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Abstract

It can be argued that one way to reduce the deperdeom external energy sources, is simply to cedu
the demand for energy. Energy savings may thusomsidered a policy priority when concerns for
energy security are particularly strong.

Drawing on an original econometric approach, weckhehether policies and measures that affect
indicators of energy efficiency performance haveaaalogous effect on security of supply indicators,
both at the whole economy level and within the nmsgotors of energy use in the EU 15 countries and
Norway.

Our analyses show that the indicators studied ffeetad by a number of policies and measures; hewev
very few of them seem able to tackle effectivelg aimultaneously, energy efficiency, carbon efficig
and energy security. The main lesson to be dramm this analysis is therefore that there is a nuobe
energy efficiency policies in the EU that do wdbkit there is no silver bullet able to successfatlgress
different policy objectives. Taking a more gengratspective, what seem to work is the policy mtkea
this or that policy in insulation.
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1. Introduction

In recent decades, increasing demand for energgtufiting oil prices, uncertain energy
supplies and global warming made the EU-citizensetdize that secure and safe supplies of
energy can no longer be taken for granted. It besoobvious that improved energy efficiency
can play a critical role in addressing energy sgclenvironmental and economic objectives.
Security of energy supply has been widely debatestly in relation to the upstream (security
of supply for specific geographical region or sengbuntry). However, it can be argued that one
way to reduce the dependence from external energrcss, or the exposure to energy prices
volatility and increase, is simply to reduce thended for energy. Energy savings may thus be
considered a policy priority when concerns for ggesecurity are particularly strong. Thus, in
order to fully understand how energy security affebe European society and how demand-
side policies can be geared a detailed knowledgenefgy intensities in the Europe member
countries’ sectors and of their potential for affitcy improvement is potentially very
important.

This paper collects the main results of the analydesnergy efficiency in an energy security
perspective, carried out within an EuropedhFfamework Programme projéciooking in
detail into energy use by sector in Europe.

To this purpose an original econometric approachpiglied to EU-15 countries and Norway.
Drawing on Arigoni Ortiz et al. (2009) and Confirstiia (2008), which focused solely on
energy and carbon efficiency indicators, we chetletiver policies and measures that affect
indicators of energy efficiency performance haveaaalogous effect on security of supply
indicators, both at the whole economy level anchiwithe main sectors of energy use. We
apply this approach to the most up-to date data@ménergy policies and measures and energy
indicators available at the time of writing.

The analyses have shown that the indicators stuahedffected by a number of policies and
measures (P&Ms); however very few P&Ms seem abtadkle effectively and simultaneously,
energy efficiency, carbon efficiency and energyusieg

The main lesson to be drawn from this analysidhd there is a number of energy efficiency
policies in the EU that do work, but there is ntvesi bullet able to successfully address
different policy objectives. Taking a more gengratspective, what seem to work is the policy
mix rather this or that policy in insulation.

The rest of the paper is organized as follows. i®&e@ gives a general overview of energy
consumption in Europe in the last 3 decades anctidbes in more detail the indicators studied.
Section 3 looks at the energy reduction potentied Buropean and at the European policy
framework for the promotion of energy efficiencydaat national policies in the various sectors
of energy use. Section 4 explains the methodolqaplied in our panel analyses, Section 5
describes the dataset and Section 6 discussesdhisr Section 7 concludes. Annex | lists and
explains the variables used in the econometricyanal

2. Main Energy Efficiency Indicators for the EU

This Section provides an international comparisbremergy efficiency indicators. Energy
efficiency is evaluated by macro and specific iattics defined at the level of the economy as a
whole, of a sector, of an end-use. Three indicaaoesconsidered to compare energy efficiency
performances and to monitor energy efficiency teerid fact, due to the peculiarities of the
sectors considered, it is not possible to use @ngesindicators of energy efficiency for all the
subsectors. In particular
* Energy Intensities index (E.I.): it is the ratiaween energy consumption and a macro-
economic variable, measured in monetary units;akes sense only for sectors yielding
output measurable in value terms. Thus it is usedhe analyses of the industrial, service
and agricultural sectors;

! Project No 213744 ,"7Framework Program. The financial support of the R&earch of the European
Commission is gratefully acknowledged. The authars grateful to Claudia Checchi and Stefan
Hirschberg for their comments and suggestionseAbrs are ours.



* Energy Efficiency index (E.E.): it accounts for ynthesis of energy efficiency trends,
assessed using unit consumption measures, thét sxlargy consumption to a physical
indicator of activity; It is used mainly for thegidential sector, whose contribution to the
welfare of the economy cannot be measured in tefraalue added:;

» Carbon Intensity (C.1.): it is the ratio betweenigsions, generally expressed in terms
of CO,, and a macro-economic variable measured in moneiaits. In this case, similar
considerations apply: when value data for the dutguthe sector under scrutiny are
available, one can compute the carbon intensitgt (i the ratio of C®emissions and
value added); otherwise, physical indicators sichraissions per capita must be used.

The indicators can also be used to help monitafiegsuccess of key policies that attempt to
influence energy consumption and energy efficiency.

To frame our discussion in its appropriate contiettus look briefly to the general situation of
energy consumption in Europe.

2.1 Energy Consumption in the EU

Despite being the largest economy worldwide irmterof GDP, the growth in energy
consumption of Europe is rather limited. Europetebuates to 16 percent of total world energy
consumption, which is as much as China, and less tite amount consumed by USA (Figure
1).

The primary and final energy consumption increaaedpproximately the same rate between
1990 and 2004 (1% per year on average) in the Edrtbamounted to around respectively
1000 Mtoe and 1500 Mtoe (source: ODYSSEE). Howevhe period 1993-2000 was
characterized by faster growth in energy consumptio5% per year) driven by a steady and
rapid expansion of the economy (2.7% per yearlierGDP and 2.3% per year for industry).
Since 2000, there has been a slowdown in econoatigity, which has resulted in a lower
progression of energy use. Electricity demand umdet a more rapid progression of around
2% per year on average.

In 2007, the final energy consumption of the Euesp&nion (EU-27) reached 1196 Mtoe. The
industrial sector accounted for 25% of final enecgynsumption and the residential sector for
25%, the remainder was shared among services tdnsgnd agriculture. The share of
renewable energies in the total final energy comion was 9% (source: Enerdata).

Indexing the level of energy consumption in 19%@® European consumption decreased right
after, and from 1996 it smoothly increased at a adtten percent in 15 years, which is sensibly
lower than the one shown by the other world ecoesr(frigure 2).

As to the relative contribution on European enaxggsumption from EU-15 countries (Figure
3), energy consumption has increased for the Ed abole, while the consumption share of
each country has remained rather stable. The Higbaion of energy consumption is
ascribable to Germany, followed by France, Unitéaigilom and Italy. While France, Italy and
Spain experienced the highest increase in enemgucaption from 1980 to 2006.
Disaggregating demand by energy fuels, Europeasuroption is mainly composed by oil, gas
and electricity (Figure 4), and their shares angakgespectively to 42, 25 and 20 percent. Solid
fuels, in spite of being historically an importaaurce of energy, at the present they contribute
only marginally to the total energy mix. Renewableergy sources and industrial waste own a
limited share of total consumption and their cdnttion remained invariant during the last 15
years.

In terms of categories of final users, the servigricultural and household sectors taken
together (this aggregate is labelled “other settord-igure 5) contribute the largest share of
total final energy consumption, then followed bdustry and finally by transport. Over the 15
year period, the demand in the industry sectordtightly decreased, while an opposite trend
characterizes the transport sector.

Moving to electricity generation, solid fuels rema significant energy source, contributing to
28 percent of total generation, although their iae diminished a little over time. The largest
source is represented by nuclear, making more 30gmercent of total production. A sustained



upward thrust is displayed by gas, which at pregemarantees 21 percent of total production.
Renewables own a relevant share (14 percent in)2005

Figure 1: Comparison of EU and the Rest of the World. Gross-Inland Energy Consumption. 2005
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Figure 2:Comparison of EU and the Rest of the World. Gross-Inland Ener gy Consumption
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Figure 3: Final Energy Consumption, by Country: EU-15 + Norway. Comparison between 1980
and 2006 levels, ktoe.
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Figure 4. Final Energy Consumption, by Fuel: EU-27. Mtoe and Shar es (2005)

1200 200
100 Renew ables _-- 100
1000 W—_- 00
900 o Blectricity 900

Indusrial w aste

800
700
600
500
400
300
200
100
Solid fuels o

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

36 47 46

@ Solid fuels
m Oil
O Gas

20.3
42.3 O Electricity

m Waste

O Renewables *

24.6

Note: * Renewables not including Electricity. Saerr&urostat.




Figure5: Final Energy Consumption, by Sector. EU-27 and shar es (2005)
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Figure 6: Gross Electricity Generation. EU-27. TWh and Shar es (2005)
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2.2 Energy Intensity in the EU

This Section provides a descriptive internationamparison of energy intensity indicators.
Figure 7 reports data on energy interfsifgr 16 European countries. Because of data
availability, we have decided to focus on the EUebBintries and on Norway, i.e. the countries
where those data are available since 1980. Thetwesithat have recently joined the European
Union have not been included in the analysis. lct,féor these countries time series are
available only since 1990. In addition, becausghefr geographical and economic proximity,
data for the EU-15 nations are more easily comparab

2 Estimated as energy use per unit of output.



Figure 7: Final Energy Intensity in European Countries + Norway, 1980-2006, ktoe/00$ppp.
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Source: Author’'s computation on data from IEA, EURKAT, OECD.

Energy Intensity is aeconomic indicator of energy used in the production acfiat a country.
The index is defined as the ratio between energysuwmption and an indicator of activity
measured in monetary units (e.g. GVA). This indicaian be used whenever energy efficiency
is assessed at a high level of aggregation (i.theatevel of the whole economy or at a sector
level), since in this case it is not possible tarelsterise economic activity with technical or
physical indicators. High (low) E.I. indicates ali(low) price or cost of converting energy
into GVA. The classical E.l. index is calculated by dividemergy consumption by GVA, on a
sector basis.

In this study the final and sectoral energy condionphave been obtained from the IEA
balance sheet (ktoe). The sectoral values addedt sem a combination of data from
EUROSTAT national accounts and OECD database.

Figure 7 shows the pattern of final energy intgneitthe overall economy in the EU-15 plus
Norway from 1980 to 2006. Looking at the averag&wofopean countries, the index exhibits a
smoothly decrease over the entire period undertisgruThe largest improvements are
displayed by Luxembourg and Finland, the latteistegng a sharp decrease in the E.l. index,
which changes over from 0.27 ktoe/00$ppp in 1980.18 in 2006. By contrast, the Portuguese
E.l. index shows a stable upward trend, interrujped drop starting from 2005. In Spain after
a period of decrease, the index starts to growap the ‘90s. On the other hand, Italy exhibits
a four-phase pattern. In the first one it can biicea stable decrease in the E.I. index until the
mid-‘80s. From this period the index remains neadystant up to 2002, when it starts to rise.
In the latest phase, starting in 2005 the indepsiagain.

Table 1 depicts the evolution of energy intensityhe industry sector for the sixteen countries
under scrutiny: in 2005 the countries with the Ietvevels of energy intensity were Ireland,
Denmark and Greece. Energy policy decisions takethd respective authorities (as well as the
structure of their productive sectors) have allowegbe countries to reach good results in terms
of energy intensity achievements.



3-year Average 3-year Average 3-year Average

Centered on 1985 Centered on 1995 Centered on 2005
IT 0.113 IE 0.110 IE 0.063
ES 0.120 DK 0.113 DK 0.088
UK 0.121 IT 0.120 GR 0.108
DK 0.122 UK 0.123 UK 0.117
GR 0.125 GR 0.125 IT 0.126
AT 0.136 AT 0.130 NO 0.131
PT 0.150 ES 0.137 AT 0.139
FR 0.163 _ DE 0.137 DE 0.139
DE 0.165 FR 0.167 ES 0.142
IE 0.173 PT 0.184 FR 0.154
BE 0.209 NO 0.195 PT 0.201
NE 0.227 NE 0.215 - SE 0.210
NO 0.240 BE 0.278 NE 0.234
SE 0.252 SE 0.285 LU 0.240
Fl 0.330 LU 0.315 BE 0.297
LU 0.391 FI 0.370 FI 0.318
Average | 0.190 0.188 0.169
Median 0.164 0.152 0.140
Minimum | 0.113 0.110 0.063
Maximum | 0.391 0.370 0.318

Source: Authors’ computation on data from IEA, EURKAT, OECD.
Note: arrows shows movements between quartilestoner

Table 1: Energy Intensity in Industry Sector: EU-15+ Norway, 1980-2006, ktoe/00$ppp.

Table 1 highlights that, between 1995 and 2005;tdpman Portugal and Spain, energy intensity
has improved significantly in countries like Norwalyuxembourg, Ireland, Denmark and
Greece. The best performance is achieved by Irelahith climbed up from the tenth position
in 1985 to the top of the ranking in 1995 and 208&me countries, such as Ireland, Denmark
and Norway, have improved their position both irs@bte and in relative terms during the
period considered. Others, like France, in spitehefimprovement of the E.I. index, have lost
their position with respect to the top performers.

In addition, Table 1 illustrates also a generahdreegarding the energy intensity of European
countries. The average value steadily decreass&aglalmost the 12 percent of the 1985 value.
Even the median value displays a significant dowdwaend, switching most of countries
closer to the minimum value.

Finally, the difference between the minimum valuel ghe maximum value decreases as well
(0.255 in 2005 with respect to 0.278 at the bedirthe period). This information provides
additional evidence on how energy intensity hasrawed (and converged) among the
considered countries. Similar patterns of convergaonwards lower levels of energy intensity
across the countries under scrutiny characterisestiolution of this indicator in the transport
sector and in the “other sectors”. We omit the itkefar economy of space (tables are available
from the authors upon request).

2.3. Energy efficiency in the residential sector

The energy intensity index cannot capture the iefficy of the residential sector, since

household activities does not generate value adatedtly. For this sector, one needs to resort
to indexes unrelated to economic values, sucheaerlergy efficiency index. In contrast with

energy intensity indicators, in fact, the energfycefncy index is based on measures of unit
consumption, that is, on physical/technological soees.



Hence, it follows that the influence of economitustural changes, as well as the impact of
other factors which are not directly associated #trict definition of energy efficiency, are not
considered in the construction of the indicators.

The classical energy efficiency (E.E.) index ranigesveen 0 and 100. A decrease in the index
is to be interpreted as an improvement in enerfigieficy.

The E.E. index is calculated by weighting the clegnigp unit consumptions (UC), according to
the consumption’s share of the sector they refdd@are defined at a more disaggregated level
by relating energy consumption to an indicator afvity measured in physical terms. UC are
expressed in different units, depending on thesadbor or end-use, in order to provide the best
proxy of energy efficiency. The final E.E. indexagpure number (that is, it is not expressed in
terms of any unit of measure).

UC for the households sector are not of course purabers, but are expressed in physical
units: toe per dwelling or perafor heating, toe per dwelling or per capita foteveheating and
cooking and kWh per dwelling or per appliance flaceical appliances as televisions, fridge,
freezers, washing machines, dish washers.

Two alternative but equivalent methods can be usedder to calculate E.E. indices:

The E.E. index is calculated as a weighted avechgmit consumption indices by sub-sectors.
Its interpretation is easier, as the value obtaiaetirectly linked to the variation of E.E. within
each sub-sector. The idea is to calculate the ti@miaf the weighted index of UC between a
base year and yegras follows:

1/l :(z EC,,t*(UCi,t/UCi,O)] (1)

where UG indicates the unit consumption index of a subaecand EGis the share of sub-
sectori on total consumption. The E.E. index is then dated by taking the data starting point
as base year.

Table 2 shows the percentage change in the enéfiggrcy index in the EU-15 and Norway
between 1980-2004 by considering separately thesamiples 1980-1992 and 1993-2004. That
is, it shows whether in the residential sector ificant changes have occurred.

The resulting ranking of these countries does remtessarily single out the most or least
“virtuous” countries in terms of energy efficienajnie table displays the countries that have
been able to benefit from their potential of eneefficiency improvement, irrespective of their
original level of energy efficiency in the base iyea

The most significant improvements in the energycediicy of the household sector have been
achieved in Portugal and Norway (data were availal for a sub set of EU countries thus
making impossible an assessment of the evolutiahisfindicator across the EU-15 countries
and Norway). In Portugal, the increases in eneffigiency in the two sub-samples have been
12.9 and 42.4 percentage points, respectively. émwidy, improvements have been more
impressive. Although in Norway, during the 1980-29friod, energy efficiency has decreased
by 15.8 percent, this country was able to raiserggnefficiency standards. Consequently,
during the 1992-2004 period, energy efficiency inaseased by approximately, 11.7 percent.
This reversal in the general trend has been argpued due to the policies introduced by these
countries in order to boost energy savings andggneonservation. The lesson that can be
drawn from the experience of these countries, & the implementation of these policies is
feasible, not only in countries with high indexeseazonomic and social development like
Norway, but also in countries that have to do ¢ffam order to reduce the gap they have with
respect to the rest of Europe (such as Portugal).

Table 2 illustrates how large is the potential ifoprovement for the energy efficiency of the
household sector for the less performing countsigsh as Italy, where the improvement in
energy efficiency achieved by this sector has begual only to 25 percent of the median
change, and, approximately, a tenth of the impramnthat more efficient countries (namely,
Portugal and Denmark) have registered over the gemed.



HOUSEHOLD ( % change in EE Index over period )
1980 - 2004 1980 - 1992 1992 - 2004

PT -49.8% -31.7% DK PT -42.4%
DK -43.4% -18.0% SE DK -17.2%
SE -28.5% -12.9% PT AT -16.3%
AT -24.9% -10.3% AT SE -12.8%
FR -17.1% -10.0% FR NO -11.7%
FI -16.1%  Median -7.9% FI FI -8.9%
DE -10.5% -6.9% UK DE -8.5%
UK -8.7% -2.2% DE FR -7.9%
IT -4.2% 0.5% IT IT -4.7%
NO 2.2% 15.8% NO UK -1.9%
ES 142.7% 40.5% ES ES 72.7%
BE n/a n'a BE BE n/a

EL n/a n/a EL EL nfa

IE n/a n'a IE IE n/a

LU n/a n/a LU LU nfa
NL n/a n'a NL NL n/a
Average = -5.3% -3.9% -5.4%
Median = -16.1% -7.9% -8.9%
St. Dev = 0.516 0.188 0.280
Minimum = -49.8% -31.7% -42.4%
Maximum = 142.7% 40.5% 72.7%

Notes: Countries are ordered according to theirggnefficiency performance in descending order.
Arrows show significant movements between quartdeer time. Source: Authors’ calculations on
Odyssee (ENERDATA) data.

Table 2: Percentage Change of Energy Efficiency in the EU-15 Countries and Norway, 1980-2004.
Household sector.

2.4. Energy Efficiency in the Transport Sector

Table 3 shows the percentage change of energyiesiig for the transport sector. Over the
whole sample (1980-2004), the countries that replottte best performances have been Ireland
and Greece. Across sub-samples the most signifiogortovements have been achieved by the
Belgian transport sector. While during the peri@®0d-1992, in Belgium, energy efficiency has
decreased by 75.4 percent, in the period 1992-2€0drgy efficiency has increased by 49.4
percent. Over the whole sample, the improvemengnergy efficiency have been equal to 11.2
percent. On a smaller scale, France, Sweden andayonhave reported similar changes. In
transport, the progression is modest but regulés:&fficiency improvement.

By contrast, performances in the energy transpmtos have worsened in Spain. If, on the one
hand, improvements have been very significant & fitst sub-samples with an increase in
energy efficiency equal to 35.4 percent, in theoedcsub-sample, efficiency has decreased by
6.7 percent.

In Italy, the performance of the transport sectas been remarkable. From 1980 to 2004,
energy efficiency has increased approximately by p@rcentage points, or the median change
and twenty times higher than the increase in tffiei@ficy of the industrial sector. However,
even in this case, a potential for further improeais would be possible if appropriate policy
measures and technological changes concerning rdnespbrt sector as a whole were
implemented.

Disaggregating the E.E. index by transport modesan be noticed that a regular improvement
of the energy efficiency of transport (12%) takésce in the EU over the period 1990-2006.
The lower progress can be blamed on the road toangpgoods, while the best performance in
the index takes place in the air transport ( Fig)re



Figure 8: Energy efficiency index for transport EU-27 (ODEX).
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As cars are the most important energy user in pgsseransport, it is interesting to look at
more detailed indicators for this mode. In thisega@nce that the passenger transport sector is
not able to generate value added, the energy ittesfspassenger road transport is calculated
as liters of gasoline equivalent per 100 vehicle-kigure 9 reveals wide variations in the levels
and trends amongst countries. The results reflextnaber of unrelated factors such as vehicle
technologies and the effect of driving conditions.

The average fuel intensities of cars decreasetl af BU-15 countries between 1990 and 2005,
due to a combination of several factors. The 198@se characterized by the widespread
diffusion of vehicles equipped with electronic aohtsystems for fuel management and by
stronger consumer demand for more efficient cara +eaction to high fuel prices. Since the
early 2000s, intensities declined further in Eur@gsea result of increased sales of direct-
injection diesel cars.

The increasing weight of vehicles has been anothetor offsetting improvements in the
underlying efficiency of new car engine technolsgi®ver the last 15 years, the average size
and weight of the stock of cars increased as laagdrheavier vehicles, such as SUVs, became
more popular. This trend, combined with additiosafety features also increasing weight, has
tended to raise the energy consumption of carBuhopean countries, the number of cars with
an engine capacity greater than two liters has rtiane doubled since 1990.



TRANSPORT ( % change in EE Index over period )
1980 - 2004 1980 - 1992 1992 - 2004

IE -45.0% -35.4% ES | +BE -49.4%
EL 43.7% 25.8% IE \ /I 26.0%
AT -33.2% 241%EL \ /R -25.9%
ES 31.1% 207%AT /.No -21.4%
NO -27.4% A38%IT N\ L7 Pt 14.8%
PT 24.4% A22%DE N\ 7 AT 147%
DE -23.1% 113% PT 12.4%
DK -169%  Median -109% DK ~_, -12.0%
T -13.4% 76% N0~ -11.2%
SE -12.8% -3.4% NL 7.4%
FR -12.0% 2.8% LU 6.8%
BE 11.2% 9% UK -47%
NL 7.9% 18%SE "/ / A\ UK 3.4%
Fl -7.5% 02%Fl /) 1T 0.5%
UK 5.2% 0.0% FR// “ES 6.7%
LU 123.5% 75.4% BE/ LU 129.9%
Average = -12.0% -6.1% -4.6%
Median = 15.2% -9.2% 11.6%
St. Dev = 0.382 0.241 0.381
Minimum = -45.0% -35.4% -49.4%
Maximum = 123.5% 75.4% 120.9%

Notes: Countries are ordered according to theirggntensity. Arrows show significant movements
between quartiles over time. Source: Authors’ dakions on Odyssee (ENERDATA) data.

Table 3: Percentage Change of Energy Efficiency in the EU-15 Countries and Norway, 1980-2004.
Transport Sector

Figure9: Average Fuel Intensity of the Car Stock, | EA-18, 1990-2005.
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For the EU-15, the energy intensities of truckspstand rail vary significantly, with trucks
being the most intensive (Figure 23). In Nethertatrdcks use 17 times more energy than rail
to move one ton of goods a distance of one kilomethile in other countries like Denmark,
Finland and Ireland the difference in energy useragrtransport modes is less wide. The large
range for the energy intensity of truck freight gaartly be explained by the type of goods
moved, the size and geography of the country, tleeage load factors and the split between
urban delivery trucks and long-haul trucks, which much larger and less energy intensive.



Looking at the trends, trucking activity - measutadton-kilometers - increased in all EU

countries and trucking was the fastest growinggfreimode in most of them. The highest
increase in trucking was seen in Ireland, drivently very rapid expansion of the lIrish

economy. GDP in Ireland increased at an averageahmate of 6.5% between 1990 and 2005.
Trucking also increased substantially in large ¢oes with low population densities such as
Norway. Rail and shipping activity increased in maountries.

Figure 10: Freight Transport Energy Use per Ton-Kilometer by Mode, |EA-18, 2005.
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The difference in the energy intensity among mdaesssome important implications for trends
in freight energy consumption. First, because sfniiuch higher energy intensity, growth in
road freight haulage will have a more significampact on energy use than growth in freight
transport by rail or ships. Second, intensity réidus in trucking will result in higher energy

savings than intensity reductions in rail and sklipshan modal switching between these two
modes.

2.5. Carbon Intensity

Carbon Intensityis an indicator akin to energy intensity, and rees the degree of

carbonisation of an economy or of a given prodecsector. At the aggregated level, Carbon
Intensity is computed as the ratio of £€mission equivalents generated (in terms of Mton o
CO,) to the indicator of economic activity, GVA. Tharse sectoral disaggregation as in the
case of energy intensity can be performed. Moreowete that Carbon Intensity can be
interpreted as the product of energy intensity thedcarbon content of the energy consumed, or

co, =% +E__E .CO _p . CQ

GVA E GVA E E 2)
The Carbon Contenbf consumed energy measures the quantity of (60 in its more general
format, CQ equivalenty, per unit of energy consumed. It can happen énargy intensity
increases while carbon intensity decreases, fearies in presence of a massive switch from oil
to natural gas; the latter being “cleaner” andwailhy a decrease in GGquivalents emitted
while leaving unchanged the quantity energy consunigne Carbon Content can thus be
regarded as a technological parameter which takiesdccount changes in the fuel mix of
country or of a sector.

% CO, emission equivalents are computed on the bagheaflobal warming potential of each greenhouse
gas, i.e. the contribution to global warming oftegas relative to C&YCO,= 1, CH=21, N;O=310)...



Available information on C@emissions starts from 1990, hence carbon inteirsifxes cover

a period lower than energy intensity and energurstydndexes. Figure 11 displays the trend of
carbon intensity index in EU countries over theiqued 990-2006, covering G@missions from
all sectors, including emissions from energy sector

In Europe, total C®emissions registered a slight increase from 18@&0, a growth rate of 5.8
percent between 1990 and 2006. In 2006 Germanyiloted the most to total G@missions

in Europe, followed by United Kingdom, Italy andafce. The shares of G@missions by
country remain rather stable during the period ictred. Germany and United Kingdom are
the only EU countries which show a decrease of @ionis during the period under scrutiny, by
14 % and 1 % respectively, while the largest in®ega registered in Spain.

Figure 11: Total CO, Emission in European countries, 1990-2006.

Total CO2 Emission m United Kingdom
W Sweden
3500000 [ | Portugal
@ Netherland
3000000 0O Luxembourg
2500000 m Italy
2000000 M Ireland
O Greece
1500000 | France
1000000 @ Finland
500000 ® Spain
0 Denmark
0 O Germany
Q v \ © o) \} Q > © ;
) ©) ) ) &) Q Q Q Q m Belgium
I A A RS %
@ Austria

Source: Authors’ computation on data from ENERDATA.

Figure 12 shows the trend of carbon intensity imogaan countries between 1990 and 2006.
Looking at the average of EU-15 countries, carbuerisity decreased from 1990 to 2006 of
about 20 percent, although in Spain and Portugairtiex increased. The best performances are
attained by Ireland and Germany, which show a tiariaof about -45 and -33 percent
respectively between 1990 and 2006.

Figure 12: Total Carbon Intensity in European Countries, 1990-2006, kt CO,/00$ppp.
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2.6. Energy Security

In the scientific literature, different approacties studying energy security can be identified.
Some studies focus on a countrgigrentdiversification of energy sources or import sourages

a measure of energy security, for instance Nef@{)9Jansen et al (2004). Others studies look
at the futuredevelopment of oil supply and imports using bottgnenergy systems models,
e.g. Constantini et al (2007); Turton and Barr2@0@).

A number of researchers have tried to develog afssecurity indicators (IEA, 2001; Kendell,
1998; von Hirschhausen and Neumann, 2003). Theasures can be further grouped into two
categories: dependence and vulnerability, repreddmth in physical and economic terms.
Dependence is a measure of how much the domestimety relies on sources of energy that
are not under its control. Physical measures oéddgnce include: (a) imports of energy as a
percent of total imports, (b) oil imports as a jgertcof total oil consumption, (c) gas imports as
a percent of total gas consumption. Economic measaf dependence are oil and gas
consumption in physical units per US$ of real GDP.

Vulnerability is a measure of the likelihood of destic disruption in case some external energy
source is reduced or cut off. Physical measuresubierability include (a) the amount of
imported oil used in transportation relative tatanergy used in transportation, (b) amounts of
imported oil and gas fired electricity generatiefative to total electricity generation, (c) degree
of supply concentration and (d) the Shannon-Waiinesrsity index.

A non-exhaustive but fairly extensive list of indiors can be found in Table 4. Subject to data
availability these indicators were tested in thegbaanalyses illustrated in Sections 4 to 6.
Those that yielded the best results in terms opaesiveness to energy policies were oil
intensity, gas intensity, the ratio of gas impadagas consumption and the ratio of net imports
of energy to total primary energy supply.

Vulner ability Dependence
Physical Imported oil used in transportatignimports of energy/Total primary energy
Dimension (Mtoe)/Total energy used ipsupply

transportation (Mtoe)

Imported Oil and Gas—fired Country’s oil gross and net imports/Total ¢
electricity generation (gWh)/Totalconsumption
electricity consumed (gWh)

Per capita oil consumption (Ktoe Country’'s gassgr@and net imports/Total
gas consumption

Degree of supply concentration for
oil and gas

Shannon-Weiner Index for supply

Per capita gas consumption (Ktog)

Economic Value of ol (or  gas) Oil consumption (Toe) per $ of real GDP
Dimension imports/Value of total exports

Gas consumption (Toe) per $ of real GDP

Table 4 Energy Security indicators

Oil intensity is given by consumption (Ktoe) petldoof real GDP (we choose to measure it in
PPP, constant 2000 international Millions of US$Jhe bulk of oil products is used in
transportation (light and middle distillates); @anmtly the most important alternative fuels - LPG
and natural gas - hold minuscule shares.

All EU countries have improved the energy raticceii975 with growth in GDP outstripping
that of oil consumption. Most likely this is duedaergy switching toward others fuels,(mainly
gas), and to an increase in the efficiency in thegport sector.

Figure 13 shows a progressive convergence ohtfexiamong the European countries.

* The Shannon-Weiner index can be used to evaluatele diversity of a given market is changing over
time. The minimum value the Shannon-Weiner index teke is zero, which occurs when imports come
from a single country. In this case, there woulchbaliversity of supply. The index places weighttoa
contributions of smallest participants in variouglfmarkets as they provide the options for futfuse
switching. Unfortunately this indicator did not ldesignificant results in our panel regressions.

® Gas and Oil consumption in Ktoe (Thousand Torsil&équivalent) provided by Enerdata. GDP data
provided by WDI 2008.



All countries have seen an increase in gas intessite 1975 to 2005 with the exception of the
Netherlands. Ireland and Denmark registered a ieabde upward trend, while Austria and
Belgium have seen the smallest increase in pergenms. In Italy the value of the indicator
almost tripled over the period considerBdyure 14 illustrates the performance of this iathc

for gas over the period 1960-2005.Differences betwepuntries reflect many factors including
climatic and industrial structure characteristithe residential sector is the largest consuming
sector of natural gas, followed by the industrdéctricity and commercial ones. The use of gas
in power generation is growing rapidly and for treason in the early 90s, before the use of gas
for electricity generation, gas demand was morsa®d and the daily average demand was
only around half the winter maximum.

Figure 13 Oil Consumption (ktoe) per M US$6 of real GDP
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Figure 15 shows the ratio of gross natural gas imports tiurah gas consumption. Greece
registered the most noticeable upward trend overmptriod considered. In Italy, the indicator
exhibited a steady increase during the period undesideration. United Kingdom (0.T74yas
the country with the lowest ratio in 2004, whilerfdgal registered the highest index. Notice
that Ireland, Greece and Portugal are rather nghetgas market, introduced only recently.

Figure 14 Gas primary consumption (Ktoe) per MUSS of real GDP
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72004 data not available for Denmark, that regéstén 2003 an indicator equal to zero.



Figure 15 Grossimports of gasover total primary gas consumption, by selected countries
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The last indicator is not the most appropriate xnte measure the dependence on imported
energy. A more appropriate indicator can be caledlaising net imports of energy. In fact
according to Skinner (1995)wfth total [gross] imports in the numerator rathéhan net
imports, not only is the computed dependence higherto the quantity of exports, but also
comparisons in dependence over a number of yeamsbeasubstantially distorted due to
changes in export patterhdn order to have an indicator with an upper bowgual to 1 (that
indicates the maximum level of dependence) we delin the denominator the TPES, stock
variations and marine bunkérd.uxembourg (0,99), Ireland (0,89), Portugal (0,86) and Italy
(0,84) registered the highest dependence ratiogéngy imports in 2004. By contrast Norway, a
net exporter of energy, registered the lowest rgii¢6) followed far by Denmark (-0,48) and
UK (0,05). In the period 1980-1990 all the EU-1%utrsies and Norway registered a downward
trend in the energy dependence indicators (bar mbxeirg and Netherlands). In the period
1970-2004 Germany registered the largest increefes indicator (+41%).

Figure 16 Ratio of net importsto TPESin selected EU countries

1.0 ¢ =
mwf o Dok
0.8 “\\

France

0.6 1 '\\ Germany
W Ireland
0.4 &/ \

\\‘ A\x Italy

02 ANex W —x—Netherlands
\\ )/( Spain

o.oww ‘ Sweden

0.2 1 |

—x¥— United Kingdom

—e— Luxembourg

0.4

—s— Portugal

0.6

067
€L61
9/61
661
2867
G861
8867
1667
7661
L66T
000¢
€00¢

8 TPES is defined by IEA as the sum of: Indigenawsipction + imports — exports — international
marine bunkers +/- stock changes.

° Obviously for Luxembourg the TPES has been catedl not considering marine bunkers as this land
locked country has none .



3. Energy saving potentials and energy policieglie EU.

3.1. Key recent energy policies of the Europearobni

Several European Directives to improve energy iefficy have been implemented during the
last years. Milestone policies are listed in Tabléelow. Until 2006, most initiatives target

specific modes or sectors of energy use in Eurepting the general framework in which

national policies of Member States should then kbgven accordance of the subsidiarity

principle. However what was lacking was a general eomprehensive strategy in the energy
field in Europe, which was increasingly felt asex@ssity in view of the increasing complexity
of the situation in the field of energy.

1992 2000 2002 2005 2006 2008
European Directive Action Plan for European Eco-Design European Climate Action
on labeling of the Energy Directive on Directive Action Plan for and Renewable
energy Efficiency building’s concerning all Energy Energy
consumption’s 2000-2006 efficiency new products Efficiency Package
household outside of the (2007-2013)
appliances transport sector

Table 5 Key energy savings policiesin the EU. Source: ADEME

The Green Paper “Energy”, adopted by the EC in M&@06, lays the basis for a European
Energy Policy; this document highlights that theedlepment of a common policy is a long-run
project whose ultimate purpose is to balance tlo@e objectives: sustainable development,
competitiveness and security of supply.
As a foundation for this process the European Casiom (EC) proposes establishing a
Strategic EU Energy Review to be presented to ihen€il and Parliament on a regular basis,
covering all the energy policy issues. ThroughSkategic EU Energy Review, the EC aims at
covering all aspects of energy policy, analyzingtlzd advantages and drawbacks of different
energy mixes. Although a country’s energy mix id arill remain a question of subsidiarity, its
decisions have consequences for other countriesttyd&U as a whole, both in terms of
pollution and energy security. All in all this shdweventually lead to the definition of a EU’s
overall energy mix to ensure security of supply anstainability, whilst respecting the right of
Member States to make their own energy choices.
A more sustainable, efficient and diverse energy imidentified as the third priority area. The
Strategic EU Energy Review is identified as thd foo defining common strategies for what
concerns the choice of an environmental sustaireisegy mix that could improve the security
of supply, while allowing Member States to be ineleglent on these issues.
The fourth action area is strictly related to thied one and addresses the challenges of global
warming. An Action Plan on energy efficiency anchew Road Map for renewable energy
sources should be adopted by the EC to select #asumes necessary for the EU to save 20
percent of the energy that it would otherwise camsiby 2020.
Environmental concerns are somehow addressed Rmlgbei fifth action area that aims at
developing and deploying new energy technologienter to secure energy supply and
improving sustainability and competitiveness. The roposes to establish a strategic energy
technology plan in order to develop promising epetgchnologies and to make them
marketable. At the end of the day, what emergea® fitte Green Paper is that the three policy
objectives, competitiveness, security of supply aostainability, are closely interlinked and
complementary. In January 2007 the European Cononiggesented an Energy and Climate
Change Package including a Strategic Energy Reviévg. package was finally agreed upon in
December 2008. In March 2007 the EU Summit of Hefa8tates agreed upon an action plan,
including among others:

— Atarget to save 20% of the EU’s total primary gyezonsumption by 2020;

— A binding target to raise the EU’s share of rendesé&dn 20% by 2020;

— An obligation of 10% biofuels in the transport furix by 2020 for each EU member;

— An European Strategic Energy Technology Plan fardarbon technologies.



Most European countries are showing significant mitment in the implementation of energy
efficiency measures. For example, Italy submittezldction plan to achieve an energy savings
of 9% in 2016 (directive 2006/32/EC). The plan shadive current and future actions sectors
with an expected energy savings of 35.7 Twh per yea010 and 126.3 Terawatt hour (Twh)
per year in 2016. From 2008 a fund of 40 milliorrceper year is established to promote
renewable sources and energy efficiency.

The Green Paper on Energy Efficiency (European Cissiam, 2005), points out that the EU
could effectively save at least 20 percent of isspnt energy consumption. In order to support
a better integration of energy efficiency measur@s national legislation the European
Commission has proposed several directives whicle leen adopted and are now in force.
These concern broad areas where there is sigrtificdential for energy savings, such as:

« End-use Efficiency & Energy Services;

e Energy Efficiency in Buildings;

e Eco-design of Energy-Using Products;

e Energy Labelling of Domestic Appliances;

e Combined Heat and Power (Cogeneration).
Directive 2006/32/EC sets an indicative energy rsgarget of 9 percent on total energy use,
over a period of 9 years, to be reached by meaps@fy services and other energy efficiency
improvement measures. Member States submittedftisiNational Energy Efficiency Action
Plan (NEEAP) to the Commission in June 2007. InrtNEEAPS, Member States show how
they intend to reach the 9 percent indicative ensayings target by 2016.
Among the main EU legislation for buildings aree tBoiler Directive (92/42/EEC), the
Construction Products Directive (89/106/EEC) and thuildings provisions in the SAVE
Directive (93/76/EEC). The Directive on the energgrformance of buildings (EBPD
2002/91/EC), enforced since January 2003 buildshose measures with the aim to improve
further the energy performance of public, comméraiad private buildings in all Member
States. In order to support the implementation haf Directive the European Commission
established the EPBD Buildings Platform which pded information services for practitioners
and consultants, experts in energy agencies, sitgreups and national policy makers in the
European Member Stat&s
The European Union has highlighted the existenca gbtential energy saving of over 20
percent by 2020, which can be met removing wastdsreefficiencies. Realizing this potential
will bring to some 390 Mtoe of energy savings, aglosith large energy and environmental
benefits. On the basis of the policies and meastwatined in the Green Paper on Energy
Efficiency: “Doing More with Less”, an Action Pldras been presented in October 2006, by the
European Commission. The Plan is built on the exj9EU energy efficiency legislation and its
objective is to provide a framework, which helpsiauing the 20 percent saving potentials.
This framework is constituted by a list of costeetive measures, by priority actions to be
either immediately initiated or executed gradualpng the Plan’s six years period. The
NEEAPs will integrate well with the objectives bifet Action Plan, as far as the latter represent
the instruments for monitoring, reviewing and upatathe plan.
The Commission has published an impact assessmapattrfor the Action Plan for Energy
Efficiency, which allow to quantify the effects ibfe action proposed (Tipping et al., 2006). The
estimates however contain a certain degree of taingy, as far as a wide range of topics, at all

1% The existing implemented Directives for ECO-desigrenergy-using products are related to ballasts
for fluorescent lighting (2000/55/EC), householdagtic refrigerators and freezers (96/57/EC), haten
boilers fired with liquid or gaseous fuels (92/42(). These Directives have been amended in Jul§ 200
by the article 21 of the Directive 2005/32/EC. Tlagter define conditions and criteria for setting
requirements regarding environmentally relevantpod characteristics (such as energy consumption).
principle, the Directive applies to all energy usproducts (except vehicles for transport) and oed
energy sources. For energy demand in householelgarg! Directives are the energy labelling for elect
refrigerators (2003/66/EC), electric ovens (2004, air-conditioners (2002/31/EC), dishwashers
(1999/9/EC) and household lamps (98/11/EC). Otliersctives are related to household dishwashers
(97/27/EC) washing machines (96/89/EC), househalohbined washer-driers (96/60/EC) household
electric tumble driers (95/13/EC), household waghimachines (95/12/EC), household electric
refrigerators, freezers and their combinationsZ@4C), household appliances (92/75/EEC).



levels of policy and decision makers, is involvédter evaluating a large set of possible
instruments, some priority actions have been saflech the ground of their impact on energy
savings. By far the most promising measure seemzetthe extension of white certificate
scheme¥, after evaluation of present national schemeall tBU-countries coupled with energy
efficiency obligations on energy suppliers (80Mudgotential savings), followed by maximum
CO, emission standards for different type of cars tedipvith more stringent agreements with
car and truck producers after 2008-2009 (28Mtogatential savings) and end-user price
increase to discourage fuel use (20Mtoe of potestaings). Taken together the eighteen
policy options identify up to 353 Mtoe of potent@@imary energy savings over and above the
current ‘business as usual’ projection without ngkinto account antagonistic or synergetic
interactions (overlap) between the different polaptions. Taking into account the separate
policy options overlap the gross estimated aggeegaergy savings potential estimate reduces
by 26% to 262 Mtoe in year 2020.

3.2. The residential sector

Looking at the IEA studies on energy efficiencythe residential sector (IEA 2006, 2008c), the
average energy consumption per dwelling in the BWehched in 2004 between 1.1 and 2.3 toe
per year, with an European average of 1.7 toe par.yThis average energy consumption in
2004 was slight below its 1990 level. The changeshe average energy consumption per
household result from a mix of different factoratthave countervailing influence:

- Energy efficiency improvements generated by morficieit new buildings and
appliances and by most energy substitutions teihmitter energy consumption

- Larger dwellings, more appliances, increased hgatire driving energy demand
upwards (rebound effect).

Large appliances experienced the biggest energgiegity improvements: 20% since 1990
(1.5% per year). In most countries, energy efficieimcreased by around 1% per year, which
corresponds to the target of the European Engffigiency Directive

As mentioned above, the EU has set up a legal framiefor energy efficiency. Most EU
countries have responded to, and transposed ipip rthtional legislation, energy efficiency-
related Directives. This activity included prepgrihe National Energy Efficiency Action Plans
— under the Energy Services Directive (2006), pasmg and recasting the Energy
Performance of Buildings Directive (2002) and egtiag the energy efficiency and labeling
requirements for energy-using products and eledtappliances through transposing the Eco-
Design and labeling Directives (1992, updated i@80The following examples present some
case of implementation of measures to promote gregfigziency in the residential sector.

In Italy, in the recent past, the administratiors lmaade a number of amendments to energy
efficiency policy. The country started a White @arates Scheme in January 2005, and this
scheme was then amended by an Inter-ministeriatd@edts duration extended from 2009 to
2014. The 2008-2011 Economic and Financial ProgragnnmDocument of the Italian
Government provides for the pursuit and extensibiiscal measures to encourage energy
efficiency of buildings and energy use equipmertoAarticles 351 and 352 of Budget Law
2007 included funding of 15 million € for 2007-20@9 underwrite a provision allowing a tax
deduction worth 55% of the total amount of 2007 emxtures for the implementation of
projects to enhance the energy efficiency of bngdi

Other European countries have set up similar gdicin the United Kingdom, the Energy
Efficiency Commitment (2002-2005) programme recuitieat all electricity and gas suppliers
with 15,000 or more domestic customers must achdes@mbined energy saving of 62 TWh by
2005 by assisting their customers to take enerfigieicy measures in their homes: suppliers
must achieve at least half of their energy savingsouseholds on income-related benefits and
tax credits. In France, the aggregate energy iityedscreased by around 1.1% from 1990-

1 White certificates are issued by national energharities and certify energy efficiency improverten
by eligible economic agents.. They are tradablerdier to minimise the overall costs of reachingveg
overall national energy efficiency target.



2005. This decrease was made up of a 0.6% deadliedalimproved energy efficiency and a
0.5% decline due to changes in economic activitg smucture. France has also developed
innovative financing products for the residentiatter since 2007, when in partnership with
banks low-interest loans for residential energyseowation projects were offered, financed
through a special tax-free savings account.

Electrical Appliances

According to the study of the European CommissEumr¢pean Commission, 2009a) on energy
savings potentials, electrical appliances in tietdential sector have the largest potential at the
short term (2010) for improving its energy effiaign

Figure 17: Sectoral contributionsto the Energy savings potentials over timein relative terms.
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Few measures concern the use of electricity indimgk, although the consumption of
electricity for households appliances is steadilyréasing. Electricity consumption in buildings
grows at an average rate of 1.5% per year accotditige ODYSSEE database. Electrical and
electronic appliances represent 14% of househdltbs energy consumption and 62% of their
electricity consumption in 2007. Several Europe&eatives have been adopted during the
1990’s in order to lay down minimal standards conicwy energy efficiency. After their
implementation, the share of energy consumptiotaxfe household appliancésn the total
electricity consumption of this sector decreasetq5n 1990, 45% in 2006). For example,
refrigerators in the United Kingdom have decreabed energy consumption by 21% between
1995 and 2000. During the same period, freezethaénUnited Kingdom have decreased by
about 25% their average electricity consumptiongémeral, large appliances display the best
improvements in terms of energy efficiency in theidential sector in Europe. The share of the
small household appliances consumption in the eesial sector’s total electricity consumption
has on the contrary increased (38% of the spetfal electricity consumption in 2006, and
27% in 1990). Although the energy efficiency ofgarhousehold appliances improved on
average by 20% between 1990 and 2004, in the samedpthe average consumption per
household decreased of only 2% because the hodsappliances penetration rate grew up,
thus counterbalancing the best part of improvemientschnical efficiency (a clear example of
therebound effegt For instance, the technical improvements coriogroomputer and TV-set
screens did not lead to energy savings becaudeinfsteadily growing sizes. Televisions have
undergone a rapid transformation in recent yearflaascreen technology replaces bulkier
traditional screens. Spurred on by falling retailcgs, consumers continue to purchase
televisions with larger screens for primary use,ilevtoften keeping existing televisions.
Consequently, the number of televisions is growimgnost countries. Televisions are also

12 Large household appliances include: refrigesatand freezers, washing machines, dishwashers,
hoods, microwave ovens, cooking appliances sutiobs, ovens, air conditioners



switched on for longer periods of time, althougkytmay not be watched. Increased use of
games consoles and program-recording devices lended to extend viewing hours. These
developments are leading to increases in energpfusgproximately 5% per year, which cause
the global energy consumption of televisions talydaple by 2030 if current trends continue.

Over the last 18 years, the Energy Labeling Divec(P2/75/EEC) has proven a very effective
policy instrument, leading to a significant impraovent of the energy efficiency of the
household appliances in the EU. The “A-G” labelpthyed on appliances such as washing
machines, dishwashers, refrigerators or ovens t@sded consumers information at the point
of sales about energy consumption and hence thengicosts of the product, thus steering the
demand towards the best-performers. The Europeamr@@sion aims to extend the scope of
the Directive to energy-using products used in itidustrial and commercial sectors and to
other energy-related products which have an impaanergy consumption during use. If fully
implemented, the proposal is expected to resudtniergy savings corresponding to 27 Mtoe
annually by 2020 or translates into the annualeabant of 80 Mt of C@emissions (based on
savings from commercial heating and refrigeratippliances and windows alone). The Eco-
design directive aims to integrate environmentahgdards as soon as possible during the design
and the conception of the product, as well as applg life-cycle approach in the designing
stage of the product. The Commission has adopt&kaember 2008 the eco-design regulation
to reduce standby energy consumption of all houdeand office products. This regulation
aims to cut the standby electricity consumption dynost 75% by 2020. The standby
consumption of new products has to be less tha\&s of 2010 and less than 0.5-1 W in
2013. The aim is to reduce by 2020 73% of the gt#igt consumption in “off mode” for those
appliances within the EU. Currently, the electyicibnsumption of appliances when they are in
“off mode” is around 50 TWh per year, which is méhen 10% of the French total electricity
consumption. The European Commission aims to retheenergy consumption of electrical
household appliances and of office products. Inogey minimum efficiency standards for
several types of appliances and products will Heodluced in the next few years. These
standards will be set by EU regulations that ardé¢obased on the Eco-Design Directive
(2005/32/EC). At this stage, the EU Commission flagss for proposing such standards for 19
product groups.

Lighting

Globally incandescent lamps are estimated to haeeusted for 970 TWh of the worldwide
final electricity consumption in 2005 (IEA, 2006#). the hypothetical case that all these lamps
were to be replaced by compact fluorescent lampsutatively this would reduce global net
lighting costs by USD 1.3 trillion from 2008 to 2)3and avoid 6.4 GtCQemissions at
negative abatement cost. In Europe, lighting isfdrythe major end-use category in tertiary
sector consumption, responsible for about 175 TWR686 of total electricity consumption in
the tertiary sector (source: European Commissi@ijhin the household’'s consumption, in
2004, the share of lighting energy consumptionhredc 4% (source: ODYSSEE).

The European Commission’s draft regulation “impletimeg Directive 2005/32/EC with regard
to eco-design requirements for non-directional bbotd lamps” aims at progressively phasing
out incandescent bulbs between 2009 and 2012 ektisated that the EU will save around 40
TWh and 15 Mt CQper year.

Following its commitment under the European Uniarefgy Services Directive, Germany’s
2007 National Energy Efficiency Action Plan aims txhieve 9% energy efficiency
improvement between 2007 and 2016, incorporatitagget of 933 PJ, with an interim target of
510 PJ for 2010. In the area of lighting, Germdikg other EU countries, has an established
comparative energy label for household lamps aadspto develop new standards for office,
residential and outdoor lighting products under Ei¢ Eco-Design Directive. By 2011, the
United Kingdom aims to go beyond the European Divean setting up minimal standards for
energy efficiency concerning 21 products especialthe lighting sector.



3.3. The industrial sector

The International Energy Agency (IEA, 2008) repdtat industry accounts worldwide for
nearly one third of total global primary energy plyp’ and 36% of C@emissions. Total final
energy use by industry was 113 EJ in 200Rough estimates suggest that 15% of total energy
demand in industry is for feedstock, 20% for preomsergy at temperatures above 400°C, 15%
for motor drive systems, 15% for steam at 100-400%26 for low-temperature heat and 20%
for other uses, such as lighting and transport.

In Europe (EU-15, in 2004), the industrial sectonsumed around 27% of the energy used by
final consumers (279 Mto€) of which 97% was consumed by the manufacturirdustry.
Industry is the sector with the slowest progressiorenergy consumption (comparing to
residential and transport sectors); as a ressltshiare in final energy consumption has been
falling between 1990 and 2004 (minus 3 points).alfew countries (Greece, the United
Kingdom, Ireland, Germany, Luxembourg, Portugallgiem), the drop in the importance of
the sector has been quite substantial (minus Sgomaverage). Over the same period, energy
efficiency improved by 12% in manufacturing indystr

IEA analysis shows that substantial opportunittesrprove industrial energy efficiency remain
within the European countries. For example, it negends to establish standards for industrial
electric motors, or to examine the barriers to db&mization of energy efficiency in motor-
driven systems. This analysis shows that there $sgaificant potential for energy savings
through enhanced energy efficiency policies forar@tThe IEA estimates that if all countries
adopted best practice minimum energy performanaedsrds for industrial electric motors,
between 240 and 475 TWh of electricity demand cbeldaved by 2030.

After the oil price shock during the 70’s, enerdficeency in the industrial sector improved
noticeably during the last three decades.

EU energy efficiency legislation is recent, althbuegislation has existed for a longer period in
certain member states. The steps which industrytdleen have largely been voluntary and
usually driven by cost, but are also in conjunctidth EU initiatives.

EU could save at least 20% of its present energysuoption in a cost-effective manner
(European Commission, 2005). The EU has announceBEsAP (Energy Efficiency Action
Plan) to save up to 20% of energy throughout thistJtabout 39 Mtoe) and 27% of energy in
manufacturing industries by 2020. The hope is tluce direct costs in the EU by 100 billion €
annually by 2020 and save around 780 million tafeSO, per year.

Besides the EU-ETS scheme, that became a flagsi@psure of the European policy
concerning reduction of greenhouse gas emissiorimpabvement of energy efficiency in the
industry, there are few regulatory measures onggnefficiency in the European industrial
sector. In ltaly, industries consuming over 10 Miper year must designate an energy
administrator. In Portugal, Romania, Bulgaria, L#hia, the most important energy consumers
have to lead a compulsory energy audit.

Some countries give priority to tax tools, as Gemnnpéastonia, Italy, the Netherlands, Sweden
and the United Kingdom which set up environmerdaes proportional to electricity and fossil
fuels consumption and gas emissions.

Direct subsidies are also implemented, particuladyfinance innovative projects which
introduce new efficient technologies on the market.

Energy management (EM) programs address the waydaistrial plant is managed to exploit
cost-effective energy savings opportunities. Glohdbption of EM measures could produce
industrial energy demand savings of 3-7%. Largeg@nsavings can also be made from light
industry that consumes 30% of industrial energyhysencreasing EM programs in this sector.
Many countries are also continuing, or expandihgjrtpromotion of energy management in
industry. These policies commonly include the psmn of energy management tools, training,
energy manager certification and quality assuraNewertheless, there is some concern about
the level of energy management support in someeam countries.

311,213 Gtoe in 2004

1 Mtoe = 41 868 EJ

'3 In the EU-25, the industrial energy use was 318eMir about 28% of the annual EU final energy use,
and 30% of primary energy demand.



3.4. The transport sector

In the Green Paper on energy efficiency (Europeamm@ission, 2005), the Commission
estimates that the EU could reduce energy consampt 20% by 2020, and it claims that the
first sector with a high energy saving potentiar@sport, representing a third of the EU's total
consumption. The dominance of road transport asdhigh level petrol dependence are
accompanied by congestion and pollution problemehvhdd to energy waste. To face these
issues, the Commission proposes tax schemes fagociean and economical vehicles and the
use of public transport and car pooling. The Corsiuisis also in favour of financing research
and development of alternative fuels. Finally,ati€ for better road and air traffic management
on a continental scale to limit congestion andytih, particularly by using the applications of
the GALILEO Programm@.

In the Action Plan for Energy Efficiency (Europe@ommission, 2006), the Commission
estimated that the energy saving potential in thasport sector is around 26% reduction in
energy consumption. The Commission plans to seindiry target to reduce polluting car
emissions to achieve the threshold of 120g ot/K® by 2012. It also intends to address the
issue of car components, such as air conditionmgtgres, in particular by issuing a European
standard for rolling resistance and by promotinge tgressure monitoring. The Action Plan
includes an initiative to extend the greenhouseegaissions trading scheme to the air transport
sector, to improve air traffic control (SESAR), itaplement the third rail package, and to
connect ships to the electricity network when irbloar.

Since the 2001 White Paper, which was revised 62@his policy area has been oriented
towards harmoniously and simultaneously developimg different modes of transport, in
particular with co-modality, which is a way of magiuse of each means of transport (ground,
waterborne or airborne) to its best effect.

In what follows, we focus on the road transpoxtegi its overwhelming relevance for energy
consumption.

“Euro” Emission Standards

According to a recent study on European transpaitips (European Commission, 2009b), the
EU “has developed vehicle emission standards with &im of lowering the negative
environmental and health impacts from motorizechdport. The standards are defined in a
series of Directives, which date back to the 19&daging the progressive introduction of
increasingly stringent requirements. The settingtahdards has had an impact on the evolution
of the vehicle fleet composition over the yearssTéd to a considerable change in the size and
type of emissions of air pollutants from motorizeghsport, which have substantially decreased
over time”.

A regulation of 200% introduces new common requirements for emissiams fmotor vehicles
and their specific replacement parts (Euro 5 anmd Bustandards) he Euro standards set limits
on vehicles’ emissions of carbon monoxide (CO),rbgdrbons (HC), oxides of nitrogen (§O
and particulate matter (PMAs soon as the Euro 5 and Euro 6 standards ert@rfance,
Member States must refuse the approval, registrasiale and introduction of vehicles that do
not comply with these emission limits.

The Euro 5 standard came into force on Septemt@d. B8 main effect should be to reduce the
emissions of particulate matter from diesel cassf25 mg/km to 5 mg/km.

Euro 6 is scheduletb come into force on 201dnd will mainly reduce the emissions of NO
from diesel cars further, from 180 mg/km to 80 nmg/k

Pricing and Taxation

A common EU environmental framework for road vedsctegistration and annual circulation
taxation is still under discussion. At nationaldethere are some examples of transport charges.

'® The purpose of the Galileo programme is to esthliie first worldwide satellite radionavigationdan
positioning infrastructure specifically for civilpposes.

17 Regulation (EC) No 715/2007 of the European Pa#diatnand of the Council of 20 June 2007 on type
approval of motor vehicles with respect to emissifrom light passenger and commercial vehiclesdEur
5 and Euro 6) and on access to vehicle repair aidtemance information.



In Germany, Italy and Spain, light vehicles’ regasion tax varies according to their emissions.
In Spain, the government has also introduced filadtrecentives to replace old vehicles with
new ones with better Gerformances.

It should be also noted that some European citi@siely London, Stockholm and Milan, have
introduced urban charging schemes and distanckedetdharging schemes on motorways (e.g.
HGVs charging scheme in Germany).

However, few measures have yet been taken to alteencosts of CQemissions, rail and road
noise and congestion. With the exception of Milanhan road charges have focused on
congestion, though some exemptions were allowedl&mtric or hybrid vehicles.

The EU legislation sets minimum annual taxes f@avigegoods vehicles (above 12 tonnes) and
establishes that taxes have to vary according éonttmber and composition of axles; yet
national authorities can set taxes structure akagethe procedures for levying and collecting
them. However, several Member States already apiparges differentiated on proxies for
environmental impact (e.g. engine size and type).

Reduction of CQEmissions from Cars

According to the Review of Common Transport Polity, 1998 and 1999 the European
Commission entered a voluntary agreement with theofean, Japanese and Korean car
industry to reach average emissions of,@©@m new cars of 140g/km by 2012. In 2007 the
Commission concluded that, although there had laessduction in average emissions (from
186g/km in 1995 to 161g/km in 2004), the target walikely to be met, and made a legislative
proposal to ensure that, along with other techrickdgmprovements and an increased use of
biofuels, the target of 120g/km would be met by201

The legislation was discussed and approved on Deeef008. It sets that the fleet average to
be achieved by all cars registered in the EU is @Bms per kilometer (g/km), with an
additional 10g/km to be achieved from other soyroeduding CQ restrictions for vans, the
use of biofuels, cleaner fuels, more efficientanditioning systems, and the use of tyres with
lower rolling resistance. A so-called limit valuaree implies that heavier cars are allowed
higher emissions than lighter cars while presenthg overall fleet average. In 2012, 65% of
each manufacturer's newly registered cars must lgoarpaverage with the limit value curve
set by the legislation. This will rise to 75% in13) 80% in 2014, and 100% from 2015
onwards. If the average G@missions of a manufacturer's fleet exceed it¢ Madue in any
year from 2012, the manufacturer has to pay anssxesnissions premium for each car
registered. This premium amounts to €5 for the &sxcess g/km, €15 for the second g/km, €25
for the third g/km, and €95 for each subsequentngfkrom 2019, even the first excess g/km
will cost €95.

A target of 95g/km is specified for the year 2028e implementation of this target, including
the excess emissions premium, will have to be ddfin a review to be completed no later than
the beginning of 2013".

In order to reduce carbon dioxide emissions fromw mars and vans sold in the European
Union, in 1999 the European Commission proposédaltel new vehicles according to their fuel
economy® [Directive 1999/94/EC], with the aim to ensure MWeformed consumption choices.
Currently the Directive is under revision [COM(20QR] and the adoption of the proposal to
revise CQ/cars labelling Directive is foreseen towards theé ef 2009.

4. Panel Analysis: Methodology

This section describes the techniques applied im gtudy to identify and characterise the
energy intensity, carbon efficiency, carbon intgnand energy security determinants by means
of panel econometric analyses, focusing on thewialig factors suggested by the literature:
=  Structural changes in the economy: GDP, sectord? Glares changes, R&D
expenditure;
= Policies: national and supranational energy pdi¢teg. EU directives,
presence of national carbon/energy taxes, etc.)

'8 The fuel economy is the distance traveled by aclelper unit of fuel used.



= Measures: fiscal, education/information initiativieegislation (mandatory
standards or labelling), cooperative measuressa@oging measures

= Energy: energy prices, energy balance sheet.
The goal is hence to assess the economic variafieh could have a significant effect in
improving the energy intensity, energy efficienepergy security and carbon intensity and to
identify the policies and measures (P&M) implemdrite European countries which have been
effective for the same purpose. A further goaloscompare the significant drivers resulting
from regressions, in order to understand whetherettare some factors which affect both
energy intensity and energy security and if improgats in carbon intensity match with lower
energy intensity.
In order to achieve these goals, we have chosapgly econometric models which exploit the
panel data format. The panel data analysis, indaalys us to combine cross-sectional data
and time series data, obtaining a gain in the ieffity of estimates, thanks to the availability of
a large amount of information.

The estimates are obtained by regressing the ernysity index (El), the energy efficiency
index (EE), the energy security index (ES) and ¢hebon intensity index (CI) - or GO
emissions pro capita in the case of the houseladtbss on a set of explicative variables X
(such as energy prices, GDP, R&D expenditure, atud) policy variables PM. The El, Cl and
the ES indexes have been calculated both at agaggrievel and at a sub-sector level, focusing
on three main productivity sectors, namely Indus@yher and Transport sectors. For the ES
and Cl a more detailed disaggregation is beenezhrout, splitting the Other sectors into
Agriculture plus Tertiary sector and Residentiatee The EE index model has been estimated
for the Residential and the Transport sectors.

The analysis therefore includes 18 general panalefsp with alternative specifications for
energy security, focusing on the EU15 countries and Norway betwherperiod 1980-2066

The econometric models have the following funaidorm:

Ely = a; + AXji + BIPML; + ... + BPMK; + Y 3)
EE; = g + AX;y + BIPML; + ... + BPMN; + (4)
ES: = g + AX;; + BIPM1; + ... + GKPMN; + U (5)
Cli = a; + AXi + BIPML; + ... + BPMN; + y, (6)
CCi=a + AX; + f1IPMY; + ... + GKPMN; + U, @)

WhereEl is the Energy Intensity indeEE is the Energy Efficiency indeXSis the Energy
Security indexCl is the Carbon Intensity index, and CC are the aradimissions per capita.
The matrixX; includes the explanatory variables related to enva structural changes, society
and energy market. The variabeM;, j=1,...,K, represent instead the policies includethim
regression, which are dummy variables equal totieifpolicy is in force in thieth country and
t-th year.

The double pointeri () shows the panel structure of the dataset. Inqoeet the index=1,...,N
represents the country, while the indeg,..., T refers to time. The parametdrs 3, j=1,...,K,
are constant across countries and over time, whideparametersy, change only with the
country. The parameters are known as fixed effects and capture the indafidieterogeneity
which characterize panel data models.

The individual heterogeneity is unknown, systematd correlated with regressors. To solve
this issue we have chosen a fixed-effect model revtige individual heterogeneity is modeled
by means otountry-specificonstants. Such models differ from random-effeatsiers, where
instead the individual heterogeneity is a randomatée 14, included in the disturbance term,
a=aeu; =l +6&.

19 Given the vast range of possible energy securificators, we have tested a few alternative options
0 For the EE indexes the analysis focuses on tHeg&880-2004.



The random-effect model implies the use of a randample of individuals. We used instead a
dataset where the selection of countries undettisgrare not random, this makes the fixed-
effects models more useful for our purpose thamahdom-effects models.

Models (3) — (7) are special cases of Seeminglelated Regression equation systems (SUR),
where the coefficientd e 5, vary across individuals. In a model where cogdfits are indexed
with i=1,...,N, the excess of parameterization impliesdssin degrees of freedom and less
efficient estimates of coefficients. Consideringe thigh number of policies used in the
regression, the fixed-effects model is preferabla SUR system.

We have tested also one-year and two-year lagallftre P&M variables, and one-year lags for
the main economic variables. The approach folloe@ausisted in testing models which cover
all macro-variables and policies, as well as tlags, cutting out variables with non statistically
significant coefficients. This process has beermaitzl until a set of significant explicative
variables has been obtained.

Data concern observations on 16 countries (N=1627gperiods (T=27), related to 69 variables
overall, which 57 are dependent or explicative alalgs (%; PM;) and 18 are endogenous
variables (). The set of independent variables includes eniettgysity, energy efficiency and
energy security indexes calculated for each cowdrg whole and for the three macro-sectors,
as well as the carbon intensity index calculatdg far the entire economy.

We have created therefore 18 panel models, oneedoh indicator/sector and we have
proceeded by regressing each endogenous varialhe @et of explicative variables in order to
find statistically significant regressors.

5. Panel Analysis: Data

For the estimates of the energy indexes and theoadic variables we have combined a set of
different data sources. The Energy Intensity intles been calculated by using the fEA
database for energy final consumption data and EERI? and OECD® databases for the
estimates of sectoral value added. Energy Secunatyxes are been obtained employing data
extracted from ENERDATA and IEA. Data for the Carbon Intensity index haeen extracted
from the ENERDATA® and EUROSTAT/OECD databases, while per capita @flssions for
the residential sector are been computed by contpitata from WD and ENERDATA.

The El index is defined as the ratio between eneansumption and an indicator of activity
measured in monetary units (e.g. GVA). Energy comion can be classified as primary and
final. By primary energy consumption it is meang #nergy of combustible fuels and natural
sources (oil, coal, etc.) whose transformation gees the energy used for final consumption.
In this study we consider final energy consumptimrcalculate the El index. The IEA energy
balances provide information on primary and finakmgy consumption by country, energy
product and sector. Regarding the indicator of eooa activity, used both in the energy
intensity and in the carbon intensity indexes, \weehchosen the GVA in US dollars at constant
prices, calculated at PPPs using the 2000 as leasewhich allows us to make a more careful
international comparison. The indexes have theeetthie GVA, rather than the GDP, as
denominator since that taxes and subsides, inclunetie GDP, are not relevant for our
purposes. EUROSTAT database includes the monetalyewy of all goods and services
produced by a given country. These values reprabentGDP at an aggregate level and the
value added produced in each sectors, at a setdwedl We have chosen the EUROSTAT
database because it allows the disaggregation of @V 32 subsectors. The indexes are
calculated by sectors, aggregating production igtigr three macro-sectors, namely industry,

2L |EA World Energy Statistics and Balances - ExtehBalances Vol 2008 release 01.

22 EUROSTAT - National Accounts by 6 and 31 branchaggregates at current prices.

%3 OECD.Stat -Gross domestic product (output approach) US $, @oniprices, constant PPPs, OECD
base year (2000), millions.

4 Enerdata — World Energy database, 2007.

% Enerdata — EmissionStat, 2007.

6 World Development Indicators, The World Bank, 2008



other and transport, where the seabther includes public and private services, as well as
agriculture and residential. We have chosen toddbe analysis on EU-15 +Norway for the
period 1980-2006.

The Energy Efficiency index&shave been computed by combining data extracted A

and MURE-Odyssee databases. IEA energy balanceglprdata on final and sectoral energy
consumptions (Mtoe), while Odyssee (MURE) databaskeides the data on unit consumption,
(physical/technological data).

The economic time series are obtained from diffessurces, mainly World Development
Indicators (WDI), EUROSTA® and IEA®. Energy prices data have been extracted from IEA
databases, R&D expenditures have been obtained EOQRROSTAT, while the WDI has
provided information on the remaining macro-varesbl

Policies and measures data are taken from the MUiREabase. MURBMesures d’Utilisation
Rationnelle de I'Energleprovides information on energy efficiency poliiand measures that
have been carried out in the Member States of thegean Union. The database collects the
energy efficiency measures relevant to the founrsaiergy demand sectors, namely household,
transport, industry and tertiary and on generafggnefficiency programs and on general cross-
cutting measures. Dummies variables have beenecrdst subcategory of policy, that is, the
dummy variable is equal to 1 if any kind of poliaycluded in the same subcategory is
implemented in the country under scrutiny during geriod considered. Annex | provides a
glossary of data with a description of economidalades and policy dummies.

6. Panel Analysis: Results

In this Section we illustrate the result of the gaanalyses. Our aim is to check whether the
implementation of energy efficiency policies had laa effect in EU (EU15+Norway) countries
on indicators of energy efficiency, carbon effiadgrand security of supply.

In particular we are interested in checking wheteeme policies had a sort of “double
dividend” by having a positive effect on more thame of these indicators. Besides policy
dummies, we also look at the effect of the maciweds (GDP, prices, R&D, etc.). We first
look at the effect of sector specific policies, @hdn we look at joint effect of policies on the
European economy as a whdle.

6.1 Panel analyses of energy polices in the EUferresidential sector and for the “other
sectors”

In this sub-section we analyse the European resadesector and the consumption sectors
usually grouped under the “other sectors” labednergy statistics, that is the tertiary sector and
agriculture. As explained before, to assess eneffigiency we need to resort to different
indicators according to whether the sector undaitisty contributes to the officially recorded
production of value added or not. Thus we lookregrgy intensity for the “other sectors” and to
a physical indicator of energy efficiency for thesidential sector. For the same reasons it will
not be possible to assess the carbon intensityeofdsidential sector, but we look at (per capita)
emissions. The regressions’ results are report@alite 6.

The residential Sector

The energy efficiency in the household sector appears to be improveddyapplication of a
number of policies, both sector- and non sectageiis. In particular, mandatory standards for
buildings and regulation for heating systems andaater systems have proven effective, along
with cooperative measures and cross cutting pesligigh sector-specific characteristics. Cross

" See Annex Il for the methodology used to compleEE indexes.

8 Eurostat - Statistics on research and developrie&D expenditure at national and regional level.
29 |[EA - Energy Prices and Taxes — Vol. 2009 reld@e

%0 http://www.isisrome.com/mure/

3L Al coefficients displayed in Tables 7, 8 and @ aignificant at least a 95% confidence level (most
variables are significant at least at 99%).




cutting policies such as the implementation ofdisneasures and general programs to improve
energy efficiency or promote renewable energy ssialso had a positive effect.

Dependent variables
ener gy energy security carbon
intensity/efficiency, intensity/emissions
Unit eioth  |eehouodyEsoth | esagtershou [cioth [ciagtejco2hol
Energy |[US$/uni - - -
Price -1.4 -0.01 -0.01 -0.001 -0.01
GDPppp US| 0.0 4026 060 0.44 -11.64 -0.033 -0.06 0.38

R&Dppp US{ o1 . - | 14.47 1 0.03 -0.20
Share %) - 4 - - - ] i ]
Industry
Energy ktos - - - - - ] i i
Productiof
Househol{HhO1 - 7.23 - - - ] i ]

Policy 7 i N i 7 7 7
\Variables Hh02 -12.03

HhO3 = : - - - = - -0.15¢

HhO4 -0.007 : - - 100254 - i
HhoS - ] 1 - - 1 1-0.04

HhO6 -0.014 : - - - 1 1 -011

HhO7 -0.007 101729 - - 1 - .
HhO8 - ] 1 - 10008 1

Coefficients

Hh1l -0.006 -19.26 - - - 1 i

Hh12 -0.004 -14.64 -008 52251 -0.00§ 1-0.074

Tertiary [Te02 - - -0.09 - - i i i

Policy  [Te06 i 4 - - i i J
\Variables -0.18

Te07 - I 1 - - 1-0007 -

Te08 ; 1 -0.17-0.156 - ; ; i
Te09 - y - - 1.0014 '

Tel0 ) ) - - - ) ]

Cross- |Cc01 1 16712 |1 | -3990013¢ - '
Cutting

Policy
\VVariables|Cc04 7 ] 7-0.113 ] ] "1 -0.097

Cc07 -0.008] 1 1 1 -0004 7-0.074

R-square 061 046 047 037 03 076 055 0.4
Notes:eioth = energy intensity index other sectors (residértiatiary+agriculture)pehouody= energy
efficiency index - residential sector (OdysseeBA-2004;esoth= energy security index - other sectors
(proxy:Gas import/gas consumptiorjagter energy security index - agriculture+tertiary (pydsas
import/gas consumptiongshoutenergy security index - residential sector (proxyal GAS
consumption/GDP)ioth: carbon intensity index - other sectors (residéntertiary+agriculture);
ciagter. carbon intensity index - agriculture+tertiary

Cc03 1 -16.511 1 - - 1 - ]

Table 6. Econometric Results of the Energy Intensity, Energy Security and Carbon Intensity
Indicatorsfor theresidential and the Other sectors

As to the macro variables, electricity price haseaeficial effect on this indicator, confirming
that the share of household energy use which igsatated to transport, mainly has to do with
electrical appliances and lighting. On the otherchancreasing per capita income appears to be
bad news for energy efficiency. This is probablykéd to the well known high income
elasticity of the demand of electrical appliancEés. anticipate, that the same variable has a
beneficial effect on aggregate energy intensityeréhthe efficiency gains due to shifts in the



productive structure towards a less energy intensetting, typical of richer economies may
have prevailed and counterbalanced this detrimemnia| specific of the household sector.
Carbon emissions. Energy prices and GDP per capita have an anatogfiact as on energy
efficiency: price increases improve the performaoicthis indicator and higher income worsens
it. R&D expenditures have a small beneficial effect

Residential policies improve this indicator, buttwihe exception of cross-cutting with sector-
specific characteristics, they are different frarade influencing the energy efficiency indicator:
building regulations, legislative/informative meessjy and grants or subsidies to promote
energy efficiency. Again, some cross cutting pekcare effective, in particular those related to
financial measures.

If we look at the effect orenergy security of policies aimed at energy efficiency in the
residential sector and general cross cutting measanly, the results are quite disappointing.
Note that for al consumption sectors, we consitleraggregate value for these indicators, but
we regress them on sector-specific policy variabldse idea behind this strategy is that we
want to look at the effect of policies designed floe various consumption sectors, or cross
cutting policies affecting the sector under sciyytion energy security indicators that are likely
to be relevant for this sector. We do not computeetor specific energy security indicator,
because its meaningfulness would be questionable.

Relying only on this family of policies has litttg no effect on most energy security indicators.
Only a couple of gas-related indicators of enemgyusity appear to respond positively to these
policies. In particular, the ratio of gas consumptand GDP turns out to decrease in presence
of general support to energy efficiency and rendevamergy sources, climate policies, and
those cross cutting policies that have a more Bpdocus on households. Increasing income
per capita appear to promote diversification ofl fuse, while R&D’s effect is detrimental in
this case. Energy prices do not appear to be glaysignificant role.

Note that these results are not directly comparabth those for the “other sector” below
because the indicator chosen as energy securityy psodifferent. The other energy security
indicator displaying some responsiveness to thisljaof policies is in fact the same proxy as
for the “other sectors” (the ratio of gas impoxsgas consumption); however in this case we
obtained less significant results. In particularthis case only grants and subsidies to promote
energy efficiency in the residential sector hadgaificant beneficial impact. Macro variables
behave as they do in the analogous regressiortbddother sectors” policies described below:
increasing energy prices improve this indicator exedeasing per capita GDP worsens it.

The “other sectors”

“Other Sectors” is a general aggregate used inggnealances that includes the residential
sector, the tertiary sector and agriculture. Itn® always easy to disentangle these three
components.

Energy intensity is in this case measurable, since two out of tlokeés components do
produce value added. It is however an upward biaseasure, because there is nothing in the
denominator related to the household sector. Neeleds, this measure of energy efficiency
seems to be sensitive to policies targeted at e¢iselential sector: mandatory standards for
electrical appliances, grants, subsidies or s@hdoto encourage energy efficiency at home,
along with cooperative measures and cross cuttmigips with sector-specific characteristics
have proven effective. Notice that these are nat#xthe same set of household policies and
measures that have a beneficial effect on the gnefficiency indicator, although some
overlapping is present; this may be a side effeti@bias just highlighted.

Measures aimed at the tertiary sector does not sednfluence this indicator, while general
cross cutting policies have positive effects (agaot the same policies as in the energy
efficiency case).

Also the behaviour of macro variables is rathefied#nt: this time increasing energy prices have
no effect on this indicator, while GDP per capitghtly improves it and R&D worsens it.

As to carbon intensity indicators, there is a noticeable difference between thegeeggtes
and the pure per capita emissions for househatdfadt, for the more general aggregate, (i.e.
carbon intensity in the “other sectors”), mandatstgndards for electrical appliances, tax
exemption and tax reduction, as well as cross rguttineasures with sector specific



characteristics are effective. Of the tertiary seqtolicies, cooperative measures only are
effective. General cross-cutting measures, in @aei those aimed at improving energy
efficiency or mitigating climate change or policisshemes to support renewable energy are
also beneficial. Again increasing energy pricesroup this indicator, this time, also GDP per
capita improves this indicator. This is understdmhelaas carbon intensity by construction gets
lower as GDP increas8s

To assess the weight of the “other” sectors’ peticbnenergy security, we look at both the
joint effect of the policies aimed at the three-sabtors together and the effect of these policies
separately. More specifically we consider the dftdgolicies aimed at energy efficiency in the
“other sectors” to see if these policies have dacefon the ratio of gas imports to total gas
consumption. In terms of macro variables, in thasecenergy prices appear to improve this
indicator, while GDP per capita worsens it.

In terms of policy variables, we found that loansthhe household sectors and cross-cutting
measures with a residential focus do improve tiaicator. Note that the same policy variables
had a beneficial impact on the energy intensityhif aggregate, and in the case of loans, on
aggregate energy intensity. Also a number of padi@imed at the tertiary sector improve this
dimension of energy security: soft loans for eneeffyciency, renewable energy and CHP,
regulations for building equipment and policy prdamg information and education in energy
efficiency. These policies, however had no effettemergy efficiency or energy intensity for
this aggregate. No general cross cutting policpldis any effect. The effect of tertiary policy
variables is not robust to the specification of th@del: if we test only the policies aimed at the
tertiary sector, and cross cutting policies, wel fihat only policies promoting information and
training in energy efficiency issues and crossiagttfinancial measures have a significant
effect.

6.2. The transport sector

The main results for the transport sector areectdld in Table 7 below.

The energy intensity of the transport sector is beneficially influendsath by sector-specific
and cross-cutting measures. Sector-specific measirelude support fiscal instruments
encouraging the adoption of more efficient vehicdash as tax exemptions, tax reductions or
accelerated depreciation of obsolete vehicles dmel nheasures to improve transport
infrastructures. Cross-cutting policies includesthgromoting the introduction of marked based
instruments. In terms of macro drivers, increasethé price of diesel improve this indicator,
not unexpectedly. R&D seem to have a similar efféer capita income, on the other hand, has
a detrimental effect.

If we look atenergy efficiency improvementsin pure physical terms, the fit of the regression
improves considerably, thus highlighting the biaduced in the case of energy intensity by
implicitly comparing the consumption of a whole teedo the value added generated only by a
fraction of it. The general picture is not so diffiet however: both sector-specific policies and
cross-cutting policies are effective, although qoite the same policies. The exception are the
support fiscal instruments noted above, which dfectve also in this perspective. Social
planning measures (e.g. those aimed at improviegefficiency of transport networks) also
work in this direction. As to cross-cutting measyriescal and financial measures appear to be
effective. In terms of macro variables, only R&Dperditures have an effect akin to the one
displayed for energy intensity.

As to carbon intensity, the sector appear to be particularly sensitivin¢tude support fiscal
instruments encouraging the adoption of more eifficivehicles such as tax exemptions, tax
reductions or accelerated depreciation of obsoleteicles. Among cross cutting policies,
market based instruments appear to be effectivetelms of macro variables, increasing
incomes improves this indicator, something thatfirat glance is at odds with what noted for

%2 We also checked the different impact of policies the sub-sectors on carbon intensity by
disentangling the impact on the carbon intensitytltd value generating sub-sectors (tertiary and
agriculture) of policies aimed at the tertiary sedtom those aimed at the household sector. Wadou
again sector-specific measures that work: fiscppsutt measures such tax exemptions or reductians fo
energy efficiency improving inputs and cross cyftmeasures with a focus on the tertiary or agnicalt
sectors. GDP per capita displays the same benediffect noted for the “other sector” aggregate levhi
R&D quite surprisingly worsens this indicator.



energy intensity. On one hand in fact richer ecaesmonsume more energy for their transport
needs. On the other hand, they seem to use clesars of transport. Thus there appears to be
an increasing diversification in transportationiops as income per capita increases, while the
higher availability of economic means leads newdess to a higher demand for energy. R&D
worsens this indicator.

Finally, in terms of the sector’s contribution énergy security, results are in general quite
disappointing; the best fit is obtained in the cathe ratio of oil consumption to GBPEven

in this case however, only-cross cutting measutexsé with sector specific characteristics and
those aimed at improving general public knowledbgeua energy efficiency) appear to be
effective. In terms of macro variables, only incopss capita have a (beneficial) effect on this
indicator: the same argument about diversificatibtransport means in richer economies noted
for carbon intensity may hold here as well.

6.3. Panel analyses of energy polices in the EUHerindustrial sector

The energy intensity in the industrial sector is affected by a numtepalicies. General cross-
cutting policies about energy efficiency have adfigial effect in this case, as the policies
targeted at the industrial sector, in particulamsuges supporting information, education and
training and cooperative measures are effective.

In this case, no energy price seem to have a &gnifimpact: probably on one hand sunk costs
related to investment constrain the possibilityue switching in the short term in response to
price swings; on the other hand firm can put incel&edging strategies to sterilise, at least
partially, the effect of energy price variations their balances. GDP reduces energy intensity,
as does the share of industry on value added. R&@raitures tend to worsen this indicator;
this somewhat puzzling effect is briefly discussmdow for the case of the overall energy
intensity.

As tocarbon intensity, the industrial sector appear to be particulaglysitive to sector specific
cooperative measures and again cross cutting eslien particular those related to marked
based instruments. As to macro drivers, energeprithe share of industry and GDP per capita
both have a beneficial effect, while energy proutuchas no significant effect.

To assess the sectoesergy security, we have chosen to look at two indicators: oiemsity

(oil consumption on GDP) and gas intensity (gassaarption on GDP).

The regression of the first indicator confirms thia¢ higher the weight of industry in the
economy, the less vulnerable the latter is to distaces and threats coming from the oll
market. The effects of other macro drivers arestiae as those described for the economy as a
whole, (bar R&D, that displays no significant effére). In terms of policies, this indicator
appear to be influenced by cross cutting polickegh of general application and with sector
specific characteristics.

The second indicator gives a slightly differenttpie: in this case also fiscal measures in the
industry sector, along with the same cross-cuttiegsures with sector-specific characteristics,
highlighted for the previous indicator, reduce \arbbility. However, general cross-cutting
policies are no longer effective. With the exceptal the share of the industrial sector in the
economy, macro variables have a markedly differempact: both increasing electricity
production and GDP pro capita leads to more vubikty this makes sense, because natural
gas has had an increasing share in gross electgeiteration, and gas is a superior good
compared to oil and coal for household heating psep.

6.4. Panel analyses of energy polices in the EUHemwhole economy

As shown in Table %the energy intensity at the aggregate level is affected by a number of
policies. It is interesting to note that besidesiggal cross cutting policies about energy
efficiency, promotion of renewable energy sourceslimate change mitigation, (particularly if
using marked based instruments), also sector-specilicies have a beneficial effect on overall
energy intensity. In the residential sector, manastandards for electrical appliances and the
deployment of grants, subsidies or soft loans hanaven particularly effective. Measures

% Regressing our dependent variables on alternatimergy security indicators (oil import/oil
consumption and oil consumption in transport /lteteergy consumption in transport) have led to way
less significant results.



supporting information, education and traininghe tndustrial sector and tax exemptions in the
tertiary sector also seem to improve overall enéntgnsity.

As expected, increasing the residential electrigifge induces a small but significant reduction
in overall energy intensity. An analogous effectthbin terms of sign and in terms of
magnitude, has the share of industry on value addBé reduces energy intensity, hinting that
richer economies, at least in Europe, tend to lusie énergy more efficiently, while a somewhat
puzzling, perverse but significant effect have R&kpenditures. Note however that the R&D
variable does not capture R&D in the energy sebiarr overall R&D. It is thus not implausible
that these expenditures steer the overall econamwgartls a slightly more energy intensive
configuration.

A similar picture characterisesrbon intensity. Household electricity prices and GDP have
roughly the same effect as on energy intensityh liotterms of sign and in terms of order of
magnitude. R&D expenditures and industry’s sharealue added have no significant effect,
while energy production slightly worsens this iradar (although the significance of this
variable is weak).

A number of sector-specific policies improve thidicator: legislative or informative measures
for the industry sector, mandatory standards farskbold electrical appliances, cooperative
measures in the household and tertiary sectorsgrasd cutting policies.

As to energy security, after testing various candidates we have chosefodus on two
indicators for aggregate energy security (totatgynenports/TPES and oil consumption/GDP).
The first aggregate indicator displays a relatively sensitivity to energy efficiency policies. In
fact, only cross-cutting measures (legislative aodperative) and, curiously, information
initiatives in the tertiary sector have a signifitdeneficial effect, reducing the imports of
energy as expected, energy production reduces trdppendence, while it is less clear why a
similar effect is produced by increasing R&D expé&mes. Higher GDP and higher household
energy prices stimulate imports, not unexpectedly.

If instead, vulnerability is assessed by lookindhatv important is oil in the economy, EU-15
countries have some more tools at their disposaédoce it: general cross cutting measures,
soft loans for the adoption of renewable energyeasiand efficiency improvements in the
transport and tertiary sectors, grant subsidies again informative measures in the tertiary
sector. Increases in electricity and industrialdoiiion, which are not very oil intensive in
western Europe, tend to reduce the weight oil Imahe economy and hence the vulnerability of
the latter. Also, there is a significant positivedationship between higher level of GDP per
capita and higher energy security of the overaheay, as oil gets increasing substituted with
other energy sources.

The impact of GDP on energy system vulnerabiligréfiore seems to be twofold, depending on
the indicator we use to measure the aggregate emsexaurity. On the one hand, indeed, an
increase in GDP reduces the dependence on oil inmgréhe security of energy supply, while
on the other hand it increases imports, strengtigethe dependence on foreign energy
suppliers. Looking at the regression coefficieruga, however, the effect of decreasing the
consumption of oil in favour of a less vulnerabhelgy mix seems to be more significant.

6.5. Discussion

In general, the fit of the econometric models wsed in this study is reasonable, (R-square
ranging from 0.3 to 0.76), however it is on averbmyeer for sectoral regressions than for those
focusing on the overall economy.

A number of policies have a beneficial influenceoas EU countries on specific policy target
indicators. There is however very little overlagpiramong policies in terms of their
effectiveness on both energy efficiency indicatms energy security indicators. This seem to
confirm the traditional economic policy wisdom d&tiback to Jan Tinbergen (1952, 1956) that
multiple policy objectives require multiple instremts. However, there is an exception to this
general rule in our case: general cross cuttinggipsl appear to have beneficial effects on both
aggregate energy intensity, carbon intensity amggsnsecurity.

Table 7. Econometric Results For theindustrial and transport sectors and the whole economy.



Dependent variables

Unit Energy intensity | Energy Energy security Carbon intensity
efficiency
eifin |eiind [eitra [eetraody |esfin* |esfin2 [esindllestra [esind2|Cifin citra [ciind
% Energy |US$/uni]-0.001 -}-0.044 0.004] ] . 1 -0.004 -0.003
5 Price
§ GDPppp US{-0.024-0.09¢ 174 0.333 -22.43-20.49 5 g 3-44] -0.067 ) 344-0.059
R&Dppp US40.01660.0511 -0.1 6.8493 - - -] 0.271 -
Macro -0.063 -7.798
Share %]-0.004-0.004 -| -0.473-0.384 -0.434 - -1 -0.007
Drivers Industry
Energy ktod -[-0.013 -0.174 -11.4-12.64 10.049 0.0341 - -
Productior
In03 - - - - - - - - -| -0.06d - -
In06 B . B - . ] . -{-8.294 - -
In08 -0.014-0.019 - - - - - - - - - -
Indusiry - finog J000d - T - T 1 1 - 1 1-0.024
Policy
Variables [In10 - - - - - -| -7.303 - -4.693 - - -
Household |Hh04 -0.02 - - - - - - - -| -0.043] - -
Policy HhO6 o001l | - i ] : ] : ; ; ;
\Variables 0.0
HhO7 -0.01 - - - - - - - - - - -
Hh1l B ] B - ] J ] B 1 -0.034 - -
Hh12 - - - - - - - - - -0.019 - -
Transport [Tr0O6 - --0.054 -9.514 - - - - - -[-0.115
Policy .
Tr09 - --0.05 - - - - - - -
Variables ]
Tr10 B ] 1  -7.01 ] ] B -
Tril - - - 1 -12.54 - - - - - -
13.407%
Tertiary [TeO5 - - - - -3.29 - - - - - -
Policy a0 T 1 - 1912 : ] : ; ; ;
Variables |- A
Te07 -0.014 - - - - - - - - - -
Te08 - - - -0.041 -3.87¢ - - - - - -
Te09 - - - - - - - -] -0.0174 - -
Cross Cc01 -0.006 - B - - - - - - . -
Cutting Cc02 - - - -0.042 - - - - - - -
Policy 7 ] 7 = a0 ] ] ] 7 ] - .
\/ariables Cc03 5.39
Cc04 ] ] 1 471 ] ] ] ] ] - -
Cc05 B ] B - ] J {-7.243 ] - - -
0.0754
Cc06 -0.007% --0.041 - - - - - - -] -0.17-0.034
Cc07 -0.009-0.014-0.023 - -| -5.379-6.453 - -| -0.019¢ -| -0.03
R? 0.72| 0.45 |p.25 05{ 0.64| 0.71 0.670.63 0.44 067 | 034054

Notes: All reported coefficients are statisticallgnificant. Negative numbers indicate an improvetie
energy security or reduction in energy intensitgl aarbon intensity and vice-versa.
esfinl= Total import/TPESesfin2= Total oil consumption/GDRasind1= Total oil consumption/GDP;
esind2= Total gas consumption/GDP; eitra =energy intgriadex transport sectorgetraody= energy
efficiency index - transport sector (Odyssee), 12804;estra= energy security index - transport sectors
(proxy:Oil consumption/GDPkitra = carbon intensity index - transport sectors.

Between energy intensity and carbon intensity trexlaps are more widespread, and also some

sector specific policies improve the performancédath indicators. This is hardly surprising,
given the high correlation between the two indicsitand holds in particular for the household
sector, but also cooperative measures in the indssictor affect both carbon and energy



intensity at the aggregate level. It is quite #gkthat energy efficiency policies aimed at the
residential, tertiary and agricultural sector haesy little effectiveness in improving energy
security. Cross cutting policies, which are veryevant in terms of multi-dimensional
effectiveness in the aggregate case play a lessar role in the residential, tertiary and
agricultural sectors: only general programmes edlab energy efficiency, climate change
mitigation and renewable energy have this doubleefigial effect, and only in terms of the
ratio of gas consumption and GDP and householdygregficiency.

For the transport sector, our analysis has shoanhvihile there are quite a number of cross
cutting policies and of policies aimed at the tpaors sector that improve energy efficiency,
energy intensity and carbon efficiency, only crassting policies (both with and without
sector-specific characteristics) have a signifigangact on oil security, the only facet of energy
security that, according to our descriptive analy& relevant for this sector. The indication
here seems to be that while energy efficiency aamsignificantly improved in this sector by
well designed policies, the sector is still toditly bound to oil products for any of these policy
to result in significant change in its oil securifihis result is underpinned also by the fact that
our analysis did not find any significant overlappibetween security and other indicators. One
significant overlapping among energy efficiencyrboam intensity and energy intensity was
singled out, as while carbon intensity and enenggnisity overlap twice. In terms of goodness
of fit, the results for the transport sector areedi with R-square ranging from 0.25 and 0.63,
reaching its highest value in the energy secugtyression. On average R-square is below the
values observed in the general case and in alt sdwtors.

7. Conclusions

In this study we have explored the relationshigsvben energy efficiency and energy security,
both for the economy in general and for the indaissgector in particular in the EU 15 and
Norway.

To this purpose we have provided a descriptiveyaigbf a few energy efficiency indicators
and of the energy potentials in the industrial aedhe most original contribution of this study,
however, is the development and the applicatioarofeconometric approach to a dataset of
policies and measures in the EU that applies pamalysis methods to test the effect of such
policies on energy efficiency, carbon efficiencylamergy security.

The descriptive analyses of Sections 2 and 3 hagldidghted a fairly convergent trend in the
EU 15 towards a more efficient configuration of igyeuse, both at the aggregate level and in
the industry sector, albeit with varying results tarms of performance and speed across
countries and sectors.

Our survey of energy efficiency policies in the Bbks shown that there is indeed a significant
commitment both at the EU level and at the natitenadl, to devise and implement policies and
measures to promote energy efficiency.

For the residential sector, varying results in ®eohperformance and speed across countries are
noticeable, but they are difficult to assess imtepf pure energy efficiency due to the intrinsic
cross-country incomparability of the index, thatdmnstruction mainly allows to track energy
efficiency progress of a given country across tiima, cannot tell us within any given pair of
countries, which one has ever been more efficlean the other.

In the transport sector there is more homogenaitpss Europe due to the overwhelming
preponderance of road transport, both for passesggrfreight traffic, and the fact that road
transport is the mode that has improved the leastthe period considered in this study.

Surely there has been since the 90’s a growingalttivity in this area in the EU. While it
has surely led to a number of success storiesrinstef unit efficiency (take for instance the
energy efficiency labeling for electrical appliascer the mandatory standards for lighting),
their ultimate effectiveness has been limited ksigaificant presence of the rebound effect in
the residential sector. The Green Paper Energyiditkplrecognize the great potential for
energy efficiency gains in the transport sectod iadeed it appears clear that there is still a lot



to do, particular in terms of rethinking the peckiorder of the transport mode in Europe, still
severely unbalanced towards road transport.

What has been perhaps lacking is an effective @aoatidn among member states inspired by a
shared strategy in the field of energy policy. Tisi® quantum leap whose urgency is clearly
felt, and the recent developments in the EU eneddicy appear as serious if not completely
successful attempts to build it.

The current situation is thus the result of a caxmvolution towards not fully achieved but
increasing coordination between energy efficienolcpges among member states, in which EU
directives have played a major role as catalystk rlarmonizing devices, but in which some
significant heterogeneity is still present. It lsi$ interesting to draw on this diversity across
countries to look at the effectiveness of enerdigiehcy policies in different national contexts
and in terms of different indicators. A panel as#yis the ideal tool to explore this issue as it
exploits a large amount of heterogeneous informalip combining cross-sectional data and
time series data, to obtain a gain in the efficjenicestimates.

Our panel analyses covers energy efficiency indisatcarbon efficiency indicators and energy
security indicators. It turns out that quite a nemof policies had a beneficial impact on energy
efficiency and carbon efficiency, measured respelti as energy intensity and carbon
intensity, at the aggregate level. However only oagegory of these policies (general cross-
cutting policies), have proven also useful to inygrdhe performance of aggregate energy
security indicators. Restricting our focus to thdustry sector, we notice that, again, sectoral
energy efficiency and carbon efficiency have bemproved significantly by a number of
policies. However, none of these policies had goaich strong enough to improve also energy
security, although there have been beneficial jgdifor energy security implemented in the
industrial sector that had no significant effectemergy efficiency indicators.

Restricting our analysis to the residential sedtwe,tertiary sector and the agricultural sector, o
the transport sector does not lead to sharper oe mocouraging conclusions in terms of co-
benefits on energy security of energy efficienciigies.

In fact it turns out that energy efficiency polgiaimed at the specific sub-sectors sector have
very little effectiveness in improving energy seturThis is particularly true for the industry
and the transport sector and this in general halkisfor general cross cutting policies. The only
exception relates to the policies aimed at the &looisls: there is one significant overlapping
between security and on energy intensity in the césesidential loans.

For the transport sector, while there are quiteabrer of policies aimed at the transport sector
that improve energy efficiency, energy intensityd ararbon efficiency, only cross cutting
policies (both with and without sector-specific dEeristics) have a significant impact on oil
security. The indication here seems to be thatewhitergy efficiency can be significantly
improved in this sector by well designed policidss sector is still too tightly bound to oil
products for any of these policies to result imgigant change in its oil security. This result is
underpinned also by the fact that our analysisndidfind any significant overlapping between
security and other indicators.

The main lesson to be drawn from this analysi®ias energy efficiency policies in the EU do
work, but there is no silver bullet able to suctdfsaddress different policy objectives, unless
it is a policy so general that naturally encompagitifferent sectors and modes of energy use.
Thus only broadly defined cross cutting policieaddhe residential loans mentioned above)
seem to have this double effect. The other seegnmgiprising lesson is that there are policies,
designed to improve energy efficiency, that are eneffective in terms of improving energy
security than in terms of their original goal. Ty have to do with our choice of energy
security indicators: we may have focused on theswaption of fuels that are more sensitive to
certain policies, but may have not enough weighintprove the efficiency of the overall or
sectoral energy mix. This is the case for instaoCe&ross cutting policies focused on the
transport sector, that have a significant effecdmtouraging the consumption of oil products
and therefore improve the performance of the enempgurity indicator that measures the
dependence of the economy from oil.



Taking a more general perspective, what seem tix wgothe policy mix rather this or that
policy in insulation: the good news then are thatently in Western Europe a policy menu is
in place that has produced significant improvemeént&nergy efficiency, has reduced the
amount of carbon emissions generated by the ecansysiem, and has contributed to a more
secure energy supply for Europe.

This study is based on the most up-to-date datwere able to recover, and employs state of
the art techniques. However, the analysis perforives@ could in principle be extended and
refined. In particular it would have been intenegtio look to more countries, to use continuous,
instead of binary, policy variables.

The main limitation has been data availability. garticular, policy indicators and energy
efficiency indicators for new accession countriegewnot available or available for a decade or
less of observations. For policy variables, the MBlRtabase is mostly qualitative, and reports
the presence and the category of the policies aabunes implemented in a given country, but
it does not provide systematically quantitativeomfiation about these policies (such as the
funds earmarked for a given policy or the finandiapact of a given tax). Future analyses can
be pursued by investigating the country-specificM&&that contributed to energy efficiency
improvements. We have looked at such P&Ms at tgeonal level (EU-15 plus Norway), but
analyses of single countries can help to undersifasdlected policies are more effective in
different countries than others.

Another limitation is that the policy database asvenly efficiency- and carbon emissions-
related policies, while the policy areas relateddmpetitiveness and market liberalization are
not captured. This is potentially a problem givératta more competitive market can in
principle spur efficiency through more correct prisignals. An indirect hint that the market
reforms of the EU energy markets may have hadeaaiso from the energy efficiency point of
view, is the significant impact of prices on eneedfjciency.

Finally, given the unavoidable lag in data collectithe effects of the recent economic crisis
could not be incorporated into this analysis. Thsi< has resulted in a noticeable decrease in
energy consumption, thus temporarily reducing #medor policy support to energy efficiency
and carbon emission reduction. On the other hanakitlso has temporarily reduced the
momentum of the investment process in new techmedpthus slowing down the penetration of
efficiency improving technologies, particularly ithe industrial sector and in new
infrastructures. On the other hand the strong cdment of the EU to climate change
mitigation confirmed at the 5COP in Copenhagen, suggests that the positiveeqoesices of
the crisis will not result in a relaxation of thgsaicies in the EU.
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Annex | — Data Dictionary

Variable Description
Country EU15 countries + NO
Year 1980 — 2006
Elfin Energy intensity index; Final (all sectors)
Elind Energy intensity index; Industry sector
Eloth Energy intensity index; Other sectors
Eltra Energy intensity index; Transport sectors
EEhouOdy Energy efficiency index; Residential sect880-2004, Odyssee data
EEtraOdy Energy efficiency index; Transport sec1®80-2004, Odyssee data.
ESfinl Energy security index (Total Imports/TPES)al (all sectors)
ESfin2 Energy security index (Total Oil Consumpt®BP); Final (all sectors)
ESindl Energy security index (Total Oil Consumpt®DP); Industry sector
ESind2 Energy security index (Total Gas ConsumpB@P); Industry sector
ESoth Energy security index (Gas Import/Gas Consiomp Other sectors
Energy security index (Gas Import/Gas Consumptidgjjculture & Tertiary
ESagter sectors
EShou Energy security index (Total GAS ConsumpG®P); Residential sector
EStra Energy security index; Transport sectors;
Clfin Carbon intensity index; Final (all sectors)
Clind Carbon intensity index; Industry sector
Cloth Carbon intensity index; Other sectors
Clagter Carbon intensity index; Agriculture & Tarty sectors
Citra Carbon intensity index; Transport sectors
CO2hou Per capita G@missions; Residential sector
PReleHH Price in US$ of electricity residentialcfirtaxes); Total Price (US$/unit)
PRelelND Price in US$ of electricity industry (intaxes); Total Price (US$/unit)
PRdiesel Price in US$ of diesel (incl. taxes); TBtace (US$/unit), Household
ShINDwdi Industry, value added (% of GDP) (NV.INDTL.ZS) WDI
Total intramural R&D expenditure (GERD). Milliong BPS (Purchasing
R&Dpps Power Standard). All sectors. EUROSTAT
GDPppsCur GDP per capita, PPP (current interndti®n@dNY.GDP.PCAP.PP.CD), WDI
EnProdWdi Energy production (kt of oil equivale(EG.EGY.PROD.KT.OE), WDI
PMhhT1 P&Ms Household sector - Mandatory StandéydBuildings
P&Ms Household sector - Regulation for Heating 8y and hot water
PMhhT2 systems
PMhhT3 P&Ms Household sector - Other Regulatioth@aField of Buildings
PMhhT4 P&Ms Household sector - Mandatory Standévdg&lectrical Appliances
PMhhT5 P&Ms Household sector - Legislative/Inforivat
PMhhT6 P&Ms Household sector - Grants / Subsidies
PMhhT7 P&Ms Household sector - Loans/Others
PMhhT8 P&Ms Household sector - Tax Exemption / R¢ida
PMhhT9 P&Ms Household sector — Tariffs
PMhhT10 P&Ms Household sector - Information/Edumati
PMhhT11 P&Ms Household sector - Co-operative Measur
PMhhT12 P&Ms Household sector - Cross-cutting wiletor-specific characteristics
PMtrT1 P&Ms Transport sector - Mandatory Standdotd/ehicles
PMtrT2 P&Ms Transport sector - Legislative/Inforivet
PMtrT3 P&Ms Transport sector - Grants / Subsidies
PMtrT4 P&Ms Transport sector — Tolls
PMtrT5 P&Ms Transport sector - Taxation (other tleao-tax)
P&Ms Transport sector - Tax Exemption / Reductidwdelerated
PMtrT6 Depreciation
PMtrT7 P&Ms Transport sector - Information/Educatibraining




PMtrT8

P&Ms Transport sector - Co-operative Measure

PMtrT9 P&Ms Transport sector — Infrastructure
PMtrT10 P&Ms Transport sector — Social Planningéigational
PMtrT11 P&Ms Transport sector - Cross-cutting va#ttor-specific characteristics
PMinT1 P&Ms Industry sector - Mandatory Demand SitEnagement
PMinT2 P&Ms Industry sector - Other Mandatory Stamis
PMIinT3 P&Ms Industry sector - Legislative/Informadi
PMinT4 P&Ms Industry sector - Grants / Subsidies
P&Ms Industry sector - Soft Loans for Energy Efiecy, Renewable and
PMInT5 CHP
PMinT6 P&Ms Industry sector - Fiscal/Tariffs
PMinT7 P&Ms Industry sector - New Market-based lastents
PMinT8 P&Ms Industry sector - Information/Educatidraining
PMinT9 P&Ms Industry sector - Co-operative Measures
PMinT10 P&Ms Industry sector - Cross-cutting witlttor-specific characteristics
PMteT1 P&Ms Tertiary sector - Mandatory StandamtsHuildings
PMteT2 P&Ms Tertiary sector - Regulation for Buildi Equipment
PMteT3 P&Ms Tertiary sector - Other Regulationhe Field of Buildings
PMteT4 P&Ms Tertiary sector - Legislative/Informai
PMteT5 P&Ms Tertiary sector - Grants / Subsidies
P&Ms Tertiary sector - Soft Loans for Energy Eféiocy, Renewable and
PMteT6 CHP
PMteT7 P&Ms Tertiary sector - Tax Exemption / Retitut
PMteT8 P&Ms Tertiary sector - Information/Educatibraining
PMteT9 P&Ms Tertiary sector - Co-operative Measures
PMteT10 P&Ms Tertiary sector - Cross-cutting widttr-specific characteristics
P&Ms Cross-cutting - General Energy Efficiency in@ite Change /
PMccT1 Renewable Programmes
PMccT?2 P&Ms Cross-cutting - Legislative/Normativeedsures
PMccT3 P&Ms Cross-cutting - Fiscal Measures/Tariffs
PMccT4 P&Ms Cross-cutting - Financial Measures
PMccT5 P&Ms Cross-cutting - Co-operative Measures
PMccT6 P&Ms Cross-cutting - Market-based Instruraent
PMccT7 P&Ms Cross-cutting - Non-classified Measlypes
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