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Abstract

This study investigates the industrial energy efficiency of the European Union1

countries. An input-oriented Data Envelopment Analysis is used to calculate

the potential energy efficiency improvements, financial savings and potential CO2

emission reductions of the most energy intensive manufacturing industries. The

data is taken from the European Commission’s Eurostat database [10] and from

the Turkish Statistical Institute2 [15]. The year 2014 is chosen because of exten-

sive data availability. European industry as total and 12 industrial sub-sectors

are analysed. The analysis results of European industry as total show that 183

countries appear to be the most energy efficient where 124 others appear to have

lower efficiency ratings. The results also show that the countries Belgium, Ro-

mania, Finland, Austria, Poland, Hungary and Bulgaria have a high potential of

financial savings as well as CO2 emission reductions. The findings show that there

is e 19,775.49 million total financial saving potential and 102,267.60 ktons of total

CO2 emission reduction potential.

This thesis is structured as follows: the first chapter gives a brief introduction

to energy efficiency, the research objective, background and literature review, the

second chapter contains the methodology, the third chapter includes the results of

each sub-sector and the fourth chapter includes the conclusion and recommenda-

tions for further study.

1EU member country Malta, EFTA member countries Iceland, Liechtenstein and candidate
countries Albania, Montenegro, Serbia, the former Yugoslav Republic of Macedonia and Kosovo
are not included in the analysis due to missing enterprise statistical data. EFTA member coun-
try Switzerland is not included in the analysis due to missing energy consumption statistical
data. EFTA member country Norway, candidate country Turkey and potential candidate coun-
try Bosnia and Herzegovina are also included in the analysis.

2Only statistics of Turkey are partially taken from the Turkish Statistical Institute.
3Bosnia and Herzegovina, Cyprus, Germany, Denmark, Greece, Spain, France, Ireland, Italy,

Lithuania, Luxembourg, Netherlands, Norway, Portugal, Sweden, Slovakia, Turkey, United King-
dom

4Austria, Belgium, Bulgaria, Czech Republic, Estonia, Finland, Croatia, Hungary, Latvia,
Poland, Romania, Slovenia
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Chapter 1

Introduction

1.1 Research Objective

Energy efficiency is the ’first fuel’ that paves the way to sustainable development

[4]. Energy efficiency improvements have never been so important as the impacts

of climate change have become more and more severe in the last decade. Millions

of people around the world face serious consequences of extreme weather events as

storms, droughts, floods and heat waves have become more frequent and intense.

Melting ice and rising sea levels could make millions of people displaced. There-

fore, taking immediate action is necessary to achieving universally agreed climate

goal to limit the average long-term global temperature increase to 2◦C and energy

efficiency improvements play a major role for achieving this goal [3]. Energy effi-

ciency improvements do not only contribute to reduced final energy consumption

but also to reduced carbon emissions, reduced local air pollution and improved in-

dustrial productivity [4]. ’Nearly one-third of global energy demand and almost

40% of worldwide CO2 emissions are attributable to industrial activities’ [2]. In this

way, the aim of this research is to investigate the industrial energy efficiency of the

European Union countries.
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1.2 Background and Literature Review

Many studies have been conducted over the years to investigate the industrial energy

efficiency. DEA has become a quite popular method of data analysis in this field.

Önüt & Soner used DEA to investigate the energy use and efficiency of small and

medium-sized enterprises of Turkish manufacturing sector [20], Özkara & Atak in-

vestigated the regional total-factor energy efficiency and electricity saving potential

of Turkish manufacturing industry [21], Shi et al. investigated the Chinese regional

industrial energy efficiency [22], Vlontzos et al. investigated the agricultural energy

and environmental efficiency of EU countries [23], Moutinho et al. investigated the

economic and environmental efficiency of EU countries [19], Mandal investigated the

energy usage and efficiency of Indian cement industry [18], Liu & Wang investigated

the energy efficiency of China’s industry sector [16] and Camioto et al. investi-

gated the energy efficiency of BRICS countries [7] and Makridou et al. investigated

5 energy-intensive industries; construction, electricity, manufacturing, mining and

transport across European countries in between years 2000 and 2009 [17]. Compared

to previous studies, this research investigates 12 different sub-sectors and the data

used belongs to year 2014 which is more recent.
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Chapter 2

Methodology

’Data Envelopment Analysis (DEA) is a “data-oriented” approach for evaluating the

performance of a set of peer entities called Decision-Making Units (DMUs), which

convert multiple inputs into multiple outputs’ [12]. In this study, an input-oriented

Charnes, Cooper and Rhodes (CCR) model is chosen for DEA Analysis as the objec-

tive is to minimise the energy consumption [8]. The input parameters are restricted

to the energy sources used. Seven fuel types are used as input; Solid Fuels, Gas,

Electrical Energy, Total Petroleum Products, Derived Heat, Renewable Energies and

Waste (non-renewable). Turnover or Gross Premiums Written and Gross Operating

Surplus are the two financial parameters taken as output variables. All input vari-

ables are in ktoe unit and all output variables are in Me unit. DEA analysis are

carried out by DEAP v2.1 free MS-DOS based DEA Analysis program [9]. European

Industry as a total with missing main statistical data replaced with "0" value and

afterwards 12 industrial sub-sectors are analysed only with countries where complete

statistical data available. No analysis is done in Mining and Quarrying Industry as

only one country has full statistical data available (see Table D.5).

All statistical data are obtained from Eurostat [10] where Turkey’s Gross Operating

Surplus data is calculated via the formula:

Gross Operating Surplus = Value Added at Factor Cost - Employee Costs

with the data obtained from Turkish Statistical Institute [15].

10



min θ - ε (
m∑
i=1

s−i +
s∑

r=1

s+r )

subject to

n∑
j=1

xij λj + s−i = θ xio i = 1,2,...,m;

n∑
j=1

yrj λj - s+r = yro r = 1,2,...,s ;

λj ≥ 0 j = 1,2,...,n

θ the measure of efficiency of DMUs in the set of j = 1,2,...,n calculated

with respect to others

s−i variables for input constraints

s+r variables for output constraints

n number of DMUs

m number of inputs used by the DMUs

s number of outputs used by the DMUs

λj the dual weight assigned to DMUs

The input oriented CCR DEA Model used in the study is given above [12]. The

objective function assigns best performing DMUs an efficiency score of 1. The

rest of the DMUs which do get efficiency scores less than 1 are considered to be

less efficient. The results including the efficiency scores of each country, input and

output variables with potential fuel and potential financial savings and potential

CO2 emissions reduction values are all included under Appendix D.
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Chapter 3

Results and Discussion

3.1 Iron and Steel Industry

In Iron and Steel Industry a total of 171 countries are analysed and 132 countries

are not included in the analysis because of lack of data. The results show that 113

countries have the most energy efficient industries where Belgium, Germany, Spain,

France, Hungary and Romania have lower industrial energy efficiency ratings. These

6 countries have e 4.240,73 million total financial saving potential and 21.846,19

ktons of total CO2 emission reduction potential.

France has the highest potential financial saving with e 1.674,69 million and the

highest CO2 emission reduction potential with 11.306,75 ktons followed by Germany

which has the second highest potential financial saving with e 1.552,15 million and

the second highest CO2 emission reduction potential with 5.999,02 ktons (see Table

D.1 for further results).

1Austria, Bosnia and Herzegovina, Belgium, Bulgaria, Germany, Greece, Spain, France, Hun-
gary, Italy, Poland, Portugal, Romania, Sweden, Slovakia, Turkey, United Kingdom

2Cyprus, Czech Republic, Denmark, Estonia, Finland, Croatia, Ireland, Lithuania, Luxem-
bourg, Latvia, Netherlands, Norway, Slovenia

3Austria, Bosnia and Herzegovina, Bulgaria, Greece, Italy, Poland, Portugal, Sweden, Slovakia,
Turkey, United Kingdom
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3.2 Non-Ferrous Metals Industry

In Non-Ferrous Metals Industry a total of 184 countries are analysed and 125 coun-

tries are not included in the analysis because of lack of data. The results show that

126 countries have the most energy efficient industries where Bosnia and Herzegov-

ina, Germany, Greece, Poland, Slovenia and Slovakia have lower industrial energy

efficiency ratings. These 6 countries have e 1.648,67 million total financial saving

potential and 7.477,36 ktons of total CO2 emission reduction potential.

Greece has the highest potential financial saving with e 503,51 million and the

highest CO2 emission reduction potential with 2.555,38 ktons followed by Germany

which has the second highest potential financial saving with e 316,38 million and

the second highest CO2 emission reduction potential with 1.271,07 ktons (see Table

D.2 for further results).

3.3 Chemical and Petrochemical Industry

In Chemical and Petrochemical Industry a total of 247 countries are analysed and 68

countries are not included in the analysis because of lack of data. The results show

that 179 countries have the most energy efficient industries where Austria, Belgium,

Germany, Hungary, Netherlands, Poland and Romania have lower industrial energy

efficiency ratings. These 7 countries have e 11.255,47 million total financial saving

potential and 54.420,04 ktons of total CO2 emission reduction potential.

Germany has the highest potential financial saving with e 6.856,98 million and the

highest CO2 emission reduction potential with 28.937,86 ktons (see Table D.3 for

further results).

4Austria, Bosnia and Herzegovina, Belgium, Bulgaria,Germany, Greece, Spain, Finland, France,
Hungary, Italy, Poland, Portugal, Sweden, Slovenia, Slovakia, Turkey, United Kingdom

5Cyprus, Czech Republic, Denmark, Estonia, Croatia, Ireland, Lithuania, Luxembourg, Latvia,
Netherlands, Norway, Romania

6Austria, Belgium, Bulgaria, Spain, Finland, France, Hungary, Italy, Portugal, Sweden, Turkey,
United Kingdom

7Austria, Bosnia and Herzegovina, Belgium, Cyprus, Czech Republic, Germany, Denmark,
Estonia, Greece, Spain, Finland, France, Croatia, Hungary, Italy, Lithuania, Netherlands, Poland,
Portugal, Romania, Slovenia, Slovakia, Turkey, United Kingdom

8Bulgaria, Ireland, Luxembourg, Latvia, Norway, Sweden
9Bosnia and Herzegovina, Cyprus, Czech Republic, Denmark, Estonia, Greece, Spain, Finland,

France, Croatia, Italy, Lithuania, Portugal, Slovenia, Slovakia, Turkey, United Kingdom
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3.4 Non-Metallic Minerals Industry

In Non-Metallic Minerals Industry all 30 countries are included in the analysis. The

results show that 1710 countries have the most energy efficient industries where Bel-

gium, Bulgaria, Germany, France, Croatia, Ireland, Italy, Latvia, Romania, Slove-

nia, Slovakia, Turkey and United Kingdom have lower industrial energy efficiency

ratings. These 13 countries have e 4.962,08 million total financial saving potential

and 29.836,99 ktons of total CO2 emission reduction potential.

Turkey has the highest potential financial saving with e 1.129,06 million and the

highest CO2 emission reduction potential with 11.429,65 ktons (see Table D.4 for

further results).

3.5 Food and Tobacco Industry

In Food and Tobacco Industry a total of 2211 countries are analysed and 812 countries

are not included in the analysis because of lack of data. The results show that 1713

countries have the most energy efficient industries where Estonia, Croatia, Hungary,

Romania and United Kingdom have lower industrial energy efficiency ratings. These

5 countries have e 3.053,91 million total financial saving potential and 11.228,74

ktons of total CO2 emission reduction potential.

United Kingdom has the highest potential financial saving with e 2.619,88 million

and the highest CO2 emission reduction potential with 9.674,94 ktons (see Table

D.6 for further results).

10Austria, Bosnia and Herzegovina, Cyprus, Czech Republic, Denmark, Estonia, Greece, Spain,
Finland, Hungary, Lithuania, Luxembourg, Netherlands, Norway, Poland, Portugal, Sweden

11Austria, Bosnia and Herzegovina, Belgium, Bulgaria, Germany, Denmark, Estonia, Greece,
Spain, Finland, France, Croatia, Hungary, Italy, Netherlands, Norway, Poland, Portugal, Romania,
Slovenia, Turkey, United Kingdom

12Cyprus, Czech Republic, Ireland, Lithuania, Luxembourg, Latvia, Sweden, Slovakia
13Austria, Bosnia and Herzegovina, Belgium, Bulgaria, Germany, Denmark, Greece, Spain, Fin-

land, France, Italy, Netherlands, Norway, Poland, Portugal, Slovenia, Turkey
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3.6 Textile and Leather Industry

In Textile and Leather Industry a total of 2614 countries are analysed and 415 coun-

tries are not included in the analysis because of lack of data. The results show

that 916 countries have the most energy efficient industries where Austria, Bosnia

and Herzegovina, Bulgaria, Czech Republic, Germany, Estonia, Greece, Spain, Fin-

land, Croatia, Ireland, Lithuania, Latvia, Portugal, Romania, Slovenia and United

Kingdom have lower industrial energy efficiency ratings. These 17 countries have

e 1.101,99 million total financial saving potential and 4.246,54 ktons of total CO2

emission reduction potential.

United Kingdom has the highest potential financial saving with e 468,19 million

and the highest CO2 emission reduction potential with 1.700,49 ktons (see Table

D.7 for further results).

3.7 Paper, Pulp and Print Industry

In Paper, Pulp and Print Industry a total of 2517 countries are analysed and 518

countries are not included in the analysis because of lack of data. The results

show that 1519 countries have the most energy efficient industries where Austria,

Bulgaria, Czech Republic, Germany, Estonia, Finland, Hungary, Portugal, Slove-

nia and Slovakia have lower industrial energy efficiency ratings. These 10 countries

have e 4.594,56 million total financial saving potential and 20.332,54 ktons of total

CO2 emission reduction potential. Germany has the highest potential financial sav-

ing with e 2.089,96 million and the highest CO2 emission reduction potential with

9.196,66 ktons followed by Finland which has the second highest potential finan-

cial saving with e 1.396,84 million and the second highest CO2 emission reduction

potential with 6.467,83 ktons (see Table D.8 for further results).

14Austria, Bosnia and Herzegovina, Belgium, Bulgaria, Czech Republic, Germany, Estonia,
Greece, Spain, Finland, France, Croatia, Hungary, Ireland, Italy, Lithuania, Latvia, Netherlands,
Norway, Poland, Portugal, Romania, Slovenia, Slovakia, Turkey, United Kingdom

15Cyprus, Denmark, Luxembourg, Sweden
16Belgium, France, Hungary, Italy, Netherlands, Norway, Poland, Slovakia, Turkey
17Austria, Bosnia and Herzegovina, Belgium, Bulgaria, Czech Republic, Germany, Denmark,

Estonia, Greece, Spain, Finland, France, Croatia, Hungary, Italy, Lithuania, Netherlands, Norway,
Poland, Portugal, Sweden, Slovenia, Slovakia, Turkey, United Kingdom

18Cyprus, Ireland, Luxembourg, Latvia, Romania
19Bosnia and Herzegovina, Belgium, Denmark, Greece, Spain, France, Croatia, Italy, Lithuania,

Netherlands, Norway, Poland, Sweden, Turkey, United Kingdom
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3.8 Transport Equipment Industry

In Transport Equipment Industry a total of 2020 countries are analysed and 1021

countries are not included in the analysis because of lack of data. The results

show that 1622 countries have the most energy efficient industries where Finland,

Poland, Romania and Slovakia have lower industrial energy efficiency ratings. These

4 countries have e 228,42 million total financial saving potential and 982,01 ktons of

total CO2 emission reduction potential. Poland has the highest potential financial

saving with e 97,31 million and the highest CO2 emission reduction potential with

446,50 ktons followed by Romania which has the second highest potential financial

saving with e 70,20 million and the second highest CO2 emission reduction potential

with 268,02 ktons (see Table D.9 for further results).

3.9 Machinery Industry

In Machinery Industry a total of 2623 countries are analysed and 424 countries are not

included in the analysis because of lack of data. The results show that 1125 countries

have the most energy efficient industries where Austria, Bulgaria, Czech Republic,

Germany, Denmark, Estonia, Spain, France, Croatia, Hungary, Italy, Poland, Por-

tugal, Romania and Slovenia have lower industrial energy efficiency ratings. These

15 countries have e 6.306,35 million total financial saving potential and 25.674,74

ktons of total CO2 emission reduction potential. Germany has the highest potential

financial saving with e 2.308,82 million and the highest CO2 emission reduction

potential with 9.498,60 ktons followed by Italy which has the second highest poten-

tial financial saving with e 1.701,50 million and the second highest CO2 emission

reduction potential with 6.938,87 ktons (see Table D.10 for further results).
20Austria, Belgium, Bulgaria, Czech Republic, Germany, Denmark, Spain, Finland, France,

Hungary, Italy, Netherlands, Norway, Poland, Portugal, Romania Sweden, Slovakia, Turkey, United
Kingdom

21Bosnia and Herzegovina, Cyprus, Estonia, Greece, Croatia, Ireland, Lithuania, Luxembourg,
Latvia, Slovenia

22Austria, Belgium, Bulgaria, Czech Republic, Germany, Denmark, Spain, France, Hungary,
Italy, Netherlands, Norway, Portugal, Sweden, Turkey, United Kingdom

23Austria, Bosnia and Herzegovina, Belgium, Bulgaria, Czech Republic, Germany, Denmark,
Estonia, Greece, Spain, France, Croatia, Hungary, Ireland, Italy, Lithuania, Latvia, Netherlands,
Poland, Portugal, Romania, Sweden, Slovenia, Slovakia, Turkey, United Kingdom

24Cyprus, Finland, Luxembourg, Norway
25Bosnia and Herzegovina, Belgium, Greece, Ireland, Lithuania, Latvia, Netherlands, Sweden,

Slovakia, Turkey, United Kingdom
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3.10 Wood and Wood Products Industry

In Wood and Wood Products Industry all countries are included in the analysis ex-

cept Cyprus and United Kingdom because of lack of data. The results show that 1426

countries have the most energy efficient industries where Austria, Bulgaria, Czech

Republic, Germany, Estonia, Greece, Spain, Finland, Ireland, Lithuania, Latvia,

Poland, Romania and Slovenia have lower industrial energy efficiency ratings. These

14 countries have e 761,72 million total financial saving potential and 3.428,46 ktons

of total CO2 emission reduction potential.

Germany has the highest potential financial saving with e 212,31 million and the

highest CO2 emission reduction potential with 894,82 ktons followed by Poland

which has the second highest potential financial saving with e 124,10 million and

the second highest CO2 emission reduction potential with 664,52 ktons (see Table

D.11 for further results).

3.11 Construction Industry

In Construction Industry all countries are included in the analysis except Cyprus,

Germany and Ireland because of lack of data. The results show that 1027 countries

have the most energy efficient industries where Austria, Bosnia and Herzegovina,

Bulgaria, Czech Republic, Estonia, Spain, Hungary, Lithuania, Luxembourg, Latvia,

Netherlands, Norway, Poland, Portugal, Romania, Slovakia and Turkey have lower

industrial energy efficiency ratings. These 17 countries have e 1.960,02 million

total financial saving potential and 8.320,33 ktons of total CO2 emission reduction

potential.

Spain has the highest potential financial saving with e 825,94 million and the highest

CO2 emission reduction potential with 2.793,49 ktons (see Table D.12 for further

results).

26Bosnia and Herzegovina, Belgium, Denmark, France, Croatia, Hungary, Italy, Luxembourg,
Netherlands, Norway, Portugal, Sweden, Slovakia, Turkey

27Belgium, Denmark, Greece, Finland, France, Croatia, Italy, Sweden, Slovenia, United Kingdom
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3.12 Non-Specified(Industry) Industry

In Non-Specified (Industry) Industry all countries are included in the analysis ex-

cept Croatia and Luxembourg because of lack of data. The results show that 1028

countries have the most energy efficient industries where Austria, Belgium, Czech

Republic, Germany, Estonia, Greece, Finland, Hungary, Italy, Lithuania, Latvia,

Norway, Poland, Romania, Sweden, Slovenia, Turkey and United Kingdom have

lower industrial energy efficiency ratings. These 17 countries have e 12.852,47 mil-

lion total financial saving potential and 63.694,01 ktons of total CO2 emission re-

duction potential.

Turkey, United Kingdom and Sweden have the highest potential financial savings

with e 3.904,41 million, e 3.373,84 million and e 3.064,02 million respectively.

These 3 countries also have the highest CO2 emission reduction potentials; United

Kingdom with 20.850,99 ktons, Turkey with 18.689,43 ktons and Sweden with

13.332,19 ktons (see Table D.13 for further results).

3.13 Industry, Total

In total industry analysis, all countries are included in the analysis with missing

main divisional statistical data replaced with "0" value. The results show that 1829

countries have the most energy efficient industries where Austria, Belgium, Bulgaria,

Czech Republic, Estonia, Finland, Croatia, Hungary, Latvia, Poland, Romania and

Slovenia have lower industrial energy efficiency ratings. These 12 countries have

e19.775,49 million total financial saving potential and 102.267,60 ktons of total

CO2 emission reduction potential (see Table D.14 for further results).

28Bosnia and Herzegovina, Bulgaria, Cyprus, Denmark, Spain, France, Ireland, Netherlands,
Portugal, Slovakia

29Bosnia and Herzegovina, Cyprus, Germany, Denmark, Greece, Spain, France, Ireland, Italy,
Lithuania, Luxembourg, Netherlands, Norway, Portugal, Sweden, Slovakia, Turkey, United King-
dom
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Chapter 4

Conclusion

4.1 Summary of Thesis Achievements

This thesis investigated the industrial energy efficiency of the European Union coun-

tries. The industrial energy efficiency of all the countries analysed can be improved.

According to IEA, ’improved energy efficiency contributes positively to energy secu-

rity and environmental protection and helps to achieve more sustainable economic

development’ [1]. However, it will take time, money and a combined effort of policy-

makers and the industry leaders. In this way, it is up to policy-makers to make the

right policies in a timely manner which would then lead industry leaders to make

the necessary investments. This will not only bring economic benefits in the long

run but also contribute to the efforts on fighting against climate change. Following

are the major findings of this thesis:

∗ In Industry Total, 12 countries1 have e19.775,49 million total financial saving

potential and 102.267,60 ktons of total CO2 emission reduction potential (see

Table D.14 for further results).

∗ In Industry Total, Belgium has the highest industrial energy efficiency po-

tential with e4.817,03 million followed by Romania with e3.769,36 million.

Belgium also has the highest CO2 emission reduction potential with 24.408,95

ktons. Over 50 % of Belgium’s potential financial saving comes from electrical

energy and over 40 % comes from natural gas.

∗ Romania and Bulgaria have the lowest efficiency scores in industry total.

1Austria, Belgium, Bulgaria, Czech Republic, Estonia, Finland, Croatia, Hungary, Latvia,
Poland, Romania, Slovenia
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∗ In Iron and Steel Industry, France has the highest potential financial saving

with e1.674,69 million and over 59% of the country’s potential financial saving

comes from electrical energy.

∗ In Chemical and Petrochemical Industry, Germany has the highest potential

financial saving with e 6.856,98 million and over 56 % of the country’s poten-

tial financial saving comes from electrical energy and over 37 % from natural

gas.

∗ In Non-Metallic Minerals Industry, Turkey has the highest potential finan-

cial saving with e 1.129,06 million and over 56 % of the country’s potential

financial saving comes from electrical energy.

∗ In Food and Tobacco Industry, United Kingdom has the highest potential fi-

nancial saving with e 2.619,88 million and over 50 % of the country’s potential

financial saving comes from natural gas and over 47 % comes from electrical

energy.

∗ In Textile and Leather Industry, United Kingdom has the highest potential

financial saving with e 468,19 million and over 68 % of the country’s potential

financial saving comes from natural gas.

∗ In Paper, Pulp and Print Industry, Germany has the highest potential finan-

cial saving with e 2.089,96 million and over 59 % of the country’s potential

financial saving comes from electrical energy.

∗ In Transport Equipment Industry, Poland has the highest potential financial

saving with e 97,31 million and over 77 % of the country’s potential financial

saving comes from electrical energy.

∗ In Machinery Industry, Germany has the highest potential financial saving

with e 2.308,82 million over 75 % of the country’s potential financial saving

comes from electrical energy.

∗ In Wood and Wood Products Industry, Germany has the highest potential

financial saving with e 212,31 million and over 80 % of the country’s potential

financial saving comes from electrical energy.
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∗ In Construction Industry, Spain has the highest potential financial saving with

e 825,94 million and over 77% of the country’s potential financial saving comes

from natural gas.

∗ In Non-Specified(Industry) Industry, Turkey, United Kingdom and Sweden

have the highest potential financial savings with e 3.904,41 million, e 3.373,84

million and e 3.064,02 million respectively. Over 48 % of Turkey’s, over 58

% of United Kingdom’s and over 98 % of Sweden’s potential financial saving

comes from electrical energy.

∗ In Industry Total, even though Germany is among the most efficient industries,

the results of sub-sectoral analysis show that in three major industries; Chem-

ical and Petrochemical, Paper-Pulp and Print and Wood and Wood Products,

Germany has a low efficiency rating and therefore a high potential financial

saving and CO2 emission reduction.

∗ In Industry Total, even though Bosnia and Herzegovina and Greece are among

the most efficient industries, the results of sub-sectoral analysis show that in

Non-Ferrous Metals Industry, both countries have a very low efficiency rating

and therefore a high potential financial saving and CO2 emission reduction.

∗ In Industry Total, even though Spain is among the most efficient industries,

the results of sub-sectoral analysis show that in two major industries; Textile

and Leather and Construction Industry, Spain has a low efficiency rating and

therefore a high potential financial saving and CO2 emission reduction.

∗ In Industry Total, even though France is among the most efficient industries,

the results of sub-sectoral analysis show that in Iron and Steel Industry, France

has a low efficiency rating and therefore a high potential financial saving and

CO2 emission reduction.

∗ In Industry Total, even though Ireland is among the most efficient industries,

the results of sub-sectoral analysis show that in Textile and Leather Industry,

the country has a low efficiency rating and therefore a high potential financial

saving and CO2 emission reduction.
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∗ In Industry Total, even though Italy and Lithuania are among the most ef-

ficient industries, the results of sub-sectoral analysis show that in Machinery

Industry, both countries have a low efficiency rating and therefore a high po-

tential financial saving and CO2 emission reduction.

∗ In Industry Total, even though Sweden is among the most efficient industries,

the results of sub-sectoral analysis show that in Non-Specified(Industry) In-

dustry, the country has an extremely low efficiency rating and therefore the

highest potential financial saving and CO2 emission reduction.

∗ In Industry Total, even though Slovenia is among the most efficient industries,

the results of sub-sectoral analysis show that in two major industries; Paper-

Pulp and Print and Machinery Industry, the country has a low efficiency rating

and therefore a high potential financial saving and CO2 emission reduction.

4.2 Recommendations for Further Study

This research can be deepened with an additional firm-based DEA Analysis. A

major challenge behind a firm-based analysis is the difficulty of getting the statistical

data. In some countries, the data is either kept confidential or not available. ’A

sound understanding of how energy is used by industry’ is necessary for developing

’useful indicators for industrial energy use and CO2 emissions’ [1]. A firm-based

DEA analysis would reveal the energy efficiency performances of particular firms

in several manufacturing industries. In the light of the results from the previous

study, another survey would be conducted among the best and the least performing

energy efficient firms by collecting detailed information related to the structure of the

manufacturing plants, type of equipment used, condition of the equipment, recycling

potential, workers’ knowledge and experience, etc. This survey would reveal which

particular firm in which manufacturing industry in which country is insufficient in

terms of the above-mentioned factors. This survey would also enable the calculation

of investments necessary to improve these factors and thereby to improve the energy

efficiency of these manufacturing plants.
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Appendix A

EU Industry Sector Energy
Consumption Tables

All statistics under Appendix A are taken from the European Commission’s Eu-

rostat database [10] except the statistics of Turkey which are partially taken from

the Turkish Statistical Institute [15].
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Appendix B

EU Industry Sub-Sectors with
NACE rev.2 Codes

All statistics under Appendix B are taken from the European Commission’s Eurostat

database [10] except the statistics of Turkey which are partially taken from the

Turkish Statistical Institute [15]. Flag & Value Definitions are given below [see

Table B.1].

Table B.1: FLAG & VALUE DEFINITIONS

Flag & Value Definitions
: not available
b break in time series
c confidential
d definition differs, see metadata
e estimated
f forecast
i see metadata (phased out)
n not significant
p provisional
r revised
s Eurostat estimate (phased out)
u low reliability
z not applicable
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Appendix C

EU Industry Sector, DEA Analysis
Input/Output Data

All countries are included in DEA Analysis Results, EU Industry ’Total’ Industry -

2014 (see Table C.14) with missing main divisional statistical data replaced with "0"

value. In all other Sub-Sector Analysis, only the countries which have full statistical

data available are included. Under Geography column, the countries which are

included in a particular analysis are aligned to the left side and the ones which are

not included in the analysis are aligned to the right side. The DEA analysis results

are included under Efficiency Summary column. All statistics under Appendix C are

taken from the European Commission’s Eurostat database [10] except the statistics

of Turkey which are partially taken from the Turkish Statistical Institute [15].
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Appendix D

EU Industry Sector, Evaluation of
DEA Analysis Results

All countries are included in Conclusion on DEA Analysis Results, EU ’Total’ In-

dustry - 2014 (see Table D.14) with missing main divisional statistical data replaced

with "0" value. In all other Sub-Sector Analysis, the countries which only have full

statistical data available are included. Under Geography column, the countries which

are included in a particular analysis are aligned to the left side and the ones which

are not included in the analysis are aligned to the right side.
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Appendix E

Abbreviations, Accronyms, Units of
Measurement, Emission Coefficients,
Unit & Currency Conversions, Fuel
Pricing

Abbreviations and Accronyms

CAPP Central Appalachian

CO2 Carbon Dioxide

CRS constant returns to scale

DEA Data Envelopment Analysis

DMU decision making unit

EFTA European Free Trade

Association

EU European Union

GHG greenhouse gases

IEA International Energy Agency

US United States

VAT value-added tax

Units of Measurement

boe barrels of oil equivalent

BTU British thermal unit

CV calorific value

Gcal Gigacalorie

GJ gigajoules

kg kilogram

ktons kilotons

kWh kilowatt-hour

MWh megawatt-hour

Mtce Million tonnes of coal

equivalent

tce tonnes of coal equivalent
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