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Key messages

This publication aims at evaluating trends in energy efficiency and discussing the pattern and
the impact of policy measures in the #B. To do so, it relies on the following twaols:

- The ODYSSEE database on energy efficiency indicatonsv{v.odysseendicators.orq),

which has since become a reference for the evaluation and monitoring of annual energy
efficiency performanceand energyelated CQ emissions for the EX15 as a whole, and for

all member countries and Norway

- The MURE tool (www.mure2.com), which combines a database on important energy
efficiency measures implemented IretEU-15 countries and at the EU level with a simulation
tool to evaluate the impact of RUE measures.

Both tools have been used by the Commission to prepare Directives (MURE for example
provided important input to the Directive on the energy performahdmiittlings) and the
Energy Efficiency Action Plan or are expected to contribute to the monitoring of recent
Directives such as the Energy Service Directive.

Trends in energy efficiency in the EU15
Overall trends

e The energy efficiency of final consunsemproved by 126 on average in the EWU5
between 1990 and 2004. This resulted in energy savings of about 100 Mtoe. The
performances achieved by the various countries range from 4%o 20

e Energy efficiency improvements, for the ElB as a whole, as rmsured with ODEX,
seemed to be below the ESD target for many countries; however, the definitions of
energy savings are not directly comparable.

¢ In most countries and sectors, there has been a slowdown in energy efficiency progress
since 2000, which is piy explained by the slower economic growth (business cycle
effect).

e The decoupling between energy use and economic activity is continuing: since 1990,
energy consumption has been growing at almost half the rate of the GDP.

e Structural changes in the emmy had a marginal influence on the energy intensity
reduction of final consumers and explain abou®d 4f this reduction from 1990 to
2004.

e CO, emissions are slightly above their 1990 level: they have increased almost six
times less rapidly than the Glbetween 1990 and 2004. Almost half this reduction is
due to fuel substitutes with lower emission factors.

! This methodology has already been presented in a previousebook i t | ed fEnergy efficie
European experienceo.


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

Industry

e Energy efficiency in the manufacturing industry improved byd h the EU15 as a
whole between 1990 and 2004.

e Energy efficiency impsved unevenly across the countries, typically bl.9% per
year.

¢ In general, the energy efficiency progress slowed down after 2000, in part due to the
economic downturn. In fourcountries, there was the opposite effecte.i.an
acceleration in energyffeiency progress (the Netherlands, Greece, Belgium and the
UK).

e Structural changes in industry only made a minor contribution towards the reduction in
the energy intensity of industry in the El3 as whole, but had a significant impact in
individual couwtries, such as Ireland, Sweden and Norway, where they were
responsible for most of the reduction, and to a lesser extdatamce, Finland and
Germany

e CO; emissions were 1% below their 1990 level in 2004 despite a% @rowth in the
value added of #hindustrial sector over the period because of larges@ungs. Fuel
substitution accounted for 86 of the total savings.

e Comparing the energy intensity of manufacturing industry is more relevant if
intensities are adjusted to the #8 average valuedded structure; the range between
the 2 extremes is reduced from a factor of 8 to a factor of 3.

Transport

e Since 2000, with the sharp increase in oil price, the rate of growth of consumption has
slowed down with even a stabilisation reached in Franocd# @andecrease of
consumption in Germany.

e The transport sector was?® more energy efficient in 2004 than in 1990. Most of the
gains come from cars. There has been no efficiency improvement for road freight
transport since 1998, a mode with a very rapidwjnan energy consumption.

e The energy efficiency of cars has been improving regularly (byd.year since
1990), albeit with a slowdown in recent years: on average in thdS:ltars
consumed 0.8tre/100km less in 2004 than in 1990.

e As a consequencef the agreement signed between the Commission and the
association of car manufacturers (ACEA, JAMA and KAMA), new cars sold in 2004
were 15% more efficient than new cars in 1995. The increased market share of diesel
in new car registrations explains % of the reduction in the average specific
consumption of new cars since 1995. Part of the improvements in the performance of
new cars is offset by a general shift to larger cars.



The annual distance travelled by cars increased until 1999 and is n@asiegr

The transport sector is the only sector where, @@issions continue to increase:
emissions in 2004 were 25 above their 1990 level in this sector.

CO, emissions of new cars have decreased b Xkice 1995. However, the average
specific emissins in 2004 were 1% above the 2008 target of 14@O./km
stipulated in the agreement between the European Commission and the associations of
car manufacturers.

Households

Between 1990 and 2004, the energy efficiency progress in households wadlaasesse
0.9%l/year in the ELL5 (12% over the period). This is partly the result of the policy
measures implemented (EU directives and national measures such as building
standards and financial incentives) which have raised the energy performance of new
buildings and electrical appliances.

In 2004, the amount of energy consumed by households was only slightly below the
1990 level. The main reasons for this rather surprising trend are that, at the same time
as energy efficiency improved, increased incomeganifestyle changes resulted in
larger homes, greater heating comfort and ever more appliances, even if the numbers
of the larger appliances have now reached saturation levels. Larger homes and a
growing number of appliances each contributed to incrgaia consumption per
household by about 0%/year (or 3% over the period 199P004). These two factors
together almost completely offset any energy efficiency progress achieved.

In the mediurmm and longterm, these lifestyle factors should play a ldetermining

role because of saturation effects for some equipmegt ¢entral heating, most of the
large electrical appliances), a slowdown in the progression of the average size of
dwellings and the increasing impact of new efficient buildings andiapges on the
existing stock.

Denmark and the Netherlands are among the countries with the best results in the
household sector and should be considered as benchmarks by other countries (lowest
heating requirement peririarge diffusion of A and Aappiances and of condensing
boilers).

Services

A decoupling of energy consumption and economic growth can be seen in the service
sector until 2000, with a rapid reduction in energy intensity. However, energy
consumption and value added have been growitigeagame rate since 2000.

Electricity intensity in the service sector is decreasing in somé&%tbuntries, but due to

the large increases in some countries, mainly in Southern Europe, the overtl EU
average is still increasing slightly.

2 This phenomenon can already be seen in recent years and will be reinforced by the decreasing size of
households and the increasing cost of housing



e Based on tb limited country data on heating consumption per square metre, thermal
building regulation seems to have had a substantial impact on reducing the energy
consumption of service sector buildings.

¢ Administrations, trade and private offices are the largdsseators of the service sector
in terms of energy consumption. There are minor differences in the unit energy
consumption per employee among mostsettors.

e CO; emission reductions mainly due to the increasing use of electricity and fuel switches
to gashave almost completely offset the effect of economic growth: direct emissions are
only 3% above their 1990 level despite a%dncrease in the economic activity.

e The data situation is still fairly poor in the service sector and will have to be improved
because of the growing energy demand in this sector.

Energy efficiency policies and impacts
Cross-cutting measures

e Crosscutting measures for energy efficiency include (1) cmgting measures with
sectorspecific characteristics (mainly energy or £@xation which are modulated
according to the sector to which they are applied) and (2) generalcuttisg
measures such as @€énergy efficiency/renewables funds or energy efficiency
obligations in combination with White certificates for energy sgsin

e Energy taxation does seem to have an impact on energy efficiency but the importance
of this instrument has fallen at the B3 level since 1999 because of the relative
decrease of energy taxation in large EU Member States such as France, Italy and
Span.

e Energy efficiency obligations in combination with White certificate schemes promise
to be the most important recent innovation for crmssing energy efficiency
measures and experiences with such schemes are currently being made in several EU
Member States, with or without the possibility of trading. Generally the obligation is
imposed on energy suppliers and/or distributors. These national experiences will
provide important insights into this instrument which can be used for the future
development b White Certificates at the EU level and their interaction with other
policy certificate schemes such as Green certificates for renewables or the EU
Emission Trading Scheme.

Industry

e There are large variations in industrial measure types by countgobperative and
financial measures are by far the most common. The future of voluntary agreements is
uncertain due to the introduction of new maskased instruments but they were still
being initiated until very recently.

e New marketbased instruments i as emission trading are increasingly
complementing the measure "tool box". They constitute the strongest link between
national measures and Hidlicy for energy efficiency in the industrial sector,



although the impact on energy efficiency was limitethim first phase of the emission
trading scheme.

e High impact measures are mostly negotiated agreements combined with audits and
subsidies. Financial measures are regarded as being inefficient compared to
cooperative measures but continue to be usedeambst common instrument. They
are important in measure packages. Similarly, the importance of audit schemes is
larger than expected due to their combination with other instruments.

e The coverage of different energy efficiency targets in the industgeirsis generally
good but crossutting technologies (compressed air, electric motors, pumps,
ventilators, industrial lighting, industrial boilers etc.) are not yet sufficiently integrated
when compared with procespecific technologies.

e There is a linkbetween policy impacts and improvements in energy efficiency in the
industry sector, but there are countries with important policies and low efficiency
improvement as well as those with low impact policies but larger changes in energy
efficiency.

Transport

e Governments have taken an increasing number of measures in the transport sector over
the past 15 years, which may partially explain the fact that transport energy
consumption has remained steady or even decreased in sevetal Member States
in recent years. It should not be overlooked, however, that the recent increase in
transport fuel prices has certainly also had an important impact.

¢ Infrastructure measures are the most frequent type taken by governments. However,
the impact on the modal splif these measures is not visible so far given the fact that
investments in road infrastructures still exceed investments in public transport
infrastructure by an order of magnitude.

e Fiscal measures in the transport sectanlike other sectorsare congiered the most
effective type of measure with the highest impacts. However, the relative importance
of fiscal measures has been decreasing at the expense of legisfatirative
measures (car labels), information/education and financial measures igsutisrd
clean cars).

e So far, car labels have not had the same impact as the labels on electrical appliances
did. Explanations for this include the fact that the labels arecooparative, the car
di stribution net wor ks o | @aclentolfy ,atttleent cor
preference for powerful cars. It is currently being debated whether the car label should
be turned into a comparative one similar to those for electrical appliances which would
better support informed consumer choices.

e Voluntary greements on reducing G@&missions from cars in conjunction with high
transport fuel prices have triggered progress in the fuel consumption of cars, although
the target of 14@/km will not be met in 2008/2009. Regulation is under preparation
to introducea standard of 130 g/km by 2012, but this takes into account the use of
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biofuels which eases the pressure on energy efficiency for cars. Thus regulation might
still regain some lost ground in the transport sector.

e Energy efficiency measures which spedifig target goods transport are rare with the
exception of R&D support which helps to explain why this section of transport energy
consumption is still growing at a fast pace. The same holds true for air transport,
which is largely subsidised through tlaek of taxes on air transport fuels.

¢ Innovative measures in the transport sector include "greening” car taxation by linking
components to COemissions, improving existing car labels combined with easily
accessible webased information for comparing tlemergetic performance of cars,
introducing innovative satellitbased toll systems for trucks and perhaps for cars, too,
in the future, as well as measures under White Certificate Schemes. Innovative
information campaigns aim to promote mobility management

Households
e Policy measures on subsidies, -tdeductions and information have a short lifetime;

standards, taxes and labels have a much longer lifetime

¢ Relatively few policy measures focus on daily energy use; most measures aim at the
investments irefficient systems or appliances.

e The compliance of national policy measures with-ditéctives, such EPBD, boiler
standards and Labels, is generally good, taking into account the lag in transposing EU
policy into national measures.

e Standards and finarat support have the highest impact; policy measures on
information/education have on average the lowest impact.

¢ Innovative policy measures have been selected, based on criteria such as effectiveness,
energypoverty alleviation, influencing energy consption itself, healthier indoor
climate, limiting acidification, increasing security of supply and link with Rgdcy.

Services

e The total number of policy measures in¥€btuntries has increased more than eight
fold since 1990.

e Policy measures on ssiblies and information have a short lifetime; standards, taxes
and labels have a much longer lifetime.

e The fraction of measures regarding standards has been quite stable.

e Overall few policy measures focus deliberately on the public sector.

e The coverag of targeted energy uses is good for new and existing buildings, sufficient
for boilers, but not good for appliances/lighting.
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Introduction

This report aims to monitor energy efficiency and policy trends at national and at overall EU
15 level. Notonly the effect of energy efficiency policy measures will be measured (e.g.
regulations, economic and fiscal incentives, information) from adtmmn perspective using
indicators, but also various other factors such as the impact of energy prices,ugrecatbf
other policieéwhich may contribute indirectly to increasing energy demand and the influence
of autonomous technical progress. The bottggmmonitoring of energy efficiency policies
and their impacts provides additional information on the moBtiexit policies in the
different demand sectors.

This analysis is based orhet ODYSSEE database of energy efficiency indicators
(www.odysseendicators.org), which has since developed into a referemcdltfe evaluation

and monitoring of annual energy efficiency performances and engeggd CQ emissions

for the EU15 as a whole, its Member States and Norway. The second tool used is the MURE
database on energy efficiency policies in the -E3J Member $&tes and Norway
(www.mure2.com), which is widely cited in the frame of policy impact evaluation. Both
databases are currently being extended to include the new EU Member States.

ODYSSEE encompasses various types of indicator, which can be classifidteifdtiowing
seven categories:

e Energy/CO2 intensities: relate the energy used in the economy or a sector to macro
economic variables (e.g. GDP, value added).

e Unit consumption/emissions: relate energy consumption/CO2 emissions to physical
indicators (urti consumption per ton of steel, per car or per dwelling); specific
consumption of vehicles, refrigerators, &

e Energy efficiency indices by sector and for the whole economy (ODEX) to evaluate
energy efficiency progress.

e Energy/CO2 savings: calculate the amibwf energy/CO2 saved through energy
efficiency improvements.

e Adjusted indicators to allow the comparison of indicators across countries
(adjustments for differences in climate, general price level, fuel mix, industry and
economic structuree).

e Benchmarkkrget indicators by sector to show the potential improvement based on
countries with the best performance (evaluation based on adjusted indicators).

e |Indicators of diffusion to monitor the market penetration of eneffigient
technologies (number of effent lamps sold, % of label A or A++ in new sales of

el ectrical appliancesé) and practices (%
non motorised modes; % of goods transport by rail, loybooed raitroad transport, %
of efficient processes in indugte ) , as w easelreneavable®(humieenaod solar

water heaters, % of wood boilers for heating, % of biofuels). These indicators are
easier to monitor and can be updated more quickly than energy efficiency indicators
that depend on the availability data on endise consumption.

® For instance policies linked to transpimfrastructure, land use planning etc.
* ODYSSEE initially covered the EW5 countries and Norway. Indicators for the new Member States and
Bulgaria have recently been added to the ODYSSEE database in an ongoepngjEHE called EEENMC.
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Energy efficiency indices(ODEX indicators) are the most recent type of indicator to be
introduced into ODYSSEE and are quite innovative in nature compared to similar indices.
They aggregate trends in the different unit congtions by susector or endise into one

index by sector based on the weight of each-sadbor/eneuse in the total energy
consumption of the sector. These indices are an alternative to the energy intensities usually
used to assess energy efficiencyrndes at the sectoral level or at the level of the whole
country because they are corrected for variodiiénces that are not linked to energy
efficiency, such as climate fluctuations, changes in economic and industry structures, lifestyle
changes (incre® in dwelling size, @liance ownership). They can easily be expressed as
amounts of energy savings (e.g. Mtoe or PJ saved/year).

Indicators such as those developed in the ODYSSEE database for tB6 Ediintries,
Bulgaria and Norway, are now used aseference, both at the level of countries and at the
international level, as they make it possible to monitor trends in energy efficiency in a
harmonised way among countries. In particular they are increasingly used as a reference by the
European Commissivas well as by several intetional organisations:

e DG-TREN: The Commission has made explicit reference to the ODEX indicators in
the Energy Service Directive as a way of contributing to monitoring the Directive in a
socal | eedoviin @ pappr o@Xdatabasé (Eeergf Warket Observatory)
includes about 20 indicators from ODYSSEE.

e DG-ENV has also taken into account the experiences gained with ODYSSEE
indicators when designing its own indicators for GHG monitoring and is also
considering using some OIBSEE data and indicators for monitoring the
demonstrable progress in GHG abatement within its climate change task force.

e EUROSTAT has also referred to ODYSSEE indicators when designing its own list of
priority indicators and regular cooperation takes @ldmetween Eurostat and
ODYSSEE in the form of exchanging data and harmonised methodologies. This
cooperation will be reinforced during monitoring of the ESD.

e EEA (European Environmental Agency): the TERM repades a data set and
indicators taken from thODYSSEE database every year; EEA also used ODYSSEE
indicators to prepare the fourth paropean environment assessment report as part of
the 'Environment for Europe' process in the framework of UNECE.

e JRC Ispra and IPTS are also using ODYSSEE datadifferent studies for the
Commission, including the reference system SRS for energy efficiency monitoring.

e |EA: ODYSSEE data are used by the IEA to construct their own indicators for
European countries.

e WEC (World Energy Council) and the Energy Chartecr8tariat regularly rely on
these indicators in publications and workshops.

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

The MURE database providemn overview of the most important energy efficiency
measures by sector as well as of crosautting energy efficiency policiesfor each of the
EU-15 Member States. The database focuses on desmd@cenergy efficiency measures
which will have an impact in the coming decade. The database excludeedon&&D
measures, measures to improve sugidle efficiency and measures focussing on greenhouse
gas reduction in general which do not have direct links to energy efficiency.

® TERM monitas indicators tracking transport and environment integration in the European Union.
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Information about these measures is collected by national energy agencies according to
harmonised guidelines which have been established centrally. The measures are classified
according to a detailed set of parameters which make it possible to retrieve various types of
information (detailed measure typology, starting and ending dates, ganget, actors, status

- completed/ongoing/planned etc). The measures are summarised in detailed descriptions
which, as far as available, also contain information concerning the results of measure
evaluations and the methodology used for the evaluatibesel descriptions also contain
specific information on thquantitative impacts of the measuresn terms of energy savings
and/or CQ savings. The quantitative impact evaluations (which so far are only available for
some measures given the lack of genenglasure evaluation at the national level) are
complemented by semguantitative impact estimates for most of the measures provided

by national experts from the energy agencies in the ODYSSHBRE network. This
information contributes to understanding thepact of the measures at least in some semi
quantitative categories (high impact, medium impact, low impact) which are linked to the
energy or electricity consumption of the sector through a percentag€.rahgee semi
guantitative estimates are usedeimluate the overall impact of a larger set of measures for
which fully 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 th originally defined bands of savings. This type of seuantitative
evaluation can certainly still be termed a very crude approach compared with a fully
guantitative evaluation, but it does provide useful information for screening the measures in
the fom of measure maps and a first order estimate of the quantitative impact of the
measures.

The MURE database is complemented by a measure simulation tool which is currently used
by the EU Commission as an aid to assess saving potentials when evaluatiagidchel
Energy Efficiency Action Plans to be submitted this year.

In the framework of the Directive for Energy Efficiency and Energy Services, the MURE
database could provide the following important services:

e Structuring the format for reportingmeasuresin the frame of the three National
Energy Efficiency Action Plans to be submitted to the Commission by the EU Member
States, the first of which is due in June 2007. This would allow a harmonised
presentation of the measures taken by the Member Statmsleinto accomplish such
a task, the MURE database would have to adapt its structures to the reporting
requirements as these emerge from the ongoing discussion.

e Presenting the measureby country in an easily accessible waythe Internet.

e Presentingdetailed information on measure evaluation This is already a strong
point in the MURE database but this type of information might also need further
structuring in view of ongoing work on the development of evaluation methodologies
such as that being done inet Intelligent Energy for Europe projeevaluation and
Monitoring for the EU Directive on Energy Exude Efficiency and Energy Services
(EMEEES)

e Presentingneasure mapsi.e. showing which measures are the most important ones
for reaching the targets tife Energy Efficiency Directive.

® These ratings represent different ranges of energy savings, expressed as a percentage of the total consumption in
the sector regarded. Low is given fe@A% of total ug, medium for 0.20.5% and high for >0.5%. For instance,

the qualitative 1impact Amedi umd for a subsidy schem
estimated at about 0.3% of total fuel use.
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In its present form the MURE database on energy efficiency measures is unique. There are
other measure databases such as the IEA Energy Efficiency Policies and Measures database
(http://www.iea.org/textbase/effi/index.adm)t this is nowhere near as comprehensive as the
MURE database for European countries (for example, the IEA database has around 85 entries
across all sectors for the E1b countries compared to 850 in MURE; the measure description

is limited to the titlewhile MURE often has detailed information on the contents of the
measure and its evaluation which are useful for comparative analyses). The present semi
guantitative and quantitative form of the analyses carried out with this database is also unique.
Suchan exercise is also regularly conducted by certain EU Member States to evaluate past
and future policies (e.g. Germany evaluates all its existing and planned measures directed
towards reducing greenhouse gases every three years in a "Policy Scenariséexerc

This work contributes to the growing need for quantitative monitoring and evaluation of the
impacts of energy policies and measures. Indeed, quantitative targets are now systematically
set when defining energy/climate change policy, both at theri@latnational level, in terms

of rates of energy efficiency improvement, market share of renewables and CHP (combined
heat and power generation) and level of greenhouse gas abatement. These include the
corresponding obligation to report on the progressacfons carried out or the results
achieved, e.g. in

e The Energy Service Directive (reporting on the energy efficiency progress achieved
using indicators; evaluation of single measures taken under the Service Directive).

e National and EU Monitoring Reportgsnder the EU monitoring scheme (Council
Decision 280/2004/EC concerning a mechanism for monitoring @@ other
greenhouse gas emissions).

e The European Climate Change Programme, proposing detailed policies and measures
to meet the EU Kyoto target of 8%drection in greenhouse gases emissions.

e National reporting of Member States on climate change measures under the EU burden
sharing agreement and for national targets; and

¢ National Communications to the UNFCCC (EU and Member States).

The first part of thigpaper is dedicated to a tolewn approach dealing with energy efficiency
indicators. All the sectors are covered including energy transformation: overall trends
(Chapter 1), industry (Chapter 2), transport (Chapter 3), households (Chapter 4), services
(Chepter 5) and transformation (Chapter 6). Both aggregated and detailed indicators are
presented for 1990 to 2004 as well as the driving forces behind the trends. In general,
developments are presented at-EbJlevel and complemented with country comparisons.
Energyrelated CQ indicators round off the analysis, although these are presented in less
detail. Conclusions are drawn for each sector showing the main characteristics of energy
efficiency achievements in the sector in relation to energy efficiencgypiotiplementation

where relevant.

The second part of this paper analyses the developments in energy efficiency policies and
measures in the EWS countries from a bottomp perspective. This second part takes a
sectoral approach to the policies and inelida discussion of important crassgting
measures. The analysis of the energy efficiency policies and measures proceeds along the
following lines for each of the demand sectors:
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e Analysis of patterns and dynamics of energy efficiency measures over. tirhes
highlights the most important types of measures used in each sector and how their
importance may shift over time.

e Analysis of high impact energy efficiency measuré&is is the set of measures for
each sector which will probably have the largest impacenergy efficiency in a given
sector and a given country. The importance of the measures is established through the
semiquantitative impact analysis mentioned earlier.

e Analysis of innovative energy efficiency measuresnovative measures are not
neessarily high impact measures when first applied, although it can be expected that
their influence on energy efficiency will be considerable when they achieve a broader
application. Furthermore, innovation in this context does not necessarily implyahat th
measure has not already existed for some time in a different form: for example, the
taxation of the purchase and use of cars has been around for a long time, but only
recently has there been more interest in designing this to reflect environmental or
enggy efficiency concerns.

The conclusions drawn from this type of analysis help to obtain a better understanding of the

shortfalls of currently applied measures and how these might be developed to bring the
Directive on Energy Efficiency and Energy Sergite life during the decade to come.
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1. Overall energy efficiency trends

1.1. Energy consumption and CQ emissions trends
Rapid growth in primary and final energy consumption between 1993 and 2000

The primary and final energy consumption increased abappately the same rate between
1990 and 2004 (1 %lyear on average) in thelbUFigure 1-1) and amounted to around
1500 Mtoe and 1000 Mtoe, respectively. However, the period-2008 was characterized by
fastergrowth in energy consumption (1%/year) driven by a steady and rapid expansion of
the economy (2.%/year for the GDP and 2%/year for industry). This followed three years

of low economic growth between 1990 and 1993 %0/gear). Since 2000, there shance

again been a net slowdown in economic activity and, in addition, an increase in the energy
prices on the international marketa/hich has resulted in a lower progression of energy use.
Electricity demand underwent a more rapid progression of a@@bigiear on average.

Figure 1-1:  Energy consumptiorf and GDP in the EU15

% / year

1990-93 1993-00 2000-04 1990-04
O GDP m Primary energy consumption M Electricity consumption

Buildings (households and service sector) absorto 38 the final energy consumption. The
share of services is increasing, lwitery rapid growth since 2000 (almos¥dyear). Energy
use in transport rose the fastest over the period-200@ (around Zb6/year) but has been
slowing down since 2000 (1%/year): its share in final consumption increased frorf%24
1990 to 326 in 2004. In contrast, the share of industry has fallen from 30 t%0.28
Agriculture contributes only %b.

" Crude oil price (Brent) was 30$/bl on average i pleriod 2002005 compared to 17$ between 1990 and

2000.

8 Source of data: elaboration Enerdata from Eurostat; energy consumption under normal climate conditions, i.e.
with climatic corrections, excludingon-energy uses, which are not affected by eneffjgiency issues.
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1.2. Trends in primary and final energy intensities

In the EU-15 as a whole and in 6 countries in particular, the primary energy intensity
has decreased dster (or increased slower) than the final intensity because of energy
efficiency gains in electricity generation

Over the period 1990004, the primary energy intensity decreased faster on avérage
increased slowerthan the final energy intensity isix countries (Ireland, the Netherlands,
Italy, Austria, Portugal and Spain) as well as in thelBUJas a wholeRigure 1-2). This
tendency results from an overall improvement in the efficiency of power plakegllio the
rapid penetration of gasombined cycles, cogeneration and wind. For 4 countries, the
variation is about the same (Luxembourg, Denmark, Belgium, Germany).

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

For 5 countries (Greece, the UK, France, Finland, Sweden and Norway), the final energy
intensity decreases faster than the primary energy intensity: this means that increasing losses
in energy transformation &fét part of the reduction in the final energy intensity. These higher
losses may come from more rapid growth in electricity consumption for finabissrg
(compared to fossil fuels), which results in increased losses in the electricity, saotibor
changes in the electricity generation mix (towards less efficient technologies, such as nuclear).
This phenomenon is particularly apparent in Norway, France and Greece, where about half of
the final energy intensity decrease "disappears” at the level of rgrien@rgy intensity: in
France, this is due to the increasing role of nuclear (from 36 & 43 the primary
consumption); in Greece due to the increased penetration of electricity (from 13%p 20
which is produced from lignite with low efficiency; inovay to increasing losses in oil and

gas production and processing.

Figure 1-2:  Variation of energy intensities in the EUJ15 countries and Norway®
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° If electricity is produced by nuclear or thermal power plants, there are significant losses in electricity generation
that are accounted for in the transformation sector (losses %f 8 nuclear and between 65 and%0on
averagedr conventional thermal power plants)

9 Under normal climate conditions (192004)

25



Energy intensities need to be adjusted before any comipson

The amount of energy required to generate one Euro of GDP varies quite a lot from one
country to another. In order to make a more realistic comparison, the final energy intensity
needs to be corrected to account for these national characteribties.types of adjustments
are 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 andfinallyyadj ust ment in the fAeconomic structut
nature of the economic and industrial activities of the countries concerned.

Figure 1-3 summarises the results of all the adjustments amdsridne countries according the
value of their adjusted intensities. For countries with colder climates {ee Scandinavian
countries), with energintensive industrial activities (g. Finland and Greece), or with low
general price levels (g. Portigal, Greece or Spain), the adjusted value is below the observed
intensity. For Finland and Portugal, with respective energy intensities @ 8ad 40%

higher than the average, the adjustments significantly decrease their intensity level and bring
them nore in line with the other countries. For Italy, which is close to the EU average, the
adjustments reveal that its performance is better than implied by the initial figure.

For most other countries (9 out of 16), the adjustments have the reversereffextraase the
intensity:

e For a first group of countries with an intensity level below that of theleUthe
adjustments show that in fact they require more energy per unit of GDP than indicated
by the observed intensity (Denmark, the UK, Ireland, Norwkyance and
Germany?).

e For a second group with an already higher than average intensity, the adjustments
make them look slightly more energyensive (e.g. Belgium, Sweden and the
Netherlands).

Figure 1-3:  Adjusted final energy intensities (EUJ15=100)(2004)

Italy
Denmark
Germany

UK

EU15
France
Austra
Norway
Sweden
Spain
Greece
Ireland
Netherlands
Portugal
Belgium
Finland
Luxembourg

M actual mat ppp, structure & climate

1 Before the adjustment, Denmark, the UK, Ireland, Norway, France and Germany have respective final energy
intensities of 236, 18%, 14%, 12%, 4% and 3% lower than thé&U-15.
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Energy intensities assess global energy productivity and not energy efficiency
performance from a technical viewpoint

The final energy intensity at constant structure, although adjusted for thenicdl of changes
in the structure of economic and industrial activities, is not sufficient to assess the results of
policy measures dedicated to energy efficiency. Indeed, three factors influence this intensity:
- Spread of energgfficient technologies ahequipment, behaviour and practices.
- Energy substitutions in favour of energies with high-aad efficiency (e.g. district
heating, natural gas or electricity);
- Economic and social changes not captured in the GDP structure:
¢ in the mix between transgomodes: substitution between cars and public
urban transport modes in passenger traffic, or between road and rail goods
transportation;
e 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, changes
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 (@redi t i oni ng, PCb6seé) .

These factors usually have contradictory influences on energy intensities: the first two factors
contribute to curbing final energy intensities at constant structure, whereas the final factor
often tends to increase these intensitédispther things being equal. The contribution of the
last factor is all the more significant if the country is less developed: it probably plays a
decisive role in Southern European countries. In order to clarify the role of ertatpd
factors (i.e.energy efficiency and energy substitutions) and better assess the actual results of
energy efficiency policy measures, specditergy efficiency indicatorgxpressed as indices,
havebeen developed in ODYSSEE to measure the achievements observecduatltioé the

main enduses and appliances, the-called i O D EBXThis index aggregates the trends
revealed by the detailed bottemp indicators (in endise and equipment) in a single indicator.

It provides an alternative indicator for energy intensitiesiu@try and transport) or unit
consumption (per dwelling for households) to describe the overall trends by BeotdrY).

Box 1-1: ODEX: the ODYSSEE energy efficiencyndex

In ODYSSEE, various indicators of unit consumption are calculated to depict the changes in energy
efficiency at a detailed level by sislector (enelises or transport mode). ODEX indicators aggregate
subsector trends in a single indicator by magctor (industry, households, transport and services)
and for the economy as a whole. They aeulated from the unit consumption indidassubsector

based on the weight of each ssdctor in the total energy consumption of the séctas indices are

used, it is possible tambine different unitfor unit consumption to provide the best proxy of energy
efficiency, e.g. toe/dwelling, koe/fy or kWh/appliancefor households. A decrease in the index
means an energy efficiency improverménPresently, abut 30 indicators are used in ODYSSEE
(RODEX M 00)

YEnergy efficiency gains are measured in relation to
(e.g. 1990) to avoid having results influenced by the situation in the base year.

13 A value of 85 in 2004, for instance, means @4 &ficiency improvement compared to the base year (1990)

4 Up to 7 modes in transport, 9 endes for households, 11 branches in industry, and -Lismih services. This

covers around 80% of the final energy consumption.
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1.3. Energy efficiency progress in the EUL5

Energy efficiency in the EU15 improved by about 11% between 1990 and 2004,
corresponding to 100 Mtoe energy savings in 2004

Energy efficiency policies and memss implemented since 1990 as well as autonomous
technological progress have contributed to improving the energy efficiency of #i® By
0.9%l/year on average between 1990 and AGW0gure 1-4). Without these mergy efficiency
gains, the final energy consumption of the-E&Jwould have been b higher in 2004. This

represents energy savings of around W@0e for the EU15.

Industry is the sector which achieved the largest energy efficiency improvement, with a
regular energy efficiency gain of 1%/year on average between 1990 and 2001 followed by a
subsequent slowdown (to O/&/year). Industry is 12 more energefficient than it was in
1990. For households, no progress is observed from 1995 to 2000 ¢timprovement
since 19907. In transport, the progression is modest but reguls:edficiency improvement.

Figure 1-4:  Energy efficiency progress in the EUL5"

80

& PSP E PSP E ST

——jindustry —+transpot -+ households -= totd

Compared to pure botteop evaluations, reergy efficiency gains measured in ODYSSEE
have a broader scope as they include all sources of energy efficiency improvements, whatever
their driving factor: policy measures, price changes, autonomous technical progress or other
market forces; in other wds, ODEX measures total energy savings.

!> This result is surprising, as tieehas been construction of efficient new buildings over the period. However,
there was more construction in countries with lower efficiency standards; at constant structure (i.e. constant
distribution of construction among E1b countries, there was anpnevement of 3% between 1995 and 2000

for new dwellings in the EX15 as a whole; at actual structure there is a trend towards poorer performances
(increase of the average specific consumption of new dwellings of 14% for ti& &a whole)

® ODEX is calulated as a 3 years moving average to avoid ghort fluctuations (imperfect climatic
corrections, behavioural factors, business cycles) é.
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For most countries, the improvement in energy efficiency was aroufd ibOthe period
19902004, with 9 countries in a range from 10 to%%Figure 1-5).

Figure 1-5: Energy efficiency progress in EU15 countries and Norway’

2047
151"

% 104"

1990-2004
o Italy W Spain D Finland mSweden mBelgium
mNetherlands m EU-15 mPortugal Norway m UK
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The ODEX variation can be expressed as yearly variation in order to measure the annual
progress in energy efficiency. In most countries, the ratearfygrefficiency improvement (or

rate of energy savings) is belowdyear; in almost all countries, there has been a slowdown

in energy efficiency progress since 206@y(re 1-6).

Figure 1-6: Energy efficiency progress in EUJ15 countries and Norway(%/year)
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About 100 Mtoe cumulated energy savings since 1990

" Forlreland and Luxembourg, the results are not shown since the values obtained are not relevant. They are
influenced by large structural changes in industry that cannot be fully accounted for.
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Energy savings can be directly derived from the ODEX indicator since this also represents the
ratio betwea energy consumption and a fictive consumption that would have occurred
without the saving& In 2004, the cumulated energy savings widf@Mtoe for the EU15 as

a whole; this is equivalent tbl % of the final energy consumption that year. In other words
without energy savings, final energy consumption would have been 100 Mtoe higher in 2004.
Energy savings since 1990 are more or less evenly distributed among $egtoes 1-7).

Figure 1-7: Energy savings in the EU15*
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1.4. CO,indicators®

Total CQ emissions from energy use werédbabove their 1990 level in 2004. After
dropping until 1994, they have increased steadily since thefo@ear on average). Over the
period 19962004, CQ emissions from energy use have risen much slower than the rise in
economic activity: almost six times less (5 times less for the emissions of final consumers).

Almost half the reduction in CO; intensity is due to increased use of engy carriers with
lower emission factors

Total CQOemi ssi ons per uni nt ef siGtDyqa, tdecrfie@G e d
energy intensity: by 1.% /year and 0.9 /year, respectively, on average between 1990 and

2004 Figure 1.16. This gap is du#o switching to energy with lower G@missions factors:

the average emission factor of one toe decreased By @Qer the period from 2.35 to
2.12tCOy/toe. In other words, the energy used tended to contain less and less carbon; this
phenomenonisusugll r ef erred to as the fAdecarboni sat.
explain almost half the reduction in the total Q@ensity (45%), the rest (55%) is linked to

the reduction in energy intensity.

8 If for instancethe energyconsumption is equal to 50 Mtoe and ODEX = 80, the energy savings can be
calculated as follows =50* ((100/8Q) = 12.5 Mtoe.

19 Energy savingsni services have not been accounted for due to data limitations.

? This section deals with G@missions from energy combustion. The indicators are not expressed under normal
climate conditions (ie. with climate corrections) to comply with the officiafthition of CQ, inventories. CQ
emissions of final consumers include the emissions of auto producers.
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1.5. Conclusions

e The energy efficiency of final consumermproved by 126 on average in the EWL5
between 1990 and 2004. This resulted in energy savings of about 100 Mtoe. The performances
achieved by the various countries range from 4 t&20

e Energy efficiency improvements, for the El% as a whole, as meaesd with ODEX,
seemed to be below the ESD target for many countries; however, the definitions of energy
savings are not directly comparable.

¢ In most countries and sectors, there has been a slowdown in energy efficiency progress
since 2000, which is paytexplained by the slower economic growth (business cycle effect).

e The decoupling between energy use and economic activity is continuing: since 1990,
energy consumption has been growing at almost half the rate of the GDP.

e Structural changes in the ecomp had a marginal influence on the energy intensity
reduction of final consumers and explain abou¥d df this reduction from 1990 to 2004.

e CO, emissions are slightly above their 1990 level: they have increased almost six times

less rapidly than the GDPetween 1990 and 2004. Almost half this reduction is due to fuel
substitutes with lower emission factors.
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2. Energy efficiency trends in industry

2.1. Energy use pattern

In 2004 the industrial sector consumed aroun&23f the energy used by final consumiers

the EU15 (279 Mtoe), of which 9% was in manufacturiig Industry is the sector with the
slowest progression in energy consumption; as a result, its share in final energy consumption
has been falling (minus 3 points between 1990 and 2004). In sewetnies(Greece, the UK,
Ireland, Germany, Luxembourg, Portugal, and Belgjum@ drop in the importance of the
sector has been quite significant (minus 5 points on average

There has only been a slight reduction in the significance of energytensive branches
for the energy consumption of industry due to strong growth in pulp and paper industry

Steel and chemicals are the largest energy consuming industrial branches: together they made
up 36% of total manufacturing industry energy consumption@84in the EU15 (42% in

1990) (Figure 2-1). With the other energyitensive branches (cement, glass/ceramics and
pulp and paper), their total share in energy consumption reach®&d 62004 (66% in

1990). The dcreasing role of steel and chemicals has been partly offset by the strong growth
in the paper industry from 9 to 22 of industrial consumptioniThe energy consumption of

most industrial branches has decreased in absolute terms, except for twoirdeesyye
branches (paper and glass & ceramics), food and others.

Figure 2-1:  Energy consumption trends by industrial branch in the EU15
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21 Industrial energy consumption includes the manufacturing industry, construction aethergy mining; it
excludes the energy used for pemergy use (e.g. gas or naphtha used as feedstock in the petrochemical
industry). The share is calculated in relation to the final consumption for energy uses under normal climate
conditions.
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2.2. Trends in manufacturing energy intensities

Since 2000, the reductio in the energy intensity of manufacturing industry has slowed
down

Industrial energy consumptiérincreased less rapidly than the value added over the period
19932004 in the EUL5 as a whole (respectively by Payear and 1.86/year, which
correspondgo an elasticity around %, showing that energy consumption and growth are
decoupled. As a result, the energy intensity of manufacturing industry decreased by
0.9%l/year over the period 192004 for the EUL5 (Figure 2-2). It only increased in two
countries: Spain and Italy. After 2000, the reduction is much slowef4§dar for the EU

15), and there was even a reversed trend (i.e. an increase of this intensity) observable in some
countries (e.g. the Netherlds, Portugal, Denmark and Luxembourg) and a more rapid
increase in Spain and ltaly. To a large degree, this recent trend is due to the influence of the
economic downturn (se&ox 2-1 on the impact of business cys)e

Figure 2-2:  Trends in the energy intensities of manufacturing industry in the EU15
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Box 2-1: Business cycles strongly influence shoterm energy intensty variations

The energy intensity of industry tends to decrease more with high industrial growth, and to decrease
less (or even increase) in the reverse situation. This observation, which has already been made for the
overall energy intensity of the GDIB,even more significant in the case of industry. In industry, most

of the energy used is not proportional to the production level. First of all, process energy does not
decrease proportionally to the activity as the efficiency of equipment drops ifdt igsed at full
capacity. Secondly, the energy that is not consumed by the process involved (e.g. for heating and
lighting premises) is independent of the production level. If production declines, only the former part
of consumption decreases, but naigmrtionally, whereas the first share remains constant: as a result,
the energy consumed per unit of production tends to incfease

%2 Throughout this chapter, energy is given in final energy terms, whiinsnthat the fuels used for the self
generation of electricity are not accounted for in industrial energy consumption.

% The elasticity of the energy consumption to the value added measures the ratio of their annual growth rate.
4 There was a recession ihe period 1901993: the value added decreased by%/5/ear and the energy
consumption by 2.46/ year. As this period is exceptional, it will not be considered in the analysis.

% As a rule of thumb one could say that each percentage point of growd@sedn industrial value added
implies a similar shofterm decrease/increase in industrial final energy intensity.
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Most individual branches show a similar development to the overall energy intensitg, i.
declining trend FKigure 2-3). However, three of them (textiles/leather, food and
pulp/paper/printing) actually increased their energy intensity throughout the period 1990
2004. For the textile industry, this is linked to the dramatic decreasalue added over the
decade while energy consumption was not reduced proportionally. In the pulp, paper and
printing industry, the increase in the energy intensity may be linked to a strong rise in more
energyintensive pulp and paper production methdss.the branches with decreasing energy
intensity throughout the 90s, the trend megersed since 200Qvith the eception of the
metals. The strong decline in chemicals before 2000 may be dieittural changes within

the branch, with a shift from hey to light chemicals (e.g. cosmetics, pharmaceuttéals)

Figure 2-3:  Trends in final energy intensities of manufacturing branches in the Et15
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Industrial branches do not have the same energy inteRsitlyary metals and non metallic
minerals required for instance 25 and 15 times more energy to produce one unit of value
added than the equipment branch, which was the least ene&rggive branch in 2004;
chemicals and paper are 6 and 5 times more interiban equipment, respectivelyigure

2-4).

Figure 2-4:  Relative values of energy intensities in manufacturirig (EU-15)
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%6 However, due to a lack of differentiated data breaking down the consumption of chemicals by type of product,
it is not possible to meaithe impact of intrdoranch structural changes.
%" Relative values calculated taking 1 for equipment
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Changes in the structure of manufacturinghave been significant in some countries

In the EU15, the structure of manufacturing value added only changed slightly since 1993,
with a small progression in the equipment brdh@@nom 42 to 44%) and chemicals (from

9% to 11%), compensated by a sligfeduction in the role of food, paper, and foatallic
minerals (aboutl point each) and textiles3( points) Figure 2-5). However, in some
countries, these changes were significant, with a strong progre$gqoipment in Portugal,
Finland and Sweden and a rapid progression of chemicals in Ireland. In some countries, there
was an increase in the contribution of endrggnsive branches, such as in Greece and Spain
(non metallic minerals and paper).

Figure 2-5: Changes in the value added structure in the manufacturing industry
(19932004) (EU15y°
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2 Equipment includes the production of fabricated metals, machinery and equipment.

9 This graph shows the variation in the share of each branch int#heatie added of manufacturing industry: a

value of +5% for instance for equipment indicates that the share of equipment increased by 5 points (e.g. from
42 to 47% of the total). The sum of the variation is by definition equal to 0, as the totaustrigtequal to

100%; therefore the bars are symmetrical along the horizontal axis. The larger the bars, the greater the structural
changes.
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Changes in industry structure towards less energintensive branches contributed to
reducing the industrial energy intensity in most countries; little effect at EU15 level

Because of the very different levels of energy intensity among the industrial branches, any
structural changes reducing the share of enmtgysive branches (e.g. metal and hon
metallic mirerals) in the total value added will reduce the average energy intensity of
manufacturing, all things being equal (and vice versa).

Comparing the variation in the observed energy intensity of the manufacturing industry with
the final intensity at constarstructuré® of manufacturing shows the influence of the
structural changes already described: the greater these structural changes, the wider the gap
between these two intensities. In the-E&Jas a whole, there is no effect of structural changes

on the maufacturing energy intensityigure 2-6).

In most countries, a shift towards less enanggnsive branches contributed to decreasing the
energy intensity of manufacturing. The impact of these structural chavagegarticularly
marked in Ireland, Sweden and Norway, where they were responsible for most of the
reduction, as well as iRrance, Finland and Germany, where they account for about one third
of this reductionin Greece, the Netherlands and, to a lessiemng Italy and the UK, a higher
share of energintensive branches had the opposite effect and lessened the energy intensity
reduction. There was also a shift towards enémtgnsive industry in Spain, which explains

part of the intensity increase here.

Figure 2-6: Impact of structural changes in industry on the energy intensit§} (EU-15)
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2.3. Overall energy efficiency trends

Energy efficiency has improved by 126 in manufacturing industry. Chemicals, metals
and cement contributed most strongly. Slowdown since 2001

Energyefficiencyimproved by 126 in manufacturing industry in the ELB over the period
1990620047 (Figure 2-7). The unit energy consumption of almobttmanches decreased with
quite diverse trends across the branches: chemid@l84), steel {20 %), cement{13 %) and
paper {6 %).

Structural change has been eliminated to a large degree but some structural changes within

branches are still preserds they cannot be completely removed due to a lack of
disaggregatioti.

Figure 2-7:  Energy efficiency index in manufacturing industry (EU-15)
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% Energy efficiency progress is measured with ODEX that is calculated from the unit energy consumption
indices of individual branche4 1 branches)Unit consumptions are expressed in toe per ton produced for steel,
cement, and paper and in toe per unit of production index for other branches. l@itEXreflects the energy
efficiency development than the energy intensity, even cleanestrfaitural changes, as it relies on physical
indicators.

*In chemicals, the strong decrease in the index may also reflect internal structural change towards less energy
intensive products, as it is unlikely that the efficiency of the erietgnsive proesses would rise by nearly

40 % within one decade. For steel, the variation of the index includes structural change within the sector from
oxygen steel to the electric arc process, which may be considered an energy efficiency improvement. For cement,
as dscussed later, variation in the energy consumption per ton of cement includes changes in the process mix,
from the wet to the dry cement process (however, this shift is now completed to a large extent), as well as the
increasing use of clinker additives.
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Energy efficiency improved unevenly across the countries, tygally by 1-1.5% per year.

Among EU15 countries, energy efficiency improvements are quite disparate for energy
intensive branches: steel reduced its unit consumption @ 2t average for the period
19902004, with a range of 2P0 % for most countriespaper by 8 (range of 50 %) and
cement by 136 (range of 1@5%) (Figure 2-8). These trends may partially reflect the
impacts of voluntary agreements signed with industrial trade associations in sevetasoun
(e.g. Germany, France, the Netherlands, and Finland).

Figure 2-8: Trends in unit energy consumption for steel, cement and paper (EW5)*
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Energy efficiency improved unevenly across the countriescdilpiby 1:1.5% per year
(Figure 2-9). Five countriesshowed no reduction at alir very limited energy efficiency
gains. There has been a slowdown since 2000 in most countries and at1bdey@l, partly
due b the economic downturn (s8®x 2-1). However, there has also been an acceleration in
4 countries (the Netherlands, Greece, Belgium and the UK)

Figure 2-9:  Energy efficiency trends in manufacturing industry in EU-15 countries
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2.4. Comparison of energy efficiency performance in some energy
intensive industries

Comparisons of the unit energy consumption of industrial branches have to take into account
the specificitis of production process before any conclusion can be drawn as to the relative
energy efficiency performance of countries, as will be shown below for steel, cement and

paper.
The unit energy consumption per tonne of steel depends on the process mix

There are two main processes to produce steel with very different energy requirements: the
oxygen process which uses pig iron produced in a blast furnace as input and electric steel
making in which iron scraps are melted in an electric furnace. The oxygesspnarjuires 2

to 3 times more energy than the electric prote3sierefore, when comparing the average
energy consumption per ton of crude steel among countries, it is important to take into
account how the steel is produced, in other words the reldtare sf the two processes, i.e.

t he A pr o digwes2-10ndompares the unit consumption of steel in the-15U
countries, showing the share of electric steel in total crude steel production. The vertical
distane from the benchmark (shown by a red line), which is based on the best available
performance, shows the technological improvement possible at the given process mix of the
country. The arrow to the-axis which represents 100 electric arc shows the poteit
theoretically open to process substitution. In reality, this might be more restricted due to the
limited substitution possible between oxygen steel and electric steel.

Figure 2-10: Unit consumption of seel: targets of energy efficiency improvements
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% The difference in energy inputs depends on whether we consider final energy or primary energy requirements.
The electric process uses mainly electricity; the oxygen process relies mainly on coke. Therefore the results
the comparison will depend on the way electricity is converted in toe. In the Figure, the conversion is made in
final energy terms on the basis of the calorific value of electricity.
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The energy performance of pulp and paper depends on the production of pulp

Unit energy consumption in the pulp and paper industry is very different amorith EU
countries: it varies by a factor @fto 3 from a minimum between 0.2 and 0.3 toe per ton of
paper to a maximum between 0.6 and 0.7 toeRajufe 2-11).

Figure 2-11: Unit energy consumption in thepulp and paper industry (EU-15)
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To explain such differences, it is necessary to take into account how the paper is produced.
Paper is produced from raw pulp or from recycled paper. Pulp production is-amerggive.

The pulp used in a given country mag produced in the country or imported from other
countries. If it is imported, this means that the energy consumption for the pulp production has
taken place in the exporting countries (in particular Sweden, Finland, or Norway). Therefore,
the energy pedrmance of the paper industry of a given country is linked to the share of pulp
produced in the country in relation to the paper production: the higher this ratio, the higher the
unit consumption as shown iRigure 2-12. Energy efficiency performance can only be
benchmarked among countries with a similar ratio of pulp/paper production.

Figure 2-12: Pulp and paper industry: targets of energy efficiency improvements (04)
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For cement, comparisons of energy efficiency are more relevant if made for clinker

Cement production is very energyensive. However, most of the energy consumption occurs
during the fabrication of clinker in high temperature kilns, and notrfmiyring cement itself

which consists of grinding clinker with additives (e.g. ashes). Therefore, differences between
countries in the average energy consumption per ton of cement, as sheiguré2-13, not

only reflect different levels of energy efficiency, but also differences in the composition of
cement (% of additives) and the share of clinker produced in the country. In the same way, the
fall in this unit consumption observed between 1990 and 2004 mayrefieitt increased
imports of clinker and more additives in cenient

Figure 2-13: Unit energy consumption in the cement industry (ELL5)
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In other words, benchmarking energy performance in the cement inghstnyd be made

based on clinker production as shown kigure 2-14. For clinker, there may still be
differences due to the process mix (wet versus dry process), although the wet process has been
almost completelphased oiit

Figure 2-14: Benchmarking of unit energy consumption for clinker (2004) (EU15)
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% Because of differences in energy prices, there is a trend tosedraports of clinker.

%" The data for Spain and Sweden are not showroasonventional fuels are not accounted for; as a result, their
average unit energy consumption is below the world's best practicecddeantional fuels make up 1/3 of the
total corsumption in France and 40 in Germany.
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2.5. CO, emissions
Large CO;savings in industry; 60% from fuel substitutions

Direct emissions from the industicombustion of fossil fuels (oil, natural gas and coal)
made up 1P6 of total CQ emissions from energy use in the #85 in 2004%, down from

20% in 1990. This is much smaller than the share of this sector in the final energy
consumption (2%6), even mog so since emissions from the combustion of fuels used for
self-generation of electricity are included in this figure, whereas the consumption of these
fuels is excluded from the final energy consumption of industry. This remarkable position of
industry intotal CQ emissions is due to the fact that £€missions of industry were%

below their 1990 level in 2004: this corresponds to a reduction dMt5Z0,*. This was
achieved despite a 26 increase in the value added of industry. This reduction iretted of
emissions was made possible by significant €&¥ings from fuel switching, accounting for
60 % of total savings (1161t CO,) and from energy efficiency improvements accounting for
40% (73Mt CO,) (Figure 2-15). It is too early to see the impact of the Emission Trading
Directive that came into effect in 2005.

Figure 2-15: Variations in CO, emissions from industry in the EU15
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% |f indirect emissions are also included (i.e. emissions from the production of the electricity and heat used by
industry), the contribution of industry almost doubles ¥30
% Source EEA, 2006
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2.6. Conclusions

e Energy efficiemy in the manufacturing industry improved by %2in the EU15 as a
whole between 1990 and 2004.

e Energy efficiency improved unevenly across the countries, typicallylby % per year

e In general, the energy efficiency progress slowed down after 2008art due to the
economic downturn. In foucountries, there was the opposite effecg. ian acceleration in
energy efficiency progress (the Netherlands, Greece, Belgium and the UK)

e Structural changes in industry only made a minor contribution t@ataedreduction in the
energy intensity of industry in the E15 as whole, but had a significant impact in individual
countries, such as Ireland, Sweden and Norway, where they were responsible for most of the
reduction, and to a lesser extenfFiance, Filand and Germany

e CO, emissions were 1% below their 1990 level in 2004 despite a%6rowth in the
value added of the industrial sector over the period because of largsa@igs. Fuel
substitution accounted for 80 of the total savings.

e Comparingthe energy intensity of manufacturing industry is more relevant if intensities

are adjusted to the EIb average value added structure; the range between the 2 extremes is
reduced from a factor of 8 to a factor of 3.
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3. Energy efficiency trends in transport

3.1. Energy use patterns
Rapid growth until 1999 and a net slowdown afterwards

The energy consumption of the transport sector increased very rapidly between 1990 and 1999
in the EU15 (at about 1.%/year). Since then, there has been a net slowdownn@rou

09 %/year over the period 20#D05). As a result of this rapid growth, its share in final
energy consumption has now reached@th the EU15 as a whole (322 Mtoe in 2004), up

from 29% in 1990 (252 Mtoe). The weight of transport is even higher itaioecountries:

37% in the UK and Portugal, 3% in Spain and Ireland, 43 in Greece and 6% in
Luxembourg.

The slowdown in the growth in energy consumption is significant in some large countries:
there has been a decrease of consumption in Germamy2i00, stabilisation in France since
2001 and a slowdown in most other countiiEgure 3-1). This new trend is mainly the

result of the sharp increase in oil price in 2000 (¥8@ompared to 1999) exacerbated i
some countries by national measures (e.g. motor fuel tax increases in Germany and the UK,
enforcement of speed limits via speed meters in Framee$pain, in contrast, transport
energy demand in recent years has grown even faster than it did inlyn9eas.

Figure 3-1: Trends in the energy consumption of transport in the EUL5
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Rapid progression of air transport until 2000

Road transport represented ®&0of total transport consumption in 2004, dofvom 84% in

1990 Figure 3-2); domestic and international air transport increased frofo 2@ 14% of

the energy consumed by the sector over the period. Total transport consumption increased
rapidly at around 86 per annum between 1990 and 2000 until the crisis that struck the sector

in 2001. Rail and domestic water transport represented aro¥naf4otal transport energy

demand (with 2.36 and 1.%% respectively). Passenger transport represented about td® thi

of the total consumption and grew |l ess rapid
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Almost half of the consumption was for cars, but this share is in decline; 3@ for trucks

Cars account for about half of the total consumption of the sector and for abdutfgoad
transport consumption. The share of cars is declining448 2004 compared with 3% in

1990), whereas the share of road goods transport (trucks and light duty vehicles) is on the
increase (320 in 2004 against 2& in 1990).The consumption of dht duty vehicles has the

most rapid progression among road vehicles ¥@y8ear compared to 1%/year for cars).

The growth in energy consumption of heavy trucks remained stable over the peridd/(at 2
year) and did not slow down after 2000, as was#se for the other vehicles.

Figure 3-2. Consumption of transport by mode in the EU15
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3.2. Cars

A rapid drop in the specific consumption of new cars since 1995

In the EU15, the specific energy consumptiof new car8 remained fairly stable between

1990 and 1995(Figure 3-3). Between 1995 and 2004 there was a net reduction from 7.7 to
6.5 /200 km (from 8 to 7.2 1/100 km for new gasoline cars and from 6.7 #615@ km for

new diesel cars). Clearly, the Voluntary Agreements signed with three car manufacturers'
associations (ACEA, JAMA and KAMA) on carbon emissions (target of 140g of AK@h

for new cars in 2008 at the EU level) was the main driver of the tieseheed in the energy
performance of new cars.

As about three quarters of the cars on the road in 2004 had been purchased dfteth®995
energy efficiency gains achieved in new cars had a direct impact on the average performance

“The energy efficemy progress of new cars is usually assessed
measured by a fuel consumption test for all new cars sold each year.

! Data are taken from ACEA, JAMA and KAMA since 1995; before 1995, a weighted average wasezlculat

using a sample of 6 countries. Historical data have a break in 1997 due to a modified definition of the test value:

the new way of calculating the test value results in values aba0t9® higher than the previous method

according to an assessment mage@DEME for France or ACEA.

“l ACEA, European Automobile Manufacturers Association; JAMA, Japan Automobile Manufacturers
Association; KAMA, Korean Automobile Manufacturers Association

2 New cars represent aboutBon average of the total car fleet in fg-15.
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of the car fleet: as asult, the average specific consumption of the car stock decreased from
8.4 to 7.6 1/100 km between 1990 and 2004 (from 8.6 to 7.9 /100 km for gasoline cars and
from 7.1 to 6.6 /200 km for diesel).

Figure 3-3:  Specific consumption of car§ in the EU-15
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The specific consumption of new cars in 2004 ranged from a minimum of 5.9 litres per 100
km in Italy, Portugal, France and Spain, to 8.3 litres per 100 km in Swedgemg 3-4).

Figure 3-4:  Specific consumption of new car$in 2004 in the EU-15
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3 Test values for new cars.
“ Test values for new cars (Source: estimation ODYSSEE from ACEA, KAMA, JAMA)
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General improvement in the energy efficiency of newcarsinalE 5 countri esé b
with very different trends

The ecific consumption of new cars has been decreasing in all3etduntries since 1995,

albeit with different trends. The reduction has been rather rapid in 7 countries, at a rate above
2%/ year: Italy, Luxembourg, Portugal, Belgium, France, Spain andriAushe EU15
average is around%/year Figure 3-5).

Figure 3-5: Trends in the specific consumption of new cars in the E15

1/100kn

o (%]
= g Q. > X Q. ol
-3 >~'5'm'§'o'!'ﬁ'§' .G.wx.g.o.g.c
T 2 5 =2 c «© = © = C O g ©
fe2os 220 gg ODE o I =
T = o0 w = = =
ggg w < © m(% c O = I

5 O 0 o

-~ P

W 1990-2004

Part of the technical progress i®offset by a shift to larger and more powerful cars

The test specific consumption of new cars not only reflects changes in energy efficiency from

a technical point of view, but also changes in the structure of new car registrations by size or
fuel type (@soline/diesel). For instance, a shift towards smaller cars (or diesel cars) decreases
the test specific consumption, all other things being equal.

Clearly, in the past ten years there has been a shift to heavier and more powerful cars in most
countries.From 1995 to 2000, the engine capacity of the new cars registered each year
measured in cfrincreased in every country, except Belgium and Sweden. Since 2000, there
has been a reverse trend in four countries (Austria and Denmark and, to a lesser aextant, Fr
and Spairf}. Austria and Denmark are among the few countries that have introduced a tax
based on the energy efficiency of cars. More generally, the evaluation made by*AG&rs

that over the period 1995004, the average car mass increased & Hd the engine power

by 29%. The actual technical progress achieved therefore was even more pronounced than is
indicated by the changes in the test specific consumption of new cars.

“Based on ACEA data, Communication of the Commi ssion
emi ssions from pas®®nger carso; November 2

“°According to ACEA data, the average car mass increased from 1180 td&d,35@ engine power from 63 to

81 kW, and the engine capacity from 1650 ton1740 cri.
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Slowdown in the decrease of the car stock's average specific consumptsince 1999;
trends vary across countries

As about three quarters of the cars on the road in 2004 had been purchased dfteth®995
energy efficiency gains achieved in new cars had a direct impact on the average performance
of the car fleet. As a resuthe average specific consumption of the car stock decreased from
8.4 to 7.6 1/200 km between 1990 and 2004 and ranged across countries from 6.6 to 8.8 /100
km in 2004. The average reduction over the period 2282 was 0.Pb/year: in 2004, cars
consuned 0.8litre/100km less than they did in 1990 in the-E® (Figure 3-6). This specific
consumption decrease occurred in each country to a varying deggeebyemore than
1%l/year in Finland, Austria, France a®@kermany, by between 0.5 and’d in Norway,
Denmark, Ireland, Spain and Sweden. The decrease was smaller in Italy, Spain, the UK, and
the Netherlands (around 6024 %/year). This continual improvement stems from the oldest
and less efficient cars being teped by new ones and also, in many countries, from the
increasing share of diesel vehicles in the stock of cars.

Figure 3-6: Variations in the average specific consumption of cars (//100km)

The averageraount of energy consumed by a car over one year (in toe per car) does not only
depend on the technical performance of the car (in litres/100km), but also on the annual
distance travelled (km/year).

The annual distance travelled by cars increased until 1®9and is now decreasing

In most countries (Austria, Denmark, Italy, Finland, France and Belgium) and in tié Bt

a whole, the average distance travelled every year by cars increased between 1990 and 1999.
In almost all countries except Spain, thismttehas been reversed since 1999 because of the
large motor fuel price increases in 1999 and 2000. There redsietion of 300 km at the EU

15 level between 1999 and 2005; this decrease was around 700 km in Germany and Finland
and around 1000 km in Franead the UK In most countries, the reduction in recent years

has offset the progression at the beginning of the nineties and the average distance travelled
has returned to the same level as in 1990.

" New cars represent aboutBon average of the total car fleet in the-ES)
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