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Key Messages

This publicationpresentsEuropeantrendsfor energyuse, efficiency indicators and
savings andhe pattera for, and impact qf policy measuresmostly for the priod
1997-2006. It relies on the following two tools:

V The ODYSSEE database on energy efficiency indicajosdth data on energy

trends, drivers for energy use, explaining variables and erreigied CQ
emissions, for the EU as a whole and for all mendoeintries(www.odyssee
indicators.org.

The MURE databasevith policy measures on energy efficiency implemented in
EU countries and at EU levelincluding the impact of the measures
(www.mure2.com

Both toolsareusedto support energy policy formulatidoy theEuropearCommission
e.g. as part of the monitoring and evaluation of ther§y Service Directive.

Households

In the period 199-2006 the overall energyefficiency improvement was 8%

per year.The rate has decreased somewhat since the ningissover halbf

the countriesrealises lessthan the 1%equested in the Energy Service directive

by the European Commissioiihe lack of progresscannot be attbuted to

lower energy prices because these prices inaledsels not due to the
incorporation of new member states, as these countries realisedthbdyztl
average energy savings. Finally, trend occurrediespite a substantial increase

in policy meaares.Possibly causes are the liberalisation of the energy markets,
which asked for new ways of policy making, aother societal problems
displacing environment and energy saviagpriority activities.

Due to liberalisation of energy markets new policyeasure types have
emerged, such as White Certificates systems, Energy Performance Contracting
and Energy efiency Commitments.Within a prescribed overall target for
energy savings it is left to the managers of these programs how (and sometimes
when) tte savings are realised.

More and more policy measures are directly or indirectly the result of EU
policy, such as the directives on Labels (electrical appliances), Energy
Performance of BuildinggEPBD), Energy efficiency andEnergy Services
(ESD) and Ecoeésign énergyusing systems)After joining the EU the amount

of new policy measurdser newmember stateisicreased considerably.

However, because EPBD, ESD and Ecodesign directivesatily result in
implementedpolicy measures up to 200EU policy @annot have had much
effect on the energy savings analysed here for-P8@y7.

Fuel use per household more or less stabilises with moderate economic growth
and a reasonable amount of energy savings. Howevequntrieswith high
economic growth and/oatk of saving efforts fuel usdeeps increasing

Electricity use per householthcreases despitenergy savings even for
countrieswith low economic growth. In case of high economic growth (Ireland,
Spain), takingup modern life styles (Eastern Europeaurdries)or introduc

tion of air-conditioning(ltaly, Spain) theelectricitygrowth is substantial.


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

Services

e Energy use grows in the period 192006, but there is no clear pattern. Some
new member states and the southernlBbUcountries show very higirowth
rates, but other countries from both groups show a decrease in energy use.

e Forenergyi Nt ensity (toe per 0 value added)
Eastern European countries and otherdeuntries. However, if a correction is
made for power purchasing parity the intensities come much closer.

e The decrease in energpnsumptionper employee {3%) is in strongcontrast
with that for electricity (+14%).Large increases in electricity use are probably
due to the introduction of cooling in summer (all southern countoesirong
economic growth (Ireland or more electcity consumpton per employee
(eastern European countries)

e The fuel consumption (including heat) per employee shows differences between
countries that arpartly explainedby thewinter climate but there is no clear
relation with thestage of economic development

e New member states often lag behiad tothe broadness of the package of
policy measure€U wide $andardsfinancial supporand information are most
applied, energy taxes and voluntary agreements are hardly used.

e In total about 40% of all national poliapjeasures is due to Efblicy, e.g.
transposition of EU directivesJp to 2006mostdirectives did not result yet in
national policy measurgghereforeEU policy cannot have had much effect on
the energy savings analysed here for 12006.

e The total impat of all policy measures is highest fié-15 countries and not
always related to the number of policy measufé® total impact is generally
lower for new member states.

e The measure on standards, financial support and info/education all contribute
abou 25% to total impactFiscal/tariffs hardly contribute to total impact.

e The fast growth in electricity usper employeementioned earliecan be
attributed toincreased labor productivitfV A/lemployee), as shown by the
observed relationship for countries

Innovative policy measures

Innovativeness regards the provision safbstantial energy saving&ffective) at
reasonable cost®fficient). Innovative measures should bead in nature in order
to meet all conditions for implementing saving measwaed providelasting savings
without too muchrebound effectsthat erode initial savingdackle social problems
(energy poverty) and preferably attgmositive side effecissuch as a better indoor
climate
e Many policy measureaiming atdwellings or buildings fulfil few criteria for
innovativeness.Also they do not constitute a coherent combination that
addresses all conditions for implementing saving meas{aresilability of
technologies, options known to users, barriers lifted and enough incentives).
e For householsl the most innovative and effectivemeasuresare performance
standards on dwellings and appliances, performance programs such as White



Certificate systems and broad action plans w&itombination of measure types
that addresses all condiie for implementation

Taxes on energy or GOpolicy addressingnergy poverty and policy measures

on inspection and maintenarme innovativeeomplemerdry policy measures.

For the tertiary sectoraboutthe same innovative policy measures are valid.
Here Energy Performance Contracting using ES@Qx importance because

the whole process of implementing saving measures is in one hand.

Finally an (proposed) Emission Trading Scheme (ETS) for energy users that do
not participate in the European ETSoyides a way to find the most cest
effective energy savings as part of the efforts to reduce emissions of greenhouse
gasses.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ...oiiiiiiieeiiiiiiiiee e rmmms st e e e ettt e e e smmme e e nsseeee e e e e s nnnseeeanans I
KEY MESSAGES .....cooiiittiiiie ettt ettt ettt e e e e s s mnes e e e e e e e ansbae e e e e e s smmnesassbeeeeas I
1. INTRODUCTION .oitiiiiiiiiiiiiiiiee e s sieeessiteee e e e e s s e e e e s ammne s s snstaeeaeeeesannseeeessnamneeeeannn 1
1.1. Goal Of the DIOCRUIE........coo i 1
1.2. ODYSSEE and MURE .........ccuiiiiiiiiiitiiieeeiit e eense e nnaeeee s 1
1.3. Contribution to EU policy evaluation .................ouuuiiiiiiicceeeeiiicene e 3
1.4.  Scope of thiS BroChUIe...........eviie e e 4
1.5. Indicators, energy savings and policy effeCt..........cccceeiiiiiiiiiceeiiie 5
2. ENERGY EFFICIENCY AN D POLICY MEASURES FOR HOUSEHOLDS......... 1
2.1, KeY SHrateQiC ISSUBS.....ccceeeeiieiiieeeeeitieeee ettt sme e e e e e e e e e e e e e anan 1
2.2. Trends for total household energy consumption.............cccceevvvvviiieeeeceeeeeeeeee, 1
2.3.  Unit energy CONSUMPLION.........oovviiiiiiiiiiiii i e e e e e e emnmre e e e e e e e e eaaaaes 5
2.4. Energy for space heating...............uuuiiuiiiiiiiccreeere e errer e e 8
2.5. Electricity fOor applidnCes..........covviiiiiiiiiiie e rrrern e 14
2.6. Savings by renewable energy technologies..........ccceveeiiiiiiiicceciiciiiiee e, 17
2.7. Overall energy efficiency and CQ emission reduction..................ccoevvvvvvveen.. 18
2.8. Policy measure developmENtS.............uuuuiuiiiiiiieeeeer e eeeeree s 21
2.9. EU based poliCy MEASUIES.......ccoiiiiiieeeeiieeeeeeeei e 25
2.10. Policy impact and realised energy@VingsS.............eeeeeeeieeeeeeeeeeiiiiiiiaeeeeeeeeeean 33
2.11. Analysis of drivers and factors behind trends and differences..................... 36
2.12. Observations and 1eSSONS learN@d.............eeeeveiiiiiiieeeiiiiiiiiieeeeee e 44
3. ENERGY USE AND POLICY FOR TERTIARY SECTORS.......ccccceevviiiiiiieee e 46
3.1,  Key StrategiC iSSUES.......cceiiieeieiiiiiiiimmme e et e e emmmrnnsnns s e e e e eeeaaaeeennnn 4O
3.2.  Trends for energy CONSUMPLION.........uuuueiiiiiie e ceeece e eene e e e 46
3.3. Energy intensity and unit CONSUMPLION.......ccccoeeieeiiiiiiiiiiieeee e 49
3.4. Policy measure developmentS..........uuiiiiiiiiiiiiec e 55
3.5, EU based poliCy MEASUIES..........uuiiiiiiiiiie e 58
3.6.  Impact of POlICY MEASUIES........ccvviiieieiee e 59
3.7. Analysis of drivers and factors behind trends and differences..................... 61
3.8. Observations and 1essons learned...........cccoooveeeiiiiieeeiiiiii e 64
4. INNOVATIVE POLICY MEASURES ......ooiiiiiiiiiiiie e ceeeriee e emmme 66

vi



4.1. What are inNoVative MEASUIES?.........coeiiiiiiiiiiiiiiieeniiiiebereeeeeeereeeeeesseeesseeeeesd 66
4.2. Innovative policy measure types for Households...............cccccevvvvvieeeeeeeeennnn. 70
4.3. Innovative policy measure types for tertiary SECtors.............cvvvvveiiiiiirieeernnnnns 73
A4, CONCIUSIONS.....uutiiiiiiiiiiiiiiii e e eeeet ettt e e e e e e e e e e e s s smme e e e e e e e e e s e e s bbb bnnes s e nnne 75
5. GLOSSARY OF CALCULAT IONS ISSUES.......cccoiitiiiieeeeiiiiiieesieeeee e siieeea e 76

Vii



TABLE OF FIGURES

Figure 1-1: Final energy consumption household and tertiary sectors (E27) 4
Figure 1-2: From ODYSSEE energy savings to total savings and policy saving$
Figure 2-1: Increase in household energy consumption before/after 2002 2
Figure 2-2: Energy consumptior? by energy carrier for households (EU27) 2
Figure 2-3: Break down of household energy use for Eddountries (2005) 4
Figure 2-4: Final and primary energy consumption trends for households (Et27)
4

Figure 2-5: Trend for population, households and income (Et27) 5
Figure 2-6: Average energy consumption per household (climate corrected) 6
Figure 2-7: Average electricity consumption per household 7
Figure 2-8: Space heating fraction in household energy consumption 8
Figure 2-9: Energy use for space heating per dwelling 9
Figure 2-10: Energy use for space heating per frfloor area adjusted to the EU
climate 10
Figure 2-11: Heating energy use: per dwelling, per fmand size effect (1992007)
11

Figure 2-12: Growth of dwelling stock between 1997 and 2007 12
Figure 2-13: Energy efficiency trend for space heating in dwellings (EA27) 13
Figure 2-14: Electricity use per household with/without thermal uses (2004) 14

Figure 2-15: Yearly growth in electricity use per household for appliances &

lighting (1997-2006) 15
Figure 2-16: Change in total electricityuse for large/small appliances and lighting

15

Figure 2-17: Shares of large appliances in total appliance electricity use 16

Figure 2-18: Decomposition of change in electricity use of large appliances 16
Figure 2-19: Development of the fraction of dwellings with a solar water heatet7
Figure 2-20: Overall efficiency index ODEX of households for ELR7 18
Figure 2-21: Yearly energy efficiency improvement by country (1992007) 19
Figure 2-22: Decomposition of 19962007 variation in CO, emissions for EU 2720
Figure 2-23: Number of policy measures and status for houseldas (2006) 21
Figure 2-24: Policy measures per type for households (ongoing, 2006) 22
Figure 2-25: Yearly introduced new policy measures for households 23
Figure 2-26: Completed policy measures per type for households (192006) 23
Figure 2-27: Policy measires targeted at dwelling related uses (2006) 24
Figure 2-28: EU policy influencing national policy measures for households 27
Figure 2-29: Penetration of labels A and A+/A++ for refrigerators (2006) 29
Figure 2-30: Penetration of labels A and A+ for washing machines (2006) 30
Figure 2-31: Market share of A/A+ labels for cold and washing appliances (EW3P
Figure 2-32: Market penetration trend for refrigerators in the Netherlands 32
Figure 2-33: Market penetration trend for refrigerators in the UK 32
Figure 2-34: Policy measures per impact level for households (ongoing) 33

Figure 2-35:

Total impact of household policy measures, split per type (2006)34

viii



Figure 2-36: Policy impact and overall enegy efficiency increase for households

Figure 2-37:
Figure 2-38:
Figure 2-39:

Figure 2-40:
Figure 2-41:

Figure 2-42:
Figure 2-43:
Figure 2-44:

Figure 2-45:

Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 3-4:

Figure 3-5:
Figure 3-6:
Figure 3-7:
Figure 3-8:
Figure 3-9:
Figure 3-10
Figure 3-11
Figure 3-12
Figure 3-13
Figure 3-14
Figure 3-15

Figure 3-16:

Figure 3-17:

(EU-27
Figure 5-1:
Figure 5-2:

corrected and for EU-27 climate

Figure 5-3:
Figure 5-4:
Figure 5-5:

36

Penetration of central heating in dwellings (selected countries) 37

Contribution of fuel substitution to unit consumption per nf 38

Decomposition of change in heating energy use per dwelling (EAT)

39

Energy consumption versus income, per household (PPP2006) 40

Appliance electricity use versus income, per household (PFP2006)

40

Trend in energy prices for households, weighted EA37 average 41

Electricity use per household and pricevariations (19962004) 42

Income, energy price and average energy use per household (20)
42

Averagefloor area of dwellings versus growth rate (1992006) 43
Increase in energy consumption of Tertiary sectors 47
Energy consumption by energy carrier for Tertiary (EU-27) 48
Final and primary energy use trends for Tertiary (EU-27) 49

Value added, employees and labour productivity for Tertiary (EU27)

50
Energy intensity and change for Tertiary, per country and EU27 51
Energy intensity trend for Tertiary, in EU-15 and new MS 51
Total energy and electricity use per employee for TertiarygEU-27) 52
Fuel consumption per employee in 1997 and 2006 for Tertiary 53
Electricity use per employee ad change, per country for Tertiary 54

: Policy measures and status for tertiary sectors (2006) 55
: Policy measure per type for tertiary sectors (ongoing, 2006) 56
: Policy measures targeted at building related uses (2006) 57

: EU policy influencing national policy measures for tertiary sector§9
: Total impact of policy measures, split per type, for tertiary (2006)60
: Value added versus electricity use, per employee, for services 61
Decomposition of energy use for services in Denmark (1B2006)
62

Decomposition of change in direct CQ@ emissions for Tertiary
, 19962007) 63
Yearly HDD and (climate corrected) energy consumption (EL27) 76

Energy use for space heating per dwelling (2000): statistics, climate

77
Energy intensity of new member states with/without PPP correctior8
ODEX-Households, yearly and 3/ears moving average &lues 79
Ratio of dwellings to households (selected countries) 80



Table 2-1:
Table 2-2:
Table 2-3:
Table 3-1:
Table 4-1:
Table 4-2:
Table 4-3:
Table 4-4:
Table 4-5:
Table 4-6:
Table 4-7:
Table 4-8:
Table 51:
Table 5-2:

LIST OF TABLES

Implemented EU Directives by countries, per appliance and period28
National supporting measures to the EU label system..................... 31
Examples of high impact measures in the household sector............ 35
Examples of high impact measures for tertiary sectors.................... 60
Criteria and selection of innovative policy measures........................ 66
Examples of policy measures using a new approach....................... a7
Influence of policy on conditions for implementing saving measure$8
Policy measures examples on (non) lasting saving measures......... 69
Examples of policy measures with different rebound effects........... 70
Policy measures in Ecountries with positiveside effects................ 70
Innovative policy measure types for households...............cccceeeeeee 71
Innovative policy measure types for tertary sectors..............cccuen..... 73
Rating of data availability households, per enduse type and country81

Rating of data avalability for services, per enduse type and countrngl

LIST OF BOXES

Box 2-1: Countries with an extreme fuel mix and large changes for households3
Box 2-2: Strengthening of standards for new dwellings...........cccccoee i, 12
Box 2-3: Overview of household saving technologies.............ccccceeiviivieeeeeennnnnn. 19
Box 2-4: Extreme policy measure choices per country for households............. 22
Box 2-5: Energy Performance of Buildings directive (EPBD).............cccvvvvunn..... 25
Box 2-6: Ecodesign directive on energy using products...........ccccceeveeveevicccennnnn. 26
Box 2-7: Determination of the impact of policy measures............cccccceveevvevvicenees 33
Box 3-1: Countries with an extreme fuel mix and large changes for Tertiary....48
Box 3-2: Extreme policy measure choices per country for Tertiary................... 56
Box 4-1: Mandatory Energy Efficiency Action Plans for Municipalities............. 67
Box 4-2: White certificate systems and other performance programs............... 72
Box 4-3: Energy Service Company (ESCO)......ccuciiiiiiiiiiiiieeeieemeeie e 74



1. Introduction

1.1. Goal of thebrochure

The aimisto provide insight into past developments for energy asergyefficiency
trends and relategholicy measuresfor households and tertiary sectors BU-27
countries This should help policy makers and other parties involved in energy
efficiency and C@emission reduction in adapting present policy and formulating new
effective policy measuresThe main issugin the analysisare energy efficiency
improvementand the effect of varioupolicy measures. However, energy trends
including autonomous energy savinged the effect ofother fators such as the
impact ofeconome growth,energy pricesnd behavioyrare also part of the analysis.

The period covered in this book9972007) does not coveyetthe 2008 oil price peak
and the financial crisis andeconomicdownturn The material gathered provisia
robust analys of the situation before these eventsich is relevant for the expected
backto-normal trendslt constitutes alsa sort of baseline scenario to thewpolicies
(ESD, EPBD and stimulus plan and energy prices etc.) whiclhaukimpactsoon

1.2. ODYSSEE and MURE

This analysis is based on the ODYSSEE database on energy efficiency indicators
the MURE database on policy measures. The ODYSSEE database ifoused
monitoring andevaluation of annual energy efficientrgndsand energyelated CQ
emissions The MURE databases used for the analysis @olicy measures and the
impactof policy measureBoth databases include the new El¥mberstatesand now
coverthe EU27, CroatiaandNorway.

The ODYSSEE database(www.odysseendicators.org) regardsdevelopments for

the enduse sectorsiouséolds,indudry, trangort andtertiary and the national level.

The energy indicators are calculated for the years from 199f0E-15 countries)

or from 1996 on f{or all memberstateg. The inputs for the indicators are providad
national energy agenciesr institutes according to harmonisedlefinitions and
guidelines Historically, ODYSSEE indicators focused on energy trends at sectoral
level. But new tpes of indicators, e.g. on energy performance of new dwellings or
diffusion of efficient technologies, have been added more recently to enable a
complementary monitoring of policy measur@®YSSEE encompass#s following

types of indicatas:

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

e Unit consumptio indicatorsrelate energy consumption to physical indicators
(unit consumption pedwelling, per m?); specific consumption oélectrical
appliances €


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

e ODEX aggregates reergy efficiency indices by sector and for the whole
economyto evaluate energy efficiency progréseemethodological issues)

e Adjusted indicators allow the comparison of indicators across countries
(adjustmentdor differences in climate, general price level, fuel ynix

e Benchmark/target indicatordy sector show the potential improvement based
on countries with the best performance (based on adjustedtordic

e Indicators of diffusion enableto monitor the maet penetration of energy
efficient technologies (efficient lampsondensing boilejsand practiceglabel
A for electrical appliancesas well as of endise renewables (solar water
heaters

The amount ofenergy savingsis calculatel from the (relative) energy efficiency
improvementsand the energy consumption involved.

The MURE database(www.mure2.com)provides aroverview of the most important
energy efficiencyolicy measure$or EU-27, Croatia and Norway. Per policy measure
the followingis specifiel:

e Sector housdolds,indudry, trangort, tertiary and crosssector
e Status: completed, ongoing or planned
e Period: year of introduction and (for completed policy measures) end year

e Type: legislative/normative (e.g. standards for new dwellings), legislat
informative (e.g. obligatory labels for applianceBhancial .g. subsidies)
fiscal (e.g.tax deductions)information/educationco-operative €.g.voluntary
agreementsandtaxes (on energy or G@missions)

e Semiquantitative impact: low, mediurr high impact, based on quantitative
evaluations or expert estimates

e Other properties: targeted energy users, actors involved, etc.

For each policyneasurea detailed descption is availablewhich contairs, if available,
a quantitative impach terns of energy savings and/or @é@mission reductiaon

The datbase excludes lonterm R&D measures, measures to improve sugjg
efficiency and greenhouse gas reductioeasureswithout a direct link to energy
efficiency. All policy measures from 1990 the current year are availablenportant
policy measures introduced before 1980d planned policy measurese also
available Information about these measures is collected by national energy agencies
institutes according to harmonised guidelinesigfhhave been established centrally.



1.3. Contribution to EU policy evaluation

The ndicatorsfrom the ODYSSEE database anedely usedto monitor trends in
energy efficiencyn a harmonised way among countri€bey are increasingly usdxy
thefollowing EuropearCommissioras well as international organisations:

e DG TREN made explicit reference to the ODEX ingdiars in the Energy
Service Directiv§ ESD)as a way of monitoringealised energy savings bhyse
cal |l eddloviin@pappr oach. Ernegy VarkeD@bsetdvataryd b a s e
includes about 20 indicators from ODYSSEE

e DG ENV is using CQ emission data anishdicatorssimilar to the ones used in
the ODYSSEEfor monitoring the dmonstrable progress in GHG abatement
within its climate change task force

e EUROSTAT alsorelied on ODYSSEE indicators when designing its own list of
priority indicators Regular cooperation takes place in the form of exchanging
data and harmonised methodologies. Thigeaation will be reinforced during
monitoring of the ESD

e EEA (European Environmental Agencypes inther yearly TERM report a
data set and indicators taken from the ODYSSEE datadraseheindicators
were used irthe fourth parEuropean environment asseent repor{UNECE)

e JRC Ispra and IPTS are also using ODYES#ata for different studies for the
Commission, including thERSsystemfor energy efficiency moniting

e |EA usesODYSSEE to construct theuropean part of theindicatordatabase
for OECDcountries

e WEC (World Energy Council) and the Energy Charter &aciat regularly rely
on ODYSSEEindicators in publications and workshops

e Some models used by the European Commissimh as PRIMES and POLES
also employ ODYSSEE data.

The MURE database provides the following servite€uropean and international
policy monitoring and evaluation

e Structuring the format for reporting measureshe Netional Energy Efficiency
Action Plans to be submittdry the EUmemberstatesto the Commission

e Input for IEA databasen Energy Efficiency Policies and Maares, with regard
to Europeg(http://www.iea.org/textbase/effi/index.asp

e The MURE simulation toglattached to thdatabasehas been uselly the EU
Commission as an aid to assess saving potentials wheratwglthe Ntional
Energy Efficiency Action Plans submitted in 2007.

! TERM monitors indicators tracking transport and environmergiaition in the European Union.
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1.4. Scope of this brochure

The analysis in theODYSSEEMURE projectregards different endse sectors and
overall energy use.his brochureeports orthe sectordiouséolds andertiary? .

Sectorscovered

The main part of energy use analysed reghodsdiolds, which consume 17% of total
primary energy consumption in the ElJ (see Figure 1-1). Teriary energy
consumption is equal ®% of EU-27 primaryenergy consumption

Figure 1-1: Final energy consumptionhouséhold and tertiary sectors(EU-27)

500
450 —
400 - ¢

350
300
250 -
200 A
150 -
100 -

Mtoe

50 A

O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1990 1992 1994 1996 1998 2000 2002 2004 2006

O Households B Senices

Periodof analysis

For new member countries (reliabldata areonly available since 199&hus the
analysisfor EU-27 countriexzan only starthen However,the winter in1996 was very
cold andthe correctionfor yearly variations in temperature during the heating season
appearedhot quite satisfactory In order to depart from a trustworthy base yeear
analysis stagtin 1997.The observation period will generally be 198007, unlesst

the time of writing nball data wee complete

Subjects of analysis
The results folhouséolds are presented in Chapterad thatfor tertiary sectorsin
Chapter3. Per sector the analysis regatis following subjects
- General trends for energy usand emissions actual energy useand
CO, emissionper sector, spliinto energy carrier of subsectohlso
energy use corrected for yearly varying climateresentd.

20ften referred to as Service sectors or in shor
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- Averageenergy usetrends for drivers for energy use, such as number of
households and dwellings (secttiousdolds), or production and
employees (sectdertary). These are used to determine average energy
use total energy use per househpleinergyuse for space heating per
dwelling andtotal energy use per Euro value added or employee

- Indicators mainly unit consumption indicatorand diffusion indicators
(see section 1.2)

- Overall efficiency developmer{fODEX): aggregated efficiency trenaker
sedor or parts, e.g. space heating (see chapter 5)

- Policy measure developmentsatterns(number and typeand dynamics
(new or completeddf energy efficiency measuredifferences between
countries ad EU(related)policy measures

- Impact of policy meases and efficiency improvementelative impact
(high, medium or low)of policy measures, the total impact of policy
measures targeted ategific enduses the trend for total impact in time
and the overall impact of policy measures per sector. Thisotestis
traded against the efficiency improvement based on the ODEX indicator

- Analysis of factors explainingtrends tradeoff between trends for
energy indicators and explaining factors e.g. increase in income or
higher energy price€ComparisorbetweenEU countries as tthe values
for indicatorsand explaining variablesg. differences in GDP level,
structure of energy use and saturation i@ergy use.

- Conclusionsand observationsbased on the forgoing conclusions are
drawn as to observed important trends and changes, possible
explanatios and consequences for policy formulation

I nnovative policy measures

The analysis in chapter 4 regards both households and tertiary sectorbasetisn a
set of criteria for innovativenessSor each critean, setsof innovativepolicy measures
arepresentegdfollowed by an overall set of innovatipelicy measureéypes

1.5. Indicators, energy savings and policeffect

This section highlights the relation between ODYSSEE indicators and total or policy
related aergy savings. Othenethodological issues are dealt wittchapter 5.

From indicators to energy savings

The indicator values found in theDYSSEE project are used to determine realised
energy savingg-or instanceenergy savings for space heating eatculated from the
decrease inthendi c at oenergylasyee rfa@re s pace haadithei ng
number of dwellings

ODY SSEEresultsand total energy savings

ODEX is meant torepresent total energy savingdowever, the changein the
underlyirg indicator valus can be the result of other factors tremergyefficiency:.
Eg.the i ndi c a energycofisampgorpaegre d wis influenced lpjarger
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dwellings, more detached houses instead of multifamily apartment buildings, central
heating nstead of oneoom heating, fuel substitution and lower occupation rates. The
ODYSSEEindicators are corrected fonost of thesdactors but for some factors no
correction is possible due to insufficient dg&g. occupation rate)actors not
corectedfor causetheso al | ed A hi dden wsécandttlclead to evere f f e c
or underestimatinthe (true)total energysavings(seeFigure 1-2).

Figure 1-2: From ODYSSEE energysavings tototal savings andpolicy savings

A

Total |
savings |

S

Odyssee
savings

Source: EMEEES project

ODYSSEEFEresults andpolicy relatedsavings

Theresultsregardtotal efficiency improvement and total energy savimgsch can be
due to higher energy pricéexcludng taxes)or autonomougechnological progress
Therefore, total energy savingeeonly partly defined bythe effectof policy measures

A good examplef autonomous efficiency improvemadattheflat screerlV that use

by nature less electricity thaamconventional TV. The price effect and autonomous
savings should be subtracted frahe total savingsprovided by ODYSSEHEo find
policy relatedenergy savings(seeFigure 1-2).

® See analysis done in the EC financed EMEEES project to calculate energy savings

6



2. Energy efficiency and policy measures for Households

2.1. Key strategicissues

Key issuesfor the coming decadare:

- How toincreag therate of yearly sergy efficiencyimprovement, which
will determine whether total energy consumption of households will
stabilise or even decrease

- A larger contributionof policy measurs, both at EU level and in the
member statego the (higher) rate of energy efficiency improvement

- The detection of féective and efficient policy measures that can be
deployed in all member statéanovative and best praceé examples)

- Finding @mbinations of policy measures that more effective than a set
of single measures

- Defining the optimal combination of EU policy and policy measures of
member states.

In order to help address these strategic issues an analysis i®hteatels for energy
consumption, unit consumption and specific uses such as space heating or appliances.
Also an analysis is executed on policy measures and their impaatnderstand
factors behindthe trends,explanations for observed trends are souigih using
important drivers and observed differences between countries. Finallgldtierrship
between energy efficiencirendsand impact of policy measures looked atand
innovative policy measures atescribed (seehapter 4.

2.2. Trends for total householdenergy consumptiory

Growth of energy consumptionin EU-27 is small and declining in recent years

Total energy consumptian the EU-27 increasedy 3% in the period 19920(2. But
growth wasless thar2% in the period 20@-2007 (seeratio for EU-27 in Figure 2-1).
This was probablydueto the slowdown in economic growthfter the internebubble
in stock markets

Energy consumption trend for newmember stateddiffer s from that for EU -15

The EU15 couwtries Greece, Portugal, Spain and Ireland show the fastest growth in
energy consumption {238%) while new member states Estonia and Romania show a
considerable decline in energy consumpt{e2b%). After 20® the growth rate for
EU-15 countries is consailably lower than before. However, this is not the case for

“# Unless specified othavisethe following results regar@mperature correctditjures(see chapter 5)
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most of new member states where the increase is larger or the decline smaller after
2001 (seeFigure 2-1).

Figure 2-1: Increase inhouseholdenergy consumptionbefore/after 20@
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Shift from coal and adl to gas and electricityhas taken place

Natural gashas becomethe dominant source of energy for households inBbe27
with 40% of the marketfrom 30 % in 1990(seeFigure 2-2). Electricity ranks second
and is increasing 3% in 20 compared to 196 in 1990). The antributions of coal
and oil havefallen significantly, from 13% to 3% for coal and from 23%l#%% for
oil.

Figure 2-2: Energy consumptiorf e Sianetnon définiyyy, anergy carrier for households

(EU-27)
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Heat from district heating represents onlyo70of the total although itplays an
important role irmany new remberstates(seeBox 2-1). Biomass has a stable market
share (911 %); it is quite significant in some new memis&tes

Box 2-1: Countries with an extreme fuel mix andlarge changesfor households

Solid fuels
Ireland has been extremely dependent on peat (60% in 1990) but also has shown a yery fast
transition in recent years (to 17% in 2006). The same holds for coal use in the Czech Republic
(down from 59% in 1990 to 28 in 2006). Poland still holds the largest share for solid fuels
(31% in 2006).
Liquid fuels
Island countries, e.g. Cyprus, Greece and Ireland, typically show the highest fractiong for oil
use, possibly due to the absent, or limited, gas grid. For theveelaigh fractions of
Luxembourg and Belgium there is no obvious reason.

Natural gas

The countries with own gas reserves show the largest use of gas: the NetherleB@f%)(70
and the UK (6070%). The largest increase in gas share regardswmeamber states.g. the
Czech Republic and Hungary.

Heat from district heating

Large fractions are typically found in EastelBuropean countries, especially the Baltic
countries (about 50%). Only in Romania the share is decreasing substantially.
Wood/biomass

The largst shares are found in countries with a lower GDP (Latvia or Portugal) and/or much
wood resources (Austria and Finland). Eastern Europe shows the fastest decline in wood use.
Electricity
High fractions regard small islands (Cyprus and Malta) or countritgss nuclear electricity
production but limited gas grids (Sweden and Finland).

Energy uses differ much betweeountries

Energy forEU-27 householdss mainly useal for space heatin¢70%); otherimportant

uses are @pliancedighting (13%) and hot water(14%), while cookingis relatively
insignificant (4%). The break downdiffers substantiallypetween member statésee
Figure 2-3). For space heating a correlation with cold winters can be expected. Indeed,
Cyprus shows a small fractionfor space heating. But Swedeoes not show the
highest fraction, probably due to substantial energy use for other pufpeses/erage

use) Somecountries witha moderate winteclimate and evencountries withmild
winters suctas Spain, France and Italy, show rather high fracfimnspace heating

There are few changes over time irthe break down by type of energy use

In the period 1992006 the fraction forappliances/lighting (including air
conditioning increasesvith 1-2%-pointsat EU-27 leve]| the fraction for space heating
is decreasing and the fractions for hot water and cooking are dtablever, for new
member states and Spain fractions sometimes change substantially.



Figure 2-3: Break down of householdenergyuse for EU-countries (2005)
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Energy usein primary units increasesmuch faster due toelectricity growth

Electricity consumption poses a larger burden on energy supply than fuel consumption
due to the corersion losses in power stations and distribution lo&seschapter 5)

Figure 2-4 shows tlat householdenergy consumptiom primary unitsfor the EU-27

growsby 2%in the period 199-2007while final energy consmption decreasavith

about the same percentadéis is due t@ectricity consumptionand thanput forits
generationgrowing much faster thafuel use

Figure 2-4: Final and primary energy consumptiontrends for households EU-27)
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Household fraction in total primary energy consumptionis aboutstable

For the EU27 as a wholehie shareof householdsn total final energy consumptions i
17% and slightlydecreasingBut the sharein total primary enggy consumptions
about 22%, andlmost stable over the period

For EU-15 countries th007 share intotal primary energy consumptidies between
17% (Netherlands)and 28% (Denmark) these extreme cases correspadidthe
presenceaespectivelyabsene of a large industrial sectoroFnew member states the
range is much larger, between 1§Baulgaria)and 36%(Latvia). Differencesfor the
space heating fraction will lue to mild or cold wintergsee section 2.4).

2.3. Unit energyconsumption

Number of households increases much faster than population

The number of householdegend on demographic trends, such epulation growth
and persons per householthe number ofhouseholdsncrease® timesfaste than the
population 1.0%/year versus 0.%o/year (

Figure 2-5). The growth innumber of households defines the number of dwellings and
therefore the demand for space heating and lighiihgs thesteady reduction in the
number of persons pdrouseholdgfrom 28 to 2.5 between 1990 and B)@ue to
ageing of the society and the decohdlautais amajorcause of extra energy use

Figure 2-5: Trend for population, householdsand income(EU-27)
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Income increasesmuch faster than number of households

Another driver of increased energy consumption is a higher irfcperehousehold,
which could lead to larger dwellings, more appliances, Ete. difference in income
growth (B%) and number of households1fd) lead to an increase in average
household income of 12%ver the periodsee

Figure 2-5).

In new member statesdrgest decrease in energy consumption per household

Figure 2-6 shows thattie average energy consumption peuseholdsn 2007 wasat

or below he 1997 level in mat countries with GreeceHungary Latvia, Finland and
Spainas important exceptiondhe unit consumption isnostly in the range of
toedwelling, with Belgiumand Maltaas outliers Overall new member states show a
much larger decreagban EU-15 countries(10% against 5%)from 1997 tot 200,
especially Poland and Romané&but-20%).

Figure 2-6. Averageenergyconsumption perhousehold(climate corrected)

® Private consumptiothousehold expenditu@ goods and serviceis used as a proxy for income
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Large electricity consumption for some countriess due to use forspace heating
Averageelectricity use pehouseholdn EU-27 is about 4000 kWh per ye@ee

Figure 2-7). However, electricity usess much highein Norway, Swedernand Finland
due to their high use of electricityr space heating

Growth of electricity use per householdis mitigated by smaller households

Between 1997 and 20@heaverage EU household usdmat 7% more electricity.
However, in that period average electricity use per household person increased with
14%. The difference is due tioelower number of persons per househetich

influences theart of household electity usethatis dependent on the number of
persongappliances andumber oflighted rooms used at the same time). With a
constant size of households the growth in electricity use per household could have
been between 7 and 14%.

Figure 2-7: Average electricity consumption per household

® Norway 17930 kWh in 1997 and 16280 kWh in 2006 (not visible in Figate 2
7
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Electricity use increasesnostfor southernand ne w i tmankberstatesu p 0

Electricity consumptionper household increadebetween 1997 an@007 in most
countries The EU-15 exceptions are Denmarlustriaand Sweden andor the new
member statesSlovakia,BulgariaandCzech Republic. For Sweden the decrease could
be @used byesselectricity for space heating. Very high growth rates are shown for
EU-15 countriesGreece and Spaint85%) and even higher numberir the new
member state€yprus,Estonia and LatviaBut in most new member statdedricity
useremains at a relatively low level (less than 60% of EU average) and does not really
catch up with EUL5 counties.

2.4. Energy for space heating

Large part of total energy use for pace heating

Energy use for space heatjingormally 6680% of total energy consumptiois, the
most important part of household energy (se=

Figure 2-8). Lower fractions are generallyfound for Mediterraneancountrieswith
mild winters like Cyprus and Spain.



Figure 2-8: Space heatingfraction in householdenergy consumptiort
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Space heatilg less important in total energy consumption

In general the space heating fraction decreases between 1990Gngartly due to
the relative strong growth of electricity consumption (the sedangest part of
household energy usefxceptiors are Italy, Czech Republic, Croatiand Bulgaria
wherethe fraction increasesfew%-points(see explanation below)

Highest use for space heating in countries with moderate climate
The highest values fothe share o§pace heating energy use act found incountries
with cold winters, like Finland and Sweden, but in countries with moderate winters,

such Ireland, BelgiuprDenmarkand Germanyse=

Figure2-9).

Heated dwellingsuse less energydwellings inmild clim ate areheated more ofta

In most countriesenergy useer dwellingdecreassbetween 1997 and 260except

for Greece Italy and a few new member states. The increase in southern countries is
probably caused byoreand moredwellingsbeingheated invinter due tancreasing
comfort demands

" Climate corrected figures, selected countries
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Figure 2-9: Energy use for space heatinger dwelling®
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After adjustments® for climate Estonia, Latvia, Poland and Germany show
highest use for space heating

Average energyonsumption per dwellingvill be dependent on the averagiee of
dwellings and warmer or colder winters.h&refore it is more relevant to compare
energy us@er nfinstead of use per dwelling. Moreover an adjustment should be made
for differences in average winter temperatufigiure 2-10 showsenergyconsumption

per nf floor area takingtte EU-27 averagewinter temperature instead of the country
average. The EU average energyissbout 13 koe (15 kWh).

Earlier the highest energy use per dwelling was found for Ireland, Belgium, Denmark
and Germany (sdéigure 2-9). After adjustment&stonia,Latvia and Poland take over
the lead while Germany maintains high ranking

Figure 2-10: Energy usefor space heatingper m? floor area adjusted to the EU
climate™®

& Climate corrected country figures, selected countries

° Adjustments for differences in floor area and average temperature between coGotrigsies with

cold winters will often show higher energy use than countries with mild winters. Therefoyeahky (
climate corrected) energy use for a country is corrected for the difference between nationalzdhd EU
average climatésee also chapter.5)

“Total energy use excluding electricity, adjusted to EU mean climate (see footnote 11)
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Large improvement for the Netherlands despite already low use for space heating

As to the changs in the period the following can be observed:

- The Netherlandfas one ofthe lowest levels of energy consumption per
m?. The Netherlands reached a relatively large improvement despite the
already low energy use per‘rim 1997. This could be due to exteres
insulation measures in the large social housing sector, the early
introduction of high efficiency boilers and the types of dwellings
(relatively few detached dwellings).

- Slovakia and Bulgaria show a low level of specific energy consumption
for the whok period This may be the result of high prcé¢hatrestrict
comfortdemandgsee analysis sectian)

- Poland rebsedthe strongestlecreasen specificenergy use in absolute
terms Romania redisedthe highest relative improvement

Causes for changesitime and differences between countries

Unit consumption for space heating, corrected for climate, is dependent typé¢he
andsizeof existingdwellings,the amount oéfficient new dwellings, the heated space
(central or local heating), fuel substitution, saving measuresinSulation and
efficient boilers) and behaviour. The effects of size and new dwellings are shown
below. Central versus local heatiagd fuel substitution angresented in section 2.11.
The type of dwelling, i.edetached house or apaent building, andavingmeasures
have not been analysed due to lacking data.

Up to 40% of efficiency gains in space heating is offset by larger dwellings

11



In

Figure 2-11 the change in energy use per dwelliog space heatin¢l9972007) has

been decomposed into a change in floor area and a change in specific energy use per
m?. The average dwelling size increased, especially in Eastern European countries
(about 10%. As a resultenergyconsumption per dwelly decreased le$8.5%/year)
thanconsumption per fi{0.9%/year) h the EU27. This means that0% of the energy
efficiency progress for thermal uses has been offset, all things being equal, by the fact
that dwellings are becoming larg&or new membertatesthe size effect in %l/yeais
muchlarger, but comparedith the large decrease in energy use pethmoffsetting

is relatively smaller

Figure 2-11: Heating energy use per dwelling, per m? and sizeeffect (19972007)
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Limited number of new dwellingsrestricts energy savings for space heating

Due tomore strictstandards ew dwélings have much lower energy consumption for
space heatinthan the average existing dwelliiggeeBox 2-2). However, theffect of
standards on total savings for space heatimgssictedby the often limited amount of

new dwellings builtErreur! Source du renvoi introuvablshows the amount of new
dwellings as percentage of the total stock. At a yeaysbnost EUcountries extend

their dwelling stock with less than 1%. The main exceptions are Ireland, Greece, Spain
and Portugal. Eastern European countries have built very few new dwellings.

Figure 2-12: Growth of dwelling stock between1997and 2007
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Box 2-2: Strengthening of standards for new dwellings

In past years the standards have been strengthened step by step resulting in a continuous
decrease irenergy use (see examples bel@mergy consumption without standard = Y100
The first standards regarded the insulation of walls, roof and ground floor, double glazing and
boilers separately. Presently energy performance standards are applied that eprescrib
maximum total energy use. The saving measures to be applied are left to the builder of the
dwelling. The Energy Performance of Buildings directive (EPBD) will stimulate further

strengthening of standards (see also Box 2.5)

France Germany UK

<19741974 1982 1989 2001 2005
<19781978 1985 1994 2002 2009 <1990 1990 2002 2006

Finland Sweden

Denmark

<1985 1985 1987 2003 <1976 1976 1980 1990 <1985 1995 2006 2010

Efficiency trend for space heatingstagnates at European level
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The efficiencytrendfor space heatings calculated on basis of the decrease in (climate
corrected) energyseper nf floor spacé. In the period 1992006 the decreasdor
EU-27 wasalmost 9% (see

Figure 2-13) butlimited improvements visible in recent years.

Figure 2-13: Energy efficiency trend for space heatingn dwellings (EU-27)
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2.5. Electricity for appliances

' Corrected for more centrakhting, the energy efficiency improvement due to substitution between
energy carriers is included
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For mostEU countries théargest part o€lectricity consumption pdrouseholdss for
appliances and lightingut thermal usesrevery largefor Norway? andSwedenand
substantial foFinland,Franceandlreland(seeFigure 2-14).

Figure 2-14: Electricity useper householdwith/without thermal uses (2004)
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Appliance electricity useincreases, but high growth only due to specific factors

Figure 2-15 shows that dring the period 1992006 electricity consumption for
appliances& lighting increased in allcountries,exceptfor Bulgaria and Slovakia
(relative low consumption levebf about 2500 kWh) as well as Nasay (higher
consumption levebf about4500 kWh).The progression has been rather moderate in
Sweden, Germany, KJ and Denmarkwhich are countries withan already high
electricity use. It isubstantiafor Ireland with thehighesteconomic growthand inall
southern countries where the use ofainditioring systens has grown

2 Total for Norway is 16000 kWh (not shown)
15



Figure 2-15: Yearly growth in electricity use per household for appliances &
lighting (19972006)
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Growth of electricity consumption concentrated atsmall appliances

The breakdown of appliances consumptiseefigure 2-16) showsthat the strongest
growth is recordedor the categorysmall appliancesThese applianca®gistered an
increase of its market share froi82 in 1990 to 8% in 200. The consumptioiy

large appliances records a growth at moderate rate and its market share declines from
58% to 46 %. With a market share of approximately of 20%, ¢agegorylighting is

stable.

Figure 2-16. Change intotal electricity use for large/small appliances and lighting
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Clothes dryers and dishwashers drive electricity consumptionpwards

Figure 2-17 shows he developmenif electricity consumption byppliancesbeing
heavy users in terms of their fraction in the total for all appliancdsvis®ns, dryers
and dish washerscreased their sharduring the years 199P007. For dryers and
dishwashers this was due to higher penetration ratedfrigerators and washing
machines registeda decling mainly due to substantial electricity savings

Figure 2-17: Shares of large appliances in totahpplianceelectricity use
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Efficiency increase appliance$ias beemoffset byincreased ownership

The decomposition of the observed change in electricity use by large appliances in
Figure 2-18 showsthat dmost all errgy efficiency gains\eerthe last years va been
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offset by an increase in equipment ownersip a resultglectricity consumption per
householdor large appliances @nly slightly lower in 2006 tham 1997.

Figure 2-18. Decomposition of change in electricity usef large appliances
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2.6. Savings by renewablenergytechnologies

Energyconsumption can be lowered by saving measthrasreduce energy demand
(e.g. double glazing convert fuels more efficiently (e.g. high efficiency boilers) or use
electricitymore efficient(e.g. labelA washing machines).

The deployment ofenewable energy sourcés dwellings can also lower (fossil)
energy consumptionTherefore the outpub f t hese -bemingdtheenved kelr s
technologies is counted as energy savilkg@mples are photovoltaic cells (PV) that
produce electricity, solar collectors that produce heat and heat pumps that transform
ambient heat into useful heat with help ofctlieity.

Penetration of ®lar water heatersmore dependent on policy than on sunshine

Solarwater heaters ammainly usedfor the supply ohot water,in combination with a
system using fossil fuels or electricity.

The amount of dwellings with salavater heateren European countries generally is
only a few percent (seleigure 2-19). Some countries with a sunny climate, such as
Cyprus and Greece, score much higtsat comparable countries like Italy and&bp
showbelowaverage figures. On the other hand, Austria performs much above average
probably due to successful stimulation programs

Between 1995 and 2006 the relative amount of sekier heaterdhras more than

doubled in most countries; at Helvel there was an increase of 50% between 2000 and
2006.

Figure 2-19: Development of thefraction of dwellings with a solarwater heater
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2.7. Overall energy efficiencyand CO, emission reduction

The overall eficiency improvement is given by the -salled ODEX" which is
calculated from thefficiency increaséor the set ofndicatoss for households

Householdenergy efficiencyfor EU-27 has improved by8-10% since 1997

The ODEX overall efficiency trent for European households shoas improvement
of almost8% for the periodl9972007 (seeFigure 2-20), or about0.8% per yearThe
efficiency improvementor both heating and largappliances reachasore thanl0%.
But for cooking the figure is much lower andrfhot water no savings have been
observedTherefore overall efficiency lags behititht forheating/appliances

The energy savingsare largely due to the deployment of technologies that reduce
energy demande(g. double glazing), convert fuels more efficiently (e.g. high
efficiency boilers) or use less electricity more efficiently (e.g. label A washing
machines). There are other technologies available that are important for future energy
savings but have nobatributed up to now substantially to total savings Bme 2-3).

Figure 2-20: Overall efficiency index ODEX of householdsor EU-27

* The set of indicators for the enge sectors has been converted e aggregatedndex called
ODEX that repesents total efficiency improvemeste also chapter.5)

1 The yearly figures for ODEXhave beenconverted into thregear moving average valugsee
chapter 5)
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Box 2-3: Overview of houshold saving technologies

The most common saving measures area;

- Insulation of walls, roof and attic floor

- Double glazing

- High efficiency boilers

- Efficient appliances (refrigerators, washing machines, dish washers)
- Efficient lighting (CFLs)

Advanced saving measures :

- Forced ventilation with heat receration
- Heat pumps, using ground(water) heat
- Hotfill washing machines

- Micro cogeneration

Renewable options:
- Solar wateheater
- Solar PV cells

New member states show very high @vall efficiency improvement

The four EUcountries with by farthe highest efficiency improvemersre the new
MemberStatesRomania,Poland Estonia andLithuania(seeFigure 2-21). Most other
newMemberStates adodo better than th&U-27 average improvement 088%/year.

Figure 2-21: Yearly energy efficiencyimprovement by country (1997%2007)
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Most EU-15 countries realise less savingsdh according to EU targds™

The historical improvement of energy efficiency for 20 is lower tharthe 1%/year,
requested in the Energy Service directive by the European Commission (see section on
EU policy). Especially some EU-15 countries show a much lower efficiency
improvenent than they should attain in the perkfid82016

Energysavingsand fuel switching reducedlirect CO, emissions in the ELR7

Direct CO, emissions regard the emissions at the dwellings, thus without the emissions
elsewhere for district heat or elacity. In the period19962007 emissions oEU-27
householdslecreased from 534 to 413 Mton,8% S ee v a riPlaton’®ann 0 o f
Figure 2-22). This result was achieved despite an increase in the stock ofrayselli

and theincreasechumber of appliances ownetdhesetwo developments would have
implied, all other things being equal, amissionincrease ofabout 60 Mton The

lower level of emissions was made possible dificiency improvements and
substitutionbetveen energy carriersrhich eachprovidedhalf of the CO, reductionof

about 180 MtonThis large contribution of substitution is duedwitches to fuels with

!> For some countries no index could be calculated; the average savings have been sehati®%. T
values for efficiency improvement can be due to data limitations as it is often not possible to fully
correct for the effect of a change in comfort level with regard to space heating or use of appliances.
For instance, in the UK it has been obsertred low income households raise their thermostat setting
after saving measures have been taken and the energy bill has decreased. This may lead to an
underestimation of the actual energy efficiency progress

'8 All the figures given here are not correcfedclimate variations.
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a lower CQ content (e.g. gas, heat and biomams}o electricity, the emissions of
which are ot included in the household sector.

Figure 2-22: Decomposition 0f1996-2007variation in CO, emissionsfor EU 27
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2.8. Policy measure developments

Germany and UK have largest number of policy measures

Figure 2-23 showsthat Germany Italy and the UK have the largetotal numbeiof
policy measurgin the household sectothe high number for the EU is partly due to
counting all labels for appliances as separatleypmeasures. For some countries a
considerabldraction of policy measures completede.g. the Netherlands, France and
Spain. Hbwever, these measurstiould not be disregarded as th&yll can have
influence on present energy saving&lf of countres have other measures, mainly
planned measures.

Figure 2-23: Number of policy measuresand statusfor households(2006)
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In the MUREdatabase policy measure atassifiedinto the following types:
- legislative/normatived.g.standards)
- legislative/informative €.g. mandatoriabels)
- financial €.g.subsidies)
- fiscal (tax deductions)
- information/education
- co-operative(e.g.voluntary agreements)
- taxes fpnenergy or C@emissions).

Most countries deploystandards and subsidies, but few deploy taxes
The overview of policy measure typesHigure 2-24 shows very diverse combinations
per country and th&U itself (see Box 2-4 on extreme policy measure choices)

However, some general observations can be made. Legislative and financial measures
are very common, while eoperative and tax measures are sparsely applied.

Figure 2-24: Policy measures per typdor households(ongoing,2006)
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Box 2-4. Extreme policy measure choices per countrjor households
Greece has almost no policy measures and only on standards

Italy is almost entirely focusing on legislative policy meas(white certificates,,,)
Lithuania has only standards on buildings and financial support

Portugal does not provide any financial support, no subsidies nor fiscal rebates
Germany, Spain and Cyprus have relatively few measures on space hea€fg (< 3

Belgium, Greece, Bulgaria, Latvia, Romania and Slovakia do not deploy any policy measure
on informationspecifically focused on households

Continuous introduction of new measures, except for 2004

In past years policy measures have been introdatcadarying raten the EU27 (see

Figure 2-25). The EU itself has started with policy measures from 1993-onnew

member states the introduction has increased as they became part ofitle €U A di p 0
around 204 is mainly caused by the low introduction levels in-EdJcountries in

2004 and 2005The large number of new policy measures in 2006 is due to the
transposition oEPBD (ee Box 25).

Figure 2-25: Yearly introduced new policy measures for households
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Financial measures often have a short life time

From all policy measuregver introducedresently Aout 20%have been sapped
Especially financial measures, such as subsidies, do not have a ldimelifsee
Figure 2-26). The oppositas true for sandardglegislative/normative) as completed
measurs arereplaced by stricter ahdard.

Figure 2-26. Completed mlicy measuresper type for households(19902006)
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Performance standards ordwelling as a whole are applied the most
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Householdpolicy measuresargeted at dwellingelated uses can regard thevelope,

boilers, overall heatingyentilation/airconditioning andlighting (seeFigure 2-27). In

the past policy measures on heating were targeted at the envelope (prescribed thickness
of insulation) or boilerefficiency separatelyPresentlythese are both the target o
performance standardsee overall heatingin the Figure 2-27). Very few policy
measuresvere focused ottighting in householdsonly recently a ban on inodescent

lamps was introduced. There is alstaek of licy on fuelsfor cooking

Figure 2-27: Policy measuregdargeted at dwelling related use$2006)
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Some countriesstill lack policy measures that are demanded by the EU

All countries haveongoingpolicy measures focused at new dwellings demanded by
the Energy Performance on Buildings directive of the Ebrtugal and Malta do not
have policy measures focused at existing dwellintdswever, they have policy
measures focused at both new and existingllshgs. Greeceonly very recently
implemented policy measures on appliantéfuania and Poland do not have policy
measuresyet on appliancesin their National Energy Efficiency Action Plan
(NEEAPY)", although the EU directive on labels should be trassganto national
policy measures.

Few or no policy measures to influence daily energy use

Most policy measures focus on buying more efficient appliances or investing in energy
savings. However, there is also a need to influence daily energy usey magnthly
information on energy consumptioar by energy taxes. Yet, some countries do not
have any such policy measures (Belgium, Lithuanialtayl Poland and Croatia).
Recently the obligation in the Energy Service directive to inform custcabergther

7 As of 2007 NEEAPs have been requested by the EC as part of the Energy Service directive.
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electricity or gas consumption has led fgome national policy measures on the
introduction of smart meters.

2.9. EU based policy measures

Forthe households sectohé most importanEU policy constitutes
- Directive on mandatory keelsfor appliances
- Enagy Performance oBuildings directiv EPBD)
- EnergyServices directivéESD)
- Ecodesign directive

The introduction of obligatory labels on appliances $tasulated the market for more
efficient appliances and thus decreassdctricity use for refrigettors, washing
machines, cloth dryers, etc.

The EPBD demands certificates for dwellings to be sold or rented which should lead to
retrofit measures (sé&ox 2-5). TheESD expects that countries will realiS&6 energy
savings inthe period20082016 and fcilitates this in different ways. Although the
ESD does not introduce specific policy measur&slitprobably have muchinfluence

on the introduction of (new) policy measures by countries.

Box 2-5: Energy Performance of Buildings directive (EPBD)
This directive from 2002ormulates three main obligations for countries.

Timely renewed standards for new dwellings
Countries should renew their standards every few year in line with possibilities fen cost

effective measures. However, the EU has not defined a common maximum enerngy use
because of differences for climate and building practices. Therefore, the effort put into|energy
saving new dwellings can differ.

Certificates on existing dwellings
When houses arsold or rented they should have a certificate that describes the engergetic
quality of the dwelling. It is expected that new owners or renters will take measures t¢ make
the dwelling more energy efficient. However, the certification does not always ernovid

possible measures and few countries make them mandatory.

Maintenance of boilers
Boilers should be regularly inspected and maintained in order to prevent a deterioration of the
conversion efficiency

Presently the discussion about the recast of tleetdre focuses on the use of standards when
renovating small buildings or dwelling complexes.
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The Ecodesign directive takes a further step by introducing minimum efficiency
standards for a larger array of energy using appliances and sysiemared d the
labelling directive(seeBox 2-6).

Box 2-6: Ecodesign directiveon energy using products

The Ecodesign directive does not introduce directly binding requirements for specific
products, but establishasframework of condition and criteria that need to be respected when
introducing implementing measures. The binding requirements for each product group regard
also maximum energy use.

Since 2007 the Commission has established a working plan in orderdatgriorities with
respect to implementation measures for product groups.

Implementing measures are finalized for lighting (incandescent bulb), televisions and standby
losses. In progress are implementing measures for boilers, water heaters, wasihimgsm
dishwashers, refrigerators and freezers, commercial refrigerators, electric motors, computers,
imaging equipment, electric pumps, fans for ventilation, room airconditioners, compliex set

top boxes, laundry driers and vacuum cleaners.

An indicativelist of new product groups regards:
Air-conditioning and ventilation systems;

Electric and fossifuelled heating equipment;
Foodpreparing equipment;

Industrial and laboratory furnaces and ovens;
Machine tools;

Network, data processy and data storing equipment;
Refrigerating and freezing equipment;

Sound and imaging equipment;

Transformers;

i
i
i
i
i
i
i
i
i
I Waterusing equipment

Substantial part of national policy measures due to EU policy

EU policy has influence on national energy eéficy in three ways:
- directly by EU policy measurgge.g. covenants with European appliance
manufacturerg¢EU-defined)
- transposition of EU directives into national policy, e.g. labels for
appliances (EYollow-up)
- national measures stimulated by EU pglie.g. municipal action plans or
regional information centres (Et¢lated).

From Figure 2-28 it appears that on average 5 policy measures per country are the
result of EU policy. The large number (40) of Hefined policy measures is partly
due to the separate label measures for each appliance.
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Figure 2-28: EU policy influencing national policy measures forhouseholds
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EU policy on appliance labeling fullytransposed in national legislation

Directive 92/75/EEC on household appliances aimed to harmonise national measures
on labeling angbrovidinginformation regardingnergyconsumptionin order to allow
consumers to choose the most energy efficient apy@slImplementing Directives
regulate the labeling specifications for each product. typem 1992on it regard the
following appliances:

- refrigerators, freezers and their combinations

- washing machines, dryers and their combinations

- dishwashers

- ovens

- water heaters and hot water storage appliances

- lighting sources

- air-conditioning appliances

In addition, therare the two Directives establishing minimum efficiency requirements
for ballasts for fluorescent lighting and for household electric refrigesataezers

and combinatios. Through an amendment these Directives have became the first
implementing measures of the recently adopted Ecoddsiggtive.

As shown inTable 2-1 all 27 member statehave transpsed either partially or
completely the EUdirectives related tdabelling andminimum energy efficiency
requirements into their national legislations. Thieledoes not show the transposition
of the amendments directivesafterwards.

The first set of adoptedimplementing measures garded large appliances (i.e.
refrigerators, freezers and their combination, washing machines, electric tumble
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driers) during the timeframe 1995997 and transposed EiJ-15 memberstatesin the
years19961997. During the2001:2004 timeframe most of the nemembersstates
transposed t
as well the Directives regardindishwashers,ar-conditiorers and electric ovens
adopted at European level between 188@ 2002. These last directives have been
implemented by th&U-15 memberstates during the same time spam (22004).

have

he

Opackage

of

European

Table 2-1: Implemented EU Directivesby countries, per applianceand period

1994- 1996 1997- 2000 2001-2004 2005-2008
Numbe.r o Countries Number o Countries Numbe_r & Countries Numbe_r o Countries
countries countries countries countries
Refrigerators, AT
Freezerg anFi their 11 DK,FRNL.RO.SP, 2 IT, DE 8 CY, CZEE, 2 BG, PL
Combinations SE BE. EL.PT. UK HU,LV,MT,SK,SI
(94/2/EC)
: : AU, BE, DK, DE
Washing Machines ( et CY,EE, HU, MT,
1 FR 11 EL,IT, NL, PT, 8 ew ol 1y 2 BG, PO
95/12/EC) SP, UK, CZ RO, SK, SI, LV
Electric Tumble AU, DK,FR, DE, EL, CY,CZ,EE,HU,LV,
Driers (95/13/EC) 9 NL, PT, SP, SE 2 BE,IT 10 MA,PLRO,SK.SI, 1 BG
A CY, CZ, EE, HU
Washer Driers BE,DK,DE,EL,IT B
3 AU,FR, NL 9 P oE Lk 11 LV, LT, MT, PO, 1 BG
(96/60/EC) PT.SP.SE,UK RO, SK, S
. CY, CZ, EE, HU
Dishwashers AU, BE, FI, DE e T oA
T o ! LV, MT, PL, RO, BG
(97/17/EC) 1 FR 8 IT, NL, PT, SP 10 1
SK, SI
AU, BE, CY, CZ;
. . DK, EE, FI, DE, EL;
A|r-con/d|t|/oners 22 HU, IT, LV, LU, MT, 2 BG, PL
(2002/31/EC) NL, PT, RO, SK, SI,
SP, SE, UK
AU, BE, CY, CZ;
Energy Labelling of DK, EE, DE, EL;
Household Electric 22 HU, IT, LV, LU, MT, 1 BG
Ovens (2002/40/EC) NL,PL, PT, RO, SK,
Sl, SP, SE, UK
Minimum standards AU, BG, CZ, DK,
for Refrigerators, 15 Fl, FR, AL, IE, 7 CY, EE, HU, MA,
Freezers (Directive LT, NL, PT, RO, PT, SK, SL
96/57) SP, SE, UK,
Energy Labelling of CY, CZ; EE, HU,
Household Lamps 6 AU, E;E' FR, DE, 11 LV, NL, PL, PT, RO, 1 BG
P, UK
(98/11/EC) SK, SL
Energy efficiency
requirements for AU, BE, CY, CZ,
ballasts for EE, FR, DE, EL,
fluorescent lighting 20 HU, IE, IT, LT, MT, 2 BG, PL
(00/55/EC) NL, PT, RO, SK,
SL, SP, SE
Numbe.r ot Countries Numbe.r o Countries Numbe_r & Countries Numbe_r o Countries
countries countries countries countries
1994- 1996 1997- 2000 2001-2004 2005-2008

Overallit can be concluded th#ie deadlines for transposition of the Labels Directive
have been respected by most of the Béimberstates and tht full implementation of
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the Directives in the 2iember stateok place mainly during in the period of 2001
2004

Southern countries slowest on buying efficient appliances

For refrigeratord=igure 2-29 shows the penetration of the labels categories A and A+
plus A++in 2006. The averaggenetration ratéor all labeling céegoriestogetheris

81% and the share for the most efficient A+ and A++ appliances is 15%. Remarkably
the shares for new member states are slightly higher than f&@7E8specially for
southern countriethereis still potential formoresalesof efficient appliances

Figure 2-29: Penetration of labels Aand A+/A++ for refrigerators (2006)

100%

80%

60% -

R Rl e e N e N e N

Pl e e

0% T T T T T T T T T T T T T T T T T T T T T T

Q8P E S8 X 8 28 088 > T 8T 5.8 0 x ¢
35958 5° 55555282888 ¢8¢35 83
o £ > s & 53 8 5% E D¢ 2 X > 8 E O
— =} N — - = S E o = C
(388 o UJ£<LL§ mgLLoD-EU)CDm(%
w 3 O x @ %D
O Z
| A mA+ & A+ |

For washing machines aly room for the most efficient versions

For washing machines the penetratiorathfA-label categoriesogether is about 90%

on average, with a share of 28% for the most efficient A+ appliances-(gee

2-30). Northern and western countries score highest, also on A+ shares. Four southern
countries sore lowest (Bulgaria, Greece, Portugal and Spain), as was also the case for
refrigerators. Because thrgearters already has penetration levels above 90% there is
not much room any more for sales of A and A+ washing machines.

It is worth noting that themanufacturers of washg machinesare nowaday®nly
producingpractically A and A+ modelsTherefore it can be expectduat in a few

years these models will constitute 100% of the markietwever, andincreasd
penetration of A+ and A++ still offerlarge savinggotential.

Figure 2-30: Penetration of labels A and A+ for washing machines (2006)
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Substantialimpact of labelson the marketfor efficient appliances

During the past decade the EU Directivemsve deeply transformed threarket for
(more efficient)large appliancesin combination with nationaineasures to increase
the purchasing awareness and habits of the consukiguse 2-31 shows the steady
increag of energy efficient appliance3his has led as highlightedearlier, to an
overall energy efficiency improvement b1% in the period 1992006

Figure 2-31: Market share of A/A+labels for cold and washng appliances (EU)
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Combination of EU labels with national supportingmeasuresdecisive for success
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Along with the transposition of the Labelling Directivesdozen ofcountries have
decided to reinforce the market transformation effect of thesdidasby establising
Oaccomp asupportmgme @ars uMostefdhese measures consist in subsidies

or rebates granted to citizens to support the purchase of highly efficient appliances
labelled A/A+ or compact fluorescent lamigeeTable 2-2).

Table 2-2: National supporting measures to the EU labedystem

Facilitating Measures: Main Instruments

IScheme for subsidising CFL lamps (2007): free distribution of CFLs lamps to the households
(up to 6 lamps/household)

Cyprus

Denmark Electricity Saving Trust (1997 - 2008): Information, Issuing of consumers guidelines

Program for introducing new, highly efficient household appliances to the market: Subsidies to

Germany very efficient household on the basis of the "Top Runner Strategy" (Measure proposed)
Italy Financing Laws 2007 & 2008: Tax Subsidies for the purchase of A+ (or better) models.
Malta Rebates on investments in energy efficiency by domestic consumers (2007): subsidies for the
purchase of A (or better) models (rebate on the purchase price)
The The energy premiums scheme (1999 - 2003): subsidies for the purchase of A (or better)

Netherlands |models

The promotion of the use of energy-efficient household electrical appliances (proposed):

Romania Isubsidies for the purchase of an appliance with an A/A+ label.
Spain Action Plan 2005 - 2007 and 2008 - 2012: subsidies to the households to replace the "D"
P appliances with the A (or better) ones.
Slovenia IStimulation of the investments in energy efficiency measures in households: subsidies for the

purchase of CFLs (1996) and efficient appliances (2008)

Energy Efficiency Commitment: mainly addressed to energy suppliers that are required to
UK Fchieve targets for the promotion of energy efficiency improvements in the household sector.

ax rebates are also foreseen for low income households

Netherlands successful in market transformation using subsidies

Fortheyears 1999 000, the Netherl ands set in plac
that granted subsidies for the purchase of high efficient appliances labelled A/A+.
Figure 2-32 shows that itorought the sales for A/A+ refrigerasoto increase from

25% in 1999 beforethe measure was implemented, to 92% in 2004 (+ 74% of A/A+
sales).

By acting as filaunching customer o a mar k.
which made it advantageous to offer these appliances alsden cbuntries. With

some delay efficient appliances also penetrate the market in other countries without a
dedicated stimulation policy.

Figure 2-32: Market penetration trend for refrigerators in the Netherlands
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The Netherland: A, A+ sales trend for refrigerators
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UK successful in market transformation using tax rebates

The UK has implementedth 2002 measurs to addressoth equipment producers and
consumers (se€igure 2-33). Consume got tax rebates for the purchase of highly
efficient applianceshathas beeran importantfactorto bringthe market share of cold

appliances labelled A/A+ from 37% in 2002 to 65% in 2004 (+ 75% of A/A+ sales).

Figure 2-33. Market penetration trend for r efrigerators in the UK
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2.10.Policy impact andrealised energysavings

One third of policy measures rated as having high impact

The saving effect of each policy measuraha EU countries has been estited and
givenagual itative val ue A Hor@ahEJ,courtridetogethe

mo or

about onehird is rated High and a quarter is rated Low;-fta has not been rated
(seefiMean MS in Figure 2-34). From the impact values the overall impact of all

policy measures has been calculated Bwe2-7).

Figure 2-34: Policy measures per impact leveior households(ongoing)
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Box 2-7: Determination of the impact of policy measures

The impact, or saving effect, of a policy measure is estimated on basis of av
guantitative evaluations or the judgement of the expert for each country. The estimated

is relakd to total sectoral energy consumption: Low mearesgy savingsmaller than 0.1%

of sector useMedium 0.1% to 0.5% and High greater than 0.5%.

When adding up the impact of policy measures a weighting factor is applied: for Low 1
for Medium 3 wints and for High 5 points. The weightifagtors correspond tiheamount of
savings as fraction of total energy use.

The impact is calculated for all policy measures up to 2006. The impact will gra
increase with time (except for taxes). Therefthe impact has to be adjusted for the time
policy measure is already ongoing.

The application of tis semiquantitative evaluation is restricted to screening of pa

ailable
impact

point,

dually

the

licy

measures and providing a first order estimate of the impact of policy measures.
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Highest policy impact for UK and Germany that deploy most policy measures

The total impact per country is highest for the countries with the highest number of
policy measures, the UK and Germany (see
Figure 2-35).

Figure 2-35: Total impact of householdpolicy measures, split per type(2006)

140

120

100

- |

80

Impact

60 -

0 .

é\é"o‘*“‘\Q‘}o{"é}\Q‘\/\o}&Q/‘e‘?q\**‘Q))Q;C’Gko"’(o@ \&V @6*'@(?‘% @
"b‘
¥

O Legislative/Norm. B Legislative/Info O Financial O Fiscal/Tariffs
B Info/Education @ Co-operative B Energy taxes

Standards and subsidies provide most of the policy measure impact

The contribution of policy measure types to tatapact differs substantially. Overall
onethird of the total impact is due to standards (legislative/normative) and a quarter to
financi al measures (see AMean MSO in
Figure 2-35). Fiscal measures, voluntary agreaise(ceoperative) and taxes only
provide a small fraction of the total impaEbr fiscal measures and taxes this is mainly
due to the sparse deployment of these policy measure types.

Standardsoften have a high impactand voluntary agreementshavea low impact

The total impacper typeof policy measure haseenrelated to thedjacenihumber of
policy measuresi.e. with a specified impact)Standards have on average the highest
impact rating, but the difference with most other policy measure tgpastilarge.
However, theaverageimpact of voluntary agreements (operative) is clearly rated

the lowest There are successful voluntary agreements (e.g. in Finland and the
Netherlands) but the success is due to the combination with subsidies. Agreements
their own are rated as much less effective.
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Most powerful policy setapplied by Spain, Portugal Polandand Slovenia

The total impact per country can be related to numbeaitl gfolicy measures as well.
Then it appears thatlative powerful ®ts of policy measureare appliecby Spain,
Portuga) Polandand SloveniaThe lowest average impact is found for Greece, Czech
Republic and Maltathe countrieshat only apply policy measures with a low impact.
The average impact for the UK and Germanith highest total impact) lies between
that of the countries mentioned.

High impact measuresoften of legislative-normative/informative type
Table 2-3 shows a list ofhigh impact policyneasures. The classiiton of measure
types in the last column showsaththese are oftelegislativenormative measures

(building regulations, mandatompdividual heat billing) For EU-15 countries and
Norway 10 out 16 consider building regulat@asa highimpact measure.

Table 2-3: Examples of hgh impact measures in thehouseholdsector

Country  Measure title Measure
type
Various Minimum thermal standards for buildings Legislative
Normative
Portugal  Regulation on HVAC syems inbuildings Legislative
Normative
Bulgaria  Residentiaknergyefficiency credit facility REECL Financial
Germany Ecologicaltax reform Taxes
France VAT reduction on energy efficiency investments Fiscal
EU Minimum efficiency requirements fonew hot waterboilers Legislative
Normative
Various Labels on electrical household appliances Legislative
Informative
Netherlands More with Lessactionplanfor nonemission trading sectors ~ Voluntary
agreements
Finland Window energyrating system Informative

No clear relationship between policy impact and efficiency increase

The overall increase in household energy efficiency, as shown by ODEX, has been
dealt within section 2.7In Figure 2.23the dficiency increase per countryas been
presentedThese resi$ arecompare to thetotal impact of policy measurggss shown

in

Figure 2-35).
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Therelationbetween total policympactin 2006 andthe efficiency increasdor 1997-
2006is shown inFigure 2-36. It must be concluded that no clear relationship seems to
appear between policy impact and realised energy savings.

A number of reasons can be mentioned to explain this lack of coherence:

- only part of all efficieng increase is due to policy measures; there are alsalksul
autonomous energy savings due to technological progress and (high) energy prices

- the efficiency increase, insofar policy related, is probably the result of policy
measures from 1990 on. Thefluence of these policy measures is only partly
represented by the calculated policy impact in 2006.

Figure 2-36: Policy impact and overall energy efficiency increaséor households
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The same analysi®ff space heatingpads to more or less the same results, as space
hating dominates the overall results for households. For appliances the impact data
were not complete, so no separate conclusions could be drawn.

2.11.Analysis ofdrivers and factors behindtrends and differences

Many drivers and explaining variablesdefine energy consumption trends

Driversareexplanatory factorghat have a diregihysicalrelationship with energy use,

such as populatiomumber of households, number aizeof dwellings central/local
heating and ownership of appliancéfe influence of drivers can be shown in so
called decomposition analyses, where the change for energy quantities is attributed to
changes for the drivers.

Explaining variablesare the factorshatinfluence energy consumptiondirectly, e.g.

by changing energy using behaviour. Examplesrareme, energy prices and savings
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policy, but alsosaturationcould play a role in explaining energy tren@lke influence
of explaining variables can only be aysdd by comparing visually the relationship
between values or changes for energy quantities and explaining variables.

Energy trendscan be understand by eitheitime seriesor country comparison

Trends show changewer a periodfor (grougs of) countres, which can be related to
changesn drivers orexplaining variables. Differences between countriesatsobe
related to differences idrivers orexplaining variables. Both time series and cross
section analysiare usedor understanding developmerih energy use and savings.

General trend for more central heating drives energy use up

For space heating the most important driveas energy use are the number of
dwellings, average floor spacpenetration ofcentral heating and fuel substitution.
Dwellings and average floor space haaleeadybeen presented in the section on
enepgy use for space heating.

In past decades local heating with one or more stoves per room has gradeally
replaced byndividual central heating using a boiler, in some countries, by district
heating (seeFigure 2-37). In EU-15 countries the relatively high penetratibas
increasd further, except in Sweden whereniis already 100%dn most newnember
stateghe penetratio hasincreasd from a much lower levelThe decrease in Byaria
for both individual central heating-6%-points) and district heat-4%-points) is
probablydue tohigh prices and low incors€see following analysis).

Figure 2-37: Penetration of central heatingin dwellings (selected countries)
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Theincreasing energy use for space heating dukepenetration of entral heatings
not always visiblen the change iminit consumptioras shown earlian

Figure2-9. This is because at the same time energy is saved in space heating.
Fuel substitution saves energy buhot if district heat is replaced

Fuel substitutionis defined here as any change in type érgy carrier. In ELL5
countries Aol d fashionedo e nwwoddAustri@)arr r i er
coal are replaced by gas. By nature gas has a higher conversion than coal or peat; thus
fuel substitution leads to more efficiency (deigure 2-38). In somenew member

states suchasBulgaria, district heating is replaced by (individual) heating using gas.
Because district heat is produced very efficiently in cogeneration plants the conversion
losses fo households increase whehanging togas. In these cases fuel substitution

results inincreagd (final energyunit consumption (see Figurd).must be remarked

that the effects of both types of substitution can compensate each other, e.g. for Poland
where both coal to gas and district heating to gas play a role.

Figure 2-38: Contribution of fuel substitution to unit consumption per m?
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Efficiency increase is the most important factor in observed lower unit
consumption

Figure 2-39 shows howthe change (variation) innit consumption per dwellinthat

can be decomposadto the effectsof explanatoryfactors size (floor spacg, central
heating energyefficiency and behaviour/other (e.g. fugubstitutior).
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For EU-15 countriesthe size effect is smaller than for new member statesakatup
from a low averagéwelling floor areaThe effect ofthe penetration otentral heating
regardsboth groups of counts. This effect will reach a saturation level, as it already
did for some EUL5 countries (seEigure 2-37).

The net unit consumption decreasgariation) is about 05% per year. Thisis
considerable lower thahe efficiency gainof 1.1% per year

Figure 2-39: Decomposition of change irheating energy use perdwelling (EU-27)
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Higher incomesdeter mine increased energy use, but not by dimition

Next to energy pricegsee below) angbolicy (see previous sections) income/private
consumptiondeterminesenergy consumption, eithélirectly (e.g. affordable comfort
level for space heatingndindirectly (e.g. size of dwelling and number gipiances)

the level of energy consumptiomncome has been corrected for differences in
purchasing poweparity (PPP?). From

Figure 2-40 it can be concluded thalverall there isno robustrelationship between
both. For instance, Belgium usesibstantially moreenergythan the Netherlands for
the sameincome (and winter climate). On the other hand the comparable energy
consumption of the Czech Republic is coupled toa much lower incOimese
examplesshow that othefactors, such as the quality of the housing stock, could play a

¥ The economic performance of Edduntries, e.g. GDP/capita or income per household, differs
substantially between EWU5 and newmemberstates. However, in practical life the large differences

are not experienced as such, because prices of goods and services are relatively low in the new
member states' herefore, economic quantities are adjusted for power punghzarity (PPP).
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role. However, for the ELL5 as a separate group there is a global relationship
between income and energy consumption. The same seems true for the group of new
member states excluding Maléd Cyprus, taking into account the condensed scale
for income.

Figure 2-40: Energy consumptionversusincome, per household (PPF?, 2006)

Higher incomesstimulate dectricity consumption, up to a saturation level
For electrical apliancesplus lighting electricity useand average income showrere
explicit correlation(seeFigure 2-41). The correlation is weltepresented by the two

countries at the opposite position: Norw@d00 kWh and Romanigalmost 1000
kWh). A cross readingvith

Figure 2-15 underlines this relationas the energy consumption in Norway has a
declinng trend while Romanighows a steady growth.

Figure 2-41: Appliance electricity use versusincome, per household (PPP®, 2006)
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