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Abstract

The change in aggregate energy intensity in 20 European countries during the 1995-
2010 period is analysed in this paper. We rely on a multiplicative energy intensity
approach (by using the Sato-Vartia Logarithmic Mean Divisia Index method, or LMDI-
II), which allows us to quantify and compare real energy intensity indices. A new tool
to monitor changes in real energy intensity in greater depth is also applied. Focusing
on the attribution analysis of IDA (Index Decomposition Analysis), as proposed by
Choi and Ang [1], we quantify the contribution of each individual sector to the percent
change of real energy intensity. By using Fisher's real energy intensity index, we
analyze the evolution of real energy efficiency and the attribution of the percent

change in the index across several European countries.
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1. Introduction

As a consequence of its many statistical and economic advantages over alternative
indices, the logarithmic mean Divisia index (or LMDI) has emerged as the preferred
method in energy and environmental studies. Based on it, Choi and Ang [1] have
recently proposed a decomposition approach that introduces a new tool to study and
monitor changes in greater depth, as compared to methods previously available in
the literature. In this paper we focus on this new approach, so-called attribution
analysis of IDA and energy studies. We adapt this analysis to the Sato-Vartia
Logarithmic Mean Divisia Index method (LMDI-II) by quantifying the contribution of

individual sectors to the percent change of real energy intensity.

Following the energy intensity approach (Ang and Lee [2]) and based on the LMDI-II
method, we decompose changes in aggregate energy intensity in two basic factors:
the intensity and the structural one. The intensity effect is mostly understood as
changes in real energy intensity. Once we know the real energy intensity we go one
step further and, on the basis of the procedure proposed by Choi and Ang [1], we
attribute the percent changes of real energy intensity to the pre-defined attributes
(sectors). This expedient provides additional information on how much each attribute
(sector) contributes to the percent change of real energy intensity over the period

under study.

The paper has a double purpose. First, a comparison analysis of the change in real
energy intensity of 20 European countries, at a pre-defined disaggregation level,
along the 1995-2010 period. Secondly, we aim at studying and quantifying the
contribution of each attribute —with four pre-defined sectors- to the percent change in

real energy intensity.

IDA is one of the decomposition techniques most widely used in environmental and
energy studies. These decomposition methods basically amount to applying
economic indices in order to decompose the variation of an aggregate variable. Thus,
the methodological problems involved are analogous to the well known index number

problem stated by Fisher [3] and developed by Diewert [4].



The earliest decomposition models included those formulated on the basis of
Laspeyres, Paasche or Marshall-Edgeworth indices. Refined models were afterwards
developed. Ang and Choi [5] proposed a logarithmic mean weight function that leads
to a refined Divisia method, the so-called LMDI method. This method has its roots in
studies by Siegel [6] and Shapley [7] and amounts to using Fisher's ideal index,
which is defined as the geometric mean of Laspeyres and Paasche indices (Ang [8];
De Boer [9]).

Comprehensive reviews of basic and refined decomposition methods appear in Ang
and Zhang [10] and Ang et al. [11]. According to Ang [8; 12] multiplicative LMDI is the
preferred index decomposition method, both from the theoretical and the application
viewpoints. Among other advantages: (a) it satisfies the factor reversal test — i.e., it
provides perfect decompositions with no residual term-, (b) it is consistent in
aggregation —although weights do not add up to unity-, (c) it verifies the time reversal
test —i.e., estimated variations between periods 0 and t, and viceversa, are equal in
absolute terms-, (d) it handles zero values effectively, and (e) the results given by the

additive and the multiplicative decompositions are related by a simple formula.

The LMDI method has two versions, depending on how the Divisia index is
approximated: the Montgomery-Vartia index (LMDI-l) —based in Montgomery [13] and
Vartia [14;15]- and the Sato-Vartia index (LMDI-II) —based in Sato [16] and Vartia
[15]. We shall focus on the latter, as it is a genuine geometric mean and the sum of

its weights is unity.

In section 2 we outline a LMDI-ll-based methodology to multiplicatively decompose
changes in aggregate energy intensity (AEl) into the contributions from structural and
intensity factors. More specifically, subsection 2.1 briefly reviews single-period
(periodwise) decomposition, while 2.2 focuses on multi-period (time series)

decomposition.

In section 3, we detail the procedure to attribute the percent change of real energy
intensity to the sectors. Subsection 3.1 addresses single-period attribution, while

subsection 3.2 focuses on multi-period (chain method) attribution.



Section 4 presents an application of the above methodology. We report
decomposition results for the AEIl change in 20 European countries in along the
1995-2010 period, analysing the change in real energy intensity and making a
comparison study across countries. We also analyse the contributions of each of the
four sectors to the percent change of real energy intensity in these European

countries along the same period.

Finally, in the last section, we summarize the main conclusions of the paper.

2. The energy intensity approach through the LMDI-Il method

Following the energy intensity approach introduced by Ang [17], we first decompose
the change in aggregate energy intensity into the contributions from the structural
and the intensity factors. This decomposition is carried out by using both the
periodwise (single-period) and the time series (multi-period) implementations of
LMDI-II.

AEIl is defined as the ratio of total energy consumption over total output. Following
the energy intensity approach (Ang [17]), the change in AEIl is due to the
contributions from two basic factors: (a) the technical change and variations in the
use of higher quality energy inputs (the so-called intensity effect), and (b) the

production structure (i.e., the structural effect).

Considering the following variables in period t:

E;: total energy consumption,

E;: : energy consumption in sector /,

Y: : Gross Domestic Product,

Yit: production of sector J,

P;:: energy consumption share of sector i (P;=E; /E;),
Sit : product share of sector i (S;= Yi/Yi),

It - aggregate energy intensity (l=E/Y}),

li¢: energy intensity of sector i (I;=E;/Yiy).

AEI may be expressed in terms of disaggregated sectorial data, namely:



k
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where the summation is taken over the k sectors considered at the specified

disaggregation level.

Considering infinitesimal periods, dividing by /; and integrating on both sides with

respect to time tin [0, 7] yields:
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where S,-'/t and I,-',t are the first derivatives of S;, and I,, with respect to time,

respectively.

2.1. Periodwise decomposition

Denoting by (Rir)o,rthe total effect between periods 0 and T ((Ryo¢ )o + = Ir /I ), with

(Rstr)o,T and (Rint)o, 7 being, respectively, the estimated structural and intensity effects,

Equation (2) above may be expressed in any of the following two forms:
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Due to practical impossibility of obtaining continuous data over any time interval, a
transformation of the integral path problem into a parametric one is needed. Liu et al.

[18] report the following parametric Divisia methods:

Parametric Divisia method | (PDM-I)
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where 0 < B, <land 0<rt; <1.

The parameter values (B; and ;) may be interpreted as weights of the

corresponding variables at the periods 0 and T. As these weights can be assigned in

a number of ways, several specific decomposition methods arise.

The LMDI-Il method is a special case of PDM-II, with logarithmic mean weights. Ang
and Choi (1997) proposed the following logarithmic mean weight function:

(P r—Po)

LPo, P r)= (P 1 /P, o) 9)

In order to fulfill the unity property of weight functions, the following normalization is
applied:

w = LPo, Pr) =12,k (10)

i K
2L(Po.Pr)

where w; represents the normalized weight of sector /, i=1,2,..., k.

2.2. Time series decomposition



If the cumulative change in AEI (total effect) from period O to period T is denoted as

(Ctot)o,T’ the estimated cumulative structural effect as (Cstr)o,T’ the estimated
cumulative intensity effect as (C,-nt )O,T , and the estimated cumulative residual term’
as (Crsd)o,T’ then the estimated cumulative effects, from the first (0) to the last

period (T) may be decomposed multiplicatively as follows:

(Ceot Jo,r = (Reot Jou1 (Reot o+ Rect )y 1.7 (11)
(CatrJo,r = RetrJou (Rstr )y o+ Retr )y 7 (12)
(Cint Jo,r = (Rine Jo.1 (Rine )y 2++ (Rine )71, 7 (13)
(Crsa)o,r = (Rrsa o1 (Rrsa )y -+ (Resa )y 7 (14)

The above time series decomposition makes it possible to detect different phases or
time patterns in the effects, also allowing identification of possible structural breaks in
intermediate periods. In addition, the final results provided by this procedure are

expected to be more accurate, as compared with periodwise decompositions.

3. Attribution analysis of the Divisia real energy intensity index

Once the intensity factor (so-called real energy intensity) is obtained, it is possible to
assess the contribution of each individual attribute? (i.e., each industrial sector) to
overall percent change. Although it would be also possible to quantify the attributes
to the overall percent change in other determinant factors (for instance, the structural
one), we will focus on real energy intensity, reporting both periodwise (single-period)

and time series (multi-period) attribution analysis.

3.1. Single-period attribution analysis

"In any exact decomposition method, there is no deviation from the target value. The residual term is
null (resp., unity) in the case of an additive (resp., multiplicative) technique. Nevertheless, we will
compute the residual term in order to check that our calculations are correct.

2 Attribution analysis is a general approach, whose validity is not limited to the two factor case or to the
energy intensity approach.



Since attribution analysis requires an arithmetic mean index, Choi and Ang [1],
relying on an identity derived by Balk [19], transformed the Divisia or geometric mean

index into an arithmetic one.

In the energy literature, the real intensity index is often used as a measure of the true
intensity change from a given period (t-1) to period t (e.g. Ang et al. [20]). A Divisia
index of real energy intensity in log-change form can be written explicitly as a
geometric mean index in the following way: be written explicitly as a geometric mean
index in the following way:

Rinet k Ii 1 kK (I 7 Y
/n(Rint)o,T = In = 2w;In| — <:>(Rint)o,r =J1|= (15)
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By defining unknowns 7; (as in Equation (20) below) which turn the geometric index

into an arithmetic mean index, the following expression is obtained:
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Comparing the two log-change forms (15) and (19), we obtain

L (20)
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Replacing (20) in (19), the right hand side is the same as the log change form in (12).
Equation (20) is so-called Reinsdorf's formula, which provides a link between
geometric mean and arithmetic mean indices (Reinsdorf [21]). Thus, the attributions

of LMDI-II real energy intensity will be given by the following formula:
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The term s; may be interpreted as the variation quota of component i, which

K
measures the action intensity of this component over the total. Evidently, 2 s; =1.
i=1

3.2. Multi-period attribution analysis

According to the definition of chained real energy intensity index:
(Cint )O,T = (Rint )0,1 (Rint )1,2- o (Rint )7_1,7 (23)

the identity giving the difference representation of a chain index is obtained:
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Equation (24) shows that the percent change of a chain index is a cumulative sum

of  single-period percent changes multiplied by Rintes

int0

Inserting (21) in (24), the following definition for the multi-period attribution analysis of

Divisia chain indices is obtained:
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R I,
The value of LLb_l(s,-)t_llt (I'—’t—lJ in (25) may be interpreted as the
int 0 it-1

contribution of sector i during period [t-1, f], evaluated from period 0.

4. Empirical Analysis
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We present a case study conducted on the 20 European Union member states®, for
the period from 1995 to 2010. Time series data on added value in real terms* and
energy consumption®, both by sector and country, have been obtained from the
Publications Office of the European Union (Eurostat [22]). Four different sectors have
been considered: agriculture/fishing, industry (including construction), services, and

transport plus hotels and restaurants.

From 1995 to 2010 AEI has significantly decreased in all member states (see Figure
1). Some cases such as Bulgaria, Czech Republic, Estonia, Hungary, Lithuania,
Romania and Slovakia are especially significant, as these Central and Eastern
European countries® achieved the highest reductions in their aggregate energy
intensities. On the contrary, Italy, Portugal and Spain have experienced the lowest

ones.

3 Belgium, Bulgaria, Czech Republic, Denmark, Estonia, France, Germany, Hungary, Ireland, ltaly,

Lithuania, Netherlands, Poland, Portugal, Romania, Slovenia, Slovakia, Spain, Sweden and the United
Kingdom.

* Gross Value Added measured in euro at basic prices in purchasing power parity.

® In million tonnes of oil equivalent.

® In this paper the denomination “Central and Eastern countries” basically applies to ex-communist EU
countries, whereas the label “Western countries” mainly refers to former European members of the
Western block.
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Figure 1. Total effect (Cyy) in aggregate energy intensities from 1995 to 2010.

4.1. Decomposition of aggregate energy intensity

We apply the LMDI-II method to multiplicatively decompose the above changes of
AEI into the contributions of the structural and the real intensity factors in the 20
European countries. We carry out both a single-period/periodwise decomposition (the
base year is the immediately preceding period) and a multi-period/time-series

decomposition (the initial year is chosen as the base).
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For the sake of brevity we shall focus on the Spanish case. The results appear in

Table 1 and Figure 2. Results for the other EU members are summarized in Figure

3.” This allows us to make a comparison analysis across the countries under study.

Focusing on the cumulative effects for the global period (base year 1995), Spanish
AEIl exhibits a fall of 37.360%. Both the structural and the intensity effects are
negative, contributing to this reduction by 5.264% and 33.879%, respectively (see

Table 1).

Table 1. Multiplicative LMDI-Il decomposition of Spanish aggregate energy intensity

change.?
(1) (2) (3 (4) () (6)
Years Rs¢ Rint Riot Cstr Cint Crot
Structural Real  Aggregate Structural Real Aggregate
1995 1.00000 1.00000  1.00000 1.00000  1.00000 1.00000
1996 0.99315 0.95940  0.95283 0.99315 0.95940 0.95283
1997 1.00031 1.02003  1.02036 0.99347 097862  0.97223
1998 0.99981 1.00104  1.00084 0.99327 0.97964  0.97305
1999 1.00108 0.96323  0.96427 0.99435 0.94362  0.93829
2000 0.99230 1.00467  0.99694 0.98669  0.94803  0.93541
2001 0.99704 0.97537 0.97248 0.98377 0.92468  0.90967
2002 0.99865 0.95568  0.95439 0.98244  0.88369 0.86818
2003 0.99502 0.99958  0.99460 0.97755 0.88332  0.86349
2004 0.99731 0.98376  0.98111 0.97491 0.86898 0.84718
2005 0.98971 0.97414  0.96412 0.96488  0.84651 0.81678
2006 0.99303 0.89610  0.88986 0.95816  0.75856  0.72682
2007 0.99180  0.98111 0.97307 0.95031  0.74423 0.70725
2008 0.99365 0.92351 0.91765 0.94427  0.68731 0.64901
2009 0.99306  0.94771 0.94114 0.93772 0.65137  0.61080
2010 1.01027 1.01510  1.02553 0.94736  0.66121 0.62640

@ values of columns (1)-(3) report periodwise results, (the base year is the immediately preceding

year), while values of columns (4)-(6) display the time series results, with 1995 being the base year.

7

Detailed results for the other EU countries are provided as electronic supplementary materials.
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When the immediately preceding year is taken as the base period, it is observed that

the evolution of AE| has had several stages (see Figure 2).

Figure 2. Results of multiplicative LMDI-II decomposition of the change in Spanish aggregate

energy intensity, 1995-2010. Base year 1995.
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At a glance, we note the similar paths of the Cy: and Cjy lines (see Figure 2). It is
also remarkable the higher relative importance of Cj; (as compared with Cg;) in Cior.
Similar results have been obtained by authors like Mulder and de Groot [23] for most
of OECD countries.

In general, we observe a sharp drop in AEI, motivated both by structural and intensity
effects (the exceptions would be the 1999-2000 period, when this reduction was only
caused by the contribution of one of the effects, the structural in the former and the
intensity in the latter). However, in some specific years (namely, 1997 and 2010) AEI
increased as a consequence of both effects. Particularly remarkable is year 2010 in
which the economic crisis has negatively influenced R&D expenditure, technical

change, higher value added products, public promotion of green attitudes, et cetera.
We also applied the multiplicative time series LMDI-II method to decomposing

changes in AEI in the rest of the European countries under study (detailed results

appear in the electronic supplementary materials). When comparing results across
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the EU member states (see Figure 3), we observe that all of them exhibit a similar
behaviour. The intensity effect is strongly negative, particularly in Central and
Eastern countries, contributing by about 70-80% to the AEI reduction. The structural
effect is milder but mostly negative (excepting some former communist countries as
Romania, Lithuania, Bulgaria, Slovenia, Slovakia and Hungary), contributing to AEI
reduction by about 2-10%. The overall result is an important decrease in the
aggregates of each country. However, the improvement effort in real energy intensity
was stronger in Central and Eastern European countries than in the Western ones.

This was due to the intensity effect.

Figure 3. Multiplicative LMDI-II time series decomposition for period 1995-2010. (Base year
1995).
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4.2. Attribution of the real energy intensity index

We now extend the above analysis, by attributing the percent changes of estimated
real energy intensity to the four pre-defined sectors of each country. This analysis
provides additional information on how much each sector has contributed to the
percent change of real energy intensity over the 1995-2010 period. By definition, the
sum of all attributions must equal the real energy intensity percent change.

Again, we shall focus on the Spanish case for brevity. According to the results of
annual attribution analysis (Table 2), real energy intensity has fallen for most of the
years. The exceptions are 1997, 1998, 2000 and 2010, when increases were
observed. In these years (excepting 1998) sectors 2 and 3 - industry (including
construction) and services — were the most important contributors to the real energy

intensity increase.
Table 2. Attribution results of multiplicative LMDI-II real energy intensity in the Spanish case,

period 1995-2010 (base year = previous year).?

(1) (2) 3 4 (5
Years Rin S S2 S3 Sa
Real

1996 -0.04060 -0.00802 -0.03987 0.00079 0.00650
1997 0.02003 -0.00175 0.02415 0.00796 -0.01032
1998 0.00104 -0.00348 -0.00706 -0.00279 0.01437
1999 -0.03677 0.00459 -0.02729 0.00068 -0.01475
2000 0.00467 0.00323 0.01713 0.00330 -0.01899
2001 -0.02463 -0.00431 -0.00057 -0.00366 -0.01609
2002 -0.04432 -0.00083 -0.01274 -0.00490 -0.02584
2003 -0.00042 0.00596 0.00466 -0.00886 -0.00218
2004 -0.01624 0.00597 -0.01313 0.00075 -0.00982
2005 -0.02586 -0.00082 -0.01784 -0.00006 -0.00714
2006 -0.10390 -0.00111 -0.08557 0.00024 -0.01746
2007 -0.01889 -0.00215 0.01023 -0.01188 -0.01508
2008 -0.07649 -0.00200 -0.02665 -0.00190 -0.04593
2009 -0.05229 -0.00390 -0.01921 -0.00194 -0.02724
2010 0.01510 -0.00050 0.02812 0.00623 -0.01875
Mean -0.02664 -0.00061 -0.01104 -0.00107 -0.01392

@ values in column (1) (previously multiplied by 100) show the estimated percent change of real energy intensity
over the preceding year. Values of columns (2)-(5) report the attributions corresponding to each sector
(s1=agriculture/fishing, s=industry and construction, ss=services, and ss=transport, hotels and restaurants) to this
change.

16



The last row of Table 2 gives the average annual percent change in real energy
intensity, showing an annual decrease of 2.664% along the analysed period. As
above commented, all the pre-defined sectors contributed to this reduction, although
sectors 2 and 4 were the main ones. On the one hand, sector 1, due to its low
relative weight in the Spanish economy, has a mild impact on real energy intensity.
On the other hand, sector 3 is quite relevant in the Spanish economy, although it is

less energy-intensive than industry or transport.

When observing Figure 4, it is detected that, in absolute terms, the most changing
attributes are sectors 2 and 4. On the contrary, sectors 1 and 3 have a smaller and
more stable influence -due to the modest economic weight of the former and the
lower energy-intensity of the latter. Similar results have been observed for all

Western countries.

Figure 4. Evolution of sector attributions in percent changes of the Spanish real energy
intensity in period 1995-2010 (base year=previous year).
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The results of multi-period attribution analysis (chain method) are summarized in
Table 3. For the overall period, the cumulative percent change in real energy
intensity gives a reduction of 33.879%. The percent change attribution to sector 4 in
the drop of real energy intensity is 17.417%. This attribution represents the biggest
contribution among the pre-defined sectors (superior to 51%). The attribution of

sector 2 is also remarkable (14.284%), contributing more than 42% to the AEI drop.
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The other sectors (1 and 3) are modest contributors to decreasing real energy

intensity and improving energy efficiency.

Another remarkable issue is that sector 3 (services) has inverted its impact along the
time. Before 2003, it contributed to increasing real energy intensity, whereas its

contribution became negative after that date.

Finally, the attribution of the percent decrease in real energy intensity has been more
variable for sector 2 than for sector 4 (Table 3). For instance, industry (including
construction) gained much relevance in 2006 and lost some in 2007 and 2010. On

the contrary, sector 4 has continuously gained since 1995.

Table 3. Attribution of multiplicative LMDI-II real energy intensity by the chain method
(Base year 1995).2

(1) (2 3 (4) (5)
Years Cint S S S;3 Sa
Real

1996 -0.04060 -0.00802 -0.03987 0.00079 0.00650
1997 -0.02138  -0.00967 -0.01648 0.00835 -0.00358
1998 -0.02036  -0.01301  -0.02358 0.00570 0.01053
1999 -0.05638 -0.00771  -0.05070 0.00615 -0.00412
2000 -0.05197  -0.00463  -0.03387 0.00923  -0.02270
2001 -0.07532  -0.00886  -0.03411 0.00602  -0.03837
2002 -0.11631  -0.00944  -0.04551 0.00157  -0.06294
2003 -0.11668  -0.00382 -0.04143 -0.00653 -0.06490
2004 -0.13102 0.00141  -0.05323 -0.00566 -0.07354
2005 -0.15349 0.00066 -0.06918 -0.00572  -0.07926
2006 -0.24144 0.00057 -0.14806 -0.00429 -0.08966
2007 -0.25577  -0.00216  -0.13660 -0.01401  -0.10300
2008 -0.31269 -0.00380 -0.15602 -0.01498 -0.13789
2009 -0.34863 -0.00707 -0.16906 -0.01602 -0.15647
2010 -0.33879  -0.00828 -0.14284 -0.01350 -0.17417

® Values of column (1) (previously multiplied by 100) show the estimated percent change of real
energy intensity over the base year (1995). Values in columns (2)-(5) report the corresponding
attributions of each sector (sy=agriculture/fishing, s,=industry and construction, ss;=services, and
s4=transport plus hotels and restaurants) to this change.
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In order to facilitate comparisons across member states, we briefly summarize the
attribution of percent changes in real energy intensity for each European country in
year 2010 with respect to 1995 (see Table 4 and Figure 5).2

Table 4. Attribution of multiplicative LMDI-II real energy intensity in 2010 (base year 1995).2

(1) (2) (3 (4) ()

Countries Real S S5 S3 S4

Belgium -0.20720 0.00081 -0.08361 -0.03551 -0.08708
Bulgaria -0.79154 -0.01374 -0.63127 0.00826 -0.15471
Czech Republic -0.76486 -0.04651 -0.53335 -0.10693 -0.07807
Denmark -0.28899 0.03053 -0.11707 -0.07845 -0.12400
Estonia -0.74894 -0.02752 -0.42587 -0.07537 -0.22018
France -0.27971 0.00610 -0.07137 -0.08509 -0.12935
Germany -0.15686 -0.01037 -0.04428 -0.01876 -0.08346
Hungary -0.72289 -0.00566 -0.62248 -0.05534 -0.03941
Ireland -0.46350 0.02003 -0.20136 -0.13827 -0.14389
Italy -0.33321 -0.00077 -0.15630 -0.02551 -0.15063
Lithuania -0.80646 -0.02592 -0.26121 -0.20784 -0.31149
Netherlands -0.28961 -0.00768 -0.10864 -0.07123 -0.10206
Poland -0.62843 -0.03838 -0.44284 -0.05856 -0.08865
Portugal -0.22069 -0.00447 -0.10942 -0.00598 -0.10083
Romania -0.72797 -0.05141 -0.36294 -0.01298 -0.30063
Slovakia -0.75055 -0.02467 -0.34648 -0.28424 -0.09516
Slovenia -0.44737 -0.00129 -0.16535 -0.07398 -0.20675
Spain -0.33879 -0.00828 -0.14284 -0.01350 -0.17417
Sweden -0.40584 -0.00571 -0.19151 -0.09308 -0.11554
United Kingdom -0.41501 -0.00019 -0.10160 -0.12023 -0.19299

® Values of column (1) (previously multiplied by 100) show the estimated percent change of real
energy intensity in 2010 over the base year (1995). Values of columns (2)-(5) report the corresponding
attributions of each sector (sy=agriculture/fishing, s,=industry and construction, s;=services, and
ss=transport plus hotels and restaurants) to this change.

8 Detailed results (for countries) of single-period and annual average attributions, including some
graphical analyses, are electronically available as supplementary material.
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First, sector 2 has been the biggest contributor to real energy intensity reduction in
most of the countries under study, such as Bulgaria (63.127%), Hungary (62.248%),
Czech Republic (53.335%), Estonia (42.587%), Poland (44.284%) and Romania
(36.294%). That is, the industry (including construction) has contributed to a very
important percent change of real energy intensity in most of the EU members,

especially in ex-communist Central and Eastern countries (see Table 4).

On the other hand, sector 4 has also been a notable contributor to the real energy
intensity drop in most of the countries under study (30.063% in Romania, 31.149% in
Lithuania, 20.675% in Slovenia, 19.299% in the United Kingdom and 17.462% in
Spain). In addition, sector 4 had a stronger relative impact in Western EU states than

in Central and Eastern countries.

Another remarkable fact is the mild contribution of sector 1 (agriculture/fishing) to the
decrease in real energy intensity in most of the countries, especially in Western EU
member states. Moreover, for some of them (such as France, Denmark and Ireland)
it has even contributed to increase it. Again, we find that the agriculture/fishing sector
was not a very helpful factor —even opposite in some Western countries- for the

improvement in energy efficiency.
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Figure 5. Contribution to the percent change of real energy intensity in 2010 (base year = 1995).2
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@ sy=agriculture/fishing, s,=industry and construction, s;=services, and s,=transport, plus hotels and
restaurants.

5. Conclusions

Aggregate energy intensity has experienced a remarkable reduction in the European
Union along the 1995-2010 period, particularly in former communist member states.
When decomposing their corresponding reductions by using the multiplicative LMDI-
Il method, a very strong negative intensity effect was detected. Concerning the

structural effect, it has been modest in magnitude, and negative in most of the
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analysed countries (excepting some former communist states). Consequently, both
factors —the structural and the intensity effects — have contributed to decreasing AEI.
However, the energy efficiency impact has had a bigger contribution than the change

in production structure.

Regarding the geographic areas under study, two distinct patterns are_observed.
First, the intensity effect has been more influential on AEI reductions in ex-communist
countries than in Western states. On the contrary, for the former, the structural effect
has been less relevant (or even opposite) to these decreases. In any case, the real
energy intensity effort appears to be stronger in Central and Eastern European

countries than in Western ones.

When analysing the attribution to the sectors of the percent decrease in real energy
intensity, we observe that sector 2 (industry including construction) was particularly
relevant. Sector 4 (transport, hotels and restaurants) also was quite important an
attribute in all the countries under study. However, when comparing these two
attributions by geographic areas some differences emerge. Whereas in Eastern and
Central European countries the attribution of percent changes in real energy intensity
to sector 2 clearly exceeds other sectors, in Western member states the attributions

to sectors 2 and 4 are balanced.

Finally, the sectors of services and agriculture (plus fishing) were poor contributors,
or even non contributors, to the drop in real energy intensity, as occurred in some

Western countries as Denmark, Ireland and France.

By way of summary, the analysis of real energy intensity shows that the European
Union countries, especially the Eastern and Central (former communist) ones, have
made an important effort to improve energy efficiency. Our analysis suggests some
general ideas in order to enhance real energy efficiency. Action lines such as
promotion and adaptation to more efficient techniques, innovation, improved use of
technologies, R&D, and substitution for higher quality energies in sectors such as
industry (including construction) would be particularly interesting in the case of
Eastern and Central EU countries. As for the Western member states, the efforts

would rather focus on sectors like industry (including construction), and transport,
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hotels and restaurants. These action lines, more than naive reliance on changes in
production structure, would lead to a sensible reduction in real energy intensity in

European countries.
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