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Key Messages

This publication presentsn overall view on energy efficiengpolicies andtrendsin
energy useandenergyefficiency inthe EU27. It relies on the following two databases
that cover all ELR7 member countrieplus Croatia and Norway:

V The ODYSSEE database on energy efficiency indicators, with data on energy
trends, drivers for energy use, explaining variables and emelafed CQ
emissions\Www.odysseendicators.org).

V The MURE datalase with policy measures on energy efficiency, including the
impact of the measureg/(vw.mure2.conj.

Both tools are used to support energy policy formulation by the European Commission,
e.g. as part of the monitoringnd evaluation of the Energy Service DirectiVée
following points summarise the key messages from the analyiis study

e The energy efficiency of final consumers improvedl3y6 on average in the
EU-27 between 1996 and 2007. This resultedenegy savings of about
160 Mtoe, of which half in industry.

e Energy efficiency improvements, for the E2J as a whole, as measured with
ODEX, seemed to bm line orabovethe indicativetargetof the Directive for
Energy Efficiency and Energy Services (ES&)many coutries. However, the
definition of energy savingss not directly comparableas the ESD target
comprises also Early Action (e.gavings achieved i©t9952007 which is the
time spanbefore the main period 208816 for which the ESD target 8f6 is
defined)

e In most countries and sectors, there has been a slowdown in energy efficiency
progress since 2000, which is partly explained by the slower economic growth
(business cycle effect).hE performances achieved by the various countries
range fom 2 to 20%.

e The decoupling between energy use and economic activity is continuing: since
1990, energy consumption has been growingnat onethird of the rate of the
GDP.In the period 20042007 this rate has further slowed down to nearly a full
decowling® Electricity use was still growing with three quarters of the GDP
rate since 1990, slowing down to around 60% of GDP growth in-200%.

e Structural changes in the economy had a marginal influence on the energy
intensity reduction of final consunseand explain about 9% of this reduction
from 1990 to 200t the EU as a whole

2 Final energy normalised for annual climate variations. The uncorrected final energy use was even
decreasing during that period.


http://www.odyssee-indicators.org/
http://www.mure2.com/

CO, emissionshave decreased by (®@year on average since 1990, mainly
from 1990 to 2004-(.6%/y) and since 2003-q.6%/y). Almost 40% of this
reduction is due to sshtution to fuels with lower emissiondctors, the rest is
due to a reduction in energy intensity.

Major new energy efficiency policies have been introduced over the past years
and are at present implemented although some of them face major aledays
strong debate about the exact design. This includes measure such as the revised
Energy Performance Directive for Buildings (EPBD), the esign Directive

and its implementing regulation, the ¢Qtrategy for cars, the Energy
Efficiency and Services Direo etc. The latter was suffering from a lengthy
debate about methodological questitlow to measure energy efficiencihe
Odyssee indicators made major contributidasits implementatiorwith the
development of togown evaluation methods. Althghi onecan debate in how

far thisDirective has already had a strong impact in terms of energy savings, it
has structured and given much more public view to the energy efficiency
measures undertaken by each Member States. Through this achievement, one
could say hhat this Directive has already achieved substantial progress although
much more progreds aimed at, in particular witthe creation of a market for
energy services.

Energy efficiency policies have developed a considerdgleamicswith a
strongly increaing number of energy efficiency measures in all sectors over
time. The patterns of policy measures undertaken across the different Member
States and the different sectors vary according to the national debate and
practices and to the specific energy uses.

EU energy efficiency polies have an increasing impacttae national level.
However, the impact is still quite different from sector to sector. While EU
measures represent already nearly one third of all measure in the residential
sector (in particidr due to the impact of the appliance labelling Directives) and

in the general crossutting measures (due to measures such as the CHP
Directive, renewbles policies which impaain decentrated renewables, and

the ecedesign Directive), it is still weakein Transport, Industry and the
Tertiary sectors.

TheEU aims in the presediebateor a stringent energy efficiency target &0

by 2020), possibly on a mandatory ba3ikis raises many questions about the
interaction of such a stringent policy witRigting policy instruments such as

the EU ETS or the renewables promotion schemes. White certificates, which are
also discussed in this context, may further complicate the debateoaiul
sharpen the debate about the interaction of instruments such a¥hites
Certificate Scheme and energy efficiency regulatiarsuich casede integrity

of an existing instrument could be a strong argument not to introduce a new
i nstrument , because existing instrumen
believes thathis particular instrument is the most suitable dres implies that

ways need to found between providing a relatively stable environment for a
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policy tool to develop its impact on one hand, and the need to adapt the
instrumentsoncepotentiallymore siitable policy instruments are debated. The
presentproblem with the debate on energy efficiency targets is that it comes
years after the debate snpply side measurdsn particular renewablesind

has to cope now with a rather crowded policy landscape.development of

the energy efficiency action plan by the EU needs to deal with these policy
interactions and possibly also reshape other policy instruments.

Substantial further engy efficiency potentials remaito be opened up by new

or enhanced paly measuresThis was shownn a parallel workto this study

with the MURE simulation tooleven under cautious assumptions on energy
prices 2% reductionof final energy consumptioomay be achievable in
economic terms by 2020. This requires neverthelgssambitious approach
which hasnot been the case over the past decade with the delays encountered
for example with the Energy Performance Directive for Buildings since 2002.
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1. Introduction

1.1. Objective of the brochure

The aim of this brochure i® provide insight into past developments for energy use,
energy efficiency trends and related policy measacesss all sectors of the economy

in the EU27. Three other brochusscomplement this brochure with a more detailed
view on the residential ancertiary sectors, the transport sector and the industrial
sector.This should help poliayakers and other parties involved in energy efficiency
and CQ emission reduction in adapting present policy and formulating new effective
policy measures. Although timeain focus is on energy efficiency improvement and the
effect of various policy measures, other drivers affedivegenergy demand trendse

also considered, such as the impact of economic growth, economic cycles and energy
prices.

This analysis is basl on twodatabase ODYSSEE on energy efficiency indicators
(Box 1.1) andMURE (Box 1.2) on policy measurethat cover the Et27 plus Croatia
and Norway.

Box 1.1: ODYSSEE database

The ODYSSEE databasen/w.odysseéndicators.orgy is used for the monitoring and evaluation of

annual energy efficiency trends and enemated CQ emissions. The energy indicators are

calculated for the years from 1990 on &b countries) or from 1996 on (new Member States). The

inputs for the indicators are provided by national energy agencies or institutes according to

harmonised definitions argliidelines.

ODYSSEE encompasses the following types of indicitors

e Energy/CQ intensities: relate the energy used in the economy or a sector to macroeconomic
variables (e.g. GDP, value added).

e Specific energy consumption: relate energy consumption taigdlyindicators (e.g. specific
consumption per ton of product);

e Energy efficiency indices by sector (ODEX) to evaluate energy efficiency progress (in %).

e Energy savings to measure the amount of energy saved thnaergly efficiency improvements.

e Adjusted indicators to allow the comparison of indicators across countries (in particular
adjustments for differences in industrial structure).

e Benchmark/target indicators by sector to show the potential improvement based on countries with
the best performancev@uation based on adjusted irgtiurs).

e Indicators of diffusion to monitor the market penetration of eneffigient technologies (e.g.
share of high efficiency motors).

The indicators from the ODYSSEE database are now used to monitor trends in energy
efficiency among countries in a harmonised way. They are increasingly used by the
European Commission as well as by several international organisations, @iimensg

® The methodological issues and precise definitions of indicators and data are dealt with at the end in
aspedii ¢c section ADefinitions and Gl ossaryo.


http://www.odyssee-indicators.org/

e DG-TREN: the EC has made explicit reference to the ODEX aidrs in the
Energy Service Dective as a way of contributing wards monitoring the
Directive inasec al | eedo Vin @ papproach. The EMOS
Market Observatory) includes about 20 indicators from ODYSSEE. The Energy
Demand Management Committee of ESD has proposedaiodsic similar to
thoseof ODYSSEE to measure energy savings withdogyn methods.

e EEA (European Environmental Agency): uses data and indicators taken from
the ODYSSEE database for different annual rep&itergy and Environment
Report andTERM repont, for instance. ODYSSEE indicators were also used in
the fourth parEuropean environment asse®nt report (UNECE).

e |EA, The International Energy Agency: ODYSSEE data are used by the IEA to
construct their own indicators for European countries. In additieA, has
developed a questionnaire to collect the data necessary to calculate the
indicators similar to the ODYSSEE data template.

Box 1.2: MURE database

The MURE database (www.mure2.com)provides an overview fothe most important energy

efficiency policy measures by sector (households, industry, transport and tertiary), as well as general

or crosscutting measures. Information about these measures is collected by national energy agencies
or institutes accordingo harmonised guidelines. The measures are classified according to various
criteria:

e their status (completedn-goingor planned);

o their year of introduction and completion;

o their type: legislative/normative (e.g. standards for new dwellings), legssfliatiormative (e.g.
obligatory labels for appliances), financial (e.g. subsidies), fiscal (e.g. tax deductions),
information/education, aoperative(e.g. voluntary agreements) and taxes (on energy or CO
emissions).

e their qualitative impact: low, medium @igh impact, based on quantitative evaluations or expert
estimates (see methodological issues)

o the targeted energy users, the actors involved, etc.

For each policy measure a detailed dgicm is available which contains, if available, a quantitative
impact in terms oénergysaving and/or C@emission reduction.

The MURE database provides a structuring format to EU Member States for reporting
measures in the dional Energy Efficiency Action Plans requested by the European
Commission within the impmentation of the Energy Service Directive (ESD). In
addition, the MURE simulation tool, attached to the database, has been used by the EU
Commission to assess tarergysavingpotentials over the peric2D102030.

* EEA: Energy and environment report 2008, November 2008

http://www.eea.europa.eu/publications/eea_report_2008 6

> TERM monitors indicators tracking transport and environment integration in the European Union;

http://www.eea.europa.eu/publications/transgatré-crossroads

® DG TREN: Energy Savings Potentials in EU Member States, Candidate Countries and EEA
Countries, March 200Bttp://ec.europa.eu/energy/efficiency/studies/efficiency en.htm
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2. The economic and energyrice context

2.1. The economic context

Since 1993the GDP has increased by34/year on averagen the European Union
(Figure 2.1). The economic growth was more sustained over the period-20®3
(2.8%l/year). After a lower gpwth between 2000 and 2005 (¥#year), the GDP
growthrateincreasedo around 3%/year between in 2006 and 2007 and sloweuh d
significantly in 2008 Q.8 %).

Figure 2.1 : Economic growth in the EU

3,0%

2,5%

2,0%

1,5%
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0,5%

0,0%

1993-2000 2000-2005 2005-2008 1993-2008
Souce: Odyssee

2.2. Energy prices

The average prices of imported fuels (gilsteam coal, natural gas) remained quite
stable until 1999Figure 2.2). A first increase in pricesccurredin 200Q respectively
59% for oil (from 18%/bl to 28%/bl) and 48% for gas.After a period of relative
stability from 2000 to 2004, international fuel prices started to rise shiar@904
Between 2004 and 2008, #&gprices have been multiplied layfactor2 for gas, 3 for

oil (97 $/bl) and 4 for coal. In 200Q%he oil price hasdecreased to reach at the
minimum the level of 2005 (around %bl). In recent month oil prices have-re
increased to beyond #8bl again.

In Euro, the growth in energy prices is lower than in US dalleto the effect of
changein US $ / ;lndeedanrEurd since 1990 the oil price hiasen multiplied
by 3.5 (compared to 4.1 if prices are expressed ith@)price of gavy 3.2 (3.7 in $)
andthe price of coaby 2.2 (2.6 in $).

" Brent
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Figure 2.2 . International energy prices' in Euro
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Final consumers saw 50% energy price increase real terms between 1992008

The average energy price paid by final consumers has increased regularly in real
terms. The progression was the most rapidce1999and reached 5% over 1999
2008:the progression was 4% in road transport (average for motor fuels) %4 Tor
households (weighted average of electricity, gas and fuel oil) add B9industry
(Figure 2.3).

Figure 2.3: Trend in energy pricesfor final consumers
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® Prices of 2009 based on the two first quarter
° Prices corrected for inflation.

12



Fuel prices have strongly increased especially for oil products CGolfi8 fuel oil in
industry, +68% for heating oil for households) @matural gas (+8% in industry,
+31% for households)Electricity prices, both in industry and for households, have
howeverdecreased bewen 1990 and 2008 (by 3 an@ckespectively.
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3. Overall energy efficiency trends

3.1. Energy consumption trends
Deaease of theprimary and final energy consumption since 2005

Since 2005, the energy consumption has been decrea3ibgp(yearyf despite a rapid
expansion of the economy, at least until 2007%¥gear forthe GDP) (Figure 3.1 and
Figure 3.2). This trend was probably influenced by the rapid increaseténnational
energy pricess well aghe energy efficiency and climate policies implemented by the
EU Commission and hiyational governments.

The period 19932000 was characterized by a rather low progression of the energy
consumption (0.86/year) compared to the rapid economic growth ¢2/ear).
Between 2000 and 200the lower economic growth (1%/year) was accompaed by

a more rapid evolution of the consumption (+%/fyear). On average since 1993,
energy consumption has progrestaée timeslower than the GDP.

The primary and final energy consumption increased at approximately the same rate

between1993 and 208 (0.7%l/year on average) in the EJ (Figure 3.1) and
amounted to around 1900 Mtoe and 1200 Mtoe, respectively.

Figure 3.1: Energy consumptiori*t and GDP in the EU

150
140
130
120
110
100

90

80 T T T T T T T T T T T T T T T 1
1993 1995 1997 1999 2001 2003 2005 2007

—=-GDP —+—Primary consumption
——Finalconsumption =+ Average end-use price

19 After normalisation for annual climate variations energy consumption was still slightly increasing.

1 Source of data: elaboration Enerdata from Eurostat; energy consumption under normal climate
conditions, i.e. with climatic corrections, excludingmenergy uses, which are not affected by
energy efficiency issues.
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Electricity consumption underwent a more rapid progression thartotial energy
consumption (1.9/year on average since 1998)owing down to 1.86/year since
2005

Figure 3.2: Trends in GDP, primary consumption and electricity consumption
(EV)
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In almost all new member countries, data are available since 1996/1997; this is why
comparisons between countries will be based on this period.

The trends by country shoa large decoupling between th@wimaryfinal energy
consumption and the economic growfhigure 3.3). In most countries, theidh
economic growth was possible with a low progression in energy consun{ptgn
Lithuania, Belgium, Estoniapr even a eduction in some countries (Romania,
Germany Poland); in Slovenia, Malta and Cyprus, there hewever a rapid
progression of the energy consumption (arouftlyzar)

Around 70% of the total EU consumption in 7 countries
Around 50% of the final enagy is consumed by three countries (Germany, France and
UK) and almost 606 by four countries if Italy is adde@ind around 70% with two

more counties (Spain and PolandtU-15 countries plus Poland represent around 90%
of the total final energy consumptiofthe EU(Figure 3.4).
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Figure 3.3: Primary energy consumption and GDP in EU countries (1992007)
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Figure 3.4 : Final energyconsumption by country in the EU

Denmark Ireland
Portugal 1.3%

11,6%

16



Figure 3.5: Final energy consumption by energy source in the E27*
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Increasng contribution of electricity

The contribution of oil, the dominant emgy source in the final energy consumption,
remained almost stable over the period 198007 (around 4%) (Figure 3.5): its
substitution by gas and other fuels in thermal uses in industry, households andservice
was offset by a rapid increase in motor fuel demand¥d.gear on average over the
period 19962007).

Figure 3.6 : Final energy cmnsumption by energy source irEU countries (2007)
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2 Energy consumption measured undemmairclimate conditions, excludingn-energy uses.
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The share of gas ineased from 2% in 1990 to 244 in 1996 and remained stable
since then. The market share of electricity increased by 4 points and reached almost
21% in 2007 compared to A in 1990. Biomass plays a minor but increasing role
(3% in 1990, 3% in 2007).

The contribution of each enerfiyrm variesquite a lot amongountries, depending on

their energy resources and climgkegure 3.6); for some countries such as Cyprus,
Greece, Luxemburg, Ireland and Malta, oipnesent around 70% of the energy
consumed, due to a high share of $gzort (2007). @ the oppositen Nordic countries
(Sweden, Finland, Norway) and some Central European countries (Slovakia, Czech
Republic, Hungary and Romania), oil is no longer a idamt source of energy (20
30%),and is replaced by gas or electricity. Biomass has a more significant contribution
in Austria, Latvia, Estonia, Finland and Sweden.

Buildings (households and service sector) absorb arourtd 40 the final energy
consumpion (Figure 3.7). The share of industry has deceddrom 34% to 28%

contrary totransport which represents nowadays’@®f the final consumption (up
from 26% in 1990).

Figure 3.7 : Final energy consumption by sector in the ELR7
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Thesector mix between countriesquite diverse with a share of industry ranging from
more than 50% in Finland and around 25% in Latvia and Cypigare 3.8).

3 Energy consumption measured under normal climate conditions, excludieneargy uses.
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Figure 3.8 Final energy caxsumption by sector inEU countries (2007)
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Slowdown since 208 of the energy consumption in all sectors except in services

Figure 3.9 shows the average annual trends in final energy and electricity consumption
per sector in the periods 192803, 2003 to 2007 and for the total period. We have
also added the more recent period 20097 which is interesting due tbe strong
increase in energy prices for fossil fueddnce 2003, the slowdown in the final energy
consumption (& %/year compared to 1%l/year for the period before) can be
observed in all sectors except services where the consumption continugsidts ra
growth (+17 %l/year). For electricity, the slowdown after 30& less important
(1.6 %/year compared to 2%l/year over 199200) and mainly takes place in
industryand householddn servicesthe electricity consumption progression remains
vigorous(+3.2%l/year).Electricity in transport and agriculture presents a minor part of
consumption.
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Figure 3.9 : Annual average fnal energy trend by sector: total and electriciy
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3.2. Trends in primary and final energy intensities

The primary energy intensity, which relates the primary energy consufipaifoa

country to its GDP, measures how much energy is required to generate one unit of
GDP. Its variion over time reflects the influence of various factors, which include
energy efficiency improvements but also changes in the nature of the economic activity
(the fAeconomic structureo) or in the str
(more apphnces, more cars) etc.

Since 1993, there is a continuous decoupling between energy use and GDP

Since 1993, primary and final energy intensities have been decreasing by about
1.5%l/yearin the EU27; in 2007, these intensities were @0below their 199%alues.

If we take into account the average economic growth over this period, this effectively
means that energy consumption is growing three times less rapidly than the GDP.
Between 1997 and 2000, the reduction in energy intensities was more rapid, and
slightly more pronounced for the primary than for the final energy intensit@oR:dar

and 2.3%l/year respectivelyHigure 3.10). Since 2000, there is a slowdown in the
intensity reduction, 1.3o/year and 1.8t/yea for the primary and final energy
intensity respectively.

Figure 3.10: Primary and final energy intensities in the EU27%
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%lyear

® Primary® Final
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* The primary energy consumption of a country represents its total energy consumption; it is also
callegrimatr &l energy suppl yo
> Under normal climate conditions.
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The primary energy intensity has decreased fastethan the final intensity in half
of the countries becauseof an improvement in the efficiency of electricity

generation

Since 1997, the primary energy intensity decreased faster on aveoagecreased
slower than the final energy intensity in half of the countriegygre 3.11). This
tendency results from an overall improvement in the average efficiency of power
generation linked to the rapid penetration of-gasibined cycles, cogeneration and

wind.

Figure 3.11: Variation of primary and final energy intensities in EU countries®

. %/yl,gar .

w

IN

W Primary @ Final

'
[¢)]

-7

T >E 00 QXX >2FTTTIOLOOLYL>NT 2P0EQE QDO
TS E R 288> 8 oS S Ec>c228QqQsS§3359ITLecexc
= a = o5 8 © s § & & 2 50 a2 5 X o ©

= S 2 @ c € c 2 S s 5 8 c £ > 0 0 > >
w N [J] = Y —~ O O &£ £ € £ 3 £ e
<ow g 2 0 =0 25 WwOoz5CL 80590225
a) T o 3 < o X g n nx

s 5 S

In the other countries, part of the reduction in the final energy intensity is offset
by increasing losses in energy transformation

For the other countriess well as for the EA27 as a whole, the final energy intensity

has decreased faster than the primary energy intensity: this means that increasing losses
in energy transformation offset part of the reduction in the final energy intensity. These
higher loses may come from more rapid growth in electricity consumption for final
endusers (compared to fossil fuels), which results in increased losses in the electricity
sectot’, and/or changes in the electricity generation mix (towards less efficient
technologis, such as nuclearA third reason for a larger increase in primary energy

use than in final energy is the nrenery use of fuels, in particular in the chemical
industry. This phenomenon is particularly apparent in Norway, Finland Binel

8 Under normal climate conditions (1B2007)
7 If electricity is produced by nuclear or thermal power plants, there are significant losses in

electricity generation that are accounted for in ttensformation sector (losses of @b for
nuclear and between 65 and%0on average for conventional thermal power plants)
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Netherlands, wére about one third of the final energy intensity decrease "disappears"
at the level of primary energy intensity.

The higher the GDP growth, the faster the energy intensity decreases

The final energy intensity of the ERF tends to decrease more if egornc growth
accelerates and especially if it is above/Zear (19941995, 19972000, 2004, 2006
2007) Figure 3.12). Otherwise, it decreasdsssor even increases with very slow
economic growth or a recession.igphenomenon is due to the fact that part of the
final energy consumption is not cdaked with the GDP antemairs stable regardless
of the state of the economy.

Nevertheless, several years of steady economic growth, a more intensive use of
industrialfacilities as well as a faster replacement of existing equipment by new more
efficient ones all contribute to improving energy efficiency and therefore to lowering
energy intensity.

Figure 3.12: Developmentof GDP and final energy intensity in the EU27*
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3.3. Effect of structural changes in the economy on the energy
intensity

In most EU countriesand at EU leve| changes in the economic structure towards
less energyintensive branches contributed toslightly lower the energy intensity

Final energy intensities are influenced by structural changes in the economy i.e. shifts
in the GDP structure among economic or industrial branches. For instance, an
increasing share of services in the GDP, all other thirggsgbequal, results in a
decrease of the final energy intensity because it requires much less energy to create one
unit of GDP in the services sector than in the manufacturing industry (by a factor of 7
as an average for the E21™). For the same reasonfalling contribution of energy
intensive branches to the industry value added also results in a decrease of the final
energy intensity.

The impacts that modifications in the economic structure have on the energy intensities
will of course depend on theagnitude of these structural charf§elm the EU as a
whole, the contribution of services to the GDP has only increased marginathy
61.7% in 1997 to 64 % in 200 and changes in the industry structure were on
average rather limitedAs a result, stretural changes had a small effect on the final
intensity reductiofi and only explain 1060 of the reduction over 1992007 (Figure

3.13).

Figure 3.13:Impact of structural changes in the econmy on the final intensity
(EV)

Bactual Bat constant structur ¥ structural changes

-2,0%
1997-2002 2002-2007 1997-2007

9 Manufacturing is 10 to 15 times more intensive than services in Belgium, Bulgaria, Portugal,
Cyprus, Spain, Greece and even higher in Norway (17)

%0 Changes in the industry structure are discussed in the industry chapter

2L Structural changes taken into account include changes in the share of the different economic
sectors in the GDP (serviceagriculture, construction, mining and manufacturing), as well as
changes within manufacturing branches. Changes in the industry structure are discussed in a
separate brochure on the industry sector.
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The services' share in the GDP varies presently from aroudd #0Romania or
Ireland to around 6680 % for Greece, Latvia, Netherlands, France, UK and ever 71

and 76% for Estonia and Luxenuiog.

In most countries, the observed final energy intensity has decreased faster than the
intensity at constant structurdnis means that these countries have moved to a less
energy intensive economic structuf€igure 3.14). Structural changes hava
significant impact in the intensity reduction in Denmark, Luxembourg and Portugal; in
Ireland, Czech Republic and Rama, these structural changeere responsible for
about 30 of the intensity reductionin Greee Sweden and Belgium, their
contribution was around 25%n Greece and Romanithe high growth inservices
explains most of this trend: tiehareof servicesn the GDP increased by 11 poirts
Romania an® pointsin Greece, compared with 4 points tbhe EU as a whole.

Figure 3.14 :Impact of structural changes on the final energy intensity

More energy intensive
structure

1
I |

0 T T

Less energy intensive structure

-1 -

'
N
|

%lyear

'
w
|

IN

'
a

'
[«2)

Bactual Batconstantstructure structural changes

T © © @ © © O O ~ @ > T > > T © < O X C o 0 I
2oL FTILTPINBLEZXLTFT222LTETEREGFaEDPLT
c c > [ = I T © ®© =} @ [0 S5 S O
¢ 605 8 g ® £ a> S5 @© » 2= 598 8 583209 o T 3 & 3
2L oS S8 SmEE S5 2conpgo 20 EQLEE= £
8 e © 2 5 S2n P o S g
5 2 O E oo s < S a > S o 5 25 € o
o 0 £ 2 o o z z a = m O p O S a
»n 5 0 £ 0O [a) 9] o
3 3 5
b4 3

In some other new member countries such as Slovakia, Lithuania, Latvia, Estonia,
Slovenia and Croatia, structéh changes had a negative impact on the energy intensity
reduction because the actual intensity has decreased less than the intensity at constant
structure: it means that these countries have a more energy intensive stroxttinan

in former time In Sovakiaand Estoniathe share of services the GDP decreased to

the advantage of industryl@ points for serviceand + 5 points for industryin
Slovakia;-2 points for services, + 3 points for indugtnEstonia).

22 1997-2007; energy consumption under normal climateditions; countries are ranked according
to the importance of structural changes from the left to the right of the figure. The impact of
structural changes within manufacturing is included in this figure; these effects are presented in

more detail in theridustry report.
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3.4. Comparison of energy intensities

Energy intensities need to be adjusted before any comparison

The amount of energy required to generate one Euro of GDP varies quite a lot from
one country to another, g@. by a factor above 5 between Ireland or Denmark, the least
energyintensive countgs in the EU, and Bulgaria, at the other extreme. Only 7
countries are within a range of ¥ around the EU average energy intensity. Some of
the differences observed in the final energy intensity levels can be explained by
specific national characteristic(e.g. climate, industrial specialisation, transport
infrastructures, urban patterns). In order to make a more realistic comparison, the final
energy intensities need to be corrected to account for these national characteristics.

Three types of adjustmenare quantified in the ODYSSEE database :
e adjustment of the GDP in purchasing power parities to account for differences
in the general price level;
e adjustment in heating requirements to account for climatic differences
e and finally, adjustment in theconomic structureso account for differences in
the nature of the economic and industrial activities.

Even if care has to be taken with such adjustments, they can give a more accurate
picture of the relative position of countries than the usnalgyintersities

Figure 3.15 andFigure 3.16 summarise the results all the adjustments and rattie
countries according the value of their adjusted intensities.

For countrieswith energyintensive industrial activities (g. Finland and Greece), or
with low general price levels (g.new Member countries, Portugal or Greece), or with
cold climate (e.g. Nordic and Baltic countries), the adjusted value is below the
observed intesity. These adjustments narrow the gap among couffitrigkis is
particularly true for new member countries where the average price level is much
lower than in EU15 countriesfor instance, the adjusted intensity is twice lowen

the observed one inugaria, Romania, Latvia, Czech Republic and Estonia: for these
countries, their adjusted intensity is more in line with other EU countries.

For most other countries (12 out of 29), the adjustments haveppiesiteeffect and
increase the final energytansity: the adjustments show that in fact they require more
energy per unit of GDP than indicated by the observed intensity: the adjustment is
significant in Ireland, Denmark, UK, France, Norway, Italy, Austria and Sweden.

% n general, these adjustments are larger for small countries than for large countries which are by
definition closer to the EA27 average because of their respective weight in th& Eeconomy.
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Figure 3.15: Adjusted final energy intensitie$* (2007)
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Figure 3.16: Adjusted final energy intensitiesre-ordered (2007)
180
160
140
O T o o
o
o
=100
N
:')80"
i
60 -
40 A
20 1
0_
¥ 8 >0 98 >8080X3T >80 8 g < ESD>T 8T ITE D
:)c%C8:mxgmgmcbgm‘”%gmg:“‘gcc(—uge
S & TR E8 o0 o S x5k a2 c < S
s £ [CR S ®© o + C & O k= @© o > O
25852 332 S9IILozco0PITESFSEESSS
58 w weg T a o ga %Z @ @
2 O s

After these adjustments, UK turns out to be the country wihldwest final energy
intensity, followed by Lithuania and Germariidqure 3.16).

% For Finland, a large part of the indysis dependant from the paper production: so the adjusted
intensity is based on the physical production instead of value added. For Luxemburg, transport
consumption is artificially high because of fuel purchase by foreign vehicles; for Malta and
Cyprus,as the climate is much warmer than the EU average, no adjustment on climate is done. In
addition in Malta, as the industrial activity is only based on few industries (water processing and
machinery), no adjustment is done on the industrial structure.
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Adjusted final energy intensities compare overall performances in energy productivity
and not energy efficiency performances frartechnical viewpointseveraladditional
factorsare still embedded in the relative values of these adjusimtsiies
o difference in the diffusion of household appliances and cars and in behaviours
(e.g. preference for large cars) and the buildingkssiructure (e.g. share of
single family houses, of recent buildings);
o differences in the fuel mix for final consumers ;
e differences in the mix between transport modes: between cars and public
transport in passenger traffic, or between road andorditeighttransport;
e differencesin the mix of produdprocess within industrial branches (e.g. share
of electric steel)

Therefore more accurate comparisons can only be done at the sectoral level with
techniceeconomic ratios rather than with energy inteesi

3.5. Energy efficiency progress in the ELR7

Energy intensities assess global energy productivity and not energy efficiency
progress from a technical viewpoint

Trends infinal energy intensities, even adjusted for the influence of changes in the
strudure of economic and industrial activities, as done above théhfinal energy
intensity at constant structyreannot be used to assess the results of policy measures
dedicated to energy efficiency and more generally to monitor trends in energy
efficiengy. Indeed, three types of factors influence trends in final energy intensity, of
which only the first two may be considered to measure energy efficiency:

e Spread of energgfficient technologies and equipment, behaviour and practices.

e Energy substitutionsni favour of energies with high ende efficiency (e.g.

district heating, natural gas or electricity);

e Economic and social changes not captured in the GDP structure:

- in the mix between transport modes: substitution between cars and public
urban transport odes in passenger traffic, or between road and rail
goods transportation;

- in the mix of products and processes within industrial branches (e.g. a
larger share of electric steel);

- or, finally, in living standards: increasing appliance or car ownership,
charges in the size of cars and household appliances, changes in the
share of single family houses in the building stock; increased heating
comfort, diffusion of new services and appliances (air conditioning,
PCbsé) .

These factors usually have contradictarfluences on energy intensities: the first two
factors contribute to curbing final energy intensities at constant structure, whereas the
third one often tends to increase these intensities, all other things being equal. The
contribution of the last factors all the more significant if the country is less
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developed: it probably plays a decisive role in Southern, Central and Eastern European
countries.

In order to well identify the role of energy efficiency and better assess the actual results
of energy eficiency policy measures, specitnergy efficiency indicatorexpressed

as indices, havbeen developed in ODYSSEE to measure the achievements observed
at the level of the main engses and appliances, thealedii O D EOXThis index
aggregates the trda revealed by the detailed indicators by-asd and equipment in a
single indicator. It provides an alternative indicator for energy intensities (industry and
transport) or unit consumption (per dwelling for households) to describe the overall
trends bysector (see glossary).

Energy efficiency in the EU27 improved by about 13% between 1996 and 2007
Energy efficiency policies and measures implemented as well as autonomous

technological progress have contributed to improving the energy efficiegicy
1.2 %l/year on averageetween 1996 an2lD07at theEU level (Figure 3.17).

Figure 3.17: Energy efficiency progress in the ELR 7
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Industry is the sector which aelvied the largest energy efficiency improvement, with a
regular energy efficiency gain of 1%/year on average between 1996 and 2007. For
households and transport, regular but lower progress has been registered (respectively

% The ODEX is calculated as a 3 years moving average to avoidmortfluctuations (imperfect
climatic corrections, behavioural factors, business cytiés)alculated for households, industry
and transport. Services are not included due to the diffiofigrasping energy saving with
existing data.
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0.7 % and 1%l/year). The progssion is rather regular over time in all sectors: about
the same annual decrease is observed after 2000 than over the whole period.

Compared to pure bottonp evaluations, energy efficiency gains measured in
ODYSSEE have a broader scope as they inclubdesaairces of energy efficiency
improvements, whatever their driving factor: policy measures, price changes,
autonomous technical progress or other market forces; in other wibed®DEX
measures total energy savings.

The improvement in energy efficienag higher or close to %o/year for six new
member countries, Poland, Romania, Bulgaria, Hungary, Cyprus and Sldvigpuiie

3.18); for 11 countries this improvement is close to 1%/year (1.2%/year for tH&7EU
avaage). In dur countries (Czech Republic, Luxembourg, Spain and Porfugal)
energy efficiency gains havmen registered over the period 12W07. These results
should be obviously considered carefully because the energy efficiency agains
dependent o the time period; the results can also be influenced by the data quality and
availability, especially in transport wheeesplit of the energy consumption of road
transport by mode (cars, trucks and light vehicles, bus) is not always available.

Figure 3.18:Energy efficiency progressuy country (19962007)
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In almost all countries, there has been a slowdown in energy efficiency progress since
2000 except for some countries such as Cyprus, Hungary, UKyayp Sweden,
Greece and Belgiuni{gure 3.19).
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Figure 3.19:Energy efficiency progress in EU countries by period
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For some countries such as The Czech RepuBbrtugal, Italy energy efficiency gains
appeared since 2000 (no gain over the period -P@@®). For Spain, no energy
efficiency improvement has been registered since 1996 mainly due the transport sector.
In more than half of the countries and in the &Ja whole, the rate of energy savings

is in line or above the annual targetisethe ESB’.

About 160Mtoe energy savingsn 2007

Energy savings can be directly derived from ODEX indicator as it also represents the
ratio between energy consumptiordamfictive consumption that would have occurred
without the saving& In 2007, the energy savingsachedl60Mtoe for the EU as a
whole in comparison tal997. In other words, without energy savings, final energy
consumption would have beefMtoe highe in 2007. More than half of the savings
come from industry (3%) and32 % from transpor{Figure 3.20).

% For Malta, Lithuania and Latvia, data is only available over the period-200D.

" This is a very approximate estimate of the ESD savings, as savings measured with ODEX include
energy intensive indusés (ETS) and exclude savings in services.

8 If for instance the energy consumption is equal to 50 Mtoe and ODEX = 80, the energy savings
can be calculated as follows =50* ((100/40)= 12.5 Mtoe.
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Figure 3.20:Energy savings in the EUJ27*
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3.6. Explanatory indicators of the consumption variation

The variation of the final energy consumption can be explained form the variation of
the indicators that have been presented earlier:
e The unit consumption and ODEX can be used to capture the energy savings;
e Changen the energy intensity in industry can be used to measure the impact of
structural changes in the industrial production
e Changes in size of dwellings and in the level of ownership of household
appliancesan be usetb measure theffect of changes in Estyles as well as
changes in theumber of kilometres driven with private cars and the share of
larger cars.
e Changes in the volume of the industrial activity, in the volumgaoafdstraffic
and in the number of employees in services can finally showripact on the
energy consumption of increase in the economic activity.

The analysis carried out on the EU as a whole shows that there are two dominant
drivers that offset each others: the activity effect that would have contributed, all
things being equako increase the consumption by 230 Mtoe between 1997 and 2007
and energy savings (175 Mté&ephat contributed to limit the consumption increase
(Figure 3.21).

# Energy savings in services have not been accountetliéoto data limitations.

% These energy savings include the energy savings in transport, households and industry, as shown
above inFigure 3.20, and an estimate of energy savings in services and agric(ltbifdtoe),
hence a value of 175 Mtoe instead of 160 Mtoe before.
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Figure 3.21: Drivers of the variation of the final energy consumption in the EU
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The composition of this activity effect is shownHRigure 3.22: transport and industry
have a similar contribution (around 85 Mteach) and represents almost % of the total
activity effect.

Figure 3.22: Variation of the final energy consumption in the EU: activity effect

100
1997-2007
90
80 -
70 -
60 -
()
250
=
40
30
20 T
10 -
O T T T T 1
© % L g
23 E : a2
@ S 3 = S5
oo o L=
b = 5.
=

33



3.7. COs,indicators

Total CG emission¥ from energy use werg% belowtheir 1990 level in 2007. Over

the period 1992007, CQ emissions from energy use have decreased on average by
0.3%l/year although the economic activity (GDP) increased bya?ygar. After
dropping until 1994 1.6%lyear), the C@ emissions hee increased steadily
(0.4%/year on average) until 2003 and decreased slowly agase (on average by

0.6 %/year)

Total CG, emissions per capita decreased from 8.7 tin 1990 to 7.8 t in 2007, that is to
say a decrease hy %.

Almost 40% of the reduction in CO, intensity is due to increased use of energy
carriers with lower emission factors

TotalCQe mi ssi ons per wnnteoti GPE, dHthanéd &€Oed

energy intensity: by 2.%/year and 1.446/year, respectively, on averagetween 1990
and 2007 Figure 3.23).

Figure 3.23: Variation of CO, intensity in the EU between 1990 and 2007

0,0% -

-0,5% -

-1,0% -

%lyear

-1,5% -

-2,0% -

-2,5%

-3,0%
Total Finalconsumers

BCO2intensity Benergyintensity B substitutions between energy carriers

This gap is due to switching to energgurceswith lower CG, emissions factors: the
average emission factor of one toe consumed decreased%\ot@r the period from

%1 This section deals with GQGemissions from energy combustion published in official inventories
from the European Environment Agency. The indicators are not expressed under normal climate
condtions (i.e. with climate corrections) to comply with the official definition of {@ventories.

CO, emissions of final consumers include the emissions of auto producers.
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2.35 t02.06tCO,/toe. In other words, the energy used contained less and less carbon
contributing thusta hde édar boni s atomyp Thése dl switches explaino n
around 40% of the reduction in the total Gntensity, the rest (6@o) is linked to the
reduction in energy intensity.
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4. Energy efficiency policies in the EU

4.1. Present state of European energy efficiency policieand
recentdevelopments

Energy efficiency policy has triggered portant initiatives both aEU-wide and
national leved. In this section we give a brief overview on the most important
developments and policy measures over the past years. Much more details for the
different sectors can be found in the sectoral reptris. difficult to present in this
section individual initiatives at the Member State level, we will concentrate on the
Europearwide developments. The wie on national developméds occurs in the
secoral reports.

Energy efficiency srategy development and ooss-cutting policy measures

In 2006 the EU published arkEnergy Efficiency Action Plar®® to cut its energy
consumption by 206 by 2020 to reduce C®emissions and improve supply security
while gererating new employment. Er2D09 the EU Commissionwasto present a

new Energy Efficiency Action Plan(seesection 4.7). However, the debate about
whether or not to go for mandatory targets for energy efficiemz/ the interaction

with other policy instruments such as the EU Emission Trading Scheme (EU ETS) has
delayed its publication.

The revised Lisbon Strategy for Growth and Jobsi Towards a Green and
Innovative Economy? for the period beyond 2010 shall setentives for a greener
economy including energy efficiency as a major element. A consultation*{aiptie

EU Commi s s i on thenElhshduld cospete mard effettively and increase
its productivity by a lower and more efficient consumption ofneoewable energy

and resources in a world of high energy and resources prices, and greater competition
for energy and resources. This will stimulate growth and help meet our environmental
goals. It will benefit all sectors of the economy, from traditionahufacturing to new
hi-tech start ups. Upgrading and inteonnecting infrastructure, reducing administra

tive burden and accelerating the market uptake of innovations will equally contribute
to this goab. In the context of the economic crises that tstarin 2008, a lot of
financial means were directed towards supporting the economy. Part of this support
went to improve energy efficiency although theseritics that, in differencéo some

Asian countries, too little opportunities have been seizedréxtdthose substantial
means towards a strong restructuring of the economy in the direction of more energy
efficiency and a greener econcfny

http://ec.europa.eu/energy/action_plan_energy_efficiency/doc/com_2006_ 0545 en.pd
http://ec.europa.eu/growthandjobs/index_en.htm

http://ec.europa.eu/eu2020/index_en.htm

See for example http://euractiv.com/en/enterpjids/euyoutflankedasianrivals-greereconomy/
article-186846
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The importantDirective on Energy End-use Efficiency and Energy Services® was
adopted in December 2005. The diree requires member states to drawNagtional
Energy Efficiency Ation Plans (NEEAPS) to achieve9 % (final) energy savings
between 2008 and 2016cluding transport fuels. Thirget is only indicative but the
National Energy Efficiency Action Rinsneed approval from the Commission aisd
reviewed every three year§he first wave of NEEAPs was submitted in 2007/2008
and reviewed by the EU CommissibrAn intensive debate also occurred around the
issue of how to measure energy savihgad whether or @t to include for example
autonomous change in the savings achieved because they may reflect market
transformation The deadline forthe second round of national action plaas30 June
2011

Buildings

RevisedEnergy Performance Directive for Buildings EPBD*: Buildings represent
around 40% of all energy use. The EU addresse flarge energy use with the
Directive for theEnergy Pdormance of BuildingdEPBD), adopted already seven
years agoin December2002. The directive provided a common methodoldgy
calculating the energy performance of buildings and obliged member states to draw up
minimum standards. These should be applied to all new buildings and to existing
buildings with a usable floor area above 1,800when they undergo a major
renovation However, noEU-wide minimum efficiency standardsere imposedTo
promote greater public awareness and debate on energy savings in buildings, the
directive introduced an energy performance certificate, which has to be made available
each time a house isuilt, sold or rented out. The certificate should help potential
buyers or renters to compare the building's energy performance against established
national standards and benchmarks, and to consider angffexdive improvements

they could makeMember States were obliged to implement the provisions of the
directive in 2006, but most decided to delay transposition until January 2009 due to a
lack of qualified independent expefty the building certificatedn November2008

the Commission proposed revision of the EPBD as part of its Second Strategic
Energy Reviewwhich is now in the legislative procegsdoption may be achieved by
early 2010but the extent of the revision is still under deb&iee of the key changes
introduced by the draft was the ersion of the scope of the directive by eliminating

the current 1,002 threshold, meaning all existing buildings undergoing major
renovations would have to meet minimum efficiency levels. At the same time,
renewableenergy systems would have to be coesd for all new buildingsThe

% http://eurlex.europa.eu/smartapi/cgi/sg@o®smartapi!celexplus!prod!DocNumber&lg=en&type

_doc=Directive&an_doc=2006&nu_doc=32
http://ec.europa.eu/energy/efficiency/doc/sec_2009_0889.pdf

See for this issue in particular the EMEEEYdluation and Monitoring for the EU Directive on
Energy Ehd-Use Efficiency and Energy Servidgsoject
http://www.evaluateenergysavings.eu/emeees/en/home/index.php

and in particular the report on talown evaluation of savings using Odyssee indicators
http://www.evaluateenergy

savings.eu/emeees/en/publioas/reportss EMEEES_WP5_Summamgport_May_2009.pdf

% http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0780:FIN:EN:PDF
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European Parliament aeld in its first readinga condition that new buildings
constructed as of 20 would have to be zerenergy. As for existing buildingthe EU
Parliament urged Memberttédes to set percentages for a imm share of existing
buildings to become energyeutral in 2015 and 2020.

Appliances

Eco-design directive to set Minimum Efficiency Standards (MEPS) for a large
number of productsHUP Drective 2005/32/EC) It establishes a framework under
which mandacturers of energysing products will, at the design stage, be obliged to
reduce the energy consumption and other negative environmental impacts occurring
throughout the product life cycle. Detailed actions are introduced by the European
Commission folleving a process of discussion with key stakeholders and through
implementing Directives. The Eatesign Directive introduces minimum efficiency
standards for up to 40 produgétehich cover the industrial sectdhe tertiary sector

and the building sectoMEPS for nine of these product groups have already been
published, many of which in 2009 (e.gamsdard on lighting with the more or less
implicit phasingout of incandescent light bulbsn thestandby of IT appliancespn
electric motors and on pumgic). This new framework also includes the previous
products subject to labelling.

Transport sector

In the past, the influence of the European Union on the transport sector has been
limited to the following three areas: voluntary agreements with car metowérs, the
biofuels directive and the mandatory labelling of cars. In the future it can be expected
that the impact of EU policies will be greater with the H@wective on mandatory

CO, standards for cars (Regulation 443/200% of April 2009 setting ensision
performance standards for new passenger),cardiigher biofuels target in 2020
(10%), the integration of air transport in the European Emission Trading scheme, and
the Energy Service Directive that explicitly mentions transport as a field of action
although so far the number of measures proposdadmpuntries are still limited.

A recentEU draft regulation will introducduel efficiency labels fornew tyresfrom
November 2012 The new label will follow the 'A to G' classification system of the
European energy label, so the bestforming tyres will be awarded an 'A'. In addition
to its impact on fuel use, the label will provide information about the product's
performance in wet conditions and rolling noise in decibels.

Industry

The EU Emission Trading Schemeis considered to be one of the most important
instruments for the reduction of greenhouse gases in the energy sector and the

0" http://europa.eu.int/comm/enterprise/eco_design/directive_2005_32.pdf

“ For an overview selttp://www.eceee.org/Ecdesign/products

2 http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0001:0015:EN:PDF
3 http://register.consilium.europa.eu/pdf/en/09/st14/st14639.en09.pdf
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industrial sectorThe European Emission Trading Scheme (EU ETS) is governed by
the EU ETS Directive (2003/87/E@nd 2009/29/EC) and was launched in January
2005. As energy efficiency improvements are considered to be cornerstones of
greenhouse gas reduction policies, the question is legitimate in how far the emission
trading scheme gas has led to energy efficiengyovementThis issue is debated in
detail in the industrial report from the Odys$dElRE project.In addition to the
industrial and energy sector emitters, air transport will be included from 2013 onwards.

4.2. Patterns and dynamics of energy efficiency palies

This section provles a view on the patterns asyhamics of energy efficiency policies
across the different sectors, however, in a very condensed way. Much more
information and analysis of the trends behind these developments are provided in the
secoral reports.

Measure dynamics: Strongly increasing number of energy efficiency measures in
all sectors over time

There has been a continuous increase in the number of measures that have come into
force every yearKigure 4.1). This is valid for all four sectors as well as for the group

of general crossutting measures. Theder with the leastlynamics is the industrial

sector but even there the increase in the number of measures was remarkable.

Figure 4.1 . Measure dynamics over time by sector
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Note: The curves present the measures starting in a given year, however, as a gleing@erage
to smooth annual fluctuation¥he decrease in 2008/9 is an arteflaotn the smoothing procedure
given that the 2009 measures are still incomplete in the MURE database (last update from June 2009)

SourceMURE database
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Measure patterns: Each sector is characterised by particular patterns of energy
efficiency measures

Each sector hads own measure patterns and dynamfégure 4.2 shows the measure
patters for each sector. More details can be found in the sectoral reports.

e Households The prevalent measure typesre legislativeiormative (in
particular building regulation) and financial (addressing mainly existing
buildings). These measure types have even strengthened their dominant
position. Legislative/informative measures such as labels have decreased in
importance. However,his was the consequence of the fact that the very
comprehensive labelling policy for the electric appliances has not been renewed.
Only the ecedesign Directive2005/32/ECwill give a further push to this
measure type.

e Tertiary: The tertiary sector isequdly dominated by the prevalence of
legislative/normative and financial measures as buildings are also the most
important energy use in this sectéfowever, information/education/training
measures and to less a degree cooperative measure play a largerratethe
household sector_egislative/informative measures such as lalosiseasein
importance ad reflect the fact that building certificates have already been more
largely implemented for larger buildings in the past.

e Transport The transport séar is not dominated by two or three measure types
but shows a large coverage in measure types. Infrastructure measures as well as
information/education/training, fiscal/tariffs and financial measures tend to be
more largely employed. Regulation andaqmeative measures are on the rise.

e Industry: The industry sector is larlyedominated by financial measures to
support audits and investment in energy efficiency. New médkstd
instruments such as the EU ETS and education/training are on the rise while co
operative measures such as voluntary agreements have lost grounds.

e General crosscutting measures These types of measures cover broadly all
sectors with the same type of instruments (while ecossng measures with
sectorspecifics are particularly agged to each sector, e.g. specific energy tax
for the industrial sector). Like for the transport sector, the coverage is broad
with marketbased instrumenté&uch as measures tooprote Energy Service
Companies ESCQs White certificates etf. being on the rise. Also
legislative/normative measures such as regulation for CHP, certain types of
energy carriers (e.g. district heat) or mandatory targets for energy suppliers
become more important.

It must be emphasised thaete patterns have also courgpecifcs. This is presented
in detail in the sectoral reports.
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Figure 4.2 . Patterns of energy efficiency policies by sector (1994010)
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Figure 4.3 shows also the share of the different measure types for each sector but
comparing this time the unweighted distribution with a distribution that is weighted
with the impact of the measufés

“ In the MURE databasén¢ quantitative impact evaluations (which so far are/ aniilable for
about one quarter of all measumgisen the lack of general measure evaluation at the national
level) are complemented by seqiantitative impact estimates for most of the measures provided
by national experts from the energy agenciehn®@DYSSEEMURE network. This information
contributes to understanding the impact of the measures at least in sorrguaetitative
categories (high impact, medium impact, low impact) which are linked to the energy or electricity
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Figure 4.3 . Impact-weighted patterns of energy efficiency policies by sector
compared to unweighted patterns(19962010)
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consumption of the secttinrough a percentage randéhese ratings represent different ranges of
energy savings, expressed as a percentage of the total consumption in the sector regarded. Low is
given for 60.1% of total use, medium for BAL5% and high for >0.5%. For instandhe
gualitative i mpact fimedi umo for a subsidy
are estimated at about 0.3% of total fuel uBbese serfuantitative estimates are used to
evaluate the overall impact of a larger set of measures forhwiity quantitative impact
evaluations are not always available. The categories are weighted with relative factors (high
impact = 5, medium impact = 3, low impact = 1), which correspond to the originally defined bands
of savings.

sche
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From this comparigothe following observations can be made:

e The distribution between weighted and unweighted measures does not change
completely the pattern. The unweighted pattern is therefore alreadygsmmhe
indicator for the importance of each measure type.

e Nevertheles, some measure types, when weighted, tend to get a higher
importance (in particular legislative normative and fiscal measures), while
others tend tdoseimportance (in particular informative measures and partially
co-operative measures, depending onsibetor).

High impact measures can be more found in the households and tertiary sector (due to
the large dominance of regulative measures in these two sectoralsaraimonghe
crosscutting measure due to the dominance of fiscal measufggire 4.4). Low

impact measures have the largest share in transport given a relatively strong share of
informative measures. Overall, however, the impacts are rather equally spread over the
different sectocs. Measures withouttaleast a serguantitative impact estimate
represenbnly about 10% of the total.

Figure 4.4 : Distribution of measures by impact(199G-2010)
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4.3. The weight of policies determined athe central EU level

EU energy efficiency policies have an increasing impact on the nhtiemel.
However, the impact is still quite different from sector to sector. While EU measures
represent already nearly one third of all measure in the residestialr (in particular

due to the impact of the appliance labelling Directives) and in the generatatbeg
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measures (due to measures such as the CHP Directive, renewables policies which
impact also on decentral renewables, andetteedesign Directivg it is still weaker in
transport,industry and thedertiary sectors (around 25 of all measuresre EU
related). Onaverage around 2@ of all measure are directly inspired by EU
legislation.It can be expected that the impact of-&idle triggered enesgefficiency
measuresit national levelill considerably increase with central measures such as the
Eco-Design Directive, the revised Energy Performance of Buildings Directive (EPBD)
and the forthcoming revision of the EU Energy Efficiency Action Plan.

Figure 4.5: Share of EUrelated measureg1990-2010)
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4.4. Innovative energy efficiency policies

There are several ways how innovative measimesnergy efficiencyare introduced
in the differentEU Member States:

(1) First there are measures which ameovative compared to the past with
respect to their comprehensivenesdhis is the case with European legislation
on Ecodesign standards for Energging Products which comprises now 40
products of which around ten standards are already published. This is much
more comprehensive as the few Minimum Energy Efficiency Standards
published in the nineties, e.g. on cold appliances.

(2) Further, measures may benovative through the dynamic aspets they
include in the measuredesign Also here the EuP Directive is a good example
as it sets dynamic standards that get tighter over time for most products in order
to cope with the foreseeable technical progress. A second example is the CO
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strategy for ars which aims to provide a foreseeable frame for the further
tightening of standards, although thisiisin difference to the Ecdesign
standards not yet translated to the legislative provisions.

(3) Measures may further benovative through the new contet in which they
are setthat is in which combination of measures they are applied (e.g. the
combination of a learning process with the development of adapted tools,
i nvest ment subsi dies and i nformati on
Network® in Germanyfor the industrial sector).

(4) Measures may bmnovative because they constitute a completely new type
of measures to improve energy efficiency such as the new nizagket
instruments like the EU Emission Trading Scheme, White Certificates and
Clean Develoment Mechanism.

(5) Further a measure type may develop furtl@movative featuressuch as for
example the EU ETS whereto encounter the danger of carbon leakage
benchmarking systems are developed to limit the amount of free carbon
allocation.

(6) Finally, measures for energy efficiency may be innovative a direct sense
through the contribution they could make to the Lisbon strategy for
growth and employment and the greening of the economyt is difficult to
point particular policies out but again minimustandards for cars can be an
important tool to develop innovative car designs which could help in the future
to give European car makers, in difference to the US car makers in the past who
have bed on energy consuming large cars, a competitive advantage.

All six innovation strategies are followed in the Community and have led to a
substantial amount of new measuaesoss alkectos in the past years.

4.5. Quantitative impact of energy efficiency policies

Determining the quantitative impact of energy @éncy is still a rather difficult
exercise. This has been shown by the debate around the Directive on Energy Efficiency
and Energy Services and in the frame of the EMEEES project (see fo88hoktany
Member States are afdathat theeffort to measure precisely energy savings and
distinguish it from the background of autonomous energy efficiency changes and
market energy price changes will need substantial measuring efforts. This debate may
give hintshow to avoid such pi#ils in the futuran the case mandatory targets are set

for energy efficiency for 2020ne way could be to set the targets sufficiently high so
that the inclusion of autonomous change and other factors makes it still an ambitious
target.However, this mkes the target achievement more dependent on the fluctuations
of parameters that cannot be controlled such as market energy prices.

> Displacement of carboamissions outside the EU, for example to China, as production sites may
close in Europe due to higher charges on the companies from the carbon price. This could undermine
their competitiveness.
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In the Odysse®MURE project we have developed-salled efficiency-impact plots

that present the evaluation of energy é¢incy development with the ODEgeriod
19952007) compared to the semuantitative impact estimates of the measures
collected under MUREHEperiod 19962007, assuming that measures introduced several
years earlier have also an impact on the ODEX)ese [pts are showrfor the
industrial sector, the residential sector and the transport ssaocommented in the
following®. Theyindicatethat there is not a straightforward link between the ODEX
und the impact analysis, although some trends can be seeertiddess, also other
factors impacwery stronglyon the position of a country in the efficiericgpact plot
such as its economic development or the increase in comfort. This is most visible when
comparing the dferent graphs among each other.

Figure 4.6 : Efficiency-Impact plot industrial sector
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Source:Calculations based on Odyssee database, MURE database

e Theindustry sector (Figure 4.6) is much more dominateldy additional factors
beyond energy efficiency policies such as the economic development, which tends
to increase the efficiency improvement, especially in the new EU Member States
which had a very strong economic development. However, also in tHHEidse
additional factors increase the efficiency as can be seen from #i® Blerage as

“ The semiquantitative estimate of thenpact for each polic measurgratings: High, Medium or
Low based on fractions of the sector energy consumption that are addressed by the measure) is
translated into a quantitative estimate by using weighting factors (Low > 1, Medium > 3, High >
5), and the total weighted irapt is obtained as Niigh * 5 + Nbmed * 3 + Nblow * 1

*" No such plots have yet been developed for the tertiary sector as the ODEX for this sector is still
insufficient to describe energy efficiency progress given that the additional factors such as
increasing electricity uses by far ovesmpensate the efficiency improvements achieved up to
now.
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compared to the other sectors. On the opposite there are, however, also countries
such as Spain which despite strong economic growth (but mainly driven by the
constrution industry) have achieved little impact in terms of energy efficiency.

Figure 4.7 . Efficiency-Impact plot residential sector
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The residential sector (Figure 4.7) takes an intermediate position between the
industrial sector and the transport sector. It is relatively strongly domingted b
energy efficiency policy while factors such as economic growttomfort increase

have less impact than in the industrial sector or the transport sector. Nevertheless,
also in the residential sector, the strong economic growth in most of the new EU
Member States has supported the renewal and rehabilitation of thengpgtock
which was also accompanied by the thermal improvement of the building shell and
the heating system&U-15 wuntries with higher improvement of the ODEX as
compared to the expected energy efficiency policy impacts are Austria, France,
Netherland, Swederand also Norwaymost of which had quite ambitious policies

for the buildings. The impact could therefore have been larger than estimated.

The transport sector (Figure 4.8) is strongly dominated by compsating factors

such as increased engine size; this is why the annual efficiency improvesment
lowest compared to the industrial and residential sector.
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Figure 4.8 . Efficiency-Impact plot transport sector
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4.6. Energy efficiency potentials

This section summarises the results of a study to investigate energy efficiency
potentials. The work was not performed in the frame of the OdydEHRE project

but relied on the MURE simulation moéfelt shows that substantial further energy
efficiency potentials remain, even in the cautious approach taken in that study which
used rather low energy price levels and took into account the duration of investment
cycles.

4 scenariosvereconsideredn this work

e Autonomous Progress Scenario AP8vhich comprises autonomous progress and
earlier policies such as the labelling Directives for electric appliances but excluding
the success of imp@nt recent EU policiesvhich are not yet fully implemented
such as the EU Perimance Directive for Buildings and the g&andards for cars
and light duty commercial vehicles).

e A variant of the Autonomous Progress Scenariavhich includes the success of
these recent policie&APS+RP).

e Low Policy Intensity Scenario LPI (which implies continued high barriers to
energy é&iciency, a low policy effort to overcome the barriers and high discount
rates for investments in energy efficiency)

“8 Energy Savings Potentials in EU Member States, Candidate Countries and EEA Countries
http://ec.europa.eu/energy/efficiency/studies/efficiency_en.htm
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e High Policy Intensity Scenario HPI (which implies removing barriers to energy
efficiency, a high policy effort to overcome the barriers and low discount rates for
invedments, options are economic on a life cycle basis).

e Technical Scenario(includes also morexpensive but still fairly realistioptions;
no exotic tebnologies).

Energy price assumptions are conservative, for crude oil as the leadngyy eround
61%$2005 in 2020 (real prices), 2005 in 2030 (real prices). The $in 2020 imply
a price of 83% in nominal terms in 2020 (asswgram inflation rate of 26 annually),
while the 63% in 2030 correspondonminally to 105% in 2030.

Final energy consumption is still on the rise in the APS+RP scenariabilis&s in the

LPI Scenario, while the HPI and the Technical Scenaridstberfinal energy demand
by 2020 as compared to the baseline (AfF8)ure 4.9).

Figure 4.9 : Scenario development and comparison with the PRIMES baseline
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In 2020 theLP1/HPI/Technical potentials may reach 15248/336Mtoe for the EU27
(15/22/29% campared to APS)In 2030this could be244/405/565Mtoe (respectively
22/33/44% compared to APSPotentials from the (stibupposed) success of recent
policies (EPBD, C@standards for cars and light duty commercial vehicles) reach 44
Mtoe in 2020 and 63 Mtoe in 203Bigure 4.10).

At the slort term (2010) transporfjonEU ETS sectar (in particular crossutting
technologies such as electric motor applicatioas)l electric apptations in the
residential/tertiary sectomiay have the largestofentials (Figure 4.11 and Figure
4.12). At medium term (2020) the contribution from the building sector (residential
and tertiary) to the potentiatgrows larger The contribution of the buildings to the
potentials is largest in the HPI and Technical Potenteharios and for the hger
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term up to 2030. Thisvould imply an early mobilisation of these potentials through
measures due to the longer lead times.

Figure 4.10: Energy efficiency potentials in the diffeent scenarios (ktoeand %,
compared to APS)
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Figure 4.11: Sectoral contributions to the potentials over time in relative terms
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Figure 4.12: Sectoral potentials over time compared to the AP8n %)
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For the comparison with the ESD targets in 2016 the followingrebtons can be

made;:

U For the comparison with the% target of the ESD, thargetwascalculated as
averagefor the period2001-2005 from Odyssee data, excluding EU ETS
industries It should be noted that the ESD target is calculated on a historic 5

Transport

d2010
m2012
02015
02016
W2020
02025
W2030

yeas period while the potentials calculated here are calculated &gpiect to

the Autonomous Progress Scenario.
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U Potentials for this comparis@realso without EU ETS industries. Potels in
non EU ETS sectorare considerably largethan for the EU ETSsector
especially for electricity

U If all proposed measures in theational Energy Efficiency Action Plans
(NEEAPS will be new measres than theyepresentan effortbroadly in the
range of the_PI scenario.

U Early action measures undertaken 1995 to 2G@7admitted under the ESD.
They arenot included in the potentialss calculated herén fact, hey are part
of our baselinelf Early Actions represent 3% which is rather redaiic when
looking at the NEEAPs then the new effort represdess than thelPI
potentials Some countries have even @WOEarly Action. This implies that
between the new action and the HPI potentials there is still some gap open for
further action in future NEEAPSs. If there is in addition autonomous progress
included in the actias than theféort is even less.

Figure 4.13: Comparison of the potentials (excluding EU ETS industries) with the
targets of the Energy Service Directive in 2016
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Source:Fraunhofer IS/ENERDATA/ISIS/WI (@09)

For the comparison with th20% energy efficiencytarget in 2020the following
observations can be made:

U The 20% targethas so far been discussedagsrimary energy target hengey
include also the conwsion sector and renewabléslthough it cald also be
specified as a final energy target converted to primary energy to avoid distortion
between fuels and electricityjor this reasoit can not be really compared here
to the potentials calculated here, which are pure demand side potentials

U Nevatheless, the comparison of theal energypotentials with the baseline in
percemage points showthat the HPI reache% in 2020 Thereforethe 20%
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reduction target is rather demandibgt achievablef it is to be reached by
demand side measuredyriPossibly dditional measureon the primary energy
side and renewahleor measures which are currently more expensive (and
which are in the technical scenanui)l make it easier to reach this target

Figure 4.14: Comparison of the potentials (including EU ETS industries) with the
20% target for energy efficiency of the EU Commission
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4.7. Outlook: Mandatory energy efficiency targets and their
Interaction with other policy instruments

Energy efficiency has, in difference to renewables and climate policies, not been
included in the Energy and Climate Packdger om 20280 (fidbget
renewables and on G@mission reduction)

In an unofficial document frothe EU Commissicghit was mentioned that by 2020
only a reduction of 1% of primary energy may be achieved and therefore further
measures were brought to the debate:

U Legally binding energy efficiency targets for the Member States of 20% by
2020 There isalso the debate, in how far such legally binding targets need to be
differentiated by Member State or by sector.

U A European building initiative to refurbish existing buildings by creating a new
financing infrastructure, in particular based on nationatgnefficiency funds

49 httpJ//ec.europa.eu/environment/climat/climate_action.htm
0 7 Measures for 2 Million new jolisa low carbon ecefficient & cleaner economy for European
Citizens
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U Smart cities: also here financing is a major issue

U Energy Saving in the utility sector: major innovations include here the
preparation of mandatory energy efficiency objectives for the energy suppliers
and the introduction of White Céicates.

U Energy efficiency in SMEs: This feature has an information component and
aims to bring forward the market for Energy Service Companies ESCOs

U Behaviour and education: this component aims to raise awareness among
citizens.

U International cooperatio this mainly concerns to include energy efficiency as
an important prerequisite into financial support.

Although the debate on the revised energy efficiency action plan is delag@dGat
can be expected that important features discussed abovelmoplart of the finally
accepted energy efficiency action plarhe issue of mandatory targets for energy
efficiency (and how to measure the target achievement) mélerthelessbe an
important field of debate.

Given the global increase in energy a#ficy policy measures describedsigction4.2

but also of other policies for renewables and,@missions, with which energy
efficiency measures are interacting, there is the legitimate question how this policy
measures can best be brought into synergy rather than reducing mutually its impact.

Figure 4.15 shows this interacting policy landscape between GHG targets, renewables
targets, the EU ETS and the energy efficyeworld.

For examplethere is a whole debate arising from main stream economics schools
which argue that beyond the comprehensive policy of the emission trading scheme
there is no need and no further room for other policy instruments because every kWh
savedwhich has not been considered when the cap was Wxétkad to an increase

of emissions in the ET8ecause the emissions are caped: a kWh saved outside the
ETS will lead to reduced emissions from electricity producer and will provide an
opportunityf o r another emi tter in the ETS to
Only a further reduction of the cap together with saving programmes aimed at
electricity savings will definitely lead to a reduction of emissidigs question is not
without founddion, given the fact that more and more overlapping policies are
developed to fulfii more and more interacting policy targets (ititut, DIW,
Fraunhofer I1SI, 2009). However these interactions are complex and may considerably
deviate from the theoretitp expected performance of an instrument such as the ETS.
Particular arguments in favour of instruments in addition to the ETS are the existence
of barriers beyorfélthe internalisation of external costs (which is the main target of the
ETS), the fact thathe ETS is a partial system covering only part of the energy users
(as shown above, 3 of the energy users in industry are not covered by the system),
and that the prices in the ETS are highly volatiie and may dissuadetelong

* One example of such na@tonomic barriers occurs in the case of electric motors which are not
directly sold but integrated into machines (investser dilemma). Policies to target intermediary
such as wholesalers of motors and OEMs (Originally Equipment Manufacturers) become relevant
to overcome the barriers.
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investment in energy atiency or renewabledespite signals that prices could increase
over time up to 20200ne further problem at present is also the economic crisis which
leads to a smaller demand and falling prices for the allowances.

Figure 4.15: Policies interacting with possible mandatory energy efficiency
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The debate schematised above for the ETS, will also arise once stringent and in
particular mandatoryenergy efficiencytargets are consideredr once a scheme of

White Certificates would be introduced. White certificates may interact with the ETS

but they may also interact with existing regulation for energy efficiency, for gram

with policies forexisting buildings. Oce a White Certificate scheme is introduced,

there could be at each time a debétéurther regulation is introduced which could

reduce the benefits of tiWhite Certificate scheme, although it may be better adapted

to tackle noreconomic barriers. The tiegrity of an existing instrument could be a

strong argument not to introduce a new instrument, because existing instruments tend
to develop their own Al obbyo who believe

suitable one.
On e crucial problem thatppears here is that there is a considerable time lag for strong
energy efficiency policies compared to the rather successful supply side measures for

renewables or the development of the EU ETS. In fact, the policies discussed now
could have been more sy developed ten years ago with supply measures than
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adapting to the evolving energy demand measures, while now, energy efficiency
policies have to cope and face already existing policy instruments and targets and need
to find a suitable path to get ingohented.
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Annex 1: Glossary
ODEX: ODYSSEE energy efficiency index

In ODYSSEE, various indicators of unit consumption are calculated to depict the
changes in energy efficiency at a detailed level bysadbor (enelses or transport
mode). ODEX indicatts aggregate sukector trends in a single indicator by main
sector (industry, households, transport and services) and for the economy as a whole.
They are calculated from the unit consumption indices byssuolor based on the
weight of each subector inthe total energy consumption of the sector. Energy
efficiency gains are measured in relation to the previous year (sliding reference) and
not to a fixed base year (e.g. 1990) to avoid having results influenced by the situation
in the base year. As indicase used, it is possible to combine different units for unit
consumption to provide the best proxy of energy efficienoy, ®me/dwelling, koe/f

or kWh/appliance for household3ox Al details the calculation of ODEX in the case

of industry.

Box Al : Example of ODEX calculation: case of industry

Energy efficiency index of industry (ODEX) is a weighted average of the specific
consumption index of 10 manufacturing branches; the weight being the share pf each
branch in the sum of the energy consumptibthese branches in year t and the sum of the
implied energy consumption from each underlying industrial branches in year t (based on
the unit consumption of the sidector with a moving reference year). The 10 branches
considered in the calculation achemical, steel, non ferrous, cement, other non metallic,
paper, food, machinery, transport equipment and textile. For steel, cement and paper,
energy savings are calculated using specific consumption per tonne produced; for the other
branches, the inditar used is the ratio on energy consumption related to production [ndex.

The variation of the weighted index of the unit consumption betwéesnt t is definegd
as follows:

= Z EQ,'&'* ( UC|,t / IUCi,t—l)
le -1/ =

with : energy share EC i(consumption of each branch i in total indugtry

consumption);

unit consumption index UC i (ratio : consumption related to production index or

ratio : consumption related to physical production of steel, cement and paper)
t refers the current year1tto the previous year

The value at year t can be derived from the value at the previous year by reversing the
calculation: It /ML= 1/( It-1/It)

ODEX is set at 100dfr a reference year and successive values are then derived for each
year t by the value of ODEX at yeat tmultiplied by It /It-1.

A decrease in the index means an energy efficiency improvemergtue of 87 in
2007 (with1990=100), for instance, means a%2fficiency improvement since 1990.
Presently, up to 30 indicators are used in ODYSSHEto 7 modes in transport, 9
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enduses for households, 11 branches in industry, and dussdn services. This
covers around 80%f the final energy consumptionh& rest of the consumption is not
covered with ODEX as it is impossible to measure energy savings wHtotop
indicators as these indicators are increasing, instead of decreasing, because of other
drivers (usually the @fusion of new endues and appliances): this is the case for the
miscellaneous electrical appliances for households or of electricity uses in the service
sector. This means that the possible energy savings in these subsectors are not
accounted for.

Climati c corrections

Over the period 199Q007, 14 winters were warmer than usual and 3 were colder.
Some years were marked by large climatic variations compared to the previods year
(Figure Al-1): climatic correctionsare necessary before any interpretation can be
made.

In ODYSSEE, climatic corrections are carried out for all countuigiag the same
methodology even if climatecorrected national data exist (e.g. France, Denmark).
They are only applied to a certain postion of the space heating consumption 490

to account for the fact that some losses are not dependent on the number of degree
days. The correction is done for each country in a linear way on the basis of the ratio
between the normal degredays (defned as the last 30 years average) and the real
degree days.

°2 This was particularly true for 1991 (¥ colder than 1990), 1993 (5% colder than 1992) and 1996
(13% colder than 1995). The year 1990 was an unusually warm ye&s (armer than normal).
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Figure Al1-1: Impact of climatic variation on the final energy consumption

1200 T T 120
T+ 110
1100 + g
i
T 100 4
o
15
© E
21000 T T 90 T
= ©
E
T8 2
900 T+
+ 70
800 ——t L S — e L I — —— 60
o - N ™ < o (o] N~ [e] (o] o — N ™ < L (] N~
(2] (o] ()] (] (2] [e)] ()] (] (2] [o)] o o o o o o o o
[e)] [o)] (o] (o] (o] [o)] (o] (o] [o)] o o o o o
— i i — — i i i i i N N N N N N N N
—=—Final =+Final, normal climate —+—Degree days

Final energy intensity at constant structure

The final energy intensity at constantusture is the theoretical intensity that would
result if all sectors grew at the same rate as the GDFf, n@ changdook place in the

GDP structure. It is calculated at constant GDP structure usingpoeeved alues of
sectoral intensities. Thealculation is carried out at the level of about 15 branches
including the main sectors (industry, agriculture, services, transport and residential)
and industrial branches (mining, construction and about 10 manufacturing branches).
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