies related to the same statistical approach
such as Sufian and Kamurdin (2015), Gilani (2015), Omar and
Jones (2015), Md and Kashfia (2015), and Sufian (2008). Table 2
shows the means of TE (0.77), and the decomposition of TE into
SE (0.91) exceeded PTE (0.85) of EU28 zone of bioenergy industry
for the period between 2000 and 2013, which can reflect the EU28
zone inefficiency for the same study period resulted as technical
inefficiency (0.23), and the decomposition into pure technical
inefficiency (0.15) overrides scale inefficiency (0.09). Table 2
shows the mean technical, pure technical and scale efficiencies of
developing and developed countries in bioenergy for the period
between 2000 and 2013 (for further details refer Appendix A and
Appendix B).

The empirical findings seem to indicate that the developing
countries have exhibited higher means in TE and PTE in compare
with developed countries as follow and respectively: TE (0.80 vs.
0.75), PTE (0.89 vs. 0.80), but not SE where mean of developed
countries is higher than developing countries as showed (0.90 vs.
0.91). Despite the fact that the empirical findings clearly highlight
that both the developing and developed countries in bioenergy
industry have not been fully efficient in producing outputs by using
the available input resulted technical inefficiency, pure technical
inefficiency, and scale inefficiency. In essence, the empirical
findings seem to indicate that developing and developed countries
have not fully utilized the inputs efficiently to produce the same
outputs (technical inefficiency). Moreover, empirical results trend
to indicate that developing and developed countries have not took
the proper decision pertaining to both raw material and human
resources properly (pure technical inefficiency). Also, empirical
findings seem to indicate that developing and developed countries
have not fully utilized the capital inputs efficiently to generate the
same outputs (scale inefficiency). The empirical findings given
in Table 2 clearly indicate that in developing and developed
countries the level of technical inefficiencies are (0.20 vs. 0.25),
pure technical inefficiencies are (0.11 vs. 0.20), scale inefficiencies
are (0.10 vs. 0.09) respectively.

As for TE, the average developing and developed countries could
only generate (0.80 vs. 0.75) of output, less than what it was
initially expected to generate. Hence, TE is lost by (0.20 vs. 0.25)
indicating that the average developing and developed countries
loses an opportunity to receive (0.20 vs. 0.25) more output given
the same amount of resources, or it could have produced (0.20 vs.
0.25) of its outputs given the same level of inputs. This result
shows that the developing countries are generating more output and
experiences less loses of input compared to the developed countries
for the period between 2000 and 2013, as the level of the TE in the
developing countries is higher than that of developed countries.
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Table 2: Average of technical efficiency of bioenergy
industry in EU28 over 2000-2013

2000 TE 0.80 0.74 0.77
PTE 0.90 0.82 0.86
SE 0.90 0.87 0.89
2001 TE 0.83 0.75 0.79
PTE 0.91 0.79 0.85
SE 0.92 0.92 0.92
2002 TE 0.86 0.76 0.81
PTE 0.93 0.80 0.86
SE 0.93 0.92 0.93
2003 TE 0.82 0.72 0.77
PTE 0.92 0.78 0.85
SE 0.90 0.90 0.90
2004 TE 0.82 0.73 0.77
PTE 0.90 0.81 0.86
SE 0.91 0.88 0.89
2005 TE 0.81 0.72 0.77
PTE 0.90 0.83 0.87
SE 0.91 0.85 0.88
2006 TE 0.82 0.75 0.79
PTE 0.90 0.79 0.84
SE 0.92 0.93 0.93
2007 TE 0.80 0.74 0.77
PTE 0.89 0.81 0.85
SE 0.90 0.89 0.90
2008 TE 0.79 0.75 0.77
PTE 0.88 0.81 0.84
SE 0.90 0.92 0.91
2009 TE 0.77 0.75 0.76
PTE 0.88 0.80 0.84
SE 0.88 0.93 0.91
2010 TE 0.77 0.75 0.76
PTE 0.88 0.80 0.84
SE 0.88 0.93 0.91
2011 TE 0.74 0.73 0.74
PTE 0.85 0.78 0.81
SE 0.88 0.94 0.91
2012 TE 0.78 0.75 0.76
PTE 0.87 0.81 0.84
SE 0.91 0.93 0.92
2013 TE 0.81 0.81 0.81
PTE 0.90 0.83 0.86
SE 0.91 0.97 0.94
Average by TE 0.80 0.75 0.77
group type
PTE 0.89 0.80 0.85
SE 0.90 0.91 0.91

TE: Technical efficiency, PTE: Pure technical efficiency, SE: Scale efficiency

Regarding PTE, the results indicate that, on average, developing
and developed countries have utilized only (0.89 vs. 0.80) of the
resources or inputs to produce the same level of outputs. In other
words, on average, both of developing and developed countries
have wasted (0.11 vs. 0.20) of its inputs, or it could have saved
(0.11 vs. 0.20) of its inputs to produce the same level of outputs.
Noticeably, the level of the PTE is higher in developing countries
rather than developed countries.

This indicates that the developing countries are capable to utilize
the minimum resources and involve with lower wastage of inputs.

While, developed countries shows that they are utilizing a large
volume of resources to produce outputs that lead to the higher
wastage inputs for the study period between 2000 and 2013. For
the SE, the results seem to suggest that the average developing and
developed countries could only utilize (0.90 vs. 0.91) of what was
available. Therefore, both developing and developed countries lost
the opportunity to generate (0.10 vs. 0.09) more optimal outputs
from the minimum level of inputs that may lead to higher SE. The
results state that the level of SE is higher in the developed countries
compared to that in the developing countries. This implies that
developed countries are capable of producing more outputs by
utilizing less input to generate higher SE. Meanwhile, developing
countries are utilizing more inputs and produce fewer outputs that
may lead to the lower SE (Table 2).

For the period between 1990 and 1999, the results present the
means of TE (0.71), and the decomposition into SE (0.91)
exceeded PTE (0.78) of EU28 zone of bioenergy industry for
the period between 1990 and 1999, which can reflect the EU28
zone inefficiency for the same study period resulted as technical
inefficiency (0.29), and the decomposition into pure technical
inefficiency (0.22) overrides scale inefficiency (0.09). In the
period between 1990 and 1999, the empirical findings seem to
indicate that the developing countries have exhibited higher
means in TE and PTE in compare with developed countries as
follow and respectively: TE (0.75 vs. 0.67), PTE (0.84 vs. 0.72),
but not SE where mean of developed countries is equal to the one
in developing countries as showed (0.91 vs. 0.91) (Appendix E).

Despite the fact that the empirical findings clearly highlight that both
the developing and developed countries in bioenergy industry have
not been fully efficient in producing outputs by using the available
input resulted technical inefficiency, pure technical inefficiency, and
scale inefficiency. The empirical findings are clearly indicates that in
developing and developed countries the level of technical inefficiency
18 (0.25 vs. 0.33), pure technical inefficiency is (0.16 vs. 0.28), scale
inefficiency is (0.09 vs. 0.09) respectively for the period between
1990 and 1999 (Appendix C and D).

5. RUBOSTNESS TESTS

After examining the results derived from the DEA method, the
issue of interest now is whether the difference in the TE, PTE,
and SE of developing and developed countries is statistically
significant. Mann—Whitney Wilcoxon test is a relevant test for
two independent samples coming from populations having the
same distribution. The most relevant reason is that the data violate
the stringent assumptions of the independent group’s t-test. In
what follows, we perform the non-parametric Mann—Whitney
Wilcoxon test along with a series of other parametric (t-test)
and non-parametric Kruskall-Wallis tests to obtain more robust
results. Table 3 shows detailed robustness tests for developing and
developed countries in bioenergy industry between the period 2000
and 2013. Based on Table 4, the results from the parametric t-test
for the period between 2000 and 2013 suggest that the developing
countries have exhibited a higher mean TE level compared to the
developed countries (0.804 > 0.745). which statically insignificant
because P value is greater than the significant level at 10%
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Table 4: Summary of parametric and non-parametric mean tests during 2000-2013

Individual test t-test Mann—Whitney [Wilcoxon] test Kruskall-Wallis test
Hypothesis test t-test Median developed and developing Equality of populations test
TE
Developing countries 0.804 0.418 15.193 —0.503 15.193 0.353
Developed countries 0.745 13.900 13.900
PTE
Developing countries 0.884 0.158* 15.820 —0.832 15.820 0.807
Developed countries 0.804 13.356 13.356
SE
Developing countries 0.909 0.427* 14.470 —0.587* 14.074 0.597*
Developed countries 0.912 14.870 14.870

Note: *** ** and * indicate significance at the 1%, 5%, and 10% levels respectively, TE: Technical efficiency, PTE: Pure technical efficiency, SE: Scale efficiency

Likewise, the developing countries have also exhibited a higher
mean PTE level compared to the developed countries (0.884 >
0.804), which statically insignificant because P value is greater
than the significant level at 10% statistically significant at the 10%
level. In the other hand, the developing countries have exhibited
lower mean SE level compared to the developed countries (0.909
> 0.912) which statically insignificant because P value is greater
than the significant level at 10%.

As per Table 4, the results from the non-parametric test
Mann—Whitney Wilcoxon test for the period between 2000
and 2013 suggest that the developing countries have exhibited
a higher mean TE level compared to the developed countries
(15.193 > 13.900) which statically insignificant because P value is
greater than the significant level at 10%. Likewise, the developing
countries have also exhibited a higher mean PTE level compared
to the developed countries (15.820 > 13.356) which statically
insignificant because P value is greater than the significant level
at 10%. In the other hand, the developing countries have exhibited
lower mean SE level Compared to the developed countries (14.470
> 14.480) which statically insignificant because P value is greater
than the significant level at 10%, statistically significant at the
10% level. As per Table 4, the results from the non-parametric
test Kruskall-Wallis test for the period between 2000 and 2013
suggest that the developing countries have exhibited a higher mean
TE level compared to the developed countries (15.193 > 13.900)
which statically insignificant because P value is greater than the
significant level at 10%. Likewise, the developing countries have
also exhibited a higher mean PTE level compared to the developed
countries (15.820> 13.356) which statically insignificant because
P value is greater than the significant level at 10%. In the other
hand, the developing countries have exhibited lower mean SE
level compared to the developed countries (14.470 > 14.074)
which statically insignificant because P value is greater than the
significant level at 10%, statistically significant at the 10% level.

Regarding the period between 1990 and 1999, the results from
t-test parametric test, non-parametric Mann—Whitney Wilcoxon
test, and Kruskall-Wallis test suggests that the developing
countries have exhibited a higher means TE and PTE level
compared to the developed countries, statistically significant at
the 5%, 10% and 10% levels respectively. On the other hand,

the results from t-test parametric test, non-parametric Mann—
Whitney Wilcoxon test, and Kruskall-Wallis test suggests that
the developing countries have exhibited a lower means SE level
compared to the developed countries for the period between 1990
and 1999 (Appendix F and G).

In t-test for the year 2000, the mean of TE is statistically
insignificance, because p-value is greater than the significant
level at 10% as follow 0.514 > 0.1, where PTE is statistically
insignificance because P value is greater than the significant level at
10% as follow 0.262 > 0.1, while SE is statistically insignificance,
because P value is greater than the significant level at 10% as
follow 0.761 > 0.10. Moreover, in Mann—Whitney test for the
same year 2000, the mean of TE is statistically insignificance,
because P value is greater than statistical level at 10% as follow
0.864 > 0.1, where PTE is statistically insignificance because P
value is lesser than the significant level at 10% as follow 0.577
> 0.1, while SE is statistically insignificant because P value is
greater than the significant level at 10% as follow 0.432 > 0.10.
Furthermore, in Kruskal-Wallis test for the same year 2000, the
mean of TE is statistically insignificance because P value is greater
than the statistical level at the level 10% as follow 0.854 > 0.1,
where PTE is statistically insignificance because P value is greater
than the statistical level at 10% as follow 0.577 > 0.1, while SE
is statistically insignificant because P value is greater than the
significant level at 10% as follow 0.432 > 0.10.

In 2006, t-test results have presented that means of TE, PTE and
SE are statistically insignificance because of P values are greater
than the statistical level at 10% as follow 0.554>0.10,0.227>0.10
and 0.734 > 0.10 respectively. Moreover, in Mann Whitney test for
the same year 2006, the results have indicated to TE, PTE and SE
are statistically insignificance because of P values are greater than
the statistical level at 10% as follow 0.574 > 0.10, 0.362 > 0.10
and 0.980 > 0.10 respectively. Furthermore, in Kruskal-Wallis test
for the same year 20006, the results have indicated to TE, PTE and
SE are statistically insignificance because of P values are greater
than the statistical level at 10% as follow 0.574 > 0.10, 0.362 >
0.10 and 0.980 > 0.1) respectively.

In t-test for the year 2013, TE is statistically insignificance because
of P value is greater than the statistical level at 10% as follow
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0.945 > 0.10, where PTE is statistically insignificance because of
P value is greater than the statistical level at 10% as follow 0.342
> 0.1, while (SE) is statistically insignificance because of P value
is greater than the statistical level at 10% as follow 0.137 > 0.10.
Moreover, in Mann—Whitney test and Kruskal—Wallis test for the
year 2013 the results have referred to that TE, PTE and SE are
statistically insignificance because the P values are greater that
the statistical level at 10% as follow 0.869 > 0.10, 0.544 > 0.10
and 0.702 > 0.10 respectively.

6. CONCLUSION AND POLICY
IMPLICATIONS

The paper has attempted to investigate the efficiency of EU28
bioenergy industry during the period between 1990 and 2013. The
employed non-parametric DEA method has gave us the chance
to distinguish between three distinction kinds of efficiency which
are technical, pure technical and scale efficiencies. Moreover, we
have applied a series of parametric and non-parametric tests to
examine whether the developing and developed countries were
drawn from the same population. Finally, we have employed non
parametric tests (Mann—Whitney U and Kruskal-Wallis tests) and
parametric test (t-test). For the period between 2000 and 2013,
we have resulted that the mean of TE in developing countries
is higher than the one in developed countries in EU28 Region,
suggesting minimal waste of inputs by developing countries lower
than the one in developed countries. Overall, our results suggest
that the mean of SE dominates PTE effects in determining EU28
developing countries in TE. Moreover, our results suggest that
SE dominates the PTE effects in determining EU28 developed
countries in TE. In EU28 and for the same study period between
2000 and 2013, bioenergy industry has exhibited relatively higher
efficient in developing countries than developed countries during
the same study period.

Our findings through robustness test have indicated to that in TE
from the parametric and non-parametric tests in Table 4 rejected
the null hypothesis and accepted the alternative hypothesis due
to that the average means of TE in developing and developed
countries are different and statistically insignificant because P
value is greater than the statistical level at 10%. Moreover, the
results for PTE from the parametric and non-parametric tests
in Table 4 have rejected the null hypothesis and accepted the
alternative hypothesis due to that the average means of PTE in
developing and developed countries are different and statistically
insignificant because P value is greater than the statistical level at
10% in the different employed t-test, Mann—Whitney U test and
Kruskal-Wallis test respectively. Nevertheless, the results for
SE from the parametric and non-parametric tests in Table 4 have
rejected the null hypothesis and accepted the alternative hypothesis
due to that the average means of SE in developing and developed
countries are different and statistically insignificant because P
value is greater than the statistical level at 10%.

The finding shows that in developing and developed countries SE
is dominating PTE. Moreover, the contributing of pure technical
inefficiency is outweighs scale inefficiency in EU28 bioenergy

industry. Therefore, our results do not support further increasing in
the size of the plants, because in further enhance in size will only
result smaller enhance in output for every proportionate enhance in
inputs, giving from the fact that EU28 bioenergy industry has been
producing at decreasing returns to scale between the period 2000
and 2013, but our results recommend more efforts to be given to
the top management and decision makers with regard to attaining
optimal utilization of capacity, improvement in managerial and
skills expertise, efficiency allocation of available resources and
most productive scale in production of bioenergy industry in EU2S,
which may facilitate directions for sustainable competitiveness on
bioenergy industry in the future. Furthermore, our results from
the parametric and non-parametric tests could reject relatively the
null hypothesis (6 results) that the means of TE in developing and
developed countries are not the same (different) and were drawn
from the different population.

Due to the study limitations, the current study may be expanded in
different of ways. First, if information on input prices is available,
further analysis could be performed to investigate the overall cost
efficiency decomposition TE and allocative efficiency. Second,
interested researchers may employ the malmquist productivity
index method to examine the sources of total factor productivity
changes of bioenergy industry in EU28 countries. Third, to obtain
more robust results, empirical findings from the current study
could be compared to the results derived from improved statistical
methods, i.e., Bootstrap DEA.

REFERENCES

Balat, M., Balat, M. (2009), Political, economic and environmental
impacts of biomass-based hydrogen. International Journal of
Hydrogen Energy, 34(9), 3589-3603.

Banker, R.D., Charnes, A., Cooper, W.W. (1984), Some models for
estimating technical and scale inefficiencies in data envelopment
analysis. Management Science, 30(9), 8-92.

Berndes, G., Hansson, J., Egeskog, A., Johnsson, F. (2009), Strategies
for 2" generation biofuels in EU - Co-firing to stimulate feedstock
supply development and process integration to improve energy
efficiency and economic competitiveness. Biomass and Bioenergy,
34(2), 227-236.

Burck, J., Hermwille, L., Krings, L. (2012), Climate Change Performance
Index Result 2013. Bonn: Germanwatch.

Chang, J., Leung, D., Wu, C., Yuan, Z. (2013), A review on the energy
production, consumption and prospect of renewable energy in China.
Renewable and Sustainable Energy Reviews, 7(5), 453-468.

Charnes, A., Cooper, W.W., Rhodes, E. (1978), Measuring the efficiency
of decision making units. European Journal of Operations Research,
2(6), 429-444.

Coelli, T. (1996), A Guide to DEAP Version 2.1: A Data Envelopment
Analysis (Computer Program). Working Paper. Armidale: CEPA,
University of New England.

Coelli, T., Prasada-Rao, D.S., Battese, G.E. (1998), An Introduction to
Efficiency and Productivity Analysis. Boston: Kluwer Academic
Publishers.

Cooper, W.W., Seiford, L.M., Tone, K. (2002), Data Envelopment
Analysis, A Comprehensive Text with Models, Applications,
References and DEA-Solver Software. Boston: Kluwer Academic
Publishers.

Evans, A., Strezov, V., Evans, T. (2010), Sustainability considerations

International Journal of Energy Economics and Policy | Vol 6 ¢ Issue 2 * 2016




Alsaleh, et al.: An Empirical Analysis for Technical Efficiency of Bioenergy Industry in EU28 Region Based on DEA Method

for electricity generation from biomass. Renewable and Sustainable
Energy Reviews Journal, 14(5), 1419-1427.

Geheeb, G. (2007), The Renewable Energy Source Act: The Success
Story of Sustainable Policies for Germany. Federal Ministry for the
Environment, Nature Conservation and Nuclear Safety Report, 2007.

Gilani, H. (2015), Exploring the ethical aspects of Islamic banking.
International Journal of Islamic and Middle Eastern Finance and
Management, 8(1), 85-98.

Hu, J., Wang, S. (2005), Total-factor energy efficiency of regions in China.
Energy Policy Journals, 34(17), 3206-3217.

Jossart, J.M., Calderon, C. (2013), European Biomass Association.
European Bioenergy Outlook Report 2013 AEBIOM.

Kythreotou, N., Savvas, T., Georgios, F. (2012), An assessment of the
biomass potential of Cyprus for energy production. Energy Journal,
47(1), 253-261.

Lee, C.C. (2009), Analysis of overall technical efficiency, pure technical
efficiency and scale efficiency in the medium-sized audit firms.
Expert Systems with Applications, 36, 11156-11171.

Md, D.M., Kashfia, S. (2015), Relationship between capital, risk and
efficiency: A comparative study between Islamic and conventional
banks of Bangladesh. International Journal of Islamic and Middle
Eastern Finance and Management, 8(2), 203-221.

Omar, R.F.,, Jones, E. (2015), Critical evaluation of the compliance of
online [slamic FOREX trading with Islamic principles. International
Journal of Islamic and Middle Eastern Finance and Management,
8(1), 64-84.

Reddy, S., Assenza, G. (2007), Barriers and Drivers to Energy
Efficiency - A New Taxonomical Approach. Mumbai: Indira Gandhi
Institute of Development Research (IGIDR).

Sufian, F. (2008), Determinants of bank efficiency during unstable
macroeconomic environment: Empirical evidence from Malaysia.
Research in International Business and Finance, 23, 54-77.

Sufian, F., Habibullah, M. (2011), Opening the black box on bank
efficiency in China: Does economic freedom matter. Global
Economic Review Perspectives on East Asian Economies and
Industries, 40(3), 269-298.

Sufian, F., Haron, R. (2008), The sources and determinants of productivity

growth in the Malaysian Islamic banking sector: A non-stochastic
frontier approach. International Journal of Accounting and Finance,
1(2), 193-215.

Sufian, F. (2007), The efficiency of Islamic banking industry in Malaysia:
Foreign versus domestic banks. Humanomics, 23(3), 174-192.
Sufian, F., Habibullah, M. (2013), The impact of forced mergers and
acquisitions on banks, total factor productivity: Empirical evidence
from Malaysia. Journal of the Asia Pacific Economy, 19(1), 151-

185.

Sufian, F., Kamurdin, F. (2015), Determinants of revenue efficiency
of Islamic banks: Empirical evidence from the Southeast Asian
countries. International Journal of Islamic and Middle Eastern
Finance and Management, 8(1), 36-63.

Sufian, F., Habibullah, M. (2013), The impact of forced mergers and
acquisitions on banks, total factor productivity: Empirical evidence
from Malaysia. Journal of the Asia Pacific Economy, 19(1),151-185.

Sufian, F. (2009), Assessing the impact of mergers and acquisitions
on bank profit efficiency: Empirical evidence from Malaysia.
International Journal Decision Sciences, Risk and Management,
1(3-4), 258-285.

Scowcroft, J., Nies, S. (2011), Biomass 2020: Opportunities, Challenges
and Solutions. The Union of the Electricity Industry.

Shafie, S., Mahlia, T., Masjuki, H., Yazid, A. (2012), A review on electricity
generation based on biomass residue in Malaysia. Renewable and
Sustainable Energy Reviews Journal, 16(8), 5879-5889.

Scarlat, N., Dallemand, J., Motola, V., Monforti, F. (2013), Bioenergy
production and use in Italy: Recent developments, perspectives and
potential. Renewable Energy Journal, 57(3), 448-461.

Tye, Y., Lee, K., Abdullah, W., Leh, C. (2011), Second-generation
bioethanol as a sustainable energy source in Malaysia transportation
sector: Status, potential and future prospects. Renewable and
Sustainable Energy Reviews Journals, 15(9), 4521-4536.

Winkler, H. (2003), Renewable energy policy in South Africa: Policy
options for renewable electricity. Energy Policy Journals, 33(1),
27-38.

Yudistira, D. (2004), Efficiency in Islamic banking: An empirical analysis
of 18 banks. Islamic Economic Studies, 12(1), 1-19.

International Journal of Energy Economics and Policy | Vol 6 ¢ I




Alsaleh, et al.: An Empirical Analysis for Technical Efficiency of Bioenergy Industry in EU28 Region Based on DEA Method

APPENDICES

Appendix A: Technical efficiency of bioenergy industry in developing countries during 2000-2013

Bulgaria 050 051 098 052 052 1.00 053 053 1.00 053 054 1.00 052 0.52 0.99
Czech 073 078 093 077 083 092 078 087 090 077 1.00 077 0.82 1.00 0.82
Estonia 078 087 089 077 087 08 077 087 089 072 0.83 087 0.73 0.83 0.88
Croatia 094 094 099 098 098 1.00 094 095 100 088 09 092 093 0.97 0.96
Cyprus 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Latvia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lithuania 1.00 100 1.00 097 100 097 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Hungary 069 070 099 076 076 1.00 081 081 1.00 081 0.81 1.00  0.81 0.81 1.00
Malta 088 095 093 093 097 097 100 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Poland 098 1.00 098 093 093 100 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Romania 092 09 093 08 099 09 100 1.00 1.00 076 084 091 0.61 0.61 1.00
Slovenia 0.14 100 0.14 041 100 041 039 100 039 039 1.00 039 038 1.00 0.38
Slovakia 093 100 093 08 100 08 093 100 093 083 1.00 083 0.82 1.00 0.83

Average by year 0.80 090 090 083 091 092 08 093 093 082 092 090 0.82 0.90 0.91

Bulgaria 052 053 098 052 052 1.00 051 051 09 052 052 099 052 0.52 0.99
Czech 082 1.00 0.82 084 1.00 0.84 0.81 1.00 081 076 1.00 0.76 0.79 1.00 0.79
Estonia 070 084 084 075 088 08 077 089 087 074 085 087 074 0.96 0.77
Croatia 094 09 09 078 082 095 079 082 097 078 080 097 0.71 0.76 0.94
Cyprus 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Latvia 1.00 100 1.00 100 100 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lithuania 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 1.00 0.90
Hungary 091 092 099 092 093 100 093 09 097 085 088 096 0.73 0.78 0.93
Malta 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Poland 1.00 100 1.00 100 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Romania 056 056 1.00 062 062 1.00 058 059 099 063 0.63 1.00 0.63 0.66 0.96
Slovenia 037 100 037 050 1.00 050 034 100 034 036 1.00 036 046 1.00 0.46
Slovakia 077 09 085 071 091 078 068 08 0.80 0.64 079 081 0.60 0.77 0.78

Averagebyyear 0.81 090 091 082 090 092 080 08 09 079 0.88 090 0.77 0.88 0.88

Bulgaria 052 052 099 045 045 1.00 045 045 1.00 045 045 1.00 0.50 0.51 0.99
Czech 0.79 100 079 075 100 075 077 100 0.77 079 1.00 079 0.78 0.96 0.82
Estonia 074 09 077 072 093 077 076 091 084 092 099 093 0.76 0.89 0.85
Croatia 071 076 094 072 078 092 072 075 095 08 085 1.00 0.83 0.87 0.96
Cyprus 1.00  1.00 1.00 095 09 099 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Latvia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lithuania 090 1.00 09 088 1.00 088 083 1.00 083 069 091 076 094 0.99 0.94
Hungary 073 078 093 072 073 099 076 076 1.00 086 0.86 1.00 0.81 0.82 0.98
Malta 1.00  1.00 1.00 082 084 098 08 087 098 1.00 1.00 1.00 0.96 0.97 0.99
Poland 1.00 100 100 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99 1.00
Romania 063 066 09 059 060 099 072 072 100 078 0.79 1.00 0.71 0.73 0.97
Slovenia 046 1.00 046 051 1.00 051 063 1.00 063 0.61 1.00  0.61 042 1.00 0.42
Slovakia 0.60 077 078 055 078 071 064 081 079 065 084 078 0.73 0.89 0.82

Average by year 0.77 088 088 0.74 085 088 078 0.87 091 081 090 0091 0.80 0.89 0.90
TE: Technical efficiency, PTE: Pure technical efficiency, SE: Scale efficiency
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Appendix B: Technical efficiency of bioenergy industry in developed countries over 2000-2013

Belgium 0.69  0.69 0.99  0.67 0.68 099  0.60 0.61 098  0.58 0.60 097  0.52 0.52 1.00
Denmark 0.63 0.63 1.00  0.52 0.53 097 052 0.61 085  0.52 0.68 0.76  0.60 0.60 1.00
Germany 0.80  0.81 098  0.77 0.84 0.93 0.76 0.78 098 084  0.84 1.00  0.82 0.85 0.96
Ireland 1.00 1.00 1.00  0.88 1.00 0.88 1.00 1.00 1.00 091 1.00 091 0.83 1.00 0.83
Greece 0.38 0.41 093 036 0.41 0.88  0.43 0.49 0.88  0.41 0.49 0.83 042 0.45 0.93
Spain 0.61 1.00  0.61 0.58 0.96 0.60  0.47 1.00 047  0.56 1.00 056  0.87 1.00 0.87
France 0.77 0.77 1.00  0.75 0.75 1.00  0.74 0.74 1.00  0.69 0.69 1.00  0.65 0.65 1.00
Italy 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Luxembourg ~ 1.00 1.00 1.00  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00 1.00 1.00
Netherlands 0.90  0.90 1.00  0.99 1.00 099  0.88 0.92 095 077 093 0.83 1.00 1.00 1.00
Austria 0.08  0.23 036  0.11 027 039 0.07 037 019 0.04 056 0.07 012 024 051
Portugal 0.60  0.60 1.00 056  0.56 1.00  0.60  0.61 099 066 069 096 0.68  0.68 1.00
Finland . . 095 062 0.77  0.81 0.92 1.00 0.92 1.00 1.00 1.00 0.93 1.00  0.93

Belgium . . 098  0.62 0.62 099  0.66 0.66 1.00  0.66  0.66 1.00  0.68 0.68 1.00
Denmark 0.54  0.65 0.83  0.57 0.63 090  0.66 0.66 1.00  0.66  0.66 1.00  0.53 0.53 1.00
Germany 0.82 0.86 095 0.86 0.86 099  0.66 0.67 099 0.66  0.67 0.99  0.70 0.70 1.00
Ireland 0.87 1.00  0.87  0.88 1.00 0.88  0.80 1.00 0.80  0.80 1.00  0.80 0.74 1.00 0.74
Greece 0.38 0.43 0.89  0.46 0.57 0.82  0.48 0.65 0.74  0.48 0.65 0.74 045 0.51 0.89
Spain 0.66 1.00  0.66  0.65 1.00 0.65 0.73 1.00 073  0.73 1.00  0.73  0.73 1.00 0.73
France 0.62 0.63 099  0.68 0.68 1.00  0.68 0.71 096  0.68 0.71 096  0.73 0.80 0.92
Italy 1.00 1.00 1.00 1.00 1.00 1.00  0.96 1.00 096  0.96 1.00  0.96 1.00 1.00 1.00

Luxembourg 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Netherlands 0.95 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.94 0.95 1.00
Austria 0.13 0.37 0.35 0.19 0.35 0.54 0.23 0.27 0.83 0.23 0.27 0.83 0.22 0.24 0.91
Portugal 0.68 0.68 0.99 0.70 0.70 1.00 0.62 0.63 1.00 0.62 0.63 1.00 0.68 0.68 1.00
Finland

Belgium 0.67 0.67 1.00  0.74 0.74 1.00 0.76
Denmark 0.59  0.59 099  0.54 0.54 0.99 0.71
Germany 0.65 0.67 0.97  0.70 0.71 0.98 0.83
Ireland 0.79 1.00  0.79 1.00 1.00 1.00 0.92
Greece 0.53 0.62 086  0.58 0.60 0.97 0.61
Spain 0.72 1.00  0.72  0.83 1.00 0.83 0.78
France 0.88 1.00  0.88  0.96 0.99 0.97 0.82
Italy 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Luxembourg 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Netherlands 1.00 1.00 1.00 1.00 1.00 1.00 0.97
Austria 0.25 0.28 092  0.20 0.22 0.89 0.34
Portugal 0.65 0.65 1.00  0.76 0.76 1.00 0.77
Finland 0.80 1.00  0.80 1.00 1.00 1.00 0.96

TE: Technical efficiency, PTE: Pure technical efficiency, SE: Scale efficiency
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Appendix C: Technical efficiency of bioenergy industry in developing countries over 1990-1999

Bulgaria 0.53 0.53 1.00 0.54 0.54 1.00 0.54 0.54 1.00 0.50 0.50 1.00
Czech 0.54 0.54 1.00 0.53 0.53 1.00 0.56 0.57 0.98 0.52 0.59 0.88
Estonia 1.00 1.00 1.00 1.00 1.00 1.00 0.82 1.00 0.82 1.00 1.00 1.00
Croatia 0.88 0.90 0.98 0.81 0.81 1.00 0.88 0.88 1.00 0.82 0.83 1.00
Cyprus 0.83 0.83 1.00 0.78 0.78 1.00 0.88 0.88 1.00 0.98 0.98 1.00
Latvia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lithuania 0.52 0.52 1.00 0.54 0.54 1.00 0.70 0.70 1.00 0.55 0.69 0.80
Hungary 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.79 0.94 0.84
Malta 0.28 0.29 1.00 0.28 0.28 1.00 0.53 0.53 1.00 0.54 0.55 0.98
Poland 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.90 0.99 0.85 0.85 0.99
Romania 0.89 0.90 0.99 0.57 0.57 1.00 0.52 0.52 1.00 0.71 0.71 1.00
Slovenia 0.42 1.00 0.42 0.47 1.00 0.47 0.50 1.00 0.50 0.09 1.00 0.09
Slovakia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.44 0.65 0.69

Average by year 0.76 0.81 0.95 0.73 0.77 0.96 0.75 0.81 0.94 0.68 0.79 0.87

Bulgaria 0.53 0.53 1.00 0.52 0.52 1.00 0.54 0.54 1.00 0.55 0.55 1.00
Czech 0.56 0.61 0.91 0.58 0.60 0.96 0.60 0.62 0.97 0.62 0.70 0.88
Estonia 1.00 1.00 1.00 0.84 1.00 0.84 0.87 1.00 0.87 0.85 1.00 0.85
Croatia 0.75 0.75 1.00 0.75 0.75 1.00 0.76 0.76 1.00 0.83 0.83 1.00
Cyprus 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Latvia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lithuania 0.79 0.92 0.86 0.91 0.96 0.94 0.95 1.00 0.95 1.00 1.00 1.00
Hungary 0.81 0.87 0.93 0.73 0.75 0.98 0.76 0.77 0.98 0.75 0.75 1.00
Malta 0.52 0.53 0.99 0.80 0.82 0.98 0.98 1.00 0.98 0.92 0.93 0.99
Poland 1.00 1.00 1.00 0.90 0.91 0.99 0.86 0.87 0.99 0.79 0.79 1.00
Romania 0.74 0.76 0.98 0.76 0.80 0.95 0.72 0.79 0.90 0.75 0.78 0.96
Slovenia 0.12 1.00 0.12 0.24 1.00 0.24 0.27 1.00 0.27 0.24 1.00 0.24
Slovakia 0.48 0.65 0.74 0.85 1.00 0.85 0.86 1.00 0.86 0.83 1.00 0.83

Average by year 0.71 0.82 0.89 0.76 0.85 0.90 0.78 0.87 0.90 0.78 0.87 0.90

Bulgaria 0.57 0.57 1.00 0.57 0.57 1.00 0.54 0.54 1.00
Czech 0.65 0.71 0.92 0.65 0.74 0.88 0.58 0.62 0.94
Estonia 0.89 1.00 0.89 0.79 0.88 0.89 0.91 0.99 0.92
Croatia 0.81 0.81 1.00 0.89 0.89 0.99 0.82 0.82 1.00
Cyprus 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Latvia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Lithuania 1.00 1.00 1.00 1.00 1.00 1.00 0.80 0.83 0.95
Hungary 0.73 0.73 1.00 0.69 0.69 0.99 0.83 0.85 0.97
Malta 0.80 0.82 0.98 0.79 0.85 0.93 0.65 0.66 0.98
Poland 0.97 0.97 0.99 1.00 1.00 1.00 0.93 0.93 1.00
Romania 0.84 0.87 0.96 0.80 0.81 0.99 0.73 0.75 0.97
Slovenia 0.25 1.00 0.25 0.19 1.00 0.19 0.28 1.00 0.28
Slovakia 0.81 1.00 0.81 0.89 1.00 0.89 0.81 0.93 0.86

Average by year 0.79 0.88 0.91 0.79 0.88 0.90 0.75 0.84 0.91
TE: Technical efficiency, PTE: Pure technical efficiency, SE: Scale efficiency
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Appendix D: Technical efficiency of bioenergy industry in developed countries over 1990-1999

Belgium 0.68 0.68 1.00 0.69 0.69 1.00 0.71 0.71 1.00 0.45 0.45 0.99
Denmark 0.34 0.34 1.00 0.35 0.36 1.00 0.36 0.36 1.00 0.25 0.26 0.97
Germany 0.77 0.77 1.00 0.81 0.81 1.00 1.00 1.00 1.00 0.91 1.00 0.91
Ireland 0.96 1.00 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Greece 0.49 0.49 1.00 0.51 0.51 1.00 0.50 0.50 1.00 0.30 0.49 0.62
Spain 0.14 0.58 0.25 0.14 0.61 0.24 0.49 0.50 0.97 0.48 0.71 0.68
France 0.55 0.55 1.00 0.54 0.54 1.00 0.53 0.53 1.00 0.47 0.47 1.00
Italy 0.88 0.88 1.00 0.90 0.90 1.00 0.94 1.00 0.94 1.00 1.00 1.00
Luxembourg 0.50 0.50 1.00 0.52 0.52 1.00 0.56 0.57 1.00 0.16 0.16 0.99
Netherlands 1.00 1.00 1.00 1.00 1.00 1.00 0.72 0.76 0.96 0.55 0.57 0.96
Austria 0.07 0.09 0.75 0.07 0.10 0.72 0.08 0.10 0.82 0.06 0.11 0.56
Portugal 0.55 0.55 1.00 0.56 0.56 1.00 0.52 0.52 1.00 0.72 0.73 0.99
Finland 0.77 0.77 1.00 0.91 0.91 1.00 0.53 0.53 1.00 0.20 0.60 0.34
Sweden 0.94 0.95 0.99 1.00 1.00 1.00 0.68 0.71 0.96 1.00 1.00 1.00
UK 0.92 0.92 1.00 0.79 0.79 1.00 0.62 0.62 0.99 1.00 1.00 1.00

Average by year 0.64 0.67 0.93 0.65 0.69 0.93 0.62 0.63 0.98 0.57 0.64 0.87

Belgium 0.45 0.45 0.99 0.63 0.64 1.00 0.55 0.55 0.99 0.58 0.58 1.00
Denmark 0.29 0.29 0.98 0.34 0.34 0.99 0.52 0.56 0.94 0.47 0.48 0.99
Germany 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.71 0.80 0.89
Ireland 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Greece 0.38 0.49 0.78 0.46 0.51 0.90 0.46 0.51 0.92 0.45 0.48 0.93
Spain 0.51 0.72 0.71 0.51 0.60 0.86 0.51 0.76 0.68 0.54 0.88 0.61
France 0.49 0.49 1.00 0.52 0.52 1.00 0.63 0.63 1.00 0.67 0.67 1.00
Italy 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Luxembourg 0.21 0.21 1.00 0.40 0.48 0.83 0.44 0.54 0.82 0.97 1.00 0.97
Netherlands 0.81 0.82 0.98 0.78 0.78 1.00 0.92 0.96 0.95 1.00 1.00 1.00
Austria 0.11 0.14 0.83 0.07 0.11 0.64 0.07 0.16 0.43 0.07 0.16 0.40
Portugal 0.77 0.79 0.98 0.90 1.00 0.90 0.84 0.94 0.89 0.84 0.86 0.98
Finland 0.28 0.62 0.45 0.46 0.72 0.64 0.65 0.88 0.74 0.75 1.00 0.75
Sweden 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
UK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Average by year 0.62 0.67 0.91 0.67 0.71 0.92 0.71 0.77 0.89 0.74 0.79 0.90

Belgium 0.62 0.62 0.99 0.61 0.64 0.96 0.60 0.60 0.99
Denmark 0.50 0.51 0.97 0.47 0.55 0.85 0.39 0.40 0.97
Germany 1.00 1.00 1.00 0.84 0.88 0.95 0.90 0.93 0.97
Ireland 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Greece 0.47 0.50 0.94 0.49 0.52 0.95 0.45 0.50 0.90
Spain 0.52 0.74 0.70 0.39 0.95 0.41 0.42 0.70 0.61
France 0.68 0.68 1.00 0.74 0.75 1.00 0.58 0.58 1.00
Italy 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.98 0.99
Luxembourg 0.93 0.97 0.95 0.84 0.86 0.98 0.55 0.58 0.95
Netherlands 0.98 1.00 0.98 0.80 0.83 0.97 0.86 0.87 0.98
Austria 0.06 0.16 0.38 0.06 0.32 0.18 0.07 0.14 0.57
Portugal 0.77 0.82 0.93 1.00 1.00 1.00 0.75 0.78 0.97
Finland 0.77 1.00 0.77 0.92 1.00 0.92 0.62 0.80 0.76
Sweden 1.00 1.00 1.00 0.69 0.83 0.82 0.93 0.95 0.98
UK 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.93 1.00

Average by year 0.75 0.80 0.91 0.72 0.81 0.87 0.67 0.72 0.91

TE: Technical efficiency, PTE: Pure technical efficiency, SE: Scale efficiency
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Appendix G: Summary for developing and developed countries over 1990-1999

Individual test t-test Mann—Whitney [Wilcoxon] test Kruskall-Wallis test
Hypothesis test t-test Median developed and developing Equality of populations test

TE
Developing countries 0.754 0.371 15.687 -0.718 15.687 0.644
Developed countries 0.669 13.470 13.470

PTE
Developing countries 0.836 0.287** 16.264 —1.083* 16.264 1.332%
Developed countries 0.725 12.969 12.969

SE
Developing countries 0.913 0.694 14.818 -0.350 14.181 0.149
Developed countries 0.910 14.223 14.223

Note: ***** and * indicate significance at the 1%, 5%, and 10% levels respectively, TE: Technical efficiency, PTE: Pure technical efficiency, SE: Scale efficiency




