Unwanted Effects of European Union Environmental Plicy at
Promoting a Post-carbon Industry. The Case of Enengin the
European Ceramic Tile Sector

D. Gabaldén-Estevan, A. Mezquita?, S. Ferre, E. Monfort?
1 Department of Sociology and Social Anthropolddmgiversity of Valencia. Spain
2 Instituto de Tecnologia Ceramica (ITC). Asociacite Investigacion de las Industrias Ceramicas
(AICE), Universitat Jaume |. Castell6n. Spain.
(E-mail: Daniel.Gabaldon@uv.es, ana.mezquita@itesjjisalvador.ferrer@itc. uji.es,
eliseo.monfort@itc.uji.es)

Abstract
The context of global warming, and low carbon tiéms plans, are threatening the future of high

energy consuming industrial sectors in the Europdaion (EU). The need to respond to environmental
challenges is demonstrated by support for inteonati level energy policies and legal requirements,
such as the Kyoto Protocol which the EU supponts, imcreased EU-level environmental legislation
and energy policies. The effect of these initiatiieegradually transforming industrial activitytime EU.
However, since not all the countries involved hadepted these policies, their net effect needseto b
assessed taking account of their side-effects, aaakelocalization of industrial activity, and ttiéer-

ent legal environmental frameworks in the countsdsere companies have chosen to relocate. This
paper analyses EU energy policy and its real impada particular energy intensive industry, thed=ur
pean ceramic tile sectbiThe discussion in this paper is not about the geepof EU legislation, but
about its effects on a specific industry. The effefigpolicy on industry is not a new topic, but tipges-
tion of the unwanted effects of environmental andrgy policy on European industry is becoming more
relevant as the struggle to achieve a post-carhoofde increases. In focusing on a specific setldf E
legislation on a particular industry we add to dedate by showing the negative effects of policgime
anisms. We highlight the need for a scientific @atibn of the systemic changes required for a trans
tion to a resource-efficient, green and competitbve-carbon economy outlined in the 7th Environment
Action Programme. We suggest the EU should perédigfice-evaluate its Emission Trading Scheme
legislation to include specific actions and a fallap system which would prevent the best performing

environmental companies from delocalizing or shgttlown.
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1 Introduction

There is a growing concern about the unsustaimghifithe production model in the so-called de-
veloped countries, given the diminishing capacityhe@ environment to assimilate the impacts of eco-
nomic activity in a non-traumatic way (Hajer, 199%yisingh et al., 2015; Lockie et al., 2013; Rock-
strom et al., 2009). The situation is being exaagth by the rapid growth of other economies espgcia
Brazil, Russia, India and China (BRIC countries)l #me consequent increase in demand for energy and
raw materials to feed that growth (Pao and Tsal02@011a,b). At the same time, there is increased
public awareness of the diminishing capacity of ém¥ironment to assimilate the impacts of human
activity, and increased demands for environmentatanability (European Commission, 2014; Rogers
et al., 2008). At the institutional level, this @@nn is reflected in support for energy policied amter-
national legal requirements such as the Kyoto RmtBohringer et al., 2009a,b; Huber, 2004; Jordan
and Lenschow, 2000; Kivimaa and Mickwitz, 2011; eagSamero et al., 2010; ; Vera and Langlois,
2007; Weber and Rohracher, 2012;). The debate theesustainability of 'traditional' industries imet
EU, such as the ceramic tile industry (Gabaldéme&st et al., 2014), is being fuelled by the major
transformations resulting from the process of dliaaion and the economic crisis. We contribute to
this debate by analysing EU environmental and gnedjicy and its impact on the EU ceramic tile
sector.

Global warming and low carbon transition (COM (2P112 final, Directive 2012/27/EU) are pos-
ing huge challenges for high energy consuming naatufing industry subsectors in the EU, especially
those with relatively low productivity (KoroneoschBompros, 2007) which are competing in the inter-
national market (such as the ceramic tile indusffyje EU's commitment to lead responses to these
environmental challenges, has resulted in a highllef legislative activity related to environmeinta
(Directive 2010/75/EU, Directive 2011/91/EU) andspecially energy policy (Directive 2004/8/EC,
COM (2011) 109 final). The effect of those initiggs is gradually transforming industrial activitytiin
the EU. The new scenario, characterized by inangagressure from environmental regulation ¢€O
emission trading scheme (Directive 2009/29/EC, CAOB®MON DECISION of 24 December 2009),
use of BAT, etc.), favours non-EU competitors whpsmduction often does not meet EU environmental

standards, which benefit from lower energy priced which, in some cases, have better access to raw



materials. It is encouraging the relocation of p@tbn to places with conditions that are less favo
able to the environment and to social and labouoditimns.

Since the studies by Rubik and Scholl (2002) andby1€2002), European environmental
legislation has grown in complexity and scope (Qikmou and Jepma, 2008). However, recent research
on the effect of EU policy on environmental proieetis not conclusive. Afionis and Stringer's (2p12
work on biofuel regulation, shows that EU regulasigrioritize competitiveness and economic growth
over environmental protection while Gouldson et(2015) and Boeters and Koornneef (2011) suggest
that the impact of EU environmental regulation stmes is overestimated. Janicke (2012) highlights
the relevance of the policy dimension for underditagn how the fulfilment and interactions betweea th
technical innovation system functions influence #ueeleration or deceleration of the “virtuous” or
“vicious cycles” of the diffusion process. Westrerd Madlener (2012) show that the EU's Emissions
Trading Scheme (ETS) affects the attraction of stweent for large-scale, combined heat and power
plants. Maes et al. (2015) claim that the EU RerdsvEnergy Directive's sustainability guidelinegde
further development while de Miranda and Krugliaask2015) stress the need for reflexivity of
environmental regulations.

EU environmental policy, apart from giving priority energy efficiency in all energy domains, is
aimed at a 20% reduction in greenhouse gas emsbipr2020 (from 1990 values) and a reduction in
renewable energy sources deployment (to 20% ofkdioal energy consumption in 2020). The costs of
compliance with this policy is estimated to be mumnd 0.4% to 0.6% of EU gross domestic product
(GDP) in 2020 (Capros et al., 2011). However, immating the changes required to meet the EU
Directives targeting specific sustainable energyettjpment objectives can have contradictory impacts
(Streimikiene and Sivickas, 2008)

There is evidence of ‘carbon leakage', but alsdietuthat minimize or ignore its occurrence
(Barker et al. 2007). Some suggest 'the potendialfe global leakage rate to exceed 100%; i.@liayp
to reduce carbon emissions in the industrializednt@es actually increases global carbon emissions'
(Babiker, 2005). Chen's (2009) study of regionakghouse gas policy in the USA suggests that leakag
and spillovers could be a concern. Kallbekken et (aD07) affirm that the clean development
mechanism contained in the Kyoto protocol, coultepbally reduce carbon leakage significantly while

Kuik and Hofkes (2010) suggest that border adjustmé¢o prevent free-riding and carbon leakage,



might be more effective in reducing the rates carteakage in some industries (iron and steel) than
others (minerals, cement).

Since the level of environmental and energy pdiciaries, we need to assess the net effect of
these initiatives. This includes taking accounthaf side effects of delocalization of industriafiéties
and the different national environmental legal feavorks under which companies operate. This paper
provides an analysis of EU energy policy and itpaat on the European ceramic tile sector. It isworg
ized as follows: Section 2 describes the theoreliamework; Section 3 discusses the main chariaeter
tics of the European ceramic tile manufacturingcpes along its value chain (3.1) and the receritievo
tion of its market share and production (3.2), enés the available data on energy consumptionean th
ceramic tile industry (3.3), summarizes the legista most relevant to the ceramic tile industry4j3.
and analyses the impact of EU energy policy onBbheopean ceramic tile sector (3.5). Section 4 con-

cludes by summarizing the main contributions of féper.

2 Theoretical framework

Our analysis adopts a systems perspective on thacinof supra-national (EU level) legislation on
the performance of an EU industry sector. Therevamous approaches to the study of innovation
systems in evolutionary economics, which use variamits of analysis. For instance, national
innovation systems (Freeman and Soete, 1987; Luindv@92; Nelson, 1993), regional innovation
systems, related to specific areas within largeitbeires (Cooke, 1996; Cooke and Morgan, 1993),
technological systems, which focus mainly on thevoeks of agents in the generation, diffusion, and
utilization of technologies (Callon, 1992; Carlssamd Stankiewicz , 1995; Hughes, 1984; Jacobsson
and Johnson, 2000), sectoral systems, which lobksnavations in industries across political bosder
(Breschi and Malerba, 1997; Malerba, 2002), andridissystems, which combine innovation system
and industrial district approaches (Gabaldon-Estesta al., 2012) and emphasize the relevance of
territory for both the industrial district form amther elements of the innovation system.

From a systems perspective, legal and institutidre@ineworks are central for defining firm
strategies since they affect the productive, sifienand technological environments (Figure 1).

Similarly, socio-technical regimes can be underdtas historical routines and optimization processes



which are institutionalized, materialized and adéigrin multiple dimensions such as industry striegur
technology and infrastructure, knowledge base,sus@d markets, culture, and policy and political
power (Geels, 2002; Smith and Raven, 2012). Th& fafers to policy targets and priorities,
administrative rules, power relations, etc., whitfluence the direction of search since 'new retjuta,
and changes to markets or competitors, are abbifathat affect the activities in sectors, in tewhshe

way they perform their activities, or the range agftivities they perform' (Gabaldén-Estevan and

Hekkert, 2013).
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Figure 1 Schematic illustration of the main elemergt on an innovation system, adapted from (Fernandez

et al., 1996)

The analysis involves three steps: (1) describirgrhain characteristics of the European ceramic
tile manufacturing process along its value chaithwpecific emphasis on the energy intensity oheac
stage; (2) analysing thermal and electrical enaxgysumption in the ceramic tile industry; and (3)
evaluating the impact of EU energy policy on thedpean ceramic tile sector.

We exploit secondary data collected from various@®s including specialist sectoral publications
and statistics. We use data on EU level environaiguglicy to map the policy measures that influence

the development of the ceramic tile industry, drdrem EUR-Lex, the EU legislation database.



3 Analysing the evidence

This section has five sub-sections. Section 3.tudises the main characteristics of the European
ceramic tile manufacturing process along its valo@in and Section 3.2 presents the European ceramic
tile industry market share and production to previde background to this sector. Section 3.3 ptesen
the available data on energy consumption in tharogr tile sector in order to specify the industry's
energy consumption characteristics. Section 3.4nsanizes the legislation most relevant to the cecami
tile industry regarding its impacts on the indusBgction 3.5 analyses the impact of EU energycpoli

on the European ceramic tile sector.

3.1 THE EUROPEAN CERAMIC TILE MANUFACTURING PROCESS
The stages in the ceramic tile manufacturing pee@sy according to the function of the manu-
factured product. The main ceramic tile producttages are:

(1) Raw materials preparation. Appropriate raw materele selected and proportioned to
achieve the desired product characteristics. Tpedlity (i.e. impurities content) deter-
mines their suitability for tile production and tpeoduct's final cost, which, to an extent,
is dependent on the distance between mine and. pJaetof local raw materials is maxi-
mized to reduce manufacturing costs, but some ratemals have to be imported from
other regions or countries, including non-EU coiesti(e.g., white clays imported mostly
from Ukraine, and feldspars imported from Turkdy)the pressing stage, the raw materi-
als mix is subjected to wet or dry milling. Wet lmg is the most frequent preparation
method in Europe, owing to the properties of trengtes obtained by spraying; however,
from an energy point of view, dry milling is mor#figient. Wet milling accounts for 30%
of the thermal energy consumed in ceramic tile potidn;

(2) Ceramic tile forming. Ceramic tile bodies are gafigrformed by pressing, using hydrau-
lic presses which consume electric energy;

(3) Drying. The formed tile bodies are subjected tayangj cycle to reduce the moisture con-
tent, which varies according to the type of formipgcess. This stage accounts for

around 10% of total thermal energy consumed;



(4) Glazing and decorating. After drying, the ceranilestare usually glazed and decorated.
The process consists of the application of variglage layers depending on the mechani-
cal or aesthetic properties desired, followed bgodation which is done by digital inkjet;
(5) Firing. In this final production stage, the cerartiles are subjected to a thermal cycle
where temperatures range from 1100°C to 1200°Gerdipg on the product. This stage
accounts for more than 50% of total thermal enexgysumption in the manufacturing
process.
A single firing process means the tile body anaglare fired simultaneously. Double firing refers
to when the tile body is fired before being decedaand then is fired for a second time fix the glaz

The most common ceramic tile manufacturing progegsirope is single-firing (see Figure 2).
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Figure 2 Schematic illustration of the single-firedceramic tile manufacturing process, own elaboratio.

3.2 THE EUROPEAN CERAMIC TILE INDUSTRY - MARKET SHA RE AND PRODUCTION

Wall and floor ceramic tiles constitute the biggssttor (measured by turnover) in European ce-
ramic industries, with total sales in 2013 estirdedé around €9 billion. A third of ceramic tile phac-
tion is exported outside of the EU, resulting ila@ely positive trade balance, with exports repnéisig
four times EU imports of ceramic tiles in valtie.

The European ceramic tile industry has been thédweader for design and innovation and con-

tinues to set the trend for new designs and funatities. Ceramic tiles cover a wide range of paidu
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categories which satisfy technical and aesthetdseelated to both traditional and modern indoat a
outdoor environments. Ceramic tiles have many fanet characteristics including increasing hygiene
and safety. Their resistance to light exposuredmical attacks, and their ease of maintenancesnak
ceramic tiles important for the sustainability eifldings.

European ceramic tile production has increasedimamisly from 1980 to 2006, reaching a maxi-
mum annual production of around 1,500 millioR. ihe global financial crisis caused this value to
decrease in 2009 to 1,079 millior? §Giacomini, 2010). However, since then, Europeammic tile
production has slowly increased to reach 1.186ionilh? in 2013, due mainly to increased exports
(Stock, 2014).

At the same time, world ceramic tile production hageased continuously since 2006 and, after
2008, the European ceramic tile industry lost redatveight in the world ceramic tile industry. Fex-
ample, the percentage of European tile manufagurinworld production decreased from 16.6% in
2008 to 10% in 2013. Figure 3 shows the evolutibRuropean and world ceramic tile production, and

the percentage production in Europe since 2008.
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Italy and Spain are the biggest ceramic tile predsiin the EU, accounting for some 66% of pro-
duction; however, Poland, Portugal, Germany, FraBedgaria, the UK, Romania, the Netherlands,
Czech Republic, and Hungary are also significantipcers. Figure 4 shows the evolution of Spanish

and Italian ceramic tile production from 1981.
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Figure 4 Evolution of ceramic tile production in Span and Italy 1981-2013 (Cofindustria Ceramica, 2010

Stock, D.P., 2014)

3.3 ENERGY USE AND CONSUMPTION IN THE EUROPEAN CERAMIC TILE INDUSTRY

The ceramic tile industry consumes considerableusntsoof energy along its value chain. The
main energy consuming phases are mining, trangpoaw materials to the processing plants, the man-
ufacturing process, and storage and delivery ot#ramic tiles once packaged. The energy involaed i
the use and end of life phases can be considegibée (Benveniste et al., 2010). Transport ofvra
materials to the plants and the product to markée two ends of the production chain - are bgkru
(small and medium distances) and ship (longer niégts). The manufacturing process is an intensive
thermal energy consumer (around 28 kwi/iMonfort et al., 2010). Since the 1980s, European

ramic tile plants have been fuelled mainly by naltgias. In some countries, such as Spain, the ityajor



of spray-dried powder producers have installed neg&ion units (producing heat and electric energy
simultaneously), which has increased their totargy efficiency to between 85% and 90% in this
stage. The use of cogeneration systems in cerdmimoimpanies in the EU is linked strongly to natib
energy policies, which explains the significanfatiénces among EU countries in the degree of imple-
mentation of this highly efficient technology.

In the ceramic tile industries that rely on cogeatien units, part of the electricity produced isdis
in the manufacturing process, and the thermal gn&mgn the combustion gases in the cogeneration
unit is recovered for use in the spray dryer. Tihiseases the energy efficiency, due to the redpced
mary energy consumption. In plants with no cogetmmasystem the heat needed for the manufacturing
process is produced by fossil fuel combustion ecteicity is supplied by the general grid. However,
should be noted that conventional thermal powetiosta are typically less energy efficient overall
(about 35%-55%, depending on the technology usechuse the combustion gases are released into the
atmosphere with no energy recovery.

Electric energy is also needed for transportatemmyeyor belts, robots, etc.), presses, fans|metc.
the case of cogeneration systems, the net elagtiicilance is positive. According to some studies
(Monfort et al., 2010, 2014; Nassetti et al., 1988nellini and Blasco Fuentes, 1993), the majoaty
European ceramic tile companies are using the Resitable Techniques (BAT) in terms of energy
efficiency; thus, although there are some additiza@ing measures that can be implemented, in the
absence of any breakthrough developments, furtbeifisant reductions in energy consumption are not
envisaged (Gabaldon-Estevan et al., 2014). Tha tieenergy costs and increasing concern in the EU
over carbon dioxide (Cemissions may become major hurdles for Europesaamnaic tile companies in

the short term.
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Figure 5 Evolution of specific thermal energy consugtion in the ceramic tile manufacturing process in

Spain (Monfort et al., 2014)

Figure 5 shows the evolution of thermal energy aomgion in Spanish manufacturing since 1985.
Between 1985 and 1990 companies dramatically rettiesr consumption of thermal energy through
the adoption of new technologies (single firinglaokilns, cogeneration systems, etc.) and natgaasl
instead of heavy oil or gasoil. Since this innovatperiod, consumption of thermal energy has reathin
fairly stable with no major changes to energy é&ficy. The slight reduction observed after 2010 may
be explained by some minor improvements relateentrgy recovery systems and implementation of
larger kilns. Although the values shown are foriSpthey can be considered representative of the Eu
ropean ceramic tile industry, and very similar tadian data (Nassetti et al., 1998; Timellini anddgo
Fuentes, 1993).

CO, emissions have followed a similar trend (FiguresiBice most C@®emissions are from the
combustion process (90%). The remaining 10% coord® to the decomposition of the carbonates
used for the body composition of earthenware (widdl$; hence the floor/wall tile production ratias a

minor effect on total C@emissions.
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Figure 6 Evolution of the specific CQ emission in Spain (Monfort et al., 2014)

Regarding electric energy consumption in the mastufang process, the most recent studies indi-
cate average values of around 3.2kwh(Monfort et al., 2010), much lower than consumptid ther-
mal energy (26kwh/A). Electric energy is involved in the materials diimg (conveyor belts, robots,
etc.) and forming (hydraulic presses) stages, thtewand gas cleaning systems (pumps, fans, etc.),
driers and kilns (fans, control units), etc. Nekeléss, in Spain, where cogeneration systems hease b
implemented in the last 20 years, the net eletgrizalance at cluster level is positive (Monfortagt

2010).

3.4 EU ENVIRONMENTAL AND ENERGY POLICY
This section summarizes the legislation most relet@the ceramic tile industry. In the following,
we list its impacts on the ceramic tile industry:
» Directive 2004/8/EC Of The European Parliament @inithe Council of 11 February 2004
on the promotion of cogeneration based on a usefat demand in the internal energy
market;

e Directive 2009/29/EC of the European Parliament ahthe Council of 23 April 2009

12



amending Directive 2003/87/EC so as to improveextdnd the greenhouse gas emission
allowance trading scheme of the Community;

e Directive 2010/75/EU of the European Parliament ahdhe Council of 24 November
2010 on industrial emissions (integrated pollufiwevention and control);

¢ COM(2011) 109 final Communication from the Commissto the European Parliament,
the Council, the Economic and Social Committee #iedCommittee of the Regions of
8 March 2011 — Energy Efficiency Plan 2011,

e COM (2011) 112 final. Communication from the Comsios to the European Parlia-
ment, the Council, the European Economic and Sdugamhmittee and the Committee of
the Regions. A Roadmap for moving to a competiiwve carbon economy in 2050;

» Directive 2012/27/EU of the European Parliament ahthe Council of 25 October 2012
on energy efficiency;

e COMMISSION DECISION of 24 December 2009 determinipgirsuant to Directive
2003/87/EC of the European Parliament and of thenCig a list of sectors and subsec-
tors which are deemed to be exposed to a signffitsinof carbon leakage;

« COM(2014) 21 final. Communication from the commigsito the European parliament,
the council, the European economic and social cdrmeniand the committee of the re-
gions. Energy prices and costs in Europe.

Among these documentsve would highlight the EU's roadmap, publishedtlyy European Commis-

sion in 2011, to achieve a low-carbon econo@® (2011) 112 final) This document specifies the
emissions reduction targets set by the EU for itrthlssectors, establishing a reduction in gnis-

sions of between 83% and 87% by 2050.

3.5 THE IMPACT OF EU ENERGY POLICY ON THE EUROPEAN CERAMIC TILE SECTOR

For more than 30 years, the European ceramiaiilastry has been working to reduce energy con-
sumption and C@emissions through the adoption of innovative tetbgies and the implementation of
energy saving actions. However, meeting the 205QEgkts will require another technology revolution

and implementation of breakthrough technologies.
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The most recent European policy, such as the ES 8hallenging European energy intensive in-
dustries. Although the ETS is considered positioe gromoting research, investment and activities
(energy audits, energy consumptions control, impletation of energy saving actions, etc.) focused on
reducing CQ emissions, there are some aspects of it that dhmukrefined to avoid unaffordable costs
and consequent relocation of ceramics factoriesaéas with less stringent environmental regulation.

Almost all European ceramic tile manufacturers affected by the ETS (Directive 2009/29/EC).
To counter the risks of relocation of manufacturindustries outside the EU for reasons of cost and
climate policies, and loss of employment in Eurape, European Commission has established criteria
to determine whether a manufacturing industriat@eis at risk of carbon leakage, based on the eco-
nomic impact of the application of the ETS on prctéhn costs and the sector's trade intensity (ingpor
and exports) with countries outside the EU.

The European ceramic tile industry is one of thetass at risk of carbon leakage (Commission
Decision of 24 December 2009), and so receives dogreemissions allowances. In the new EU ETS
(since 2013) the allocation of free allowancesasdua on the most efficient industries, rather thian
historical data (former EU ETS). There is a maximummber of free allowances for each industry sec-
tor which must be shared among all the relevantpeonies, with the result that the best performerg ma
not receive all the free allowances requested (@erandustry Manifesto 2014-2019).

The list of countries exposed to a carbon leakafjebe revised every five years. The number of
free allowances is reduced annually, so the sdndtr ceramics companies is becoming increasingly
difficult and the threat of competition from outsithe EU is growing due to the direct (allowancees t
buy) and indirect (management system and audis}@d ETS implementation.

Figure 7 shows the prices of EU Allowances (EUA)nfrthe beginning of the new ETS period
(2013-2020) and shows that the value has been ggosince April 2013, from €3/t to more than €8/t in

2015.
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Figure 7 Evolution of the EUA prices

In this new scenario, European companies are Heingd to reduce their GGemissions in the
medium and long-term. The EU 2011 roadmap offeidaqce for moving to a low-carbon economy in
2050. This document provides objectives relatedethucing CQ emissions in all industry sectors in-
cluding ceramics with the aim of achieving the 88#87% reductions by 2050. The European Ceramic
Industry's response in 2012 was to publish its Regrto 2050 (Cerame-Unie, 2012). This suggests
that in the short-term, BAT should be adopted byralnufacturing countries although they will not be
sufficient to achieve the ambitious European objest which will require the development of break-
through technologies and new energy sources.

Based on life cycle assessment study estimatesf@ivtast al., 2013, 2014), to achieve a more than
50% reduction in C®emissions in the manufacturing process will regdow-carbon and cheaper
electricity production systems to allow the useetdctric driers and kilns (resistances, microwaves,
plasma, etc.) with minimum GQemissions. Alternative fuels, such as biomassiogas, would de-
crease emissions, but less significantly. In addito CQ emissions reduction costs linked to EU poli-

cies, energy prices need to be considered. Enargfg @re estimated to be two to four times higher i

s http://www.sendeco2.convetrieved 18 September, 2015.
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Europe than in competing countries. Since energyscepresents around 30% of manufacturing costs
in the ceramic tile sector, policies affecting gyecosts are a crucial factor in the survival @& Euro-
pean industry (Ceramic Industry Manifesto 2014-2019

Table 1 presents average natural gas and elegtpidites related to the European ceramic tile in-

dustry; in 2010 to 2012, they increased by 27%n&dural gas, and 21% for electricity.

Table 1 Average energy prices for the European cemaic tile industry (COM (2014) 21 Final)

Energy source 2010| 2011 | 2012 | % change 2010-2012
Natural gas price (€E/MWh 25.0 262 317 26.8
Electricity price ((€/MWh))| 80.8| 88.8 97.6 20.8

Breakthrough innovations and renewable sources@fgy are linked to institutional and financial
support for research. Therefore, EU research gasliplay a central role in the future of energy+istee
industries. Since the mid-1980s, European compdrdes been world innovators in the ceramic sector
in relation to machinery and materials. Howeveis ihecoming more difficult to benefit from Europea
and domestic research programmes because theytdefadour research in advanced materials and
leading sectors (biomedicine, pharmacy, etc.),thede is a shortage of funding for the traditiosedt-

tors (Gabaldén-Estevan et al., 2014; Tello and \feeester, 2013).

4 Conclusions

The European ceramic tile industry has adoptedviative technologies and implemented energy
saving actions to reduce its energy consumption @@g emissions, and is using the BAT. However,
new regulation and environmental policies are méggimore innovation and are resulting in the raloc
tion of ceramics factories outside the EU, in angils less strict environmental policies.

The new ETS Directive has had an impact on almb&aopean ceramic tile manufacturers. Its
overall effect should be to promote research, itnmest and other activities directed to reducing,CO
emissions. However, it does not provide a fair,-teidn solution for companies that have continuously
updated their industrial facilities. The free alknvees received by the sector, which is exposetigo t
risk of carbon leakage, are based on the mosiegificndustries rather than on historical dataoAthe

number of allowances is not sufficient for all t@mpanies in the sector and even the best energy pe
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formers may not receive all they request. The sehismevised every five years, and the numberes fr
allowances is reduced annually, so the situatiorcéoamics companies will worsen, as will their eom
petitiveness with manufacturers outside the EUtdube direct costs (buying allowances) and thé ind
rect costs (management system and audits) of ingigny the ETS.

To survive this new scenario, which includes redge€Q emissions by between 83% and 87% by
2050, European companies must begin reducing @@iremissions in the medium term. However, this
will need another technological revolution. Fortarge, to reduce GGemissions by more than 50%,
will require decarbonization and cheaper elecyripitoduction in Europe to allow the use of electric
driers and kilns with minimum CQemissions. Use of biomass or biogas as fuelsnetliproduce suffi-
cient emissions reductions to meet the 2050 target.

Another pressure on the competitiveness of enertgnsive industries is the price of energy which
is affected indirectly by EU policies. Energy costhich represent around a third of ceramic tilenma
facturing costs, are two to four times higher ie #U than in competing countries; therefore, pefici
affecting energy costs will be crucial for the sual of the European industry.

Finally, as the systems perspective predicts, iffgamentation of breakthrough technologies, in-
cluding the use of renewable sources of energhnked to institutional and financial support fa-r
search activities. EU research policies will plageatral role in the future of energy-intensiveustties.
Many European and domestic research programmedsa@rsed on advanced materials and new sectors
(biomedicine, pharmacy, etc.), resulting in anéaging shortage of funds to support the so-cafbeti-t
tional sectors. Only a more comprehensive resdarahcing scheme that includes research support for
these traditional sectors - described by Jacobesah (2009) as the innovation/industrializatidrale
lenge - will help ceramic tile and other Europeadustry sectors to continue to lead the transitioa
low-carbon economy.

To summarize, the question of the unwanted effetenvironmental and energy policy on Euro-
pean industry is becoming especially importanthie struggle to achieve a post-carbon Europe. We
focused on a specific set of EU legislation relai@dne particular industry and showed how policy
mechanisms operate to produce negative effects. @dper highlights the need for a scientific evalua
tion of the systemic changes required for a traorsiio a resource-efficient, green and competikibye-

carbon economy described in the 7th EnvironmentoAcProgramme. By studying the effect of EU
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policy on the ceramic tile industry we have revdaillke challenges faced by this industry regarding
energy consumption and G@missions. Replication of our study for other isthes would provide a

clearer picture and contribute to assessments loifggsector interventions. Overall, we concludettha
the EU should periodically re-evaluate its legislatconcerning the ETS Directive in order to re-
fine/include specific actions, and implement adallup system to prevent the unwanted effects of env
ronmental and energy policy, such as relocatioshmtting down of the companies with the best envi-

ronmental performance.
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