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1 Introduction

Environmental issues gain continuously more pajiyland seem to have a central
role in all political discussions that aim at thetablishment of global “sustainable”
developmental strategies. Under the threat of ¢lalzaming and the gradual depletion of
natural resources, the underlying mechanisms tiaracterize the interplay between
economic activity and the environment come at #m@re of the analysis. These mechanisms
have historically been the main determinants ofirenmental degradation as they imply
specific processes of resource and energy managelmgrarticular, since the first Industrial
Revolution, our world has experienced a tremendpogith in both aspects, economic and
social, that also triggered continuous changes hen fdatterns that characterized energy
consumption and energy use. During the last twodreth years, per capita energy
consumption has been continuously increasing, dn tenergy consumption is quite
improbable to decline in the near future (UNIDO12J) According to Kander et al. (2012),
during this period and specifically from 1820 urtd00, the average annual growth rate of
energy consumption per capita, in Western Euroag been around 1.10%.

In this two century period, as stated by Kandealet(2012), distinct development
blocks have emerged, with different energy carr{ecal, oil, electricity) and around radical
innovations, that determined the patterns of enasgy However, the potentials for economic
growth, partly hindered by the growing demand foergy services, have increased in
significance mostly after the oil price shocks thaturred during the 1970s and in particular
in 1973 and 1979 (Nilsson, 1993). As stated by MbagK (1990), the relationship that
characterize energy and growth in OECD countries, loe distinguished in two different
periods, before and after 1973. The period befas eharacterized by a coupled relationship
between energy and economic growth (meaning tleaGIRDP elasticity of energy was equal
to one or more) while during the 1970s a gradumbreasing decoupling process starts to
emerge (MacKillop, 1990). This process, which igticedl in the second time period,
coincides with the beginning of the third IndudtriR@evolution or Information and
Communication Technologies (ICT). In detail, thisvaelution, enforced by the further
integration of electricity, enabled the emergentenew relatively more “energy saving’
innovations (such as the microprocessor and thesigi@r) that favored structural and
technical changes mainly in developed countriesn@l€a et al. 2012). Electricity, being a

more flexible source of energy that can be easibduby a wider range of technologies, led to



energy efficiency improvements and increases idycbvity for many developed economies,
while triggering structural shifts towards less mgyeintensive industries and a modest
transition to services (Henriques and Kander, 20li8son, 1993).

However, as stated above, until today it is maikyweloped economies that have
taken an active role in this new era while the vaafority of the developing countries are still
in a transition process of fully adopting the nmeefibom the third Industrial Revolution related
with energy savings. The challenges that developmmtries are facing and along with them
the whole world, given that pollution knows no bdaries, are based on the interplay
between the rising living standards and the dangeemvironmental effects that are implied
by higher levels of energy consumption in thesenenaes.

As these economies increase their income per capith narrow the gap with
developed countries, per capita energy consumienrpected to increase as they enter into
a new phase of industrialization (UNIDO, 2011). ifFhgrowth raises many questions
concerning the production structures of these emie® and brings at the center of the
analysis the role of industry and services. Morec#jally, changes in the shares of these
sectors imply radical changes in the already estadd patterns of energy use and raises
concerns about the potential of these economiesvemcome the challenge. Their main
obstacle is found in the lack of adequate infrastmes and capital markets that would allow
them to develop energy efficient technologies andsequently decrease their ecological
footprint (Arrow et al. 1995). At the same timegtimcreasing role of the service sector in
developed countries raises questions of whethsrisha generalized phenomenon that also
takes places in developing countries and in that eaauld affect energy intensity (Henriques
and Kander, 2010). Finally, all the abovementiotedtome even more important if we
account for population increases, as these cosrgxbibit substantially greater growth rates
than developed economies. This fact implies gremieneases of energy consumption and
makes concerns related with resource depletionesmvitonmental degradation even more
severe (UNIDO, 2011).

1.1 Research focus and research question

This thesis contributes to the discussion aroumdetifiects of economic growth for
developing countries’ energy intensity. The histarichanges in the development patterns,

production structures and energy consumption ofrigjor developing economies in Asia and



in Latin America are examined while at the sameetitime capacity of these economies to
absorb the benefits from the third industrial rewion is analyzed and is reflected in the
decomposed patterns of energy intensity. In detail,the current study an energy
decomposition is performed in order to analyzeeffects of structural and technical changes
on the energy patterns and specifically on the ggnentensities of India, Indonesia,
Philippines, Thailand, South Korea, Brazil, Mexi@nplombia, Argentina and Peru. The main
focus will be placed on the changes that deschieeservice and industrial sector in these
countries and their effects on energy intensitylevitihe results will provide some insight
concerning the role of these countries in todajdda production system. Consequently, the
main question to be answered in the thesis is fatad as follows:

How do structural shifts and especially changegha service and

industrial sector affect energy intensity in depehg countries?

The first section of this study provides a broaergiew in order to introduce the
historically recorded interplay between economitividg and energy and establishes the
problem for developing countries. The second seqgbi@sents the theoretical framework as
well as outcomes from previous studies. The matndas placed on the historically recorded
processes of structural change as well as on therathat can affect energy productivity. In
section three, the data used are presented whdecion four the Logarithmic Mean Divisia
Index (LMDI) method, which is chosen for decompgsenergy intensity in within-sector
and between-sector changes, is described. Sectennitially reflects on the role of these
countries in the global economy, moves on to amatie structural changes in services and
industry, and finishes by presenting a reflectiontlee results of the decomposition analysis.
Finally, in the last section, the main outcomeghs research are summarized while some

implications are drawn that broaden the discussion.



2 Theoretical background and hypothesis

Since the third Industrial Revolution there hasrbender way an enforced trend of
globalization and economic integration. Such adreas gradually been favored by decreases
in transportation costs as well as by the radimabvations introduced (by the ICT revolution)
which have contributed significantly to the decee@s distance and the easier and faster
transferability of information. Such a processemngrally assumed to have been accompanied
by a transition, mainly referred to as structutzmge, which has been underway for several
decades and that has transformed both the procassesll as the types of production in
many developed as well as developing countriectifig in this way the energy consumption
and consequently the pollution patterns that cherae these economies (Henriques and
Kander, 2010).

There are various indicators that can be usedderdo assess the impact of economic
activity on the environment. As stated by Kanderakt (2012), energy intensity is a
commonly used indicator by economists and histstiavhich can provide insights on the
relationship between energy consumption and ecangnawth. It is an efficiency measure
that stems from the energy consumption/ outpub ratid represents the quantity of energy
employed for the production of one unit of outpugyally measured in terms of value added).
As a result, it can be used in order to quantifyam indirect way, environmental degradation
by examining the evolution patterns of developed @eveloping countries regarding climate
change (Ang, 1999). Furthermore, in contrast t@othdicators, such as the “carbon factor”
(Mielnik and Coldemberg, 1999), energy intensitgd® to vary more, both over time and
across different countries (Ang, 1999). Being deleer on a greater number of influencing
parameters, it proves to be a reliable indicatoaftalyzing different patterns of energy use as
well as their implications for the environment. Hoxer, it needs to be noted that energy
intensity is not a sufficient indicator on its oWyt needs to be complemented by the scale of
total energy consumption that characterizes anaognso that more meaningful results can
be drawn in relation to the environment.

Environmental impact is commonly related with pbba (land, air and water) while
greenhouse gas emissions (GHG) are assumed tocebmadjor environmental challenge of
today (UNIDO, 2011). According to Stern (2004), tlewel of pollution as well as the
exploitation of natural resources in an economglagermined by direct and indirect effects.
More specifically, the direct effect on pollutios related to changes in the scale of



production, changes that are related with technodébgnnovations that aim at productivity
increases and emissions’ reduction, as well as w#hsformations in the structure of an
economy (“product mix”) or in the resources usednsequently, the patterns of energy
intensity are determined by the relative impacdthef scale effect, that in absolute terms tends
to increase energy consumption, as well as by tstraicand technological effects that take
place in an economy and potentially can outweigthsacreases, leading to environmental
improvements for a country (Henriques and Kand@d,02. In addition, the indirect effects
refer to environmental regulations, awareness erdégree of openness to the rest of the
world (international trade), that characterizeseaonomy, and consequently can affect in an
indirect way its production structure and consegjyeits energy intensity patterns (Stern,
2004, Kander, 2005).

As developing countries grow, the demand for enemgyices is continuously rising
and as stated by Nilsson (1993), the higher inctemels in these countries increase the
demand for energy using products such as carsiandralitioners, triggering in that way the
expansion of the production structure in these ecves (scale effect). Especially for
increases at lower incomes, that is the case o¢ldpwg countries, the demand for basic
infrastructures such as road networks and housimyi the use of highly energy intensive
inputs such as steel rods, aluminum products amer ¢&chafer, 2005). In fact, according to a
study done by UNIDO (2011), in 2008 developing exuies had almost 30% higher per
capita industrial energy consumption than more lib@esl countries. In addition, the more
energy intensive regions are considered to be Eakigrope, sub Saharan Africa, South and
Central Asia while economies in Eastern Asia, L&merica and Middle East are rated as
less energy intensive (UNIDO,2011). This expansirmproduction is also reflected in the
pollution patterns of developing countri@$e study by Olivier and Peters (2010), shows that
among the top twenty-five emitting economies in weeld, that make up more than 80% of
global CQ emissions, there are many developing countriesgsaimvhich will be examined
in the current study. In contrast to more developeahomies like Germany, Canada and the
UK, the majority of the developing countries dentaai® increases in G@missions during
the last decade while in other cases they just ireroanstant at high levels (Olivier and
Peters, 2010). Furthermore, according to Jung. €2@00), the prominent role of population
growth and urbanization in these countries alsoligaphigher levels of production and
energy use, while at the same time such facto tieive the drivers of structural changes in

these economies.



The term structural change mainly refers to betwasestor changes that occur in an
economy and can affect in different ways the ratfoenergy consumption to GDP. For
instance, an economy that shifts from a primargyicultural production towards industry, it
is expected to use more energy in relation to thkiev produced at this new stage of
development given that different industries hav&inct pollution intensities (Stern, 2004,
Kander et al. 2012). Consequently, theory suggtsas with structural changes energy
intensity increases when the relative size of nemrergy intensive sectors increases (Nilsson,
1993). For many developed economies it is geneedumed that a “transition to a service
economy” can lead to environmental improvementshassector is in general less energy
consuming in relation to its value produced, dmyvin that way decreases in energy intensity
(Kander, 2005).

Furthermore, as mentioned before, the last fadtat tan directly affect energy
intensity of an economy is technical change. Asedtdy Henriques and Kander (2010), it
mainly refers to within- sector changes that tehchugh the application of new technologies
and innovative production processes, to decreasereghl energy intensity of a sector.
Technical change imply the transformation or upgrgaf the already established production
technigues, leading to relatively more energy &ffit production processes for all the sectors
in an economy and especially for industry (MieldkGoldemberg, 1999). Furthermore,
technical change may also imply shifts to lightad dess energy intensive subsectors, i.e.
structural changes at a lower level of disaggregatHenriques and Kander, 2010).

Finally, in accordance to the indirect effects tlagt mentioned before can affect
energy intensity, at this point it should be notedt the energy patterns of developing
countries should also be examined in the light wthier economic integration and trade
liberalization that has taken place in the lastr fdecades. There is a widespread belief that
the developing countries today tend to get the oblbeing the factory of the world as the
manufacturing production is shifting from the depsd to less developed economies
(Henrigues and Kander, 2010). According to Gross&aKrueger (1991), trade can also
affect the scale of production and consequentlysthgctural and technical changes that can
occur in an economy. In addition, as stated by Gopk& Taylor (1994), greater degree of
openness implies that international trade will témdncrease the scale of the economy and
given that the production methods in these countan in some cases be relatively old, this
could result in higher energy intensities. Howevergould also be argued that import of
capital goods may have two different and oppodiects for developing countries (Suri and

Chapman, 1998). On one hand they may have a sutlustiteffect that will tend to decrease
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energy intensity by substituting older and reldtieefficient machinery with new ones. At

the same time they may have a complimentary etiscthey are used in the production of
relatively more energy intensive products for thesentries and add up to the already
established production techniques increasing thke sif the economy and its energy demand.
Although acknowledging that the indirect impacttaide on energy intensity exceeds the
analysis of this study, it is argued that by logkim the economic structures of such

developing economies it is possible to draw sonmelcgions concerning its role.

2.1 Previous studies

The abovementioned mechanism of expanding productiat at the same time is
accompanied by structural and technical changés;tafg the energy intensity patterns of an
economy, has graphically been presented by ther&mwental Kuznets Curve (EKC).
According to Panayotou (1993), and as presentefigare 1, the EKC is an inverted U-
shaped curve which implies that, as a country isgthrough its process of industrialization,
energy intensity is expected to increase up to d@manm while latter on as the service sector
will increase its share, the transition of the exog will lead to environmental improvements

as energy intensity will decline.

Figure 1. Energy intensity and structural change

Energy
Intensity

Industrialization Service
.‘ transition

Source: Henriques and Kander (2010)

Kander et al. (2012) argue that some personal @=vlike psychotherapy and
hairdressing do not consume the same amount ofjgmersteel- making per unit of income.
As a result, an economy that has a relatively lash@re of such services will demonstrate

lower energy intensities. Additionally, it has beehserved that historically, as income
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increases, environmental degradation also incregsde a point after which environmental
quality starts to improve (Arrow et al. 1995).

However, in contrast to the proposition done by B¥C hypothesis, other studies
strongly question the importance of the transitiora service economy as the main driving
force for decreases in energy intensity. Althougg gervice sector might increase its share in
an economy, this increase is relatively modest whervalue added of the sector is measured
in constant prices. As stated by Kander (2005hendase of Sweden, the share of the sector
in an economy’s production may not increase thathmwhen its real value added is
measured. Furthermore, Henriqgues and Kander (201@)eir study for ten major developed
and three developing economies, show that the sblatbe service sector, measured in
constant prices, did increase but the increasesigasficantly smaller for the majority of the
sample when compared to that in current pricess Bhuctural change did contribute to a
certain degree but was not the main driving foreditd changes in energy intensity. In
contrast, the key determinants were real interdignges that stemmed from technological
innovations, increasing productivity in these ecares, or were the result of within- sector
changes in industry, that resulted in shifts tbitiy subsectors of production (Henriques and
Kander, 2010).

The reason why measurements in current prices nlmegrove to be a valid method
when accounting for changes in energy patternsjamly because the actual production of
the sector is not in accordance with its value ddaleer time. Such an argument is based on
what Baumol (1967) called “cost disease”, thatdkted with increases in the costs of a
sector that are not accompanied by relative ineeas its productivity. In his model, the
main assumption is that economic activities cadibieled in two different types. In detail, an
economy is comprised by technological progressivaivides (such as industry/
manufacturing sector) as well by non-technologmalgressive (such as part of the service
sector). According to the quite influential studynovations and capital accumulation can
occur and lead to increases of productivity (outpat man hour worked) only in the
industrial/ manufacturing (progressive) sectordgeigng in that way higher wages. These
rising costs expand to other non technological msgjve sectors of the economy, such as
services, where the substitution of labor by capstdifficult to occur ( in some cases labor is
the only factor of production) (Baumol, 1967). mat way an imbalance is created between
productivity and wages in the non- progressive gsctConsequently, measurements in

current prices for the service sector may providsleading results concerning the actual
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contribution of the sector (in real terms) and may allow for more precise interpretations
concerning the determinants of energy intensitjepas.

However, at this point it is also worth mentionitigit the technological innovations
that have been under way during the last decadesotlonly affect the productivity of the
industrial sector in an economy but as well the@isersector and have gradually resulted into
what is called today “industrialization of serviteghere the substitution of labor by capital is
possible (Broadberry, 2006). In reality, and adestaby Baumol et al. (1985), the service
sector can also contain some of the economy’s pragjressive activities and consequently
the division between stagnant services and progeesslustry may not be so absolute. More
specifically, such activities are called “asymptatly stagnant” (neither stagnant nor
progressive) and may use in certain proportionsit;ifrom both the progressive as well as
the stagnant sectors of the economy (Baumol et985). As stated by Levitt (1976), the
supermarket could represent the industrializatibolder retail services while the modern
assembly lines can be seen as the industrializadorpast craftsmanship procedures.
Consequently, it can be assumed that for thisqfathie service sector “cost disease” may not
occur as increases in value added can be transhatecteases of productivity.

In addition to the U- shaped pattern that has l@eposed by the EKC for energy
intensity, it has also been noticed that countweék peaked energy intensities later in time
tend to peak at lower levels of energy intensitg do the availability of better and more
energy efficient technologies. As presented in féagR, the stylized graph by Reddy and
Goldemberg, cited in Henriques and Kander (201)ws that as we move forward in time
energy intensity for all developed countries in ¢ghaph tends to peak at lower levels as they
enter later the phase of industrialization anchatdame time adopt more efficient production
techniques. As stated by Nilsson (1993), the enartgnsity peaks of countries like USA,
Germany, France, Italy and Japan have been demgeasia rate of approximately 1.5% per
year.

Consequently, and as shown in Figure 2, the madpgsition of the stylized EKC
hypothesis for developing countries is that thel follow the same U-shaped path, however
peaking at relatively lower levels of energy inignsBenefiting from the knowledge and
technologies used in industrialized countries, thngly adopt cleaner and more efficient
technologies as a result of a leapfrogging pro¢eesriques and Kander, 2010). In such a
way, they can avoid the patterns followed by indakted countries and converge within a
smaller range of energy intensity (Mielnik and Gattberg, 2000). Cases in point are the

economies of Brazil, India and Mexico as reportetienriques and Kander (2010).
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Figure 2. Traditional assumption for the historical evolution of energy intensity
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Source: Reddy and Goldemberg (1990) cited in Heiesgand Kander (2010)

These three developing countries, when comparéehtonore advanced economies, included
in the same study, converge at the same relativelyevels of energy intensity. Furthermore,
in his study for the period 1975- 1985, Nilsson93p finds that countries like Brazil, South
Korea, Indonesia and Thailand, start at higherléeeé energy intensity when compared to
other developing countries like India, Mexico andyéntina, suggesting in this way that the
pattern of energy intensity convergence does dxasiveen developing countries as well. In
addition, in Reister’s (1987) study, of energy n#igy for 38 developing countries during the
period 1950- 1980, it is found that energy intgnsitreases as these countries develop while
such an increase is driven from the transitionhese countries from a rural self- sufficient
agricultural economy to a new industrial societyithAugh, at this point it is worth
mentioning that the pattern of convergence in thHeCEis highly dependent on the
measurements used when accounting for GDP. Patiguthe main problem arises from the
differences between measurements of GDP in Purgh&ower Parities (large convergence)
and exchange rates (smaller convergence) thatleberdnalyzed in the following section of

the study, can lead to overestimations or undenesibns of GDP, affecting energy intensity.
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Concluding, having established the general themaleframework that describes the
historically recorded causal relationships betwesrergy and economic growth, it is
interesting to investigate in detail the actualrggegoatterns that describe energy intensity in
ten developing countries. Furthermore, it will l#eato examine whether a service transition
exists for theses economies and also analyze tblbyprocess of industrialization that has
been under way during the last 35 years and spaltyfifrom 1971- 2005, comparing it to the
patterns followed by more developed economies. heuamiore, assuming that the
industrialization of services is mainly a procekattto a higher degree takes place in the
developed countries, it is intriguing to see whetheapplies for developing economies
especially if we take under consideration the fhett the majority of the manufacturing
needed for the industrialization process takesepladhese countries. Finally, the research is
expected to provide some answers concerning thiaisability patterns that describe the
current subcontracting global production systemictviis assumed to shifts production from
the developed to less developed economies.

2.2 Hypothesis

The previous theoretical background designatesth®afollowing hypothesis should be

tested:

1. The developing countries’ energy intensities, wipeesented graphically over time
(1940-2005), will follow the same stylized U-shappdttern proposed by the

Environmental Kuznets Curve hypothesis; therelvelh steep decline after the 1980s.

In addition, one must be cautious when examinirgyithpact of the service sector in

changes of energy intensity and consequently tlhexfimg hypotheses emerge as well:

2. The developing countries will show some transitthe service economy in the sense that
services increase their share of GDP as well a®t@l employment when measured in current
prices

3. The developing countries will not show any increaksthe service sector share of GDP
when measured in constant prices (or the increalidwvrelatively less compared to the one

in current prices)
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3 Data

For the longitudinal study secondary interval datihbe used that is expected to give
an insight of the potential changes that have tgdese over the last three decades and
specifically from 1971 until 2005. There exist d&dafive Asian countries and five countries
in Latin America and the sampling procedure wasnfgdbased on the availability of data as
the lack of adequate information is common for digpi@g countries (especially in respect to
energy). In detail, there is available data for ds®nomic sectors as well as their energy
consumption for the following countries: India, twsia, Philippines, Thailand, South
Korea, Brazil, Mexico, Colombia, Argentina and Refine relatively big sample size will
allow for comparisons between the countries andgeguently will provide greater validity
concerning the results that will be obtained. Iin@ the primal intention of the study to
provide more in depth information concerning eastntry separately. The purpose is rather
to make a comparative analysis concerning the psgseunder way, both within the cohort
under study (developing countries), as well as betwthe patterns that characterize more
developed economies. In detail, comparisons anctledions in terms of energy trends will
be drawn with ten developed economies as well #s Briazil, India and Mexico, which have
been reported by Henriques and Kander (2010).

The case study, will allow to test whether the ifigd that apply in one country are
valid for the other countries as well allowing us that way to draw some conclusions
concerning the general pattern that describesaimple. It is however worth mentioning that,
as the sampling was based on data availabilitg, thises concerns and to a certain degree
limits the degree of generalization that can beea@d (due to inefficient randomization) for
the whole population of developing economies. lot,fahe majority of the economies
sampled are the relatively more advanced economidiseir regions and consequently the
results should be analyzed with caution in respedhe overall population of developing
economies. Still, it can be assumed that the cmsnBelected are quite representative for
higher- middle income developing economies and egusntly the results of the analysis will

primarily target that group of developing countries
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3.1 Long- run GDP Data

In order to provide an overview of the countriesvdlopmental stages over time, and
specifically during the last thirty five years, &sll as of their energy intensity patterns, GDP
values for the sample are acquired from MaddisobO&2 database expressed in 1990
Purchasing Power Parities (PPP). The reason why i@BBnstant prices is used is based on
the fact that, in contrast to energy consumptidia,dahose value remains the same over time,
GDP is measured in monetary terms that can fluetaaér time due to other factors such as
inflation. For this reason, when comparing real atgl quantities (in this case energy
consumption) to GDP, it is necessary to expressgalge in constant prices (often based on
annual linked price deflators) in order to contiml variations in its prices (Khatib, 1993).
Furthermore, in order to be able to compare energysities between countries, GDP needs
to be converted to constant dollars by using exgbamates or the Purchasing Power Parity
(PPP). In the current study, the PPP method is sisee it is considered to be more accurate
in expressing the real value of national incomeve@ithat many goods and services are
relatively less expensive in developing countrigsu@lly those that are no traded nationally),
GDP estimates in dollars based on exchange ratgdd cesult in large understatement of
GDP for these economies and consequently couldestmarate their energy intensities
(Nilsson, 1993). If prices and furthermore GDP, expressed in PPP dollars, disparities in
the price levels disappear and more meaningful esisgns can be drawn in terms of energy
intensity (Khatib, 1993).

3.2 Data on economic sectors and final users of energy

The data concerning the economic sectors of eaahtigowere retrieved from the
Groningen Growth & Development Center (GGDC) 10etme database, while the data
related with the energy balances in each econonre wbetained from the International
Energy Association (IEA) database. The databases @en used in several other studies and
consequently it can be assumed that the reliat@btyvell as the internal validity of the study
can to a reasonable degree be reassured.

Concerning the database relevant to the economictste of each country, the data
were specifically acquired from the database canttd by Timmer and de Vries (2007) for

Latin American and Asian countries. It includesaadet with annual time series of value
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added in constant as well as current prices angénsons employed, in 10 sectors of the
economies, in the period from 1950 until 2005. §@me countries data for measurements in
current prices are missing. Fortunately, this dussaffect the decomposition analysis, since
it employs data for each economic sector in congiaces. Value added is calculated in each
country’s own currency and consequently, no corspas can be done in terms of the level
of energy intensity in absolute terms (this analysidone with the GDP data from Maddison,
2008). However, this does not prevent country carapas; on the basis of relative changes
in energy intensity which occurred in each econocamygl were driven by the respective

economic sectors.

The level of disaggregation is 10 sectors, androeloto be compatible with the
sectoral aggregation in the energy databases,hirey been aggregated in 4 main sectors of
the economy. Consequently, the 4 aggregated seaterimdustry, transportation, agriculture
and services. This aggregation was required inromesnable the use of the data in the
decomposition method and make them compatible with data on the relative energy
consumption by each sector. Additionally, the digagated data for industry and services
were also used separately in order to examine pthdéow the structures of the ten
economies evolved during the period studied. Amadllis worth noticing, that due to lack of
information concerning the sectoral details, Tramspnd Communication sectors are merged
together under the former headline and consequéhélyenergy data may not be in full
accordance with the value added of this sector.

Concerning the energy data, the databases readntiuighe year 2009, but the data
availability of the sectors’ value added limits ttesearch to the period until 2005. The data
concerning the energy consumption by each of tlmauic sectors as well as from the
residential sector in the countries, as mentionefdre, was acquired from the International
Energy Agency (IEA) that is probably the most redagd and reliable database concerning
energy related numbers for various countries. Iriqdar, the “Energy Balances for non-
OECD countries, 2010 edition” database was usethf®omajority of the countries while the
data for Mexico and South Korea were acquired fribvd “Energy Balances for OECD
countries, 2010 edition” database. The databas®esdas information concerning the supply
and demand for all fuels that are used in the c@msmtfrom 1971 until 2008 and most
importantly the statistics on energy productiomd& and consumption by each sector are
expressed in a common unit, something that makesile the computation of the energy
decomposition. In particular, for the measuremdrgnergy consumption by each sector and

the economy as a whole, the common unitookes of oil equivalenfcommonly abbreviated
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astoe) was used as it can be easily converted into goafel allow for comparisons between
the results from previous studies.

Concerning the level of disaggregation of the fusts by sector, as stems from the
“Energy Balances” database and due to the facthleadata are collected on a voluntary basis
from each country, sectoral disaggregation of congion is not possible to be done as in
some cases data might be missing. It is acknowtkedtlygzt information on the subsectors of
each economy would allow making a more detailedbagmosition and would provide more
insights concerning the effects of the changesrthght have occurred in energy intensity of
each sub- sector. As stated by Ang and Choi (199@gcomposition analysis that is based on
highly disaggregated data captures in a better th@effects of changes in the product mix
on energy intensity. However, in our study the nfagus is placed on the aggregated sectors,
i.e. industry, transportation, agriculture, sersiggommercial and public) and residential
sector and data used refer to total final energngemption by these different end-users.

It is worth noticing that the data on energy congtiom by the households exclude
fuels used for personal transportation, as they iacerporated in the transport sector.
Consequently, the contribution of the residentetsr to changes on overall energy intensity
change might be partly underestimated. Furthernmbeedata on energy consumption account
only for the commercial energy that is used whid@-ncommercial energy, such as firewood
and animal waste, is not included in the dataskis Tould have both positive as well as
negative effects for the results. For instancestated in Kander et al. (2012), in Agriculture,
muscle energy from animals is a key energy souotcetfe sector and consequently its
computation would lead to more accurate resultavéd@r, the limitations imposed by data
availability do not allow the inclusion of non- camrcial energy, and as stated by Nilsson
(1993), it is better to base energy intensity omeercial energy only, so that there can be
achieved a better matching between economic actaitd energy consumption. Finally,
given that the main focus of analysis is on thagnetensities of developing countries, with
great caution it is assumed that the share of mommercial energy to the total does not
demonstrate great variations between the develomogntries studied here and so

comparisons between them can be drawn.
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4 Methodology

The main aim when performing a decomposition amalysenvironmental studies is
to quantify and consequently measure the impach fahanges in various factors on the
environmental indicator used (Ang et al. 1998). ta current study, as mentioned before,
the environmental indicator used is energy intgraitd the factors that affect it are changes
in the product mix (between sector changes/ strattinanges) as well as changes in the real
energy intensity of each sector (within sectorsngea/ technical change) (Ang and Choi,
1997). As stated by Ang and Choi (1997), the mosmmonly used methods in
decomposition analysis, are the Laspeyres and thasi® index methods. However,
according to Ang et al (1998), these methods wecessively used in older decomposition
analysis while in more recent studies a refinedidlavindex method is preferred. The main
problem of the older methods is that they both ée@v unexplained residual while the Divisia
index has problem in accommodating zero values.réfised Divisia index was proposed by
Ang and Choi (1997) who modified the formula byanmorating a logarithmic mean weight
function, allowing in that way for a perfect decassfiion that leaves no residual.
Furthermore, it can also accommodate zero valussntiight exist in the dataset, by giving
them very small values, close to zero.

Historically, and according to a study by Liu anagA(2007) that included 69
information sources (previous environmental stugigss argued that from the mid 1980s
until the mid 1990s, the Laspeyres decompositiothotewas still the most popular in most
studies. However, after 1987, the Divisia indexaspt was gradually introduced as a new
analytical tool, and after 1996 until today the hdthmic Mean Divisia index (LMDI)
(revised Divisia index method) is the most popufathod.

Consequently, the method that will be used in ortte perform the energy
decomposition for all the selected countries, drad will enable to answer the main research
question of this study, will be the Logarithmic MeBivisia Index (LMDI) decomposition
that has been proposed by Ang (2005) and as itokas used in Henriques and Kander
(2010). The current method will allow measuring significance of the various changes that
have taken place both within as well as betweens#wtors of these economies and most
importantly will provide answers related with theaiffects on the final energy intensity

changes. The method has been used in many enemjgsstand besides the fact that it is
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relatively easy to use and interpret the resulisbgbly its best merit, as mentioned above, is
that it allows for a perfect decomposition leavimgunexplained residual.

The main variables used in the method are thevimtig:

E Final energy consumption

Ei Energy consumption by each sector i

Ex Energy consumption by the residential sector
Y Value added

Yi Value added by sector i

| =E/IY Total energy intensity

li=E/Y,; Energy intensity by sector i

Ik=EgY Energy intensity of the residential sector

S Share of sector’s i value added in the economy
Drot Changén energy intensity of the economy

Dstr Change caused by structural change

Dint Change caused by technical change

Dpcons Change caused by the personal (residentialucopson of energy

The main equations to calculate the changes thaire during the selected benchmark
years 1971, 1990 and 2005 are presented here.

For calculating the change in total energy intgnsiteach economy the equation (1) is used,
Dtot = Dstr Dint Dpcon (1)

where the change in energy intensity caused bytstal shifts (between- sectors changes)
(Dst) Is given by equation (2).

Dsir = ex;{z Wi In(%ﬂ ()

Technical change (within- sectors change)njDthat affect total energy intensity are

calculated as follows,
Dint = exp{z Wi In(FH (3)
i i,0
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while changes that are caused by the energy corigarmp the residential sector are given by

equation (4).
Ikt
Dpcon = GX{Z Wk |n(—j:| (4)
K Ik,O

Finally, the computation of the weights;fy) for all the sectors of the economy, is given by
dividing the logarithmic mean of energy intensifytloe relevant sector with the total change
in energy intensity (equation 6).

Wit = L(li). t, lig.0) o
L(lt, 10)

Where the logarithmic mean function of two positiaiables is calculated as follows:

L(xy)="—
In—
y (5)
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5 Data analysis

5.1 Overview analysis

Before moving to the results from the decompositinalysis, it is essential to provide
a broad overview of the economies that compriseséimeple of the study. It is useful in order
to get a basic understanding of the various diffees and similarities that exist among the
countries under study and their role in the gladsanomy, while at the same time allowing
for the testing of the first hypothesis.

Historically, and more precisely since the 1970&jn America and East Asia have
been the major regions in the world as togethey tdmenprised more than half of the global
population. Specifically, in 1971 both regions tthge held approximately 61% of the world’s
total population, while today their share has iassxl by almost 3%. The biggest region is
East Asia; in 2009 it accounted for almost 3.7idmllpeople, while Latin American countries
make up a significantly smaller share at aroun&o806 the world’s total population.

More importantly, the countries that comprise ouample accounted for
approximately 2 billion people in 2009 and they malp almost 31% of the world’s total
population today. They are the biggest countrighéir regions and consequently they play a
key role in terms of energy consumption both oagianal as well as a global level. In detail,
the five Latin American countries examined hereoaot for around 60% of the Latin
American population, while the five East Asian coigs make up 37% of the whole region.

Concerning their economies, in 1975 the Asian atemtunder study accounted for
almost 6% of the global GDP (measured in constt880 PPP dollars) while in 2005 their
share had almost doubled reaching at approximatel§®s (see Tables A: 1 and A: 2 in the
Appendix). In contrast, the Latin American courgrggdn’t experience the same rapid growth
during this time period and it could be argued thair role in the global economy, in terms
of GDP, somewhat decreased (they made up 6.8%obkbbutput in 1971 and they make
5.8% today). Still, though, some major economiethanregion, like Brazil and Mexico, had
experienced a period of rapid economic growth. Harrhore, the sampled countries in Latin
America, account for the biggest share of the rEgi@conomy and in 2005 they made up
75% of the value added.
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In addition to the role of the countries under gtudthe global economy, measured in
economic terms (GDP), the historical examinatiorth&ir energy consumption also stresses
their importance as key determinants of the glasalvell as regional energy patterns. Since
the beginning of the 1970s, Asian countries shafethe world energy consumption has
almost doubled and today they make up almost 10%eotvorld’s total energy consumption
(see Tables A: 1 and A: 2 in the Appendix). Conegyrtheir role in Asia (excluding China),
in 2005, they were responsible for 82% of the negi@nergy consumption with India being
the major energy consuming economy (in 2005 it aoted for 50% of the total energy
consumption of our sampled economies). Almost & $slame significance are the Latin
American countries which today account for appratety 5% of the global energy
consumption and 75% of that in their region. Thggkst impact comes from the two major
economies, hamely Brazil and Mexico; in 2005 thegoainted for almost 60% of the region’s
energy consumption.

With regards to the historical evolution of eneigtensity (measured in toe/ 1000
1990 international dollars), the world as a whoss lexperienced a gradual and relatively
steady decrease since 1971 (0.3 toe/ 1000 inar®) by 2005 energy intensity had declined
by 40% reaching at 0,18 toe/ 1000 int $ (TableslAand A: 2 in Appendix). When
accounting for the regions included in the stutlg, data analysis shows that energy intensity
has decreased in both regions, although in Latiredea a relatively modest decrease took
place during the last three decades (from 0.15 1660 int. $ to 0.14 toe/ 1000 int. $). In
contrast, the decrease in Asia was much biggereguodl to a total decline by almost 0,8 toe/
1000 int. $ until 2005.

Concerning the countries that comprise our samplel975 their average energy
intensity was 0.17 toe/ 1000 int. $ with India liethe more energy intensive economy (0.29
toe/ 1000 int. $) and Argentina being the relativelore efficient (0.12 toe/ 1000 int. $). As
seen in Figure 3, that graphically presents theohczal evolution of energy intensity for the
ten developing countries as well as for the wholerldy as these countries develop the
average energy intensity of the sample decreasekagity. In detail, by 2005 it had declined
by approximately 25% reaching at 0.4 toe/ 10008nwhich is less than the energy intensity
of the global economy. In 2005 South Korea raisesha most energy intensive economy
with its energy intensity exceeding even that dfeotrelatively much bigger economies like
India, Brazil and Mexico. Colombia and Peru werefdoythe less energy intensive countries
(0.09 toe/ 1000 int. $).

24



Concerning the stylized EKC hypothesis, that astioeed before implies an inverted
U- shaped relationship between the level of GDParetgy consumption, the results for the
ten countries examined here do not fully supporite to data restrictions, it is not possible
to examine the period before 1971 that would en#&blbave a bigger perspective on the
evolution of energy intensity. However, as showirigure 3, except for the case of India that
demonstrates a constant downward curve after 18dTesembles the global curve closely,
for the rest of the countries, energy intensitysdnet decrease as sharply as the second half
(after the 1980s) of the EKC hypothesis would implgr India it can be argued that the curve

has similarities with a U- shaped curve if we cdesithe peak to have taken place earlier.

Figure 3. Energy intensities in 10 developing counés, 1971-2005
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On the contrary, for all nine countries there iselatively stable, only slightly decreasing
energy intensity (both before and after the 1980k)le when examining each country
separately, each one demonstrates a fluctuatingeaee (see Figure 3). Consequently, it
could be argued that the first proposition of thgdthesis does not hold for the sample
analyzed here.

Although, as seen in Figure 3, there is noticedstotically increasing tendency for
convergence at a gradually smaller range of enirgysity that varies between 0.09- 0.17
toe/ 1000 int. $. This finding is in accordancehose of previous studies for developed and
developing economies and suggests that the secartdop the EKC hypothesis, that
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latecomers tend to leapfrog and reach lower peélenhergy intensity, is supported by the
countries analyzed here. In fact, when convertimgrgy intensity from toe/ 1000 1990 int. $
to MJ/ 1990 int. $ and compare the results to tHosd0 developed economies, as analyzed
in Henriques and Kander (2010) we see that thitepabf convergence does exist for the
whole population. In detail, all twenty countriger( developed from Henriques and Kander,
2010 and ten from the current study), in 2005 coya@ at very similar levels of energy
intensity with the range varying from 5 to 10 MI0D int. $. Furthermore it needs to be
mentioned that, as stated in Henriques and KaradiQ), this “conspicuous feature” does not
support the idea that developing countries todayg te be the factory of the world since this
would suggest increasing energy intensities anoa industrialization process, something

that is not supported from the results.

5.2 Economic structures

After having provided a broad overview concernihg tole of the ten developing
countries under study in the global economy ani thistorical energy intensities’ evolution,
it is crucial to investigate how the economic stues of these economies have evolved. In
particular, it is of great interest to investigatbether a service transition has taken place in
these countries affecting energy intensity changewl furthermore analyze their
industrialization processes focusing on changesshtiege occurred in their industrial sectors.
Consequently, before moving to the decompositioralyans, the double hypothesis,
established before, is tested here.

Concerning the first proposition, that the sengeetor has increased its shares
of total employment and GDP when measured in cupeees, the results presented in Table
1 fully support it for the whole sample of developi countries that are examined.
Specifically, in terms of employment shares, avddalata for Brazil, Mexico and Colombia
for the period 1950- 2005 show that their sharese hmore than doubled during these fifty
five years while the biggest increase was obsenv&tazil. In particular, the share of people
employed in the economy’s service sector more thpled, as from 20% in 1950 it increased
to almost 62% in 2005. Furthermore, when lookinghat period 1971- 2005, for which data
are available in all countries, we can also naticgnificant increase in the number of people
employed in services. More specifically, the averagte of increase for all ten economies

was approximately 60% while in real terms, emplogtie the service sector in 2005 made
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Table 1. Service sector shares of GDP (in currennd constant prices) and Employment (in percentages)

Countries Services (current prices) Services (constant prices) Employment (%)
1950 1971 1990 2005 1950 1971 1990 2005 1950 1971 1990 2005
India 23 29 38 50 23 30 39 51 n.a. 16 21 22
Indonesia n.a. 35 40 40 n.a. 30 39 41 n.a. 24 33 40
Philippines n.a. 34 40 50 n.a. 34 39 45 n.a. 35 41 48
Thailand 35 48 49 44 39 45 47 42 n.a. 18 25 39
S. Korea 33 41 42 45 59 54 44 41 n.a. 34 46 64
Brazil na. na. 60 54 48 52 58 56 20 33 51 62
Mexico 59 65 64 71 60 63 63 64 25 35 48 57
Colombia 41 45 46 52 43 47 48 53 27 41 50 58
Argentina n.a. n.a. 58 55 59 55 60 59 44 51 62 73
Peru n.a. n.a. 63 57 56 59 61 57 n.a. 33 51 52

Notes: services in constant prices are expressd®88- 1994 prices for India, 2000 for Indone&@85 for Philippines,

1988 for Thailand, 1986 for S. Korea, 2000 for Brd993 for Mexico and Argentina, 1994 for Coloratzind Peru

Source: Timmer and de Vier (2007) and own calcoifesti

up more than 50% for the majority of the countrigsailable data for Thailand and South

Korea in that period also demonstrate that thesmtdes more than doubled their service

employment shares.

In addition, measured in current prices, availatata for the years 1950 and 1971 in

seven countries show that the service sector hasaged its share in GDP for all these

economies (Table 1). In detail, the share of ses/has increased in average by a rate of 50%

in these countries. As evident from Table 1, thrgda increases are noticed in India, that

during this fifty five year period (1950- 2005) neothan doubled its shares of the sector, as

well as in Philippines where since 1971 it increbgea rate of 70%. Consequently, it can be

argued that in terms of employment and measurenegigrent prices the service sector did

increase its share in all the economies in thig fife year period. Perhaps more surprisingly,

when compared to the service transition (in termhsemployment) that took place in

developed countries, the rate of increase for dgwed) countries in the period 1970- 2005 is

significantly larger. From data in Henriques andn#@r (2010: 275) it is clear that the

average growth of the people employed in servicesen advanced economies was 20

percentage units lower (it was 40%) compared tocthentries examined here (60%). This

feature possibly implies the fast development thase countries experience partly following

the development patterns of more advanced economies
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Concerning the last hypothesighich states that when measured in constant pifiges
share of the service sector does not necessacitgarse that much (compared to increases in
current prices), from the results in Table 1 itnstethatit is largely supported but not
unambiguously. As expected, for the majority of tdweintries, when measuring the service
sector shares in real production terms, a relativeinor transition to services is noticed,
signaling in that way that changes in energy intgnsill largely be left unaffected by a
transition to a service economy. In particular, ®x of the countries examined here
(Thailand, Brazil, Mexico, Colombia, Argentina, Bethe transition to a service economy is
extremely modest as the share of the service setthe period 1950- 2005, either remains
constant or increases relatively less than in oanpeices. In fact in the case of South Korea
there is also noticed a strong industrializatioocpss taking place since the share of services
decreases significantly by 18%. Furthermore, tieereticed a geographical differentiation as
the countries in Latin America show a relativelyadier transition to a service economy than
in Asia. In fact, if we set the criteria for cha@tzing a case of “service transition” at 10%, a
peculiar feature exists for three countries in Abiat actually increase their services in real
production terms.

In detail, as shown in Table 1, India, Indonesid Rhilippines stand out from the rest
of the developing countries as they show a stremngice transition in the period 1971- 2005.
For the case of India, as stated in Henrigues aaddir (2010), the most plausible
explanation is that productivity in the service teef the economy must have increased
tremendously signaling a strong industrializatidnite services since cost disease did not
occur in part of the sector. The argument beconaes stronger if we account for changes in
the shares of employment, that during these fifigrg were relatively modest (increased only
by 6% in India). The same argument of relativelyrenprogressive services also stands, and
maybe it is even stronger, for Indonesia as ityisersector, in constant prices, increases
significantly more (compared to the increase irrenitr prices) and is also accompanied by a
big increase in the share of people employed insérwice sector. More specifically, in
current prices the share of services increasefwhile, when measured in real production
terms, the increase is much bigger and reachet%t(4ee Table 1). Finally, for Philippines,
there is noticed a strong service transition a$, \Wwelvever this is relatively weaker compared
to the other two countries since the increase mst@mt prices, although above 10%, is still
lower than the 17% increase, which occurred inesurprices.

Given that there is noticed a modest growth ofdéerice sector for the majority of

countries in the sample, as well as a strong onthfee of them, it is of interest to investigate
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Table 2. Services subsectors, shares of sector'dmu in constant prices (in percentages)

1971 2005
Wholesale . Wholesale .

Countries | and retail Transport and Finance Public and retail Transport and Finance Public
trade communications services trade communications services
(50-55) (60-64) (65-74)  (75-99 (50-55) {690 (65-74)  (75-99)

India 41 17 7 35 34 22 16 27
Indonesia 48 10 6 36 41 15 21 22
Philippines 41 13 12 34 40 20 13 27
Thailand 53 16 7 25 41 26 8 25
S. Korea 25 8 9 58 31 30 7 33
Brazil 16 7 36 42 i2 10 31 47
Mexico 41 11 5 43 37 23 8 32
Colombia 32 16 16 36 25 17 18 40
Argentina 40 13 7 41 32 20 8 40
Peru 40 11 14 35 36 16 18 30

Source: Timmer and de Vier (2007) and own calcoifegi

the structural changes that occurred in the subsecfs presented in Table 2, for all the
countries in the sample, there is noticed a shiitnfrelatively less energy intensive sectors,
such as Wholesale and retail trade and Public =syitowards Transports and
communication. This fact is in accordance with ttieory presented above and fully supports
the idea that as these countries develop the nfdlealse infrastructures also increases and in
that way such structural changes will tend to iaseeenergy intensity. The average growth of
the subsector, for all the countries since 197 &jnsost 8% while South Korea demonstrates
the stronger increase, as the sector’s share sesedmost by four times (from 8% in 1971 to
30% in 2005). Additionally, the industrializatiorf eervices, as discussed above, is also
supported by these findings. Although almost allrtdes increase their shares in the Finance
sector (a good example of industrializing servides)India and Indonesia, the increase is
tremendously bigger. More specifically, since 19@dia’s share of Finance in the value
added of services more than doubled while in Indiznié more than tripled (see Table 2).

Consequently, a transition to a service economys ahae fully apply for the majority
of developing countries and hence it is not exgbdte have any big impact on energy
intensity changes. However, the peculiar featureshie cases of India, Indonesia and
Philippines could in some way affect their enengigmsities.

Finally, since theory suggests that an indust@ian process is under way for

developing economies, it is of interest to investiggthe within sector changes in industry and
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Table 3. Industry subsectors, shares of sector's tput in constant prices (in percentages)

1971 2005
Minin : Minin :
Countries andg Manufacturing P.u .b.“c Construction andg Manufacturing P.u.b.l'c Construction
. Utilities , Utilities
Quarrying Quarrying

(10-14) (15-37) (40-41) (45) (10-14) (15-37) (40-41) (45)
India 8 60 6 27 8 63 8 21
Indonesia 67 25 0 8 21 64 2 13
Philippines 5 78 5 12 5 73 9 13
Thailand 3 72 4 21 5 82 7 6
S. Korea 7 57 2 33 0 77 6 17
Brazil 4 69 4 23 8 62 9 21
Mexico 4 73 4 19 5 73 7 16
Colombia 9 59 8 24 17 53 11 20
Argentina 4 70 3 23 6 62 11 22
Peru 20 64 3 13 23 53 7 17

Source: Timmer and de Vier (2007) and own calooiteti

analyze how they could affect energy intensity. sk@wn in Table 3, which presents the

historical evolution of changes in the subsectbigadustry, for all countries there is noticed a

relatively large increase in the Public Utilitiescsor's share. Although the sector does not

hold the biggest share of industry in 2005, suclmarease also depicts the growing demand

that exists in these economies for basic infratitres. Concerning relatively more energy

intensive sectors, such as Manufacturing and Cactstns, for the majority of the economies

there is noticed a slight decrease in their shadeige in other cases they almost remain

constant holding the same shares. The only exgeithe case of Indonesia; since 1971 the

Manufacturing sector's share in total value addédindustry has more than doubled,

signaling that within sector changes would increasergy intensity, unless more efficient

technology is being imported (the leapfrogging @spon)

5.3 Decomposition analysis

After having performed the initial analysis of tteuctural changes that have occurred

both between as well as within sectors, in ordenvestigate in a tentative way the impact of

such changes on energy intensity, we move to tisaltse from the decomposition

calculations. The results will allow for a more tbegh examination of the role of structural

30




versus technical change and will also highlighteffect of households’ energy consumption
on the energy intensity decline.

Tables A: 3 and A: 4 in the Appendix present theadhat were used in the LMDI
decomposition for the years 1971, 1990 and 200%A&an and Latin American countries
respectively. In detail, for all countries, the sof sectors in Gross Value Added (GVA)
and total energy consumption are presented, asasdhe relative energy intensities of each
sector. The most interesting feature is the deorgamportance of Agriculture for all the
countries in favor of the other sectors with theager increase occurring, on average, in the
years before 1990. India and Indonesia seem towalhe same patterns when accounting for
the whole period, as both of them present a sigamti shift from Agriculture towards both
Industry and Services. However, South Korea, Thdiland Mexico stand out by having the
strongest industrialization as the economies gfesrift from agricultural production towards
industry. Particularly in the case of South Korsamce 1971, the share of Agriculture
decreases by almost 80% while Industry more tharblés its share in GVA. The rest of the
economies (Philippines, Brazil, Colombia, Argentarad Peru) present minor or no changes
in their industrial production shares.

Furthermore, the majority of the economies demaitsstian average decrease of
almost 50% in the share of energy consumption byrésidential sector while Indonesia is
the only country that starts from extremely higlargls in 1971 (85%). These finding are in
accordance with Henriques and Kander (2010) foralndexico and Brazil and signal that as
these countries grow, the swift from traditionaéegy fuels as well as the decreasing share of
the residential sector leads to decreases of ememnggumption. As stated in Watchman et al.
(2004), one of the reasons for the decline in p@ita energy use of the Brazilian households
during the period 1970- 1995 was the swift fronatigkly inefficient energy carriers, such as
firewood, towards more energy efficient fuels, sashthe LPG (in fact, one toe of Liquid
Petroleum Gas can substitute 7- 10 toe of firewasdjas fired stoves are more efficient).
However, it needs to be noted that since energguwuoption data for personal transportation
are included in the transportation sector and mahé residential sector, this decrease could
partly be overestimated.

Finally, concerning their energy intensities, cd#dted in each country’s constant
national currency, the greater decrease, as sete ioverview analysis, occurs for India (of
approximately 60%) after which follow Philippinelidonesia, Colombia and Peru with a
decrease varying between 40% and 45%. Additiondlhgiland, South Korea, Brazil and

Mexico demonstrate significantly smaller decregsesy between 8% and 23%). Argentina
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stands out as the only economy that increasesnésgg intensity significantly during the
whole period (1971- 2005) and this is mainly driventhe rise of energy intensity in the
period 1971- 1990 by 24%.

In Tables 4 and 5, the results from the decommos#inalysis of energy intensity for
the developing countries dataset are presentedn\a@beounting for the sample as a whole
and examining the relative effect of structuralsusr technical change, it is clear that on
average, for all countries, the impact from botfe&s tends to be almost the same (about
20%). However, each impact drives total energynisity towards different directions. More
explicitly, during the period 1971- 2005, technotad changes in the productive sectors of
the majority of economies, worked in the directmndecreasing energy intensity. The only
exception is the case of Indonesia whose produdeeors’ intensity changes tend to
increase total energy intensity by 10% with thegbgg part occurring in the period before the
1990s (see Table 4). This effect is mainly attelluto within Industry changes that occurred
in the country and as mentioned above, impliecemé&ndous growth of the Manufacturing
sector, which probably was not accompanied by Bagmt efficiency improvements (for
instance through imports of technologically advahe®chinery) (see Table 3).

On the other hand, the direction of structural ¢gesnin the period 1971- 2005, tended
to increase energy intensity in all countries witk main increase taking place in the period
after the 1990s. These structural changes refleet rising share of Transport and
communications in these economies that tendedctease energy intensity. From Table 5, it
Is evident that the biggest impact of the growimgnBport and communications sector is
noticed in Mexico as it accounted for almost altleé structural changes in the economy and
contributed to the increase of energy intensityd36%. Generally, the impact from the service
sector is relatively modest in all the economiesilevhiin the countries where an
industrialization of the service sector was noti¢@ainly India and Indonesia), its effects on
energy intensity are unambiguous. For India the levhprocess seems to have been
accompanied by efficiency improvements in the gesittice the intensity changes in services
contributed by a 7% decrease in total energy itteris contrast for Indonesia, the relatively
larger rise of the Finance sector was possiblyasgsbmpanied by efficiency improvements,
increasing in that way energy intensity by 3% (5able 4).

Finally, concerning the role of the residentialteecit is of great significance to the
decreases of energy intensity for the whole santpteaverage, in the period 1971- 2005, it
contributed to almost 40% decrease. This featuyaats that even if data allowed us to

account for energy consumption by personal tranapon the contribution of the residential
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Table 4. Divisia decomposition 1971- 2005, for Asiecountries

India Indonesia Philippines Thailand S. Korea
Sectors Changes | 1971/ 1990/ 1971/ | 1971/ 1990/ 1971/ | 1971/ 1990/ 1971/ | 1971/ 1990/ 1971/ | 1971/ 1990/ 1971/
1990 2005 2005 1990 2005 2005 1990 2005 2005 1990 2005 2005 1990 2005 2005
Agriculture Intensity 1.01 1.02 1.03 1.01 1.01 1.02 0.98 0.99 0.97 1.02 1.01 1.03 1.02 1.00 1.01
Structure | 0.99 0.99 0.98 0.99 0.99 0.99 1.00 1.00 0.99 0.95 0.98 0.94 0.98 0.99 0.97
Industry Intensity 0.92 0.86 0.80 1.15 0.96 1.13 1.00 0.93 0.94 0.81 1.05 0.82 0.72 0.92 0.65
Structure | 1.06 1.01 1.07 1.02 1.02 1.03 1.00 0.98 0.99 1.13 1.08 1.23 1.33 1.05 1.41
Services Intensity 0.97 0.97 0.93 1.00 1.01 1.01 1.02 1.02 1.03 1.01 1.05 1.05 1.15 1.04 1.19
Structure | 1.01 1.01 1.02 1.00 1.00 1.00 1.00 1.00 1.01 1.00 0.99 0.99 0.97 0.96 0.95
Transportation Intensity 0.94 0.89 0.85 0.96 0.98 0.94 0.86 0.91 0.75 1.02 0.92 0.95 1.00 0.85 0.88
Structure | 1.04 1.05 1.09 1.05 1.05 1.10 1.07 1.13 1.24 1.02 1.10 1.10 1.10 1.15 1.24
Productive Intensity 0.85 0.76 0.65 1.12 0.96 1.10 0.86 0.85 0.72 0.85 1.02 0.85 0.85 0.81 0.69
sectors Structure | 1.10 1.05 1.16 1.06 1.07 1.12 1.07 1.12 1.23 1.10 1.15 1.27 1.38 1.14 1.59
Residential Pers. Cony 0.78 0.73 0.56 0.55 0.83 0.45 0.84 0.73 0.62 0.82 0.90 0.75 0.88 0.92 0.80
Total E”Cirgr{g'gtens'ty 073 059 042 | 065 08 055 | 078 070 054 | 077 105 081 | 103 085 088
Note: The value of 1 means no change; 1.12 me2#siicrease of total final energy intensity; 0.98ams 10% decrease of total final energy intensity
Source: own calculations based on data from Timandrde Vier (2007) and IEA
Table 5. Divisia decomposition 1971- 2005, for LatiAmerican countries
Brazil Mexico Colombia Argentina Peru
Sectors Changes | 1971/ 1990/ 1971/ | 1971/ 1990/ 1971/ | 1971/ 1990/ 1971/ | 1971/ 1990/ 1971/ | 1971/ 1990/ 1971/
1990 2005 2005 1990 2005 2005 1990 2005 2005 1990 2005 2005 1990 2005 2005
Agriculture Intensity 0.97 0.99 0.96 1.01 1.00 1.01 1.05 0.99 1.04 1.01 1.03 1.04 0.92 0.98 0.89
Structure | 0.98 1.01 0.99 0.99 0.99 0.98 1.00 0.99 0.99 1.01 1.00 1.00 1.00 1.00 1.00
Industry Intensity 0.99 1.09 1.07 0.97 0.89 0.86 0.89 0.98 0.86 1.08 1.02 1.11 0.97 0.97 0.93
Structure | 0.97 1.01 0.98 1.04 1.00 1.03 1.01 0.99 1.00 0.95 1.01 0.96 0.99 1.03 1.01
Services Intensity 1.01 1.02 1.02 1.00 1.02 1.02 1.00 1.00 1.00 1.06 0.98 1.04 1.01 0.99 1.00
Structure | 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00
Transportation Intensity 0.88 1.03 0.90 0.96 0.85 0.83 1.00 0.89 0.91 0.97 0.85 0.81 0.96 0.91 0.88
Structure | 1.11 1.03 1.14 1.14 1.18 1.35 1.02 1.04 1.06 1.06 1.12 1.20 1.07 1.01 1.08
Productive Intensity 0.84 1.14 0.94 0.94 0.77 0.74 0.94 0.86 0.82 1.12 0.88 0.98 0.86 0.87 0.73
sectors Structure | 1.05 1.05 1.10 1.17 1.17 1.36 1.03 1.02 1.05 1.02 1.12 1.15 1.05 1.04 1.10
Residential Pers. Cony 0.74 0.98 0.75 0.97 0.95 0.92 0.78 0.84 0.65 1.09 0.99 1.07 0.95 0.78 0.74
Total Energy Intensity 066 117 077 | 107 086 092 | 075 074 056 | 124 098 121 | 08 070  0.60

Change

Note: The value of 1 means no change; 1.12 medtsin@ease of total final energy intensity; 0.90ame 10% decrease of total final energy intensity
Source: own calculations based on data from Tinandrde Vier (2007) and IEA
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sector, although lower, would still be significadetermining declines in total energy
intensity. Exception is Argentina where the restagrsector’'s energy consumption patterns
were responsible for 9% of the total energy intignisicrease in the period 1971- 1990.

However, the effects of structural and technicabrndes are not of the same
significance for all countries and this gives reatm examine some countries separately and
see whether they can be grouped in different cehtbdt follow the same patterns. Actually,
for four out of ten countries (India, PhilippingSplombia and Peru) the technical changes
that occurred during the period 1971- 2005 cleatiset the increases caused by the
structural changes in these economies. In particidalndia and Colombia the technological
effect is mainly driven by changes that have o@dim their industry and have contributed to
a 20% and 14% decrease of total energy intenssyeicively. Except for the within- sector
changes, which correspond to the rising share bfieUtilities, such technical changes give
reason to believe that this also reflects efficiemaprovements. The reason is that in India
the share of the Manufacturing sector (see Tabs®)increases significantly and one would
expect that per se, it would lead to increasesnef@y intensity. Additionally, as shown in
Table 3, in the case of Colombia the relatively rggeintensive sector of Mining and
Quarrying also increases (by 80% in Table 3) howefkciency improvements manage to
drive down the energy intensity of industry. Consagly, for these economies, the energy
intensity decrease was mainly driven by technolgichanges, possibly favored by
international trade and the import of energy edinti machinery. Such changes occurred in
both industry and transportations, while the desweavas further reinforced by the
contribution of the residential sector.

On the other hand, for Indonesia, Thailand, Southel, Brazil and Mexico (Tables 4
and 5), structural changes clearly offset withieeter changes and tend to increase energy
intensity.  In contrast to the countries examineefote, for these economies, the
industrialization process along with the risingrehaf Transport and communications, clearly
offset possible efficiency improvements and leanl®eergy intensity increases. The most
significant cases are that of South Korea and @&hdil where an extremely strong
industrialization is taking place, which, howevisrnot accompanied by sufficient efficiency
improvements or such within- industry changes tatld allow for decreases in total energy
intensity for these economies. Especially for thsecof South Korea, the industrialization
process along with the rising share of the Trartspad communication sector have a
relatively stronger effect on energy intensity,tha other economies, since together they

tend to increase it by almost 55% (see Table 4)a Assult, the main contribution to the total
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decline of energy intensity for these countriespignarily done by the non productive
economy, namely, the residential sector. Howewer same does not hold for Argentina since
structural changes along with the contribution iy tesidential sector clearly drive the rise of

the country’s energy intensity.

6 Conclusion

The current study aimed at decomposing the enenggnsity patterns for ten
developing countries in Asia and in Latin Ameria#oi structural and technical changes that
took place in these economies during the last 3&rsyeFor all the countries examined,
specifically from 1971 to 2005, energy intensitys ldecreased, with the only exception of
Argentina. However, this decreasing trend doedoitmw a steep decline after the 1980s, as
the stylized EKC (U- shaped curve) would suggest,itois rather characterized by a gradual
and fluctuating decrease for the majority of thardaes. Furthermore, the fact that all these
countries converge within a smaller range of enantgnsity with more advanced economies,
clearly supports the results from previous studied signals that on that basis developing
countries do not get the role of being the factadrihe world today.

However, the results of the study suggest thasethgecreasing trends of energy
intensity do not imply that the development patenhthese economies automatically lead to
significant alleviations for the environment. Incfait could be argued that so far, the
developing countries have not managed to absorbnteets accompanied by the third
Industrial Revolution unanimously. For all of themelatively big contribution to the decline
of total energy intensity is done by the changest timve occurred in these economies’
household sector and contributed to the changdsottw@irred in the productive economy.
However, big differentiations are traced among shenpled economies examined in this
study in terms of their structural changes and maorportantly concerning the role of
technical changes that have occurred in their pribel sectors. A transition to a service
economy, in real production terms, is extremely asbdor the majority of the countries and
only for India contributes modestly to decreasesotd! energy intensity. Additionally, for
Indonesia, although a service transition has taikece, this does not contribute to any
decrease of energy intensity, because in conwdstia, the increase of the Finance sector in

the country seems to be relatively less produdciive so it is not accompanied by adequate
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efficiency improvements. Finally, the industrialima process is of unambiguous significance
among the countries with South Korea, Thailand &mekico presenting the strongest
industrialization that weights out any technologiclanges in industry and per se, tends to
increase total energy intensity.

In general, the countries examined can be disishgd in two different cohorts
according to the relative effect of structural aachnical changes in the productive economy.
The first group is comprised by India, Philippin€glombia and Peru for which technical
changes (within- sector changes) were the mainrmdetants of the decline in total energy
intensity while their contribution was further rearced by the residential sector.
Furthermore, the results suggest that for the catdsdia and Colombia, these technical
changes do not only suggest a movement into lightanufacturing but also significant
upgrading of inefficient production processes. @a other hand, for Indonesia, Thailand,
South Korea, Brazil and Mexico, the main contribatio the actual fall in energy intensity
did not come from the productive economy but ratinem the residential sector in these
countries. Structural changes, and specificallfrang industrialization process along with
the rising demand of basic infrastructures, cleaffget possible efficiency improvements in
these countries and per se tended to increasestotady intensity.

The most significant outcome of the study is that establishment of relatively more
energy efficient production processes is not a iggized phenomenon that occurs evenly and
to the same degree in all developing countriegadty as has been shown, some of them seem
to be on the right way, since efficiency improventseare taking place in their industries,
while for others further policies need to be impésted that would lead to the upgrading of
their productive economies and consequently coeddl Ito more meaningful decreases of
total energy intensity. Those countries that irs tthirty five year period had the strongest
industrialization seem to be the ones that neetthduimprovements in their infrastructures
while for others, their industrialization procesem to follow more “sustainable” patterns.
Finally, the rising share of the Transport and camitation sector in all these countries, and
its distinct role as a driver of increases in ta@aérgy intensity, designates that this is one of
the most significant challenges that all developaugyintries will have to tackle today. It
creates the demand for more effective policies thidlt manage to cope with challenges
related with the increasing urbanization processekthe relatively poor public transportation

networks that characterize these economies.
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Appendix

Table A: 1. Values of GDP, Energy consumption and ergy intensity of selected countries, 1971-1985

1971 1975 1980 1985

GDP ' GDP ' GDP ' GDP )

(PPP) Total final Energy (PPP) Total final Energy (PPP) Total final Energy (PPP) Total final Energy
energy . ; energy . ; energy . ; energy . ?

Country 1990 . intensity 1990 . intensity 1990 . intensity 1990 . intensity

ST consimption . S consumption . S consumption . ST consumption -
million int. toe/mil. $ | million int. toe/mil. $ | million int. toe/mil. $ | million int. toe/mil. $
$ (ktoe) $ (ktoe) $ (ktoe) $ (ktoe)

World 14336492 4256252 0.30 16637925 471486 0.28 0022995 5387367 0.27 22969599 5641508 0.2%
Asia 3367298 638233 0.19 413354P 756270 0.18 528292 912214 0.17 6646374 1060227 0.16
India 474338 143123 0.30 544683 158578 0.29 637202 179281 0.28 814344 211461 0.26

Indonesia 146200 32071 0.22 196374 37584 0.19 5580 49648 0.18 323451 57361 0.18
Philippines 71799 12753 0.18 90150 15159 0.17 12100 16629 0.14 113493 15950 0.14
Thailand 65886 9519 0.14 82799 12702 0.15 120116 1135 0.13 156598 17537 0.11
South Korea 76695 13605 0.18 111548 18851 0.1} 26564 31287 0.20 231386 38227 0.17
L. America 1208086 183610 0.15 1517433 226490 0.15 1960037 284197 0.14 2029889 308927 0.15
Brazil 322159 62539 0.19 455918 79733 0.17] 639093 6160 0.15 675090 101816 0.15
Mexico 237480 34335 0.14 312998 46131 0.15 431983 5928 0.15 475505 79065 0.17
Colombia 70250 11569 0.16 87347 12411 0.14 1133y5 4343 0.13 127076 15851 0.12
Argentina 183458 23284 0.13 21185( 25074 0.17 23280 29365 0.13 209641 29183 0.14
Peru 53131 7890 0.15 65587 8829 0.13 73727 9163 2 01 71239 9034 0.13

Source: Madisson (2008), IEA and own calculations
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Table A: 2. Values of GDP, Energy consumption and ergy intensity of selected countries, 1990-2005

1990 1995 2000 2005
((E’Bllz) thlf]"i:g;al ‘Energy ((I:J’E E) thr?é:;nyal ‘Energy ((I:J’E E) thr?é:;nyal ‘Energy ((E’Bllz) thlf]"i:g;al ‘Energy
Country 199 0 consumption Intensity 199 0 consumption Intensity 199 0 consumption Intensity 199 0 consumption Intensity
rmlllon (ktoe) toe/mil. $ m|II|on (ktoe) toe/mil. $ m|II|on (ktoe) toe/mil. $ rmlllon (ktoe) toe/mil. $
int. $ int. $ int. $ int. $
World 27134084 6292529 0.23 30942289 6555996 0.2]1 6688285 7044688 0.19 44982587 7882745 0.18
Asia 8642381 1287934 0.15 11477064 1552693 0.14 945583 1655797 0.12 18807606 2122519 0.11
India 1098100 251694 0.23 1425623 28596(0 0.20 B399 318579 0.17 2649687 358235 0.14
Indonesia 450901 79842 0.18 656100 96097 0.14 D784 116585 0.17 846938 133127 0.16
Philippines 143025 19912 0.14 159264 23364 0.15 0863 24258 0.13 240215 23099 0.10
Thailand 255732 28879 0.11 387097 44838 0.12 3957191 51955 0.13 506141 68255 0.13
South Korea 373150 64907 0.17 534517 104683 0.20 328¥ 126386 0.19 839757 140180 0.17
L. America 2239815 335760 0.15 2647641 38285¢ 0.14 3066779 435512 0.14 3495796 480407 0.14
Brazil 743765 111567 0.15 866084 129578 0.15 975444 153987 0.16 1110868 171856 0.15
Mexico 516692 82887 0.16 557414 89117 0.16 726934 7880 0.13 797691 105699 0.13
Colombia 159042 18919 0.12 196567 23664 0.12 202230 22090 0.11 242124 22351 0.09
Argentina 212518 30185 0.14 282653 42002 0.15 32036 47321 0.15 353381 50095 0.14
Peru 64979 8560 0.13 86070 9538 0.11 99573 10604 11 0. 122088 10982 0.09

Source: Madisson (2008), IEA and own calculations
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Table A: 3. Sector shares of Gross Value Added arehergy consumption and energy intensities for Asianountries, 1971- 2005

India Indonesia Philippines Thailand South Korea
Sectors 1971 1990 2005 1971 1990 200p 1971 1990 20D5 1971 9901 2005 1971 1990 2005
Sector shaf¢éotal GVA (%)
Agriculture 47 33 21 34 20 15 29 24 20 28 14 10 24 9 g
Industry 23 28 29 35 41 44 37 38 35 27 39 48 22 47 54
Services 25 32 40 27 34 35 29 33 36 38 39 31 50 37 20
Transportatiorf 5 7 11 3 5 6 5 6 9 7 8 11 4 7 12
Share of energy consumption (%)
Agriculture 1 2 4 1 1 2 3 2 1 7 6 6 3 3 2
Industry 25 30 33 5 27 30 18 24 23 32 30 40 40 34 36
Services 5 4 4 0 1 3 2 4 9 2 4 7 4 15 18
Transportatior? 10 12 11 8 14 20 25 24 37 21 32 31 16 25
Residential 59 52 49 85 56 45 52 47 30 38 28 16 36 23 17
Energy intensity 100= Total for 1971

Total 100.0 72.6 42.5 100.0 65.1 55.8 100.0 77.3 454 100.0 76.7 80.9 100.0 103.3 87.p
Agriculture 10.1 24.7 41.2 0.0 5.7 111 40.4 187 171 51.3 69.1 85.1 0.3 0.8 0.7
Industry 516.5 373.9 232.5 0.2 0.6 0.5 176.6 180.2 131.9 233.8 117.7 134.4 4.3 1.7 1.4
Services 91.9 43.8 19.2 0.0 0.0 0.1 19.8 37.5 44.7 10.5 14.0 34.0 0.2 1.0 1.3
Transportation 967.4 546.8 199.8 3.6 2.6 2B 2078.51121.9 810.8 565.6 614.0 469. 8.6 8.3 46

Source: Timmer and de Vier (2007), IEA and own glaltons
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Table A: 4. Sector shares of Gross Value Added arehergy consumption and energy intensities for L. Amrican countries, 1971- 2005
Brazil Mexico Colombia Argentina Peru
Sectors 1971 1990 2005 1971 1990 2005 1971 1990 2005 1971 990 1 2005 1971 1990 2005
Sector share of total GVA (%)
Agriculture 9 7 8 10 7 6 21 18 15 7 8 7 10 10 10
Industry 38 35 36 27 30 30 32 33 32 38 32 34 31 3¢ 33
Services 49 53 50 56 53 50 40 40 44 48 52 47 52 52 43
Transportatiod 3 5 5 7 10 15 7 8 9 7 8 12 7 9 9
Share of energy consumption (%)
Agriculture 9 6 5 4 3 3 2 7 7 4 5 8 11 4 4
Industry 29 39 42 38 36 28 31 28 35 35 30 35 23 22 32
Services 2 5 6 2 2 4 3 4 5 4 9 7 2 3 4
Transportatior 24 32 33 32 39 46 21 30 32 38 34 29 21 27 29
Residential 36 18 14 25 20 18 44 30 21 18 22 21 42 43 31
Energy intensity 100= Total for 1971

Total 100.0 65.9 77.1 100.0 107.0 92.4 100.0  75.4 5.75| 100.0 124.1 121.2 100.0 85.2 59.7
Agriculture 1664.6 1029.2 866.2 254.9 317.1 36212 40 14 1.2 973.6 1331.8 2030.8 1538.4 517.1 346.0
Industry 1377.1 1331.9  1648.2 1003.0 9123 630.7 6 4. 3.1 2.9 1410.3 17855 19250 10443  902.6 808.4
Services 84.6 102.6 154.4 22.6 29.1. 49.8 0.3 €3 3 0. 1304 328.7 266.3 63.6 77.4 64.4
Transportation 12407.9  7767.4  8531[2  3336.6  3007.2071.5 13.4 13.6 9.4 8431.2 77089  45771.6  4437.7 6336 2651.9

Source Timmer and de Vier (2007), IEA and own dalions
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