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Abstract

This paper presents stylized faotsenergyintensity developments for 19 OECD countries and 51 sectors over the
period 198071 2005. A ptointroducgmadiscussi new datdbase that comlpnaspther i
recently launched O0EUWtKIWEMY Grcawtulentayidtadiomn the Igiemgtisnalc a |
Energy Agency (IEA)We do so by means of an empirical analysis consisting dbtlmsving componentat

various levels of sectoral detail. First, we document per country the growth rates of energy use, value added and
energy intensity (i.e. the ratio of energy use to value ad&edpnd, we compatevels of energy intensity across
courtries and analyze the evolution of the observed erosstry differences over time. Third, by means of a
decompositioranalysis we calculate for each courttsywhat extent aggregate enetigyensity trendsanbe

explained from, respectively, shifts imet underlying sectoral structure and efficiency improvements within
individual sectorsFinally, we identify issues and areas of research within the field of energy economics wkere the
datamay beappliedfruitfully.

Keywords Energy Intensity, Convgence, Decomposition, Sectoral Analysis
JEL codes 013, 047, 05, Q43

Abstract in Dutch

Deze studie presenteert de ontwikkeling van enéngénsiteit in 19 OBO-landen erbl sectoen gedurende de
perioel 9801 2005. Een bel asheriitrpddcerencemredespreleemvardeen nietwe dataset die
derecentverschenelt U KL EMS Gr owt h and dmondent mét fysiekeneygegégevers vamt s 6
hetInternatioraal Energe AgentschaglEA). Wij doen dit door middel van een empirischealyseop verschillende
niveaus van aggregatite bestaat uit de volgende componenirrle eerste plaats berekenen we per land de groei
van energieconsumpgiitoegevoegde waarde en enefigiensiteit fle verhouding tussen energieconsumptie en
toegevegde waardeIn de tweede plaats vergelijken we niveaus van enéntgasiteit tussen landen en analyseren
hoe de verschillen tussen landen zich ontwikkelen over dértifie derde plaats berekenen vemdmiddel van een
decompositianalyse voor elkand in hoeverre de ontwikkeling in de geaggregeerde eretgigsiteit kan worden
verklaard uitenerzijdsverschuivingen in de onderliggende sectorstructuwarelerzijds efficiéntieerbeteringen

binnen specifieke sectorefienslotte identificeren wij oderwerpen en onderzoeksterreinen binnen het veld van de

energieeconomie waar deze data vruchtbaar kunnen worden gebruikt.

Steekvoorden  Energie Intensiteit, Convergentie, Decompesiiiectorad Analyse
JEL codes 013, 047, 05, Q43
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1. Introduction

Accurate projectionsf future energy demand and greenhouse gas emissions require careful evaluation of historic
trends in the relationship between energy use and economic activity. In this papersemnew evidence on the
empirics of this relationship, for the period 192005. We do so by analyzing and comparing the development of
energy intensity (i.e. the ratio of energy input to economic output) asllosectorand19 OECD countries. More
specifically, ouranalysiscomprises 29Manufacturing sectors (10 main sectdr§,subsectors), 23ervicessectors

(9 main sectors, 14 subsectors), as well as the sebtansport,Agriculture andConstruction; it includes 16 EU
member countries, the WS Japan andouthKorea. Distinctive features of our analysis are ésmbinaton of a
crosscountryperspective with a high level of seaibdetail the inclusion of wide range oService sectorand the

quality of our dataset. Regarding the latter, we make ustheofrecently launchedEU KLEMS Growth and
Productivity Account8 database, which wénk to physical energy data from the International Energy Agency
(IEA). To the best of our knowl e &g KELEMSWGowta arel Productivityf i r st
Account® database in the field of energy studies. The principal cfitthis paper is to show its value for cross
countryempiricalanalyze in the field of energy economics in general, fondstudies a trends and determinants of
energyintensity (productivity)in particular.The explicit link tophysical energy data fno the International Energy
Agency (IEA)allows us to compare EU KLEMS based figures on energy use and energy intensity with the widely
used IEA based figures.

The EU KLEMS database contains indudgyel measures of output, inputs and productivity farege of
European countrieshe USA,Japanand SouthKorea. This includes information on energy inputs, derived from a
consistent framework of national accounts and supptyuse tables and processed according to agreed procedures.
Hence, in contragb mostexisting empirical crossountry studies on the energgonomy nexus (see, for example,
Markandya et al. 2006Jiketa 2001 Miketa and Mulder 2005Mulder and De Groot 20Q Nilsson 1993, Schipper
et al. 2001,Smulders and De Nooij 20p3the EU KLEMS database does not rely on stighecific ad hoc
combinations of energy input and economic output measures from different sources te &ealgs in energy
intensity or energyroductivityi thus facilitatingreplication and comparability of studiesnother major advantage
of the EU KLEMS database is that it moves beneath the aggregate economy level by providing a breakdown of
industries to a common detailed level. Typically, crogantry studies gbproductivity and growtttome at the price
of limited sectoral detail. This is a serious drawback, given the existenseilo$tantiaheterogeneity in output and
productivity growth across industriesee, for exampleéBernard and Jones 199pllar and Wolff 1993) Also in
the area of energgtudies it has ben shown that aggregate trendf energy intensity (productivitymask
considerable differences across industrigse( for example, Huntington 2010, Jorgenson 1984, Mulder &nd D
Groot 2003). The high level of sector detailtire EU KLEMS databasellows for examination of productivity
performance of individual industries and their contribution to aggregate growth.

Our analysis includes the following components. Fixgt,document per country the growth rates of energy
use, value added and energy intgn§ie. the ratio of energy use to value added) at the aggregate economy level as
well as for the aggregate Manufacturing sector and the aggregate Service sector. In doing so, we compare EU
KLEMS based figures with figures derived from combining the widedgd OECD Structural Analysis (STAN)
databas€economy data) with IEA energy data (see, for exanildder and De Groot 2007 and Smulders and De

Nooij 2003) Also, we analyzaverage annual growth rates of energgnsity changes for all 51 sectors imbéd in



our dataset, distinguishing different time periofiscond, at various levels of sectoral detad, compare levels of
energyintensity across countries and analyze thelution of theobserved crossountries differences over time.
Third, by meas of a decompositicanalysis we calculat®r each countryo what extent aggregagmergy intensity
trends are to be explained from, respectively, shifts in the underlyingaesttacture and efficiency improvements
within individual sectors.

The fird component of our analysis is closely related to numerous empirical studies documenting trends in
energy useenergyintensity and emission intensity (see, for examperndt 1978 Mulder and De Groot 2003,
Neelis et al. 207, Nilsson 1993Sue Wing2008 Worell 2004 andSchipper et al2001). The second component of
our analysis relates to recent work on crossntry convergence of energgr emission intensitiegsee, for
example, Aldy 2006Markandya et al. 2006, Liddle 2009, Miketa and Mulder 200&|der and De Groot 2007
RomereAvila, 2008). Convergence can be understood both in terms of levels and growth rates, which translates into
a distinction between sealled-convergence anb-convergence (e.g., Barro 1991, Barro and -Gaflartin 1992).

The former refers to a decreasing variance of ecosmitry differences in productivityr intensitylevels, while the

latter refers to a tendency of countries with relativielgh (ow) initial intensity productivity) levels to grow
relatively fast, buildig upon the proposition that growth rates tend to decline as countries approach their steady
state.In this study we limit ourselves to the descriptive analysig-obnvergenceand leave &-convergence
analysis for future work. A comprehensive analysis of the latter requires integrating empirics in a theoretical
framework defining the dynamics of economic growth and ecossitry interaction. This is beyond the peoof

this study, which has as imincipal aimintrodudng the integratedEU KLEMS i IEA database into the field of
energy economicsThe third and final component of our analysis fits in the research area known as index number
decomposition analysi®ee Ang and Zhang 2000 and Liu and Ang 2007 for recent surv@gsearch in this area
focuses ordecompomg changes in aggregateendsinto a secalled structure effect and an efficiency effect. The
structure effect meas uerergyintersity due to the ghangingcomposition @& activiies my 6 s
within the economy. The efficiency effect, aontrast measures changes dueetificiency improvementsvithin

each sector.

It is both the coveragi in terms of countries, sectors and yeiad the quality of our data that setss
studyapartfrom the aforementioned contributions to the literature. Most energy decompasitibes focus on the
Manufacturing sector with an emphasis on heavy industry, due its traditionally large share gateggrergy
consumption and the (consequently) readily available data. Only since recently,-exterggive sectors such as
light industries andServicesstart to become subject of rigorous decomposition analysis (Florax et al. 2010,
Huntington 200, Mairet and Decellas 2009Ranirez et al. 2006 As noted before, we include both energy
intensive and energgxtensive sectors, including 23 Service sectdohe level of sect@l detail includedin most
published studiess primarily determined by data avdiitity, which obviously is more of a limiting factor in cress
country studies than in countppecific studies. Hence, countspecific analyze make up for most of the
decomposition studies, with an emphasis on the USA, variout¥tbuntries (most notgbGermany, UK, The
Netherlands and Denmark), Canada, Jajsuth Korea and increasingly also China. Recent examples include
FisherVanden et al. (2004), Huntington (@), Lescaroux (2008), Metcalf (2008hdMa and Stern (2008)n the
majority of thesestudies the number of sectors included varies from a few to about 30 sectors, with some exceptions
comprising a very high level of sector detail (see Ang 8395Ang and Zhang 2000 and Liu and Ang 2007 for



reviews).Crosscountry studies predominantlydos on highncome countries, often categorized in terms of their
membership of IEA, EU or OECD, and typicalpver 7 to 15 countries. Examples include Eichhammer and
Mansbart (1997), Howarth et 1991),Liddle (2009),Mulder and De Groot (2003), Unasdet al.(1999) and Park

et al. (1993). These studies in general contain less than 10 sectors. An exceptloidey and De Groot (2003)
who distinguishl4 sectors in total, of which 10 are manufacturing-sabtors In this study we combine a cress
cowntry perspective with a relatively high level of seetadetail, identifying the role of 51 different sectors in
driving aggregate energy intensity trends.

The paper proceeds as follows. In Section 2 we describe the database and discuss its uniegielrfeatur
Section 3 we briefly describe and motivate the index number decomposition methodology that we apply. In Section
4 we present the results of all three components of our analysis (growthcraes;ountry level differences,
decomposition) at the ggegate economy level. Bection 5 and 6 we repeat this analysis for the Manufacturing and
Service sectors, respectively. Sectibooncludes and indicates directions for future research that may benefit from
the integrated EU KLEMS$ IEA database.



2. Data

The dataset weise and preserin this study combines the recently launched EU KLEMS database (March 2008
release) with energy data from the International Energy Agency (IBdthary objective of the EU KLEMS
database is to support empirical and thecaé research in the area of economic growth, studying patterns of
productivity and its principal determinants such as skill formation, technological progress and innovation
(O6Mahony and Ti mmer 2009) . The dat abwahsas well ascderivele s me a
variables such as multactor productivity, organized around the growth accounting methodology rooted in
neoclassical production theory. However, the data collected are also useful in other contexts, aKltEMSU
database provas many basic input daseries that are derived independently from the assumptions underlying the
growthraccounting method. They include various categories of capital, labour, energy and material. The database
has been constructed on the basis of daisetedd by EU KLEMS consortium partners with cooperation of national
statistical offices, and processed according to agreed procedures. The approach takersispapmecedure. First,

the most recent and revised series by industry on gross outputadalee and total intermexte input were taken

from National Accounts. These series are extended and broken down into more détestrif needed. In a second

step total intermediate inputs were broken down into energy, materials and services bapptj@mduse tables.

We measure energy intensity by the ratio of intermediate energy input to gross valué tdeleing the
inverse of energy productivitfValue added data have been converted to constant 1997 US$, using a new and
comprehensive datat of industryspecific Purchasing Power Parities (PPPs) for 19%%se PPP series were
constructed in the EU KLEMS projetty double deflation of gross output and intermediate inputs within a
consistent inpubutput framework.The price concepts for gge output (basic prices) and intermediate inputs
(purchagng prices) have been harmonized across countries. As these series are often short (as revisions are not
always taken back in time) different vintages of the National Accounts were bridged acc¢ordimgmmon link
met hodol ogy ( Od Ma h oDepending on cdumntrsname:ctor, h€sé ¥alue added series can differ
from those available in the STAN databaseen though STANs also based oMational Account series. Two
issues explain the diffences. First, STAN makes use of aggregate cowpegific PPPs, whereas in EU KLEMS
PPP6s have been c on-kevelriuvacmaerdstepaforwatdbeeondj in damnwonizing lortgrm
nominal and price series for output and intermediate infUitN and EU KLEMSemploy different vintagesof
National Accounts as well as differesgctor classifications

The EU KLEMS energy data that we empl@are also derived from a harmonized system of National
Accounts.They consist of expenditure based intermegliatputs that encompass all energy mining products, oil
refining products and electricity and gas products. Using detailed sapglyse tables, energy expenditures at the
industrylevel have been deflated by the relative price index of each fuel (ecanggr). As mentioned before, this
implies that the intermediate energy input seaiedvalue added seriewe mutually consistenHence, to construct
a value added based energy intensity indicator one doesigerneed to relyon different sourcs, with its inherent

complications. Howevesomewhat unfortunatelyne intermediate energy data series in EU KLEMS are provided

! For a more detailed description and discussion of the EU KLEMs database we ref@doMahony and Ti mmer 2
addition, methodological background papers are available at the EU KLEMS websiteeiklems.ngt The EU KLEMS

data series are also publicly available at this website.


http://www.euklems.net/

terms ofvolumeindicesonly. Consequentlynlike energy intensity growth ratése original EU KLEMS database

does not allowxploring energy inputevelsacross countries and across sectors. For this reason we enriched the EU
KLEMS database by establishing a link with physical energy data frotfetheaccording to the following simple
two-step procedureFirst, for the year 208 we matched the EU KLEM8nergyvolume index number with IEA

final energy consumption data in kilo tonnes of oil equivalent (k®egondwe used the EU KLEMS energy input
volume indices to (re)calculate energy consumption in ktoe back in time. Gujdbe kectoral classification that

the IEA uses in its Energy Balancese ffirst stepcould be done straightforwardly for Manufacturing sectors as

well as the aggregate Service, Transport, Agriculture and Construction sectors. For the remaisguprsiibwe

applied proportions of subectoral intermediate energy input expenditures (at purghasices), as given in EU
KLEMS, to IEA final energy consumption data at the aggregate sector level, again for the year 2005. This procedure
rests on the assuyption that in 200%verage energy pricegthin a specific industry are identical across-seistors.

This would require the same fuel price levels as well as the same fuel mix across subsectors within an industry. This
requirement is met in all Servicecsers (hat exclusively consum electricity) as well as in most Manufacturing
sectors, except for the aggregate sector-Bpacified Industryfsee Table 2.1). Hence, our figures for this industry
require careful interpretation ds depending on the country they might suffer from some degree of bias,
predominantly due to differences in fuel mix across its subsectors. In general, it has to be borne in mind that our data
do not allow to account for the role of fuel input mix in driving aggregate energysityt@levelopments since the

EU KLEMS database only provides volume indices of aggregate intermediate energy inputs, defined as an
expenditure based aggregate of all energy carriers.

It is to be noted that, except for 2005, physical energy consumptias sariour dataset which are
ultimately based olEU KLEMS energyinput volume indice$ can deviate from final energy consumption series
reported by the IEA. Differences between the two sources arise from two methodological issues. First, for the most
partt IEA energy consumption data abased omd mi n i g u e eteived fframanatioralk adlministrations of
OECD countries as well as on monthly oil questionnagirgsereas within the EU KLEMS framework energy is
defined as an intermediate input that isivit from national accounts amsdipplyanduse tablesSecond, th&U
KLEMS intermediate energy inpigeries include energy used for transformation and own use, whereas this is
excluded from IEA final energy consumption data. For most sectors, ¢uérya small part of intermediate energy
input reflects energy used for transformation and own use. However, the picture might be different in those sectors
that make use of largecale cogeneration of heat and power (CHP) and/or are characterized by alydéatee
amount of norenergy use, i.e. fuels that are used as raw materials (feedstock). Regardintpe€IBER, and EU
KLEMS definitionsare identical insofaenduse sectors consume fuel to produce heat and power for owBuise.
whenan enduse sectoconsumes fueo produce heat and power for sale to other sectors and/or the genetia¢ grid
two databases differ: ithe IEA statistical systerthis fuel is includedn the transformation sector whereas EU
KLEMS includes these fuels in tt@ncerningenduse sectorThe issue of nognergy (feedstock) use plays an
important role inthe Chemical sectonvith the Petrochemical industrgonsuming large quantities of fuel as
feedstock. Again, this consumptioniieluded in EU KLEMS intermediate energy inpiist excluded from IEA

final energy consumption data.



Table2.1 Sector classification

Sector

NACE revl code

MANUFACTURING
FOOD, BEVERAGES AND TOBACCO
Food and beverages
Tobacco
TEXTILES, LEATHER AND FOOTWEAR
Textiles
Leather and footwear
WOOD AND CORK
PULP, PAPER, PRINTING AND PUBLISHING
Pulp and paper
Printing, publishing and reproduction
CHEMICALS
NON-METALLIC MINERALS
BASIC METALS
MACHINERY
Fabricated metal
Machirery rot elsewhere classified €0
Office, accounting and computing machinery
Electrical engineering
TRANSPORT EQUIPMENT
Motor vehicles, trailers and settnailers
Other transport equipment
NON-SPECIFIED INDUSTRY
Rubber and plastics
Medical, precision and optical instruments
Manufacturingnot elsewhere classified (necgcycling
SERVICES
WHOLESALE AND RETAIL TRADE
Sale, maintenance and repair of motor vehicles and motesgyetail sale of fuel
Wholesale trade and commission trade, except of motor vehicles and motorcycles
Retail trade, except of motor vehicles and motorcycles; repair of household goods
HOTELS AND RESTAURANTS
POST AND TELECOMMUNICATIONS
FINANCIAL INTERMEDIATION
Financial intermediation, except insurance and pension funding
Insurance and pension funding, except compulsory social security
Activities related to financial intermediation
RENTING, COMPUTER, R&D and OTHER BUSINESS
Renting of machinery and equipment
Computer and related activities
Research and development
Other business activities
PUBLIC ADMIN AND DEFENCE; COMPULSORY SOCIAL SECURITY
EDUCATION
HEALTH AND SOCIAL WORK
OTHER COMMUNITY, SCCIAL AND PERSONAL SERVICES
Sewage and refuse disposal, sanitation and similar activities
Activities of membership organizations nec
Recreational, cultural and sporting activities
Other service activities
TRANSPORT
AGRICULTURE, HUN TING, FORESTRY AND FISHING
CONSTRUCTION

15t22, 24t37
15t16
15
16
17119
17118
19
20
21t22
21
22
24
26
27
28t32
28
29
30
31t32
34135
34
35
25,33,36t37
25
33
36t37
GtH, J, LtO, 64,
G

50
51
52

H

64

J

65
66
67
71t74
71
72
73
74

60t62
AtB




As mentioned before, a key featwkthe EU KLEMS database is its high level s&ctordetail At the
lowest level of aggregation, the EU KLEMS database includesetfors classified according to the Eyrean
NACE revision 1 classification. However, due to data limitations the level of detail varies across countries,
industries and variables. Obviously, in our case the energy input measure is a key variable and as a result of
limitations in its availabiliy our dataset distinguishes 51 sectors in order to ensure international comparability of the
data. Table2.1 provides a listof the sectors including higher aggregates. This industry divisiorcassiderably
more detailed than the-digit level that has éen used so fan most crossountry energyintensity analyses.
Consequently, our dataseiakes it possible to movarther beneath the aggregate economy level when analyzing
energy intensity developments across countfi@snpared to other studies thgsd substantial improvement that is
particularly relevant for properly separating technology and composition effects in aggregate intensity
developmentsNevertheless, when using this data in the field of energy econdmicsaveats ar¢éo be borne in
mind. First, the Chemicals sector combines the enérgnsive suksectorBasic Industrial Chemicals and the
energyextensive susectorPharmaceuticals. Although EU KLEMS provigleerea breakdown at the lowest level
of aggregation, limited data availabjliallowed usto only include the Aigit industry level in ordeto secure
comparison across countries. Second, the Basic Metals sector is an aggregatilsietier NoAFerrous Metals
andthe subsectoriron and Steel. Here, EU KLEMS does not provaéurther breakdowii making it the only
sector with less industry detail than previously available (for example, by combining STAN and IEA data or in the
dataset developed by Mulder and De Groot 2003, 200¥jd, energy onsumption in thdEA Transportsector
covers all transport activity (imobile engines) including aviation, road, rail and domestic navigatioregardless
of the economic sector to which it is contributingalso includes household demand for transport fuels woile f
many countrie the domestic/international splih aviation fuel datancorrectly excludes fuel used lbpmestically
owned carriers for their international departurdalue added data in our Transport sector refer to carrier
(commercial) transportation and do not ¢ personal transportation, since the latter is not part of National
Accounts. Hence, energy intensity indicators for the Transport sector should be interpreted with caution. Fourth, the
focus of EU KLEMS on productive sectors precludes the analysisusfelholds and the personal transport sector,
since they predominantly involve nanarket activities that are excluded from National Accounts. In short, our
dataset deals with nenesidential energy use. This is important to keep in mind, particularly edausome
countries (especially the USA) personal transportation is a substantial factor in explaining aggregate energy
consumption.

In terms of country coverageur dataset includes the following countries: 12-FJcountries (Austria,
Belgium, DenmarkfFinland, France, Germany, ltaly, the Netherlands, Portugal, Spain, Sweden and the United
Kingdom), 4 new EU member states (Czech Republic, Hungary, Poland, Slovakia), the USA, JaSauthnd
Korea? In general, for the EU5 countries, the USA and Japdata are available for the period 192005,
whereas for the new EU member states series are available from 1995 onwards. Exceptions include France and
Germany for which data are available from 1978 onwards; Austria, Belgium and Japan for which daa#dadrie av
from 1980 onwards; and the Netherlands and Sweden for which data are available as from 19833and 19

respectivelyTable 2.2 provides an overview of countand time coverage.

2 The original EU KLEMS database also includsstralia, Cyprus, Estonia, Greece, Ireland, Latvia, Lithuania, Luxembourg,

Malta andSlovenia. Limited data availability made us decide to not include these countries in the final dataset.
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Table 22 List of countries in the database

Data availability

Grouping used in this study

Country Code Years OECD19 OECD11 EU16 EU15 EU12 EU11 EU4
1 Austria AUT 1980 20 ( V \Y vV \Y/ V \
2 Belgium BEL 19807 : \Y \Y \Y \ \% \
3 CzechRepublc CZE 19957 V V V Vv
4 Denmark DNK 19707 ¢ V V V V V V
5 Finland FIN 19707 : V \Y V V V V
6 France FRA 19787 : V \Y V V V V
7 Germany GER 19787 : \Y \Y \ \% \
8 Hungary HUN 19957 ¢ \ \ \ \%
9 ltaly ITA 19707 \Y \Y \%
10 Japan JPN 1980T : V
11 South Korea KOR 19707 ¢ V
12 TheNetherlands NLD 198771 & vV V V V \Y/
13 Poland POL 19957 ¢ vV V V \Y/
14 Portugal PRT 19807 ¢ \Y \% \Y \% \Y
15 Spain SPA 19807 : V \Y \/ V V \Y/
16 Slovakia SVK 19957 ¢ \Y \ \Y \Y
17 Sweden SWE 19937 ¢ V \Y/ V \Y/ Vv \Y/
18 United Kingdom UKD 19707 ¢ \Y \Y \Y \Y \ \Y
19 United States USA 197071 ¢ V V

To ensure compability of data across countries, our analysis covers the period 2086. Often we

distinguish the period 1982995 (14 countries) from the period 192005 (19 countries). Moreover, we

group countries in various clusters, according eodlassification providedn the righthand side ofrable

22.For
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3. Decomposition approach

Changes in energy intensity at the aggregate economy level result not only tlumlogydriven efficiency
improvements in individual sectors, but also from changes in the sector composition of the economy. The latter is
caused by the fact that sectors differ inherently in terms of their requirement of energy inputs relativeinputher
like capital and (skilled) labor. By using index number decomposition (or-stafte) analysis, we are able to
decompose changes in aggregate energy intensity intecalled structure effect and an efficiency effect. The
structure effect measureshe change i n the economyds energy intensity
within the economy. The efficiency effect, in contrast, measures changes due to efficiency improvements within
each sector. In the field of energy studies this odtlogy has been widely used to decompose aggregate changes
in energy use, energy intensity, or emission intensity (see Ang and Zhang 2000 and Liu and Ang 2007 for reviews).
To describe the essence of index number decomposition methodology algebraitadlgnbte the sectors
of the economy and l&ft andE represent output (value added) and energy consumption. Aggregate energy intensity
I, defined as the ratio of energy to output, can then be calculated as

_E_vEY vy
|_Y_zi:YiY_Z|,s (1)

i
In this equation]; represents the withieectorintensity, S is the share of the sector in total value addEde
efficiency effectis derivedboy contr ol ling aggregate energy intlensity f
other words, thefficiency effectequals the isolatedithin-sectorintensity effect, which is (supposedly) largely
driven by technological improvementSince both the structure effect and the efficiency effect changetime it
is necessary to establish appropriate weighterter to measure the contribution of each effect. Decomposition
analysis in the field of energy studies have used a variety of weights, which translates into a range of applied
decomposition approaches (see Ang et al. 2003, Ang 2004, Ang et al. 20@4ambyroop 2004and Zhang and
Ang 2001 for reviews and details). In this study we use theated log mean Divisia index method (LMDI 1) as
introduced by Ang and Liu (2001), which in its additive form decomposes a change in aggregate energy intensity

(adiop) betweenperiodOandli nt o an ef fligci @ama ya ed tf regactorflimegeto: e f f ect (&

Al g = ZW, In(ll‘—;] 2

Al = zi:wl In[Z—;] 3)

wherew; is the weighting function defined ag = L(v,",V,°) , with v, = >"1;S andL the logarithmic average of two

positive numbera andb given byL(a,b) = (ai b)/In(a/b). 3
The choice for this approach is mairly motivated by its ability to satisfy the factogversal test, i.e. it
provides perfec decomposition results without a residual. Moreover, this approach can handle zero values

effectively, the results are invariant to scaling and it satisfies theréwegsal test, i.e. estimated values between

3 A simple relationship exists between the additive and multiplicative form, which thus can be easily related to each other.
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period 0 andl and periodl and 0 are equdin absolute terms). In the twfactor case, this approach is equivalent to
the Fisher ideal index method that is defined as the square root of the product (i.e. geometric average) of the
Laspeyres and Paasche indices (Ang 2004, Boyd and Roop“B6rihe aforementioned reasons the LMDI and
Fisher ideal index methods have emerged as the preferred methods in energy decomposition analysis (Ang 2004).
By definition, decomposition of energy intensity requires combining energy data with indicators that
measue output or activity. The latter can be expréssither in terms of engineering or physical indicatbitke
metric tonnes, kilometers or square meters of floor spaan terms of economic indicatorssuch as value added
or gross output. Exampled decomposition analysis using physical indicators can be found in Farla and Blok
(2000), Neelis et al. (200/Ranirez et al. (2008,b, Worell et al. (1997)i all focusng on energy intensity
developments in the Netherlands. The main advantage of ugdhgsical indicator is that it often establishes a
straightforward relationship between output and energy inputs, irrespective of changes in the mix and characteristics
of products and feedstock and changes in mdraséd product prices. Howeydts appication is hindered Yo
difficulties of aggregation across sectors and limited data availability, which of course is particularly true in sectors
with a large variety of products and a large degree of processing, as well as inGurdsgsetting. In aatrast, an
economic indicator such as value added facilitates comparison of energy intensity across countries and across
sectors, as well as interpretation within an economic framework that includes other inputs like capital and labor. For
these reasonsevhave chosen in this study to express activity levels in economic terms, using value added as our
measure.
Finally, apart from method and type of indicators, a more important factor that influences decomposition
results is the level of sectdrdetail that isused The more sectaf detail is included in the decomposition exercise
the more the calculated efficiency effect represents a techndloggn efficiency improvement. With less degree of
sector detail, the calculated efficiency effect becomes pescise because it increasingly includes changes in the
activity- or product mixwithin the sector, thus including what essentially are disaggregated sector effects. As noted
before, our dataset enables the inclusion of a level of sector detail thtigety high in comparison to existing
energy decomposition analyses, especially those that exhibit aconasisy perspective (Liu and Ang 2007).
Consequently, the efficiency effects that we report in this study are a relatively accurate approxirhation
technologydriven efficiency improvements. Yet it is appropriatertention onecaveat here. Since the EU KLEMS
database provides volume indices of aggregate intermediate energy inputs only (including all energy mining
products, oil refining products drelectricity and gas products), we are not able to correct our efficiency effect for
changes in the fuel input mix. The latter might have an impact because energy carriers (natural gas, electricity, coal,
etc.) differ in terms of available energy, i.etdiffer in terms of quality or efficiency in delivering energy services
(Berndt 1978, Cleveland et al. 2000).

* The generalized Fishapproach has its roots in studies by Siegel (1945) and Shapley (1953); see De Boer (2008).
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4. Aggregate economy level

This section analyzethe development of energy intensity at the aggregate economy level (Macro), defined as the
sum of the sectors Manufacturing, Services, Transport, Agriculture and Construction. We also examine energy
intensity developments in each of these five sectors, including their role in driving aggregatelr&sasion 4.1

we explore trends in energy @misity by documenting growth rates and levels, including an analysis of the evolution
of crosscountry differences across time. In Section 4.2 we adseshat extenthe observed energy intensity
developments at the aggregate economy level are driveredpectively, changes in the structure of the economy
and changes in energy efficiency within each of the aforementioned five sectors.

4.1 Trends

We start our analysis with presentimgTable 4.1per country andor two different time period$1980 2005 and

1995 2005)the average annual growth rateerfergy intensity and its components: energy use and value daded.
facilitate comparison and interpretation of our data, we also providevérage annual growth rates mdspectively,

energy use accding to IEA data, value added according to STAN data, emetgy intensityaccording to the
combination of these two data sourcéable 4.1 leads to a couple of important observations. First, according to our
datg changes in aggregate energy intensiffedisubstantially across countries; varying frorh.2%0 average annual
increase in Austria to 2.4% decrease ifrrance, Germany arttie USA, between 1980 and 2005. Also, the Table
illustrates the difference between an emerging economy like South Kdtka large increase in both energy use

and value added, and a highly developed economy like Japan with its relatively small increase in energy use and
value added, especially since 1995. Second, in most countries growth in value added outpaces gresgth uise
resulting in decreasing energy intensity levels. Exceptions are Austria with a drastic increase in energy agensity
well asBelgium and the United Kingdomvhere energy intensity levels have marginally increased between 1980
and 2005, and Sth Korea, Poland and Spain where aggregate energy intensity has increased sing&iff95.
according to our data, aggregate fiemidential energy use increased over the past several ddoadssst
countries, but particularly since 19@ggregate eneyginput has decreaseith various countrie§ most notably
Denmark, France, Germany and Italy. In Germany and France this is mainly caused by decreasing energy use in
Manufacturing. In Italy it results from decreasing energy use in Services. And in Deitrisagk combination of

both. Underlying reasons might be the adoption of energy efficient technologies or specialization in relatively
energyextensive sectors or production processes, or both. We return to thignisSeetion 4.2as well as in
Sections5 and 6 where we analyze the Manufacturing and Service sector in greater &etaith, dter 1995
aggregate energy intensity levels decreased relativelyfaderlying data indeed reveal a remarkable slowdown in
energy intensity decrease between 1880 1995. This trend has not gone unnoticed in the literature and is linked to
the relatively low and decreasing energy prices since the mid 1980s, after a period of high prices induced by the

energy crises of the 1970s and subsequent energy efficienoyviempents (IEA 2004).
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Table 4.1 Change in energy use, value added and energy intensity at the aggregate economy level.

Average annual

qrowth rates Energy Intensity Energy Use Value Added

198071 2 198011 19951 2 198071 2 1980711 199571 2 198071 2 198011 19951 2

EUK sITEAAI\II EUK sITEAAI\II EUK S'TiA,\/l EUK  IEA EUK  IEA EUK  IEA EUK  STAN EUK STAN EUK STAN
Austria 1.3 -0.6 04 -12 2.6 0.4 34 16 26 1.0 46 26 2.1 2.2 2.2 2.2 2.0 2.1
Belgium 0.3 - 1.8 - -19  -1.0 21 1.2 34 14 02 11 1.8 - 1.6 - 2.1 2.1
Czech Republic - - - - 14 -18 - -09 - -18 08 0.6 - - - - 22 25
Denmark -2.0 -1.6 -1.3 -1.7 -3.2 -1.5 -0.3 0.1 0.3 -01 -1.2 0.4 1.8 1.8 1.6 1.7 2.1 1.9
Finland 05 -1.0 1.7 -0.4 3.7  -19 20 11 32 1.0 03 1.3 25 21 15 1.4 40 33
France -2.4 - -1.7 - -3.4 - -09 0.8 -06 0.6 14 11 15 - 1.2 - 2.0 -
Germany -2.4 - -2.4 - 22 -05 -0.7 0.0 -0.5 -0.3 -1.0 04 1.6 - 2.0 - 1.1 1.0
Hungary - - - - 46 2.1 - -03 - -16 -0.1 16 - - - - 4.6 3.8
Italy -- -- -- -- -3.9 0.4 -- 1.4 -- 1.1 -2.5 1.7 1.7 -- 1.8 - 1.4 1.3
Japan -0.8 -0.3 -0.6 -0.2 -1.0 -0.5 1.8 1.8 2.8 2.7 0.5 0.5 2.6 2.1 34 2.9 1.5 1.0
South Korea -0.8 -0.2 2.7 0.1 22 -0.8 6.0 6.2 54 85 6.9 3.0 6.8 6.5 8.4 8.3 45 3.8
TheNetherlands* -0.9 -1.3 15 -17 28 -1.1 1.7 1.2 39 038 -0.1 15 2.6 2.6 2.4 25 2.7 2.6
Poland - - - - 1.0 - - -10 - 12 57 -0.6 - - - - 4.6 -
Portugal - - - - 01 08 - 39 - 44 28 3.0 25 - 2.7 - 22 22
Spain -1.1 0.2 -2.4 0.1 1.0 0.4 1.8 3.1 0.0 25 4.5 4.0 2.9 2.9 2.5 24 35 3.6
Slovakia - - - - 41  -2.8 - 0.4 S -02 038 - - - - 40 3.8
Sweden - - - - -40 -3.0 - 0.0 - 0.3 08 -0.3 -- -- -- -- 49 2.8
United Kingdom 0.1 - 0.9 - 1.0 22 27 07 30 08 21 07 2.6 - 2.2 - 32 30
USA -2.4 -1.8 -2.3 2.1 -2.6 -1.4 0.5 0.8 0.3 0.4 0.8 14 3.0 2.6 2.6 2.5 35 2.8
EU12 - - - - 22 -08 - - - - 00 1.2 - - - - 22 20
EU4 - - - - 1.4 29 - -08 - -14 26 0.1 - - - - 41 32

Notes: Initial year 1987 instead of 1980
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As regards the different data sources, Table 4.1 revealdothatost countries the use of EU KLEMS
compared to IEA leads to considerably different teeimdenergy use, without a clear crasaintry pattern (France
being a notable exception). These differences are likely due to the fact theniergy use of fuels is included in EU
KLEMS intermediate energy inputs, but excluded from IEA final energywuopson data. In contrast, for most
countries value added series derived from the EU KLEMS compared to the STAN database are highly comparable
(exceptions being Finland, Hungary, Japan, Korea and Swdderhermorethe IEA database provides a more
extersive coverage than EU KLEMS in terms of energy use data, while the opposite is true regarding value added
data where coverage by EU KLEMS is more extensive than by STAN. In terms of internationally comparable
energy intensity series, EU KLEMS provides arenextensive coverage than the HSAAN combination.

Next, we move beneath the aggregate economy level by presémfiiadple 4.2annualized growth rates of
energy intensity in thesectors Manufacturing, Services, Transport, Agriculture and Construfdioselected
(groups of) countriesThe Table shows that also at the individual sector lelvahges in aggregate energy intensity
differ substantially across countrigSor example, with 6.3%ur data reveal a particularly sharp average annual
decline in B Manufacturing energy intensity between 1995 and 2005, which contrasts @iffoaand 1.4%
average annual declirie the Manufacturing sector of Japan and the EU12 region, respectively. Furthefatuee,

4.2 shows that the decrease of energy intensitglarated again considerably after 1995, except for the Services
sector. Moreover, Japan is an exception in that energy intensity increased considerahlly sactors, except
Manufacturing (and Agriculture after 1995¥inally, except for Transport, siec1995 energy intensity levels
decrease relatively fast in the EaxstEuropean EU4 region, suggesting evidence of eafchRecall thatcare is
required ininterpreting energyntensity changes in the Transport se¢sseSection 2).We refer to Table Aln the
Annex for listing ofenergy intensitygrowth ratesn individual sectors per country, differentiated for the periods
1980 2005, 19801995 and 19952005.

Table 42 Average annual growth rates energy intensity by sector.

USA JPN EU12 EU4
19802005 19951 1980717 19951 19951 19951

MACRO -2.4 -2.6 -0.8 -1.0 -2.2 -1.4
Manufaduring -3.7 -6.4 -2.5 -2.5 -1.4 -5.2
Services -1.8 -1.3 1.8 0.8 08" -2.4
Transport -1.5 -0.7 0.6 0.7 -2.3 3.4
Agriculture -5.3 -2.3 0.9 -0.4 -2.3 -4.4
Construction 0.6 0.8 1.9 3.3 -1.4 -1.9

* Excluding PoIandAEchuding Italy
We cortinue our descriptive analysis tgking a closetook at the development of energy intendayelsover time.

In Figure 4.1 we show for each main sector the development of energy intensity levels i(sileeah980and two
EU regions(since 195), relative to the USA (index: USA 1980=100).
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Figure 4.1 EnergyntensityLevels relative to USAr({dex; USA 1980=100)

The Figure shows for the aggregate economy lévelc(o) an overall decrease in energy intensity levels, reftectin

the growth rates presented before. In Japan, the aggregate energy intensity level increased since the late 1980s, and
started to fall slightly only after 1995. From tRé&ure it can be seen thatighpatternresults from substantial
increasing energy tansity levels in thedapanes&ervice, Transport and Agricultural sectors. Also, it can be seen

that at the aggregate economy level, our data reproduce th&neeth stylized fact that in Japan and the EU
countries (on average) energy intensity leveéslawer than in the USAexcept for Agriculture and Construction
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Regarding the Manufacturing sect&iigure 4.1clearly illustrate catchingp of Eastern European countries (EU4)
through a sharp decline in energy intensity levels, iconifig evidence repted by Markandya et al. (2006).
Moreover, the data reveal a remarkable cafgtof U.S. Manufacturing, with energy intensity levidBing below
the average ELR level by the end of the period under consideration. In Section 5 this result will be gatedti
more in depth, including more countspecific details.
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Figure 4.20-convergence analysigjeasuredisstandard deviation dbg(energy intensity)
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We concludeour exploration of energy intensity trends at the aggregate economy lesxehitmningcross
country differences in energy intensityer time As argued in Section 1, we examine this issue by means of a so
calledC-convergence analysis, calculating for each sector the unweighteetotogsy standard deviation of the log
of energy intensy over time. Decreasing variance in energy intensity levels among countries is then taken as
evidence for convergence. Werzlucted our analysifr different samples of countrigsee Table 2.2)and the
results of this exercise are summarizedrigure 4.2. In general, Figure 4.2 shows that especially in the sector
Manufacturing (after 1995), Services and Construction, erosstry variation in energy intensity levels has
decreased over time, indicatingconvergence. Evidence efconvergence is mucheaker in Transport, while
absent in Agriculture and at the aggregate economy level. These findings confirm the results obtained by Mulder
and De Groot (2003) for the period 198011990. More spe
crosscountry differences in energy intensity levels increased slightly between 1980 and 1995 but decreased
considerably afterwards. In the Service sector, etossitry variance decreases substantially, but after 2000 only for
the EU12 sample; within other sgles of countries, croguntry variance stagnates after 2000. In Transport,
crosscountry variance decreases slightly, while after 2000 it increases considerably for samples including Eastern
European countries. In Agriculture and Construction, ccosstry differences in energy intensity levels are
relatively high; since 1980 they have been more or less constant in Agriculture whereas in Construction they have
decreased sharply. As a result of these sectoral developments, at the aggregate econcnogsiemehtry variance
in energy intensity levels eventually has decreased only marginallpite of some fluctuations in the period in
between. Once we include Eastern European countries-arasfy variation at the aggregate economy level in
2005is larger than in 1980 or 1995.

4.2 Decomposition

As argued irSection 3, changes in energy intensity at the aggregate economy level result not only from teehnology

driven efficiency improvements in individual sectors, but also from changes in the sentppsition of the

economy. By using index number decomposition (or sifire) analysis, we are able to decompose changes in
aggregate energy productivity into acalled structure effect and an efficiency effect. The structure effect measures
thechage in the economyds energy intensity due to the cha
efficiency effect, in contrast, measures changes due to efficiency improvements within each sector at a constant
sector structureln Table 4.3 we grsent the results of our decomposition analysiseach country and two time

periods (198D2005 and 19952005) We differentiate between the average annualized energy intensity growth

rates before decomposition (gross) and afiesromposition (net), i.e. afteorrectirg for the inpact of structural

changes
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Table 43 Decomposition ofwerage annual growth rate of energy intensity at the aggregate economy level.

Average annual growth rate % Contributionof Efficiencyand Structuré&ffect
1980 2005 1995 2005 198012005 1995 2005
Goss  Net  Gross Nt Cgaon® SN FLElY ST
Austria 1.3 1.7 25 3.2 133 -33 128 -28
Belgium 0.3 0.3 -1.9 -1.8 93 7 -95 -5
Czech Republic - -- -1.4 -2.6 -- -- -185 85
Denmark 2.1 -1.8 -3.2 -3.7 -86 -14 -114 14
Finland -0.5 -1.5 -3.7 -5.0 -330 230 -135 35
France -2.4 -3.6 -3.4 -5.3 -148 48 -154 54
Germany 2.4 -2.1 -2.2 -2.0 -90 -10 -89 -11
Hungary - -- -4.6 -4.2 -- -- -93 -7
ltaly -- - -3.9 -3.7 -- -- -94 -6
Japan -0.8 -0.4 -1.0 -0.4 -59 -41 -44 -56
South Korea -0.8 -1.1 2.2 11 -139 39 52 48
Netherlands -0.9 -1.0 -2.8 -2.5 -116 16 -89 -11
Poland - - 1.0 0.1 - - 11 89
Portugal - -- 0.6 1.8 -- -- 278 -178
Spain -1.1 -0.9 1.0 1.6 -82 -18 164 -64
Slovakia -- -- -4.1 -3.8 -- -- -93 -7
Sweden -- -- -4.0 -4.5 -- -- -112 12
United Kingdom 0.1 0.7 -1.0 0.0 678 -578 1 -101
USA -2.4 -2.3 -2.6 -2.4 -95 -5 -95 -5
EU12 - - 2.2 2.2 - - 99 1
EU4 - - -1.4 2.1 - - -147 47

From Table 4.3 it can be seen that in general changes in energy intensity at the aggregate economy level
have been influenced more by (technolatyiwen) efficiency improvements within sectors than by structural
change. Tis finding correspond with the findings of most energy decomposition studies (cf. Liu and Ang 2007).
Nevertheless, in various countries structural change has a large influence on aggregate energy intensity changes,
either positively or negatively. For example,Fimland, FranceSouthKorea the Netherlandand the EU4 region
structural changes have contributed substantialipdeeasesn the aggregate energy intensity. Measured over the
period 19952005 this also holds for the Czech Republic, Denmark, PoladdSareden, but no longer for the
Netherlands. On the other hand, especially in Austria, Japan, Portugal, the UK, and Spain (particularly after 1995),
structural changes contributed substantiallgéoreasein the aggregate energy intensity. The most extrease in
this respect is the UK, where structural changes are by far the principal source of reductions in aggregate energy

intensity, offsetting an average decrease in energy efficiency within sectors. The latter is also true fordPatugal
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Spainafter 1995. The increasing energy intensity level in Spain has also been reported in other recent studies; see

for example Marrero and Ramé&®al (2008), and Mendiluce et al. (20%0).
While it is beyond the scope of this paper to discuss all cospegific results in detail, we do take a

closer look at the USA for two reasons. First, its huge share in world energy consumption and economic output

make it an important country to study when evaluating historical trends in the relationship between energy use and

economic development. Second, the USA is unigue in that recent research on energy intensity of the U.S. economy

allows for a comparison between our results and related studies. Table 4.3 shows that our data entail an average

annual decline in U.S. aggrdgaenergy intensity of 2.4% for the period 1985 and &% for the period

1995 2005. This result corresponds well with the findings of various recent studies (see, for example, IEA 2004,

Huntington 200, Metcalfe 20085. However, in comparison with these studies, our data reveal a considerably

smaller role for structural change irpaining aggregate energy intensity reductions. According to our data, only

about 5% of the reduction in.B. aggregate energy intensity is due to changes in the sectoral composition of the

U.S. economy. In contrast, using a similar thseetor and fousector decomposition approach, Metcalfe (2008)

and Huntington (200) find, respectively, a 14% and 18% contribution of structural change in the periods

1970 2003 and 19720067 Given similarity in decomposition methods used, these differences are to be attributed

to differences in sectal detail and data used. For example, our analysis does not include mining and residential

activities. In addition, we meage transport sector activity in terms of GDP, while Huntingtori@20for example

uses highway vehicle miles.

In order to examine the role of individual sectors in the results presented above, we identify per individual

sector the percentage contrilautiof the total efficiency effect and the total structural effect to the aggregate growth

rate of energy intensity. The results are presented in Table 4.4, again for the peridd20098ind 19952005.

The bottom ling in Table 4.4 confirm that during these periods aggregate energy intensity decreased in the USA,

Japan and the EU regions and that changes in aggregate energy intensity are predominantly influenced by changes in

within-sector efficiency levels in the USA atioe EU12 region, whereas in Japan and the EU4 registructural

changes explaim substantial parbf the change in aggregate energy intensity level. The sectoral breakdown

5 Based ona similar foursector decomposition analysis (includiAgriculture, Manufacturing,Construction andServices)
Marrero and RameReal (2008) also find #t this is mainly due to decreasing witlsactor efficiency, while structural
changs contributed to decreasing aggregate energy intensity. In contrast, usirgeatdSdecomposition analysis (including
Energy, Agriculture, 10Manufacturing sectoyslransport Tertiary and ResidentlaMendiluce et al. (2010) conclude that
strong transport growth is the key driver o fsec®mpeffitiendy s
improvements caused decreases in aggregate energytintensi

5 |EA (2004):7 2.5% per year for the period 1978000 (50% decline over 27 years); Hunting{@10): T 2.3% for the period
1972 2006; Metcalfe (2008} 1.7% for the period 1982004 (27% decline over 19 years). Although the rates of deidine

Metcalfe (2008) are somewh lower, our results largely reconcile with these findingsewe consider the different time

incre

periods: the decline in energy intensity accelerated after the first oil price shock of 1973 and slowed down since 8@s mid 19

with the fall in energy priceshus explaining the difference with our findings for the period 12805.
" If we extend our decomposition analysis for the UAthe period 197@005 we still find a small contribution of structure
effects to aggregate energy intensity changes, in line with our finding for the peric@Q®&80
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provided in Table 4.4 shows that the eiffincy effect is mainly realized within Manufacturingddor the USA and

the EUL2 region also in Transport. The source of the structural effects is mixed: in the USA and Japan it is mainly
driven by a declining share dfransport in aggregate value addetiereas in the EU regions is it is mainly
determined by a decrease (EX) or increase (EU4) in the relative size of the Manufacturing sector. We refer to

Tables A2 and A3in the Appendixfor more countryspecific details.
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Table4.4 Percentagecontribuions of sectorspecificefficiencyandstructure effecs to aggregateenergy intensitghange

1980 2005 USA Japan EU12 EU4
Efficiency  Structure Total Efficiency  Structure Total Efficiency  Structure Total Efficiency  Structure Total
Effect Effect Effect Effect Effect Effect Effect Effect Effect Effect Effect Effect
Manufacturing -46.8 -3.9 -50.7 -136.0 27.9 -108.1 -- -- - -- -- --
Services -12.0 15 -10.5 38.5 7.7 46.2 - - -- - - -
Transport -32.3 -4.2 -36.5 27.7 -47.2 -19.5 - - -- - - -
Agriculture -3.6 1.4 -2.2 5.9 -22.0 -16.1 -- -- - -- -- --
Construction 0.0 -0.1 -0.1 4.9 -7.3 -2.5 -- -- - -- -- --
MACRO -94.7 -5.3 -100.0 -59.1 -40.9 -100.0 - - -- - - -
1995 2005 USA Japan EU12 EU4
Efficiency  Structure Total Efficiency  Structure Total Efficiency  Structure Total Efficiency  Structure Total
Effect Effect Effect Effect Effect Effect Effect Effect Effect Effect Effect Effect
Manufacturing -71.0 6.2 -64.8 -91.6 15.4 -76.1 -21.8 -8.8 -30.5 -149 105 -44
Services -8.6 -0.1 -8.7 16.4 9.7 26.1 -28.3 25 -25.8 -36 -9 -45
Transport -13.7 -11.5 -25.2 26.8 -65.0 -38.2 -44.8 7.4 -37.4 69 -37 31
Agriculture -1.3 0.0 -1.3 -1.7 -9.2 -10.8 -3.4 -2.0 -5.4 -29 -11 -40
Construction 0.0 -0.1 -0.1 6.1 -7.1 -1.0 -0.5 -0.4 -0.9 -1 -2 -3
MACRO -94.6 -5.4 -100.0 -43.9 -56.1 -100.0 -98.7 -1.3 -100.0 -147 47 -100
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5. Manufacturing

This section analyzes thew@gopment of energy intensiiy the Manufacturing sectpdefined as the sum d
Manufacturing subsectorg/e also examine energy intensity developments in each of 18es#sectors, including

their role in driving aggregate trends. In Sectioh we explore trends in energy intensity by documenting growth

rates and levels, including an analysis of the evolution of -@rosstry differences across time. In Section 5.2 we
assess to what extent the observed energy intensity developments at the adfmagédaeturing level are driven

by, respectively, changes in the structure of the manufacturing sector and changes in energy efficiency within each
of the aforementioned 19 subsectors.

5.1 Trends

We start our analysis of the Manufacturing sector witlsgméing in Table 5.1 per country and for two different time
periods (19802005 and 19952005) the average annual growth rate of Manufacturing energy intensity and its
components: energy use and value addedfacilitate comparison and interpretation of aiata, we also provide

the average annual growth rates of, respectively, energy use according to IEA data, value added according to STAN
data, and energy intensity according to the combination of these two data sources. Table 5.1 leads to a couple of
important observations. First, according to our data also at the aggregate Manufacturing level changes in energy
intensity differ substantially across countries; varying frof.2 average annualecrease in Austria to 8.7%

decrease in the USA, between 198@d 2005.Particularly in this sector and at this level of aggregation, the
difference between an emerging economy like South Korea and developed economies such as Japan are illustrated
clearly by differences in both energy use and value added ch&w®gead,in most countries growth in value added
outpaces growth in energy use, resulting in decreasing Manufacturing energy intensity levels. Major exceptions
include Italy, the Netherlands before 1995, and Spain after 1B8isd, while in most countries agegate
Manufacturing energy use increased over the past several decades, it decreased in several coastriegably
Denmark, Finland, France, Germany and the USA. In the remaining part of this Section we consider these findings
in more detail.Fourh, after 1995 aggregate Manufacturing energy intensity levels decreased relatively fast,
especially in the USA (6.4%) and the EU4 region (5.2%). Similar to the aggregate economy level, underlying data
reveal a slowdown of the energy intensity decreasedat#980 and 1995.
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Table 5.1 Change in energy use, value added and energy intensity at the agiytagafizcturing level.

Average annual

qrowth rates Energy Intensity Energy Use Value Added

198071 2 198011 19951 2 198071 2 1980711 199571 2 198071 2 198011 19951 2

EUK S'TEAA,\/I EUK S'TEAA,\II EUK S'TiA,\/l EUK IEA EUK  IEA EUK  IEA EUK STAN EUK STAN EUK  STAN
Austria -0.2  -12 00 -14 -0.6  -0.9 22 11 21 04 24 20 25 2.3 2.1 1.9 3.0 2.9
Belgium -0.2 - 0.3 - -1.0 -15 19 03 26 04 08 0.2 2.1 - 2.3 - 1.8 1.8
Czech Republic - - - . 46 65 - =31 -~ 37 1.0 -23 - - - - 57 45
Denmark 1.4 -11 20 -15 05 -05 -1.1  -05 -1.6  -0.6 -05 -05 02 06 04 1.0 01 01
Finland -3.8  -0.7 01 07 78 -29 15 27 29 33 -06 1.8 45 3.4 31 25 6.6 4.9
France -1.0 - 0.9 - -3.1 - -1.2  -0.8 -1.3 -1 1.1 -04 -0.5 - -2.2 - 2.2 -
Germany -2.4 - -2.2 - 26 -0.7 1.4 -1.2 -15 24 -1.4 0.6 1.0 - 0.8 - 1.2 1.3
Hungary - - - - -7.8 6.1 - -33 -  -4.6 -06 -1.3 - - - - 7.4 5.2
Italy -- -- -- -- 0.5 1.2 -- 0.2 - -03 0.9 1.0 1.2 -- 2.0 -- 0.1 -0.3
Japan -2.5 -1.1 -2.5 -1.0 -2.5 -1.2 0.6 0.6 1.4 1.1 -06 -0.2 3.1 1.7 4.0 21 1.9 1.0
Souh Korea 22 -3.0 28 -34 -1.4 24 78 55 88 7.1 6.4 3.1 103 8.8 11.9 109 79 57
Netherlands* -0.2 -15 1.1 -37 -1.3 0.2 21 0.6 3.8 -1.2 08 21 2.3 2.2 1.4 1.4 2.1 1.8
Poland - - - - 3.4 - - 26 - 24 57 -29 - - - - 9.3 -
Portugal - - - - 20 -03 - 19 - 23 34 14 1.2 - 1.0 - 14 17
Spain -0.9 -0.1 -4.0 -1.1 3.8 1.4 1.4 1.9 -1.8 0.4 6.4 4.2 2.3 21 2.2 1.5 2.4 2.8
Slovakia - - - - -88 -7.2 - -23 - -39 -1.1 0.3 -- - - - 7.8 8.0
Sweden - - - - -84 47 - 00 - 08 1.1 -11 - - - - 100 3.8
United Kingdom  -0.9 - -0.9 - 09 00 01 -07 04 -14 -08 04 0.8 - 1.2 - 02 03
USA -3.7 -2.9 -2.0 -4.3 -6.4 -0.7 -1.1 -13 -0.3 -24 -2.3 0.5 2.6 1.7 1.7 2.0 4.1 1.2
EU12 - - - - 1.4 -16 - - - - 03 0.9 - - - - 1.6 26
EU4 -- -- -- -- 51 71 - -2.8 - -31 25 -22 - -- -- -- 8.0 5.3

Notes: Initial year 1987 instead of 1980
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As regards the different data sources, Table 5.1 reveals that for most countries the use of EU KLEMS
compared to IEA lead® considerably different trends in energy use, without a clear-coasry pattern; notable
exceptions include Japan and to a lesser extent France. As argued before, these differences are likely due to the fact
that norenergy use of fuel is included EEU KLEMS intermediate energy inputs but excluded from IEA final
energy consumption data. In contrast to the aggregate economy level, for various countries substantial differences
exist between value added series derived from the EU KLEMS and STAN detabass is particularly true for
Finland, Hungary, Japan, South Korea, Sweden and the USA. As discuSeetion 2 these differences arise from
the fact that STAN and EU KLEMS employ different vintages of National Accounts as well as different sector
classifications. Furthermore, for the Manufacturing sector EU KLEMS provides a more extensive coverage than the
IEA-STAN combination in terms of internationally comparable energy intensity series, notably for Belgium, France,
Germany and Portugal beforedB) this is primarily due to better coverage of value added data by EU KLEMS as
compared to STAN.

Next, we move beneath the aggregktanufacturinglevel by presentingn Table 5.2annualized growth
rates of energy intensiip all Manufacturingsubsecta for selected (groups of) countriéis the USA all 25 sectors
(10 main sectors and 15 subsectas)ibit negative growth rates of energy intensity, except for Tobacco. In Japan
and the EU regions the picture is more diverse, with positive growth ritrsengyy intensity in various sectors,
most notablyin the sectors~ood, Textile, Printingetc.and Medical InstrumeastIn general, the largest decreases in
energy intensity have been realized in the sectors Office/Accounting/Computing Machinery amnitaElect
Engineering as well as in the energy intensive sectorMetallic Minerals. We refer to Table B1 in the Appendix
for a listing of growth rates of individual Manufacturing sectors per country, differentiated for the periods
1980 2005, 19801995 and 295 2005.
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