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Abstract 
 The service transition is usually presented in the literature as one of the factors that contributes to the 

decline of energy intensities of developed economies. We show that this is based on false beliefs about 

what the service economy is about.  Most of the studies investigating the impact of structural changes 

on energy intensity on a multi-sector setting have used sector shares in current prices which ignore the 

different behavior of industrial and service productivity and we argue for the use of sector shares in 

constant prices. We investigate the impact of structural and technological effects on the final energy 

intensity of 10 developed and 4 developing countries in a 4 sector context (Agriculture, Industry, 

Services, Transportation) and 2 end users (households and personal transportation) employing 

logarithmic mean Divisia index (LMDI) techniques. We find that structural changes have a positive impact 

on energy intensity both in developed and developing countries, because there is not much of a service 

transition in constant prices; instead it is transport, which is energy-demanding that increase its share. 

The explanation for the decline in energy intensity in developed countries lies within the sectors.   For 

fast growing developing countries it is the residential sector that drives energy intensity down, because 

of declining share of this sector as the formal economy grows and incomes increase and as a 

consequence of fuel switching to more efficient fuels.   
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Introduction 
Concerns about the energy basis for our economic welfare in society are currently strong, due to risks of 

global warming and increasing costs of energy production. There is thus a hope that the future will be 

less energy demanding than the past and present. Something that could bring about this less energy 

demanding future is the transition to a service economy, because service production is generally less 

energy demanding than industrial production. It takes less electricity to run a computer than an 

aluminum smelting machine, to take a concrete example. To explore the degree to which such a service 

transition has taken place so far and is likely to continue in the future is thus relevant.  

 Kander (2005) raised the concern that the transition to the service economy was merely an illusion 

when it comes to what matters for energy: the actual production structure. She used long run Swedish 

GDP data at sectoral level to demonstrate that although the service sector had increased its share in 

current prices over time, this was not true when constant prices were used. This was explained on basis 

of Baumol’s cost disease; productivity was lagging behind in services, but wages still roughly kept up with 



industrial wages, so services became more expensive than industrial products over time (Baumol 1967). 

So, what the economy was still very efficient in producing was industrial products and industrial output 

kept its share of GDP when it was measured in constant prices, which is as close to “physical” figures as 

possible. With no actual increase of services in the output structure of GDP the reasons for observed 

declining energy/GDP ratios (energy intensity), especially strong after 1970, must be found elsewhere, 

and the proposition was that it had to do with the third industrial revolution, affecting the 

manufacturing industry both towards lighter branch structure and steering the manufacturing processes 

so that less energy and material was wasted.  

Ever since Baumol wrote his stimulating article there has been a lot of arguments on the accuracy of his 

analysis. The doomsday prediction that could be read from it was that overall productivity and growth 

rates would slow down substantially in the post-industrial societies. The actual productivity of services 

and their interface with the rest of the economy has therefore been the subject of much research in 

recent years (Van Ark and Piatkowski 2004, Broadberry 2006, Inklaar et al 2008, Krüger 2008, Maroto 

and Rubalcaba 2008). Van Ark and Piatkowski (2004) compare the importance of ICT capital for 

productivity in manufacturing industries in EU15 and the former communist countries of East Europe. 

They find that ICT capital contributes a lot to labour productivity both in EU 15 and East Europe, and 

brings convergence.   Broadberry (2006) points out that certain market services have high productivity, 

and  what determines the level of productivity over the long run is the “industrialization” of services, 

which involves both producer services (services provided to business) and the provision of some 

consumer services in a more mass-market fashion.  Especially transport and telecommunications, 

wholesale and retail distribution, banking and finance has experienced large productivity increases. 

Inklaar et al (2008) find that market services have positively influenced labor productivity growth in the US but 

not in most European countries since the mid 1990s. In all these cases increased productivity was resource 

intense in the sense that increased investment in information and communication technology (ICT) 

capital and growth in human capital contributed substantially to labour productivity growth. The largest 

difference between countries is how efficient they are in making use of these increased inputs.  

 

It is now widely acknowledged that not all services lags behind manufacturing in labour productivity, it is 

only the services that have human time as an indispensible output ingredient that by necessity does, 

because there labour time cannot be reduced without serious consequences on quality (Baumol 1967, 

1985).  For other services it is more of an open issue how their productivity develops in relation to 

manufacturing industries and an empirical task to investigate.   Still, productivity researchers sometimes 

produce skewed results because they have not entirely got Baumol’s message; prices of services tend to 

increase more than prices of manufacturing goods. This means that different price deflators must be 

used to assess productivity in sectors.  This correct way of assessing productivity in services is used by 

scholars trained in economic history like Van Ark and Piatkowski (2004), Broadberry (2006) and Inklaar et 

asl (2008).  Calculations where the current shares for services are combined with constant GDP to assess 

the sector’s contribution to GDP give erroneous results, and one example of this fallacy is the calculation 

of sector productivity in table 1 of Maroto and Rubalcaba (2008).   Such a calculation overestimates the 

contribution of services to GDP growth.   



 Figure 1 shows long term sector price deflators for some main sectors of the Swedish economy, and for 

GDP, just to illustrate the kind of biases that can occur if one uses GDP deflators for all service sectors 

(like  Maroto and Rubalcaba 2008 did).  The distortions will be largest for public services, but also prices 

for private services rise more over time than the GDP inflation, so results will be skewed in any case.  

Transport and communication is on average more technically progressive than GDP and thus the price 

deflator does not grow as much as for GDP or the rest of the service sectors and it’s prices even grow 

less than prices for manufacturing industries.  

Figure 1 Price deflators for sectors and GDP in Sweden,  1910/12=100. 

 

Source: Krantz, O.  and L. Schön (2007)  Swedish historical national accounts 1800-2000.  

Also researchers in the energy and GDP field make the same kind of deflator mistake.   Hamilton and 

Turton (2002) find that energy intensity decline mainly has taken place in services and industry in the US 

and within services in EU. A closer scrutiny of their analyses reveals that they suffer from a severe 

weakness, which makes the results unreliable: the value added of the sectors has been calculated in 

current prices, which exaggerates the decline in the service sector and underestimates it in industry. The 

results are as misleading as if energy/GDP was calculated based on current prices, which would show 

immense decline over time, just because of inflation.  Schäfer (2005) also uses GDP shares in current 

prices when he discusses structural change in energy use. He divides the world into 11 regions and finds 

that for the period 1971 to 1998 structural changes in the economy is accompanied with energy shifts. 

When economies move from agriculturally dominated to industrialized, there is a shift in the final energy 

use from agriculture to industry. More surprisingly he finds that also the shift over to the service sector is 

accompanied by a shift in final energy use. How come that we would see such a shift if the service sector 

is less energy intense than the industrial sector, which is normally the case? Well, there are two method 



reasons for this finding in Schäfer’s study.  One is that he uses shares of GDP in current prices to 

calculate energy intensity for sectors, a procedure that tend to overrate the value of the service sector 

over time, and thus give too low values for its energy intensity. The other reason is that the statistics he 

uses (IEA, 2001) does not enable any easy separation of energy for commercial transport (part of GDP) 

and energy for household cars, so he puts all this energy in the service sector. This means two things. 

Regarding levels of energy intensity in services, they will be pushed up, and perhaps equal to those of 

manufacturing industry, and regarding trends it means that if the energy for the household car fleet 

increases more than service production in general, the overestimation of the service sector energy use 

will grow over time. Taken together these flaws in his method, distorting the results of energy intensity 

of the service sector in different directions, but where the second one is stronger, means that the service 

sector is “guilty” of far more energy than it actually is, and therefore in his study there is no 

environmental relief from the transition to the service economy. Although such a pessimistic conclusion 

may be correct, the results have not been obtained in a reliable manner.  

 

The research gap that this paper sets out to fill is first of all to show how the service sector share 

develops over time when measured in constant prices, and second to what degree a decline of energy 

intensity can be attributed to a service transition. The analyses are based on a set of developed 

countries, but are widened by including some of the giant emerging economies: India, Brazil and China. 

This is motivated since there is a widespread concern that developing countries today are taking over the 

role that England played during the first industrial revolution: being the factory of the world. Thus any 

transition to a service economy in the developed world may be due to new division of labour on the 

global scale, and accompanied by developing countries being further stuck in heavy energy intense 

production, mainly for exports to the developed world. This is sometimes expressed as: “while we live in 

the service economy our industrial goods are produced elsewhere” (Hermele 2002). In relation to global 

warming there obviously is no system gain of a service transition if this is not possible to generalize over 

the globe. We will not be able to cover the trade issue in any depth here, but will at least look into the 

economic structures of the emerging economies and their energy intensity path. 

 

Section I gives a theoretical discussion which connects the service transition with the decoupling 

discussion and ends with our hypothesis. Section II presents the data we use. Section III briefly describes 

the analytical methods adopted. Section IV is the first result section and portrays the long run energy 

intensity for a set of Western European countries, based on a new dataset, to illustrate to what degree 

there is any clear decline in energy intensities over the long run and especially during in the last couple 

of decades that could be suspected to be caused by a transition to a service economy. This section also 

shows benchmark estimates of the service share of employment and of GDP since 1950. For countries 

where services are increasing, we show what subsectors are responsible for this increase. Section V 

calculates the effect on energy intensity from the service transition in the countries we have long run 

data for. Section VI widens the perspective to look at energy intensity and whether there are any service 

transitions in China, India and Brazil. Section VII sums up the main results and broadens the discussion. 



 

Theory and our hypothesis 
 

Up until the 1980s energy was believed to have an iron-hand relationship with GDP and there was no 

talk of decoupling. The view changed drastically with an article in Scientific American (Reddy and 

Goldemberg 1990) that introduced long run estimates of energy intensity for several countries 

suggesting a belly-shaped curve, or an inverted u-curve, see figure 2. Latecomers in the process benefit 

from technical transfer from the predecessors, so they peak at a lower point.  

Figure 2 Traditional portrait of the long-term evolution of energy intensity  

 

 

 

The idea underpinning their inverted- U -curve was clearly related to structural change. During the 

industrialization phase energy intensity would increase and later during the transition to the service 

economy it would decline, see figure 2. The idea that industrial societies would see an end was present 

already in Marxist theory, and viewed in negative terms of a collapse, but the more modern and positive 

view that declining industrial production would pave way for increased service production was 

introduced by Fourastié (1949).  



Panayotou (1992) labeled the inverted U-curve in environmental relations the Environmental Kuznets 

Curve, after the famous Kuznets curve for income and equality relations (Kuznets 1955). Panayotou 

explicitly proposed that the service transition was one of the main reasons for the declining 

environmental impact of economic growth, see figure 3. 

 

Figure 3. Energy intensity and structural change 

 

 

 

This brings us over to the issue of what drives the service transition and what does it consist of. At the 

intermediate service production level (services used as inputs of firms) part of the transition is an effect 

from manufacturing firms moving out service production to consultancy firms, which in a way is a 

statistical artifact (Petit 1986).  Still, with increasing complexity of goods, innovation and value creation 

takes place more and more in the after-production stage, by companies providing maintenance services 

to their customers, so there is reason to think that some actual increase in producer service production 

takes place, which is larger than the growth of manufacturing goods production per se (Perry 1990, 

Berggren et al 2005). When it comes to services for final demand by households, be it public or private, 

there are two opposing forces. One demand side force is Engel’s law suggesting that when people climb 

up the income ladder they first meet their basic needs, such as food and shelter, mainly produced in the 

primary sector (agriculture), second meet their less pressing needs, such as fridges, TVs and telephones 

for instance, produced in the secondary sector (industry), then the least pressing needs are met, such as 

opera visits, psychological therapy etc (services).1 Another supply side force is Baumol’s disease: all 

                                                           
1
 After the German statistician Ernst Engel (1821-1896), not to be confused with Friedrich Engels who collaborated 

with Marx. 



service production where human time is an indispensible part of the actual value creation, such as all 

person to person services, is subject to relatively increasing costs. In such services labour time cannot be 

rationalized away as it can in manufacturing production, where labour time is simply a means for the end 

product. Therefore the price of such services tends to increase over time compared to the price of 

manufactured goods. This cost disease means that certain services tend to price themselves out from the 

market and has stimulated the DIY (Do It Yourself) economy, where companies like IKEA really has found 

a niche by concentrating on the technically progressive part: providing the flat parcels and leaving the 

time-consuming part to the homework of the costumers, thereby managing to keep prices down.  It has 

been argued that due to Baumol’s disease Engel’s law is only applicable in one country at a specific point 

in time and can neither be used to infer expenditure patterns between countries, nor for one country 

over time (Ingelstam 1997). Simply put: when a country gets richer it does not imply that everyone can 

afford to hire a cleaning lady or a gardener, because the wages of these people follow the general 

income increase of the country.  

Fourastié expressed these opposing forces as saturation on the demand side and technological progress 

on the supply side (Fourastié 1949). Krüger (2008) puts large emphasis on the theoretical insights 

provided by Fourastié and then draws the conclusion that “viewed against the empirical pattern of 

sectoral development, these considerations imply that in the long run the changes of the demand 

structure dominate the supply-side forces”, but this is a jump to conclusions based on not paying any 

attention to the fact that sector development looks very different when viewed as shares in current or 

constant prices. This possibility was addressed already by Gershuny (1978) who questioned the view that 

modern society is entering a post-industrial phase when it comes to actual production, but from the 

expenditure side of individuals. 

Theoretical discussions like this does not inform us about precisely what happens,  but gives reasons to 

be cautious in expecting too grand service transitions in actual production terms.  We therefore propose 

the following double hypotheses to be examined in our paper:  

1) The service transition means that services has increased its share of total employment and their 

share of GDP in current prices, see figure 4. 

2) The service transition does not mean that services has increased their share of GDP in constant 

prices (at least not nearly as much), see figure 5. 

  

 

 

 

 

  



Figure 4  The transition in employment and current prices   

 

 

 

Figure 5  The transition in constant prices 

 

 



Our hypothesis is thus that the service transition is not very substantial when it comes to actual 

production in the economy, and that it does not matter very much for energy intensities of developed 

countries. This hypothesis is based on theoretical arguments above, but also on the previous results for 

Sweden, which confirmed the hypothesis in empirical tests (Kander 2005) . However, the results need 

not be as general as we expect, and thus there is scope for investigating the issue for more countries. 

Data 
We investigate the hypothesis above with a dataset on energy quantities and economic values for a 

group of both developed and developing economies.  USA, Japan and 8 European Countries (France, 

Germany, Italy, Netherlands, Portugal, Spain, Sweden and UK) represent the developed economies. 

Brazil and Mexico on Latin America and India and China on Asia were chosen to represent the developing 

economies due to the important share that their population and economy represents to the respective 

regions. The dataset can be divided in three main sections: Long-run macro-economic energy quantities 

and GDP values; final energy by economic sector and economic structure measured in constant prices. 

a) Long-run primary energy and GDP data 

Primary energy intensities of 8 European countries in the period of 1850-2006 comes from the Energy, 

Growth, and Pollution database ( Gales et.al , 2007; Warde, 2007; Henriques, 2009)  and includes 

firewood and muscle energy. The same aggregates for developing economies (1971-2006) use IEA energy 

balances and Maddison GDP in $1990 Power Purchasing Parities. 

b) Economic structure 

For all the countries except Portugal and Germany we use the newly updated 10-Sector Database Value 

Added in Constant Prices of Groningen Growth and Development Centre (GGDC) for the years 1950-

2005. Data for India, Japan and Latin America are based on Timmer and Vries (2007). Data for Europe 

and US is based on the EU KLEMS database for the period 1970-2006 and in van Ark (1996) for the earlier 

period. For the divisia decomposition, the 10 sector data in 1995 constant prices was aggregated and 

reduced to four sectors:  Agriculture (includes forestry and fishing); Industry ( Mining and Quarry; 

Manufacturing, Public Utilities and Construction), Services (Wholesale, Retail Trade, Hotels and 

Restaurants; Finance, Insurance and Real Estate; Community, Social and Personal Services and 

Government Services) and Transportation and Communications2.  For Germany data in the 10 Sector 

database reports only to Western Germany and ends in 1991. We used the 60 Industry database for 

Unified Germany  from GGDC up to 2003 linked to the 10 sector Western Germany in the year of 1979. 

The Portuguese dataset on value added also relies on the 60 Industry database after 1979 which is 

connected to Pinheiro (1997) database on value added.  We calculate real value added for the different 

sectors employing the Törnqvist aggregation procedure as described in the Data sources and 

Methodological section of the 60_industry database. This has been shown as the most correct form to 
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 In a subsequent version of this paper we will use 60-sector database that allows separating transport from 

communications. 



aggregate sectors and can differ substantially  from the sum of value added at constant prices from the 

lowest industry level to higher aggregates, particularly when industries have different growth rates. 

c) Final energy by end user 

Benchmarks on final energy consumption by end –user (Agriculture, Industry, Services, Transportation 

(public and goods), Residential and Personal Transportation) were constructed for 1971 and 2003. The 

International Energy Agency (IEA) energy balances contain data on final energy use since 1960 for OECD 

countries and 1971 for non-OECD countries. While being the most complete and international known 

database on energy aggregates it has the disadvantage of reporting transportation only by modes (air, 

water, rail and road) and not by end users. Personal transportation (mainly cars) should not be included 

as an energy quantity of the transport sector because individuals are not producing as a consequence of 

their energy use. Therefore, if personal transportation is included in the transportation sector and if its 

share increase more or less than commercial transportation, over/underestimations on the contribution 

of transport sector for the change on energy intensities will occur.  

Separation between private and commercial transportation is difficult due to the lack of disaggregate 

data on road transportation by end user. For our early benchmark (1971) it is reasonable to allocate  all 

road gasoline to private consumers and all road diesel to productive transportation, because at that time 

diesel was not used much for private transportation. For our 1971 benchmark, we use data from 

Schipper et al. (1993) on car fuel usage for 1970-1992 for USA, Japan, France, Italy, Western Germany, 

Sweden and UK.  Due to the lack of available data it was assumed for Netherlands, Portugal and Spain 

that gasoline was a good proxy for personal transportation in 1971. 

However, in 2003, with a large part of the private car fleet run on diesel, the same procedure will bias 

our results.  Disagregation between personal and productive transportation therefore had to be done 

more carefully for the 2003 benchmark. Fortunately, the Odyssea online database provides data on fuel 

consumption by type of vehicle: cars, motorcycles, buses, light duty vehicles and trucks for a set of 7 out 

of our 8 European Countries (Portugal is the exception) for the period 1980-2007. We have used this 

data and treated car and motorcycle consumption data as part of personal transportation and allocated 

the remaining fuel to the productive sector “transport”. We managed to fill in the gap for Portugal 

(National Plan for Climate Change-Transportation) and for the US (Bureau of Transportation Statistics). It 

is harder to find information on personal fuel use for developing countries. While for Brazil gasoline and 

ethanol demand are believe to represent the personal transportation sector relatively well, energy 

allocation is more difficult to perform for India or China, where the share of commercial cars in the 

transport sector (taxis) is much higher. In this version of the paper, no attempt was thus made to 

separate personal and commercial transportation in developing countries.  

Biomass underestimation at the residential level can bias energy intensity figures and the figures of the 

impact of residential sector in overall decline on energy intensity. This is most severe for developing 

countries or for developed countries such as Portugal, Italy or Spain where biomass still represents more 

than 20% of final household energy. No adjustments needed to be made for Mexico, India and Brazil but 

counterchecks of IEA residential firewood database with both Odyssea and EGP database detected 

underestimation of residential firewood for the three South European countries. In the Portuguese case 



the IEA firewood figures before 1989 are only for commercialized quantities. Henriques (2009) updated 

figures for 1971-1989 on basis of variables such as rural population and fuel switching to LPG (Liquid 

Petroleum Gases). For Italy, residential firewood figures in the Odyssee and IEA databases do not reflect 

the most recent information on firewood use by the household sector. For instance as much as a 67% 

underestimation of firewood consumption was found for Italy in 1999, when the results of an ENEA 

inquiry showed that 22% of all Italian families still relied on firewood (ENEA, 2001; Malanima, 2006). 

Instead of using the IEA database for Southern Europe we employ the firewood figures of Malanima 

(2006), who incorporates the results of the inquiry ENEA in the long-run Italian dataset. Residential 

firewood for Spain is only reported in the IEA database after 1988. The Odyssea database traces back 

consumption until 1980, and are more reliable than IEA figures, so we assume that the per capita 

firewood values were the same in 1971 and 1980 in Spain.  

 

Methods 
 In order to investigate the reasons behind changes on Energy Intensity on the countries in study we 

employ a multiplicative decomposition – LMDI ( Logarithmic Divisia I) described in Ang and Zhang (2000) 

and Bhattacharyya and Ussanarassamee (2005). This method, in its simpler version,  separates between 

structural factors (change in the shares of sectors, keeping energy intensities constant) and intensity 

factors ( changes in sector energy intensities, keeping the structure of economy unchanged.) Recently, 

the LMDI has been used in a growing number of energy studies once that has important properties when 

compared with other methods, such as Laspeyres and Fisher based indexes: easiness of interpretation; 

perfect decomposition (i.e. without residual component) among other factors3. The elements in the 

decomposition scheme are presented as follows:  

E = Final energy consumption (toe) 

Y= GDP of the country (1995 prices) 

Yi= Value Added of sector i (1995  prices) 

I= Final Energy intensity (=E/Y)  

                                                           
3
 To a description of the properties of LMDI inex and comparison with other methods see for example ANG, B.W. – 

The LMDI approach to decomposition analysis: a practical guide. Energy Policy. 33 (2005) pp. 867-871; ANG, B.W.; 

LIU, N., Energy decomposition analysis: IEA model versus other methods, Energy Policy. 35 (2007), pp. 1426-1432; 

CHOI, K-H., ANG, B.W. – Decomposition of aggregate energy intensity in two measures: ratio and difference. Energy 
Policy.25 (2003). pp.615-624 e ANG, B.W. – The LMDI approach to decomposition analysis: a practical guide. Energy 
Policy. 33 (2005) pp. 867-871. 

 



Ii= Energy intensity of end use sector i (=Ei/Ii); with residential and personal transportation intensity 

being expressed as Ei/Y 

SEi = share of energy consumption of end use sector i (=Ei/E) 

SYi = the share of sector i in total Value Added (=Yi/Y) 

In the multiplicative version we decompose the ratio Dtot= It/I0 (t represents the final year and 0 the initial 

one) in structural and technology factors (or intensity factors) such as  Dtotal= Dstr* Dint 
4, being Dstr and Dint 

equal to: 

Dstr = exp 




∑

i

tYtYE SSS ii )/ln(* ,0,
 

Dint = exp 




∑

i

itiE IIS i )/ln(* 0,,  

Where  ),(/),(* ,0,,0, ∑=
k

EEEEE tkktiii SSLSSLS , a normalization (for the sum of sectors be equal to 1) 

of the logarithmic scheme L(SEi,0, SEi,t) = (SEi,t – SEi,0)/ln (SEi,t/SEi,0),  that allows for a perfect 

decomposition without residual term 

                                                           
4 For a formal explanation of the method see Ang, B.W., Zhang, F.Q. – A survey of  index decomposition analysis in 

energy and environmental studies. Energy. 25 (2000) pp. 1163-1168 ou BHATTACHARYA, S.C.; USSANARASSAMEE, 

A.  – Changes in energy intensities of Thai industry between 1981 and 2000: a decomposition analysis. Energy 
Policy.  33 (2005) pp. 995-1002. 

 



Results 
 

Developed countries 
Figure 6 Energy intensities in 8 European Countries, 1860-2006. ?J per international dollar (1990 price 
level) 

 

 
Data for Gales et al (2007) and … 

 The long-run energy intensity development for our sample of eight European countries does not fit very 

well with the stylized graph of Amulya, Reddy and Goldemberg (1990).  Only one of the countries   – 

Germany – shows the inverted U-shape form of curve over the period 1860-2006. Another coal-rich 

economy – the UK – actually does show the inverted U-shape curve, but the increase in energy intensity 

takes place prior to 1860 (Warde 2007). Of the remaining six countries, Sweden is spectacular in its 

impressive decline over the period, starting out from extremely high levels, due to extensive and 

wasteful burning of household fuelwood in the 19th century (Kander 2002). Portugal, Spain, Italy, France 

and the Netherlands all show some long term decline roughly 50% over the last 150 years.  The most 

eye-catching result is perhaps the strong convergence in energy intensity for all these countries over this 

long period. From an initial large variation ranging from 12 to 40 ?J/dollar in 1860, they all end up at 

levels of 6-8 ?J/dollar in 2006.  

For most of the countries we find at least an augmented decline in energy intensity around 1970, when 

the service transition often is assumed to have taken off.  This clear energy intensity decline is applicable 

for Sweden, the Netherlands, Germany, Italy and France. For Spain and Portugal, latecomers in the 



industrialization process, there is more of a stabilization of levels in this period. So, to what degree is this 

energy intensity decline in the period 1970 to 2006 caused by the transition to the service economy? 

 

Table 1 reports the results for the service transition for the eight European countries, which we have 

long run energy data for and also for the two large developed countries Japan and the US. The double 

hypothesis we presented in figures 4 and 5 is largely confirmed, but not completely. The first part of the 

hypothesis that the service sector has grown since 1950 in its share of employment and its share of GDP 

in current prices is fully confirmed for all countries.   Employment share in the service sector more than 

doubled between 1950 and 2003 in several cases (Germany, Italy, Japan, Portugal and Spain) and in the 

other countries also increased a lot. Likewise the service sector in current prices increased its share, 

although not to quite the same degree. The second part of the hypothesis is also largely confirmed, but 

not unambiguously. Most countries see either no increase at all or at least no substantial increase in the 

share of service production when measured in constant prices.  If we put the bottom line for qualifying 

for “substantial increase” at 10 percent units over the period 1950-2003, only Germany qualifies. Still an 

increase of 10 percent units is still not much compared to the increase in employment and in current 

prices, where we find increases of 30 percent units or so. So it is apparent that the service transition 

could not have a lot of explanatory power for energy intensity declines in any of these countries.  

 

Table 1 Service sector share (of GDP in current and constant prices, in employment), 1950, 1970, 1990, 
2003 

  Employment (%) Services current prices Services constant prices 1995 

Countries 1950 1970 1980 1990 2003 1950 1970 1980 1990 2003 1950 1970 1980 1990 2003 

France 41 49 59 67 75 ? ? 63 69 76 70 66 69 71 73 

Germany 33 43 52 59 71 ? 45 56 61 70 59 55 59 62 69 

Italy 28 43 49 60 67 ? ? 56 64 71 68 62 64 67 69 

Japan 31 44 54 59 67 ? ? 59 61 71 62 63 66 64 67 

Netherlands 48 55 65 71 78 ? ? 63 66 73 69 62 66 68 71 

Portugal 27 39 43 51 60 38 46 55 62 70 58 57 60 64 66 

Spain 31 39 49 59 65 ? ? 56 61 68 71 69 63 65 65 

Sweden 39 54 65 70 75 ? ? 64 66 71 67 65 69 69 64 

UK 50 53 63 70 79 ? 54 57 64 75 67 66 67 66 71 

USA 56 67 71 76 81 55 64 66 71 76 66 69 73 73 75 
Note: (Portugal/Japan 1953, Italy 1951; Japan 
2002)            

Source: 60 sector database 1980-2003 linked with Van Ark (1996) 

To the degree that there still is some modest growth of the service sector as is the case for some of our 

countries, it is of interest to look into what part of the service sector has grown. If it is transportation and 

communication it may well be that this growth is not bringing about any decline in energy intensity 

whatsoever, but may even act in the other direction; to increase energy intensity. We have scrutinized 

the subsector growth within services, shown in table 2. Evidently, the transport sector grows 



disproportionally much in several of our countries over the period 1950 to 2003, with at least a doubling 

of the shares for France, Italy, the Netherlands, Portugal and Spain, and some relative increases also for 

the other countries. Wholesale and retail trade, despite largely consuming energy for buildings, may also 

comprise some internal transport and thus be more energy intense than Finance or Public services, and 

this sub-sector increases its share in some countries, but not all. Italy, Japan and the USA show some 

substantial increase, while France, Sweden and the Netherlands do not change this share much. On the 

contrary, Germany, Portugal, Spain and the UK show a substantial decline of this share. The only country 

increasing both their transport and communication sectors and their wholesale and retail trade sectors is 

thus Italy, and since the total service sector only increased by one percent unit over the period 1950-

2003 it seems reasonable not to expect this service transition to have had any declining impact on 

energy intensity in Italy at all. Germany stands out as one suspected candidate where the service 

transition may actually had some declining impact on energy intensity, partly because of the relatively 

large increase of the share of the total service sector and partly because of the structure of this increase.    

 

Table 2 Service sector composition, shares of sum in constant prices, in percent.  

Wholesale and 
retail trade        (50-

55)

Transport and 
communications                  

(60-64)
Finance (65-74)

Public 
services (75-

99)

Wholesale 
and retail 

trade        
(50-55)

Transport and 
communications                  

(60-64)

Finance (65-
74)

Public 
services (75-

99)

France 16 5 30 49 18 11 40 31
Germany 25 7 29 40 18 9 42 32

Italy 16 5 32 46 24 13 35 29
Japan 7 13 4 76 18 12 12 58

Netherlands 23 7 12 59 22 13 35 30
Portugal 36 6 27 32 26 11 29 33

Spain 34 5 24 38 26 12 30 32
Sweden 19 9 32 41 21 12 35 32

UK 26 10 24 41 20 14 37 28
USA 18 8 26 48 23 9 40 29

1950 2003

 Note: 10 sector database except for Portugal (Pinheiro+60 sector) and Germany. The 10 sector database shares were done by 
sum, using the 60 sector Shares were calculated by the sum and using the 60 sector Divisia/Tornqvist. The classification scheme 
used is the ISIC rev 3 (International Standards for Industrial Classification).  

 

 It is possible to investigate the role of production structural change versus technical change (between- 

sector- changes and within- sector- changes) for the energy intensity decline seen in many countries 

after 1970. However, this analysis can only be carried out at the overall sector level of industry, 

agriculture, services and transports, because service energy consumption is never reported in the 

statistics down on the sub-sector level. We have decomposed the changes in energy intensity for all our 

countries, and report the results in table 3.  

 

 



Table 3: Divisia decomposition 1971-2003 

  France Germany Italy Netherlands Portugal Spain Sweden UK USA 

  71/2003 71/2003 71/2003 71/2003 71/2003 71/2003 71/2003 71/2003 71/2003 

Agriculture          
Intensity 1.00 1.00 1.01 1.05 1.00 0.99 1.01 0.99 0.99 
Structure 0.99 0.99 0.99 1.01 0.97 0.99 0.99 1.00 0.99 
Sub-total 0.99 0.99 1.00 1.06 0.98 0.98 0.99 0.99 0.98 
Industry          
Intensity 0.80 0.80 0.81 0.88 1.10 0.90 0.75 0.79 0.77 
Structure 0.92 0.89 0.98 0.98 0.94 1.00 1.03 0.90 0.81 
Sub-total 0.74 0.71 0.73 0.87 1.03 0.90 0.77 0.71 0.62 
Services          
Intensity 0.84 0.88 1.07 0.98 1.07 1.07 0.98 0.93 0.76 
Structure 1.01 1.04 1.00 0.99 1.01 1.00 1.00 1.01 1.08 
Sub-Total 0.85 0.91 1.10 0.98 1.08 1.07 0.98 0.94 0.83 

Transport and 
Communications          

Intensity 0.95 0.95 0.99 0.98 0.96 0.98 0.95 0.93 0.91 
Structure 1.09 1.03 1.10 1.07 1.12 1.14 1.03 1.08 0.93 
Sub-total 1.04 0.97 1.11 1.05 1.07 1.12 0.98 1.00 0.85 

Total Productive Sector          
Intensity 0.65 0.67 0.86 0.90 1.13 0.94 0.71 0.68 0.53 
Structure 1.01 0.94 1.06 1.05 1.03 1.13 1.04 1.08 0.80 
Sub Total 0.65 0.63 0.94 0.94 1.17 1.06 0.73 0.73 0.43 

Residential          
Intensity 1.00 0.84 0.84 0.84 0.87 0.97 0.76 0.89 0.75 

Personal transportation          
Intensity 1.00 0.98 0.98 1.00 1.12 1.04 0.98 0.99 0.78 

Total impact          
Intensity 0.65 0.55 0.71 0.75 1.10 0.95 0.52 0.60 0.31 
Structure 1.01 0.94 1.06 1.05 1.03 1.13 1.04 0.99 0.80 

 Total 0.65 0.51 0.75 0.79 1.14 1.07 0.54 0.59 0.25 
Note: Authors  calculations. A value of 1 implies no change; 1.1 a 10% contribution for increasing energy intensity; 

0.9 a 10% contribution for decrease on energy intensity. 

 

Table 3 shows the results of LMDI decomposition of energy intensity for our developed country data set. 

In the last three decades most of the developed countries with exception of Portugal and Spain (late 

comers) register substantial decreases on their energy intensity. The greatest saving country was the 

USA (75% decrease), followed by Germany, Sweden, UK and France, with about a 35- 50% reduction. 

Netherlands and Italy had more modest decreases on energy intensity on the magnitude of 20-25% 

However, while there was a pronounced decline on energy intensity on most of the developed countries 

during the period of 1971-2003, the results clearly show that the impact of structural factors on the 

change of energy intensity was null or positive for all of our developed dataset, with the exception of 

USA (20% of contribution to the decline) and Germany (6%). Even in countries where there was a smooth 

transition to services (in a broad sense) the desindustrialization effects were offset by an increase of the 

transportation and communication branches. This result confirms our hypothesis that the service 



transition does not constitute per se a postulate for energy intensity decrease if it is accompanied by an 

intensification of productive transportation. Structural effects between the four sectors were not 

responsible for the decline on energy intensity but energy intensity effects were. In all the countries with 

exception of Portugal intensity effects were negative. Also with the exception of Portugal the main 

contribution for the intensity factor in the productive sector was given by industry. As the Industrial 

sector is heterogeneous,   with both low and high energy intensity branches, we need to be careful on 

giving all the credit to technological innovation.  The level of aggregation can mask structural change 

within the industry, this is, the increase of the share of light branches. The results on service energy 

intensity contribution are somewhat mixed. While intensity factors on the service sector push down 

energy intensities of USA, France, Germany or UK, in Southern European Countries (Portugal, Spain and 

Italy) services contribute to a 7% increase in overall intensity.  Interesting is also the role of personal 

consumption (both residential and transportation) on the contribution for the decline of energy 

intensity. In all the countries with the exception of France and Spain final energy demand grew at a lower 

rate than total GDP. However, while households contribute to a decline on energy intensity of about 10-

15% in the majority of the countries, personal transportation is only growing at clear lower rates than 

GDP in  USA .  Portugal and Spain present rates of contribution of personal transportation for the change 

on energy intensity of +12% and + 4%. In the remaining European countries the impact is almost 

inexistent, between -2% and 0%. These results point for a saturation of final demand for transportation 

with growing level of incomes. 

 

Developing countries 
 We saw that energy intensities did not really decline for European late-industrializers like Spain and 

Portugal after 1970 (for Spain it did decline in the 1970s, but then increased again).  The other 

Mediterranean country, Italy, which was earlier in its industrial development, on the contrary had a clear 

decline of energy intensity after 1970. This leads us to enquire whether developing countries of the 

world today are similar to the European predecessors on the industrialization path or not.  Is the service 

transition a generalized phenomenon taking place also in developing countries?   Or, are the developing 

countries of today more taking on the role of being the factory of the world as England was during the 

first industrial revolution? China is often pointed out as the country where a lot of the world industrial 

production is moving to. India on the other hand is more acknowledged for specializing in high value 

service production such as ICT services and film industries (Bollywood). Does this show in their energy 

intensity figures and in their sector composition of GDP?  

A related question is whether the developing countries are leapfrogging in terms of energy intensity 

(peaking at lower values than the old industrializers did) as was suggested by the stylized graph of 

Amulya et al (1990)?  Stern (2004) sums up the Environmental Kuznets Studies by saying it is not higher  

income (different structure of demand) that will lead to a downward trend of the curve, but rather the   

transfer of energy efficient technology. Such technology transfer will lead to leap-frogging for developing 

countries. The mere existence of leap-frogging at the aggregate level of course does not tell the reasons 

for this. It may be that the developing countries are experiencing a faster transition to a service 



economy, or that they receive technology from abroad, or that the household sector reduces its share of 

energy consumption as the economy grows.  

Figure 7 shows energy intensities for Brazil, China, India and Mexico for 1971-2006. The most 

conspicuous feature of these graphs is perhaps that they end up at very similar levels as the more 

developed countries (7 to 10). So over time there seems to be convergence in energy intensity across the 

line. This does not lend support for the idea that the developing countries take over the role of being the 

factory of the world, and that developed countries lower their energy intensity by passing over the 

problems of energy intense production to less developed countries. The only indication that China might 

be taking over such a role would possibly be the upward turn of the energy intensity there after 2002. 

The two countries reducing their energy intensity the most are China, starting out from very high levels 

in 1971, similar to the ones for the UK and Germany in the 1930s and 1940, and India, starting out from 

the same levels as the UK and Germany at the time. Brazil and Mexico do not change their energy 

intensity much over this period and in that respect they resemble Portugal and Spain.  

Figure 7 Energy intensity in Brazil, China, India and Mexico 1971-2006:  

 

 

Table 4 shows the service sector share for Brazil, India and Mexico. India is the country standing out as 

very different from the rest, both developed and developing countries, in showing a relatively modest 

service transition in terms of employment, but a substantial transition both in current and constant 

prices. The only possible explanation for this – if the figures are reliable – is that labour productivity in 

services must have increased tremendously. Such an increase may be possible judging by the structure of 

the service sector, see table 5, since Finance was the sector with the most impressive growth – from 5 % 

to 17 %, at the same time as Public services declined from 38 % to 28 %. Finance, dealing with loads of 

money, can boast growth, and public services consist mainly of person to person services, which are less 

technically progressive, in Baumol´s terminology. 



Table 4 Service sector shares of Brazil,  India and Mexico. 

Countries 1950 1970 1980 1990 2003 1950 1970 1980 1990 2003 1950 1970 1980 1990 2003

Brazil 20 30 51 62 ? ? ? 60 54 43 51 55 60 55
China ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
India ? 16 21 22 23 28 33 38 49 23 29 34 39 49

Mexico 25 34 48 59 64 63 64 71 60 61 63 63 64

Employment (%) Services current prices Services K prices 1995

 

 

Table 5 Service sector composition of Brazil, India and Mexico 

Wholesale and 
retail trade        (50-

55)

Transport and 
communications                  

(60-64)
Finance (65-74)

Public 
services (75-

99)

Wholesale 
and retail 

trade        
(50-55)

Transport and 
communications                  

(60-64)

Finance (65-
74)

Public 
services (75-

99)

Brasil 22 6 28 44 12 10 31 47
India 42 15 5 38 34 21 17 28

Mexico 41 13 4 42 37 21 7 34

1950 2003

 

Below, table 6 presents the results for the Divisia decomposition on Brazil. Mexico and India: 



 

      Table 6 Divisia decomposition for Brazil, India and Mexico 

 Brazil India Mexico 

Agriculture    
Intensity 0.96 1.03 1.01 
Structure 0.99 0.98 0.98 
Sub-total 0.95 1.02 0.99 
Industry    
Intensity 1.08 1.08 0.86 
Structure 0.97 1.06 1.03 
Sub-total 1.05 1.14 0.89 
Services    
Intensity 1.02 0.93 1.01 
Structure 1.00 1.02 1.00 
Sub-Total 1.02 0.96 1.01 

Transport and Communications*    
Intensity 0.90 0.86 0.85 
Structure 1.14 1.08 1.29 
Sub-total 1.02 0.93 1.09 

Total Productive Sector    
Intensity 0.95 0.89 0.75 
Structure 1.10 1.16 1.30 
Sub Total 1.05 1.03 0.97 

Residential    
Intensity 0.75 0.60 0.93 

Total impact    
Intensity 0.71 0.54 0.69 
Structure 1.10 1.16 1.30 

Total 0.78 0.62 0.90 

 

The results of the Divisia decomposition for India, Mexico and Brazil present both similarities and 

contrasts with the developed countries data set. The main similarity we found is that structural changes 

between sectors have a positive impact on energy intensity due to the growth of transportation sector. 

As in developed countries improvements on overall intensity effects surpass the positive effects of 

structural change. Positive intensity effects are found in the transportation and communication sectors 

for all countries; in industry for Mexico and in Services for India.  However, is not in the productive sector 

that main energy intensity gains are achieved, but on the residential sector.  Despite the fact that overall 

productive sector energy intensities grew 3-5% in India and Brazil those two countries reduced global 

energy intensity by 38% and 22%, respectively.  

 

 



Conclusions 
 

Althoug we did not perform exactly the same division decomposition for developed and developing 

countries, we can establish some hypotheses that deserve further treatment.  We propose the following: 

1) As a country develops, structural changes within the formal economy do not tend to contribute to 

a decrease in overall energy intensity, it always has a tendency to drive energy intensity up. First 

the country industrializes and then the structural effect tends to increase energy intensity a lot. 

Then, during the service transition, what merely increases is transport, which is energy intense, so 

still there is some energy increasing effect from structural changes.  

2) Technological factors (within sector changes) are therefore the reason why energy intensity is 

decreasing in both developed and developing countries. The main contributor to the decline in 

energy intensity lies within the industrial sector, due to the technological progressive nature of this 

sector and possibly structural changes at the branch level. 

3) In developing countries the energy intensities decline takes place in the residential sector, partly as 

a shift in energy consumption from the informal to the formal economy and partly as fuel switching 

from inefficient fuels (firewood, charcoal, dung) to modern energy.  

4) Residential energy in developed countries continues to have a downward impact on energy 

intensity showing that there is eventually some saturation in energy comfort levels at home. A 

question mark must be put on personal transportation, but it seems that in the future it will grow 

less than total final energy 

5) For European catching up economies, such as Portugal and Spain, there used to be the declining 

energy intensity effect from fuel switching and smaller share for households as compared to the 

formal economy, which we find for developing countries today. But lately, there has been a period  

where  overall energy intensity actually increase as a result of structural changes towards 

transportation (both on productive and personal), structural change within the industry sector and 

increasing demand for comfort in the service sector (air conditioners, heating systems, etc).   

Work to be continued: 

- Perform the divisia decomposition using only the shares of transportation but not 

communication (60 sector database), only works for developed countries 

- Discuss residential contribution to intensity declines with basis in the long-run data for USA, 

Sweden and Portugal on household energy 

- To compile data on personal transportation for developing countries+ Japan in order to extend 

our divisia analysis) 

- Getting sectoral data for China, the factory of the world 



- Discuss structural change in industry vs intensity changes with basis on literature 
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