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Chapter 1

Introduction

Modern economic growth previously implied a shift in theantities and
quality of energy, from renewable energy sources towards fosdd &rel
electricity. This shift brought stress to the environmerh wlimate change
being one of its most serious consequences. Another shift fiyesil fuels to
low carbon energy now seems to be an essential pre-confditiansustainable
future. The changes in the energy system that accompany ecayromit are
normally referred to as energy transitioi$is thesis aimgo analyz, in an
international comparative context, Portugadnergy transitions in the period
1856-2006 The analysis will contribute to two strands of debatee an
economic history, on the role that energy plays in boostidgsitrialization, and
the other in environmental history, on the environmental consequerdesg-
run economic growth.

1.1 Energy and industrialization - the role of energy in
boosting economic growth

“The history of energy is the secret history of industrialization”
R. Sieferle, 2001

The transition from a low-energy and vegetable-energyedasciety
towards a high-energy and fossil-fuel based society isidered by many
authors as a necessary, although not sufficient, conditrandastrialization to
proceed. The distinction between an organic and mineral economy was
popularized by Anthony Wrigléyand was motivated by his quest to understand
the major changes operating in Englandhanges that became known as the
Industrial Revolutionin organic economies most of the energy available to man
(heat and muscle) is dependent on the limits of the plastbsynthesis process
l.e., of what land can produce. As the efficiency of the proedsw and
transportation costs high, these economies were unableoto lgeyond the

! Wrigley(1988) Wrigley (2010); Cipolla (1962); Malanima (2006b).
% Wrigley (1988); Wrigley (2010).



limits of a certain aréa By contrast, industrial England of the 1800s was a
mineral economy and the wealthiest nation in the Wdiigland’s growth was
possible because technological innovations allowed vastsdspf coal to be
used for the provision of cheap heat and mechanical energy; she waddltos ab
break away from the energy constraints of organic econdmfies Robert
Allen, coal is also a central argument for explaining theergence of the
Industrial Revolution in Britah He suggests that the Industrial Revolution
emerged from a path-dependent process where a unique combirfakimih o
wages and very cheap coal gave incentives for innovations aroakio @xcur,
as there was a need to save the most expensive production Betause
energy was so expensive in relation to labor in most othartges, innovations
around coal only made sense in England. As the capitaidive path was the
most fruitful in technological terms, these innovations alloviiadyland to
develop a competitive advantage over other nations. Only afpeowaments in
the energy efficiency of steam engines was the Industrial Revoldiffused to
other nations The First Industrial Revolution became known for the
replacement of animate energy by machines, which dramatically increased th
scale of production and labour productivity. It was asdediwith a cluster of
industries (cotton, iron, railways, mining) using the comnmput of coal ad
its converter, the steam engi These industries have been credity many as
an engine of growth that should be considered as a whalg, etue to its
interdependences and multiplier effeatsthe rest of the econorhy

The role of coal as an engine of growth in England hasbjectors. Clark
and Jacks argue that coal could not have made such a differerem®hamic
growth. Although Britain would have lost competitivenesghia most energy
intensive branches of the Industrial Revolution, no mara 2% of GDP would
have been lost by not having the access to cheap Emergy costs would not
have mattered for most of the economy, and gains in energyeréijiciwould
have occurred if energy had been expefis®@gafts questions the role of coal as
a General Purpose Technology (GBTuring the Industrial Revolution,
claiming that the major contribution of steam to econommmamh occurred

® Wrigley (1988); Wrigley (2010).

* Wrigley (1988, 2010).

> Allen (2009).

® Allen (2009).

" Griibler (1998 Schén (2010).

8 Clark and Jacks (2007).

® Clark and Jacks (2007).

Y GPT is defined as a radical innovation with a wide impact on all branches of the economy.
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much later at the end of the nineteenth centtiryFor Mokyr, the important
iIssue was not the coal reserves but human ability to tnamgfatural resource
endowments, and that was only possible with some usefuttificidmowledge
which had its roots in the Age of Enlightenment. He ream the
revolutionary nature of the steam engine but he does not defemdketof “no
coal, no Industrial Revolution After all, enormous improvements in water and
wind technology were also taking place; and coal was notaweust that came
with the steam enginesit could be either transported or substituted by Wood

More than coal, natural resources as a whole are credited with raaving
influence in19" century American industrialization and subsequent leadership
in technology in relation to Britaitdabakkuk became known as the first author
to address differences in factor endowments as an explanatidhefanore
capital intensive methods of production in America compared tcaBdgl As
land was more abundant in the US than in the UK, the US haghawage
economy due to the attractive alternatives which were offered inudgres
That made the US adopt more capital intensive technologies tlieadK. In
trying to prove Habakkuk speculative assertipriPaul David put forward a
model that explained the persistencehef advantages regarding technology and
the impact on economic performanc¢éHe considered capital and resources as
being non-separable and argued that the opportunities for fetmadlogical
change accumulation in the nineteenth century were biased in davibre
choice which was more capital intensiveAs America had chosen the most
capital resource intensive path of development, opporturidresechnological
development were greater in America. He saw technological progrespath
dependent process where the final choice of technique deghendthe initial
factor endowment& Countries that chose a labor intensive technology could be
locked-in on a labour-intensive path, vatit much potential for technical
change.

While the role of natural resources in building American ledgesnd the
role of coalin the emergence of the Industrial Revolution in Englanet ked to
lively debate, the role that energy and fossil fuels playedanndustrialization
of coal-deprived countries is much less considered. Andaystudyof how
different natural resources endowments contributed to theusinal

1 Crafts (2003).

12 Mokyr (2009), p.100-104.

13 Habakkuk (1967), Saul (1970).
 David (1975).

!> David (1975).

1% David (1975).



development of those countries could help to better unddristamlimiting the
renewable energy sources were. The recent long-run series on Eueopegn
systems increase the possibilities for questioning the ablfossil fuels. For
instance, Gales et al. show that fossil fuels had differedtiat@acts on the
energy systemm four coal-poor countries: the Netherlands, Spain, Sweden and
ltaly™’.

Was the access to cheap fossil fuels a necessary condition for
industrialization to proceed, or could coal-poor countridg on indigenous
natural resources? Different perspectives exist on the matter. The
contemporaneous view could probably best be expressedpassage from
Jevons essay‘The Coal Question “The Newcastle mines are almost as high a
benefit to the French, Dutch, Prussian, Danish, Norwegian, Ru&panjsh,
and Italian coastewns, as to our own (...) “It has often been repeated, for some
time past, that there is one simple means of competing wititakoh in her
manufactures. It is to buy coal from her.) % In this view coal was the
cheapest of all fuels and no other fuel could surpasaritdés points out that the
countries which largely succestiduring the First Industrial Revolution did so
because they emulated British patterns of industrialization,hwhad given
England a large competitive advantage that put the survivdladitional
industries in Europe at risk. Continental reliance on water poweharcoal,
due to unfavorable relative prices, is almost seen as staabd to successful
technological adoption. More than in England, coal and iron werdeading
sectors of European industrializatibn. Pollard also sees regional
industrialization as an imitation of the British IndustrRevolution. Regions
with similar factor endowments to England, such as Belgiurhe@Ruhr,with
cheap coal and iron, successfully industrialized while regisitis different
endowments remained agricultural or de-industriafizeBome environmental
historians would disagree with the proposal, though. Karand Myllyntaus
suggest that in the early phases it is possible to indl=r by means of
renewable energy sources if that growth is accompanied by tegiuad
changé'. They give the example of Finland, which managed to indlig&iay
resorting to wood and water-power, without putting so msithss on their
energy resources, as the improvement of efficiency in housetoviglssand the
decline of slash-and-burn cultivation allowed theaing of wood for industrial

' Gales et al. (2007).

'8 Jevons (1865 ).

9L andes (1969).

2 pollard (1981), pp. 105-107.
! KunnasandMyllyntaus (2009).
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needs. Sweden has also been presented as a case of sucahsstfiglination
without coal resources. Rydén shows that English techyalod organizational
processes were succesBfuddapted to a charcoal environment, “implying that
industrial production was possible even when no coal wagahle ?* Later,
according to Lennart Schon, charcoal and wood price rises prdiSwheavy
industry in a difficult position, which was an incentive to explorerbypowef>.
Cheap hydro-power was the basis of Swedish industrialization.

Other authors situate themselves in the intermediate poshtmording to
Bardini, the lack of coal was a serious disadvantage for Itat@nufacturing
until World War |, as coal arrivedt Italian ports at exorbitant prices. He argues
that Ital’s lack of competitiveness in relation to England couldb®osolved by
hydro-power or cheap labour either, as steam acted as a General Purpose
Technology (GPT) for the most advanced industrial sectors. Itdietor
endowments made them avoid the industrial sectors where steamaacted
GPT. The use of relatively more electricity only constituted cramatage in a
few backward sectors, as electricity was merely used as atsigb&ir generic
power. The Italian catch-up only occurred later, when thedrie enhanced
the technological advantages of electri€ityAlong the same lines, a popular
approach among some Spanish economic historians is to seeohigirices as
a factor that simultaneolys delayed Spanish industrialization and gave an
incentive for early electrification

This thesis seeks to analy#dee role played by energy in the Portuguese
industrialization process. Portugal was one of the most backe@rdtries
around 1850 and failed to converge with the European coralfeost one
century. It is a fossil-fuel-poor country with limited mineral resourcasd
renewable energy sources such as wood, wind, and water herenty
alternatives to a fossil-fuel based industrialization. To unaledsthe role of
energy a comparison of how the different energy resources were used is needed.
| will assess whether the lack of coal was an obstacledigssinal growth, and
investigate whether traditional renewable energy resources aird-pgwer
compensated in any way for the lack of fossil fuels. Were energig @m
important factor that delayed Portuguese industrializatiors®, [Ihow was the
problem eventually solved?

2 Rydén (2005), p.127.
23 Schén (2010).

2 Bardini (1997).

> Sudria (1990b).



1.2 The environmental consequences of modernization of
energy systems

The modernization of energy systems, which occurs with ec@nomi
growth brought impacts to the environment in the form of overuseatiral
resources, pollution and G@missions.

1.21 Energy and C@emissions

The combustion of fossil fuels, which occurred with indas#ation, led
to an increase of anthropogen@O, emissions. Although the relationship
between C@emissions and temperature increases on Earth was discovered by
the Swedish scientist Svante Arrhenius in the latete@mth century, it was not
until the 1980s that this relationship was seen as paligntinreatening to the
environmerff. The first IPCC report in the 1988tressed that climate change
was real, that most of the anthropogenic emissions were caysdtieb
accumulated emissions due to the burning of fossil fuelsesihe Industrial
Revolution, and that there was a need for a global committaeetuction of
CO, emission¥'.

The Kyoto Protocgladopted in 1997 and ratified in 2005, commiteed
group of industrialized countries to cut do@, emissiondy 5%, in relation
to the 1990 baseline levels, by 2008-2012. As a group, thepEanoUnion
agreed to an 8% reduction of 1990 baseline emissions in thel péritP08to
2012. The EU-15 establisda burden-sharing agreement that allocated different
reduction targets to its members. Portugal was allowed to increassa® by
27% in relation to the 1990 level due to lower per capstohcal emissions,
lower income and expectation of higher economic activity growth tates
other member states in this period.

CO, emissions from fossil fuels are a function of both energgwoption
and the energy basket. Themre@only two ways of reducin@O, emissions from
fossil fuelsOne is to reduce energy consumption which can be done by reducing
economic growth, or population, or by changing the relatiortstiyween energy
and economic growti The other option is to change the composition of the
energy baskeio sources with a lower Crontent. This can be done switching

%6 Arrhenius (1896).

2" IPCC (1990).

8 This includes technical energy efficiency but also structural changes towards Sdlcuwes o
energy intensity and substitution of production factors, among others.
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from coal or oil to natural gas, or by increasing the share of renewable or nuclear
energy”.

Only since the 19%has climate change mitigation been a clear objective
in the energy policies of industrialized countries. This mehat most of the
changes in C®emissions back in time were a result of the uninformed actions
of human societies. However, from an environmental history eetisp, a
studyof why and how C@emissions from fossil fuels changed in the past is an
important tool for understanding the drivest both past and present energy
transitions in the global environment.

This thesis makes a contribution to undersitagdhe drivers of historical
CO, emissions changes by decomposing, @issions changes into various
components. Furthermore, we connect the study of the hadtoole of energy
in boosting economic growth with the recent challenges of a necesmasition
from fossil fuels towards renewable energy.

1.2.2 Energy intensity as an indicator of environmental stress

The prospects of finite reserves of fossil fuels, high gneasts and
environmental degradation motivated a series of studieheofralationship
between energy and economic growth. The ratio between energy and GDP
(energy intensity) has been applied asindicator of relative environmental
stress Comparing this ratio over time gives us an indication ofetaution of
the economic efficiency of energy use. If the ratio increases tower this
means that the country in question needs more units of eteeypduce one
unit of GDP if the ratio decreases, the inverse is true, and the impact of
economic growth on the environment seems less detrimental.

The mainstream view of how energy intensity will behave abuarstages
of economic growth originates in long-run statistical daailable for countries
such as the US, the UK, Germany, France and Japan; the datan@utles
commercial energy sour¢8sSchurr and Netschert were probably the first
authors to study the long-run energy intensity ofrelustrialized country. Their

2 A third option which is not dealt in this thesis consists in capgutihe carbon dioxide emissions
from fossil fuels. This process can occur naturally ( e.g., by an increasefofa$tiearea); or with the
resource to Carbon capture and Storage (CCS) technologies. This last procedsins astil
experimental phase and it consists in capturing carbon dioxide from fossil fuel pawesr gt storing
it in a way so that the GQs not release into the atmosphere; for example by injecting thénCO
geological formations. The process can reduce the release .0fnC&D% when compared with
conventional power plants, but is more energy intensive. Considerable financial costs risiddhe
leakage are some of the bottlenecks of this process.

% Martin (1988).



study “Energy in the American Economy 1850-1955 included an estimatiorof
firewood but they decided to exclude it from the energy iftienatio, arguing
that firewood was a household ftfelith a comparatively lower effect on
economic growth than the energy which was transformed for mechanica
purpose¥. They found an inverted U-shaped relationship with a pealndrou
1913 and a decline after thath&rr’s study and most of the following works on
American energy intensity have argued that the effect was stronghecied
with the increasing share of electricity in the energy systeran eV the
production of electricity entailed significant thermal losg&scording to those
studies, the switch from steam to electricity allowed enormoaseases in
overall manufacturing productivity after World War |, due to the ibddyg of
organizing the production process more efficiently, at the sangeasmeducing
transmission loss&s Humphrey and Stanislaw analyzed energy intensity in the
UK for the period 1800-1975, and also found an inverted Ueshppttern with
apeak around 1870. They attributed the growth around 1830ib&Phase of
strong investments in infrastructures (railways) and heawusiny, and
interpreted the decline as the result of the decreasing sharenohienergy
consumption and GDP and to an increase of thermal efficiency of coal
consumption. They conclude, “UK experience seems to endorse the conclusion
that periods of industrialization, involving rapid struedluchange in the pattern
of output, and, more important, the capital stock, are accompdmjied
relatively high growth of energy”.

A study by Martin in the 1980s, using information from vasi@ountries,
indicated that the evolution of energy intensity assumedhape of an inverted
U with early peaks for countries which industrialized fasid later peaks for
late-comer®. This evidence led to a theorization of a general pattern of energy
intensity evolution, dependent on the stage of developofesdch country. In
the first phase of industrialization, the energy intensity grow as a result of
structural effects related to the transformation of an agriallgociety to an
industrial one. In this stage, countries invest in infrastructanesdirect their
productive structure to heavy industries. Economic growtteendent on the
intensification of energy ude In a second stage, after an inefficiency peak,

3 Latter they were criticized by Melosi (1982) who argued that fuelwood coultdencbnsidered
merely a pre-industrial fuel, as wood was also used in steamboats and manufacturing.

% Schurr and Netschert (1960). However, there is a logical mistake in it, becausamimercial
energy also included household uses.

¥ Devine (1983); Rosenberg (1998); Sonenblum and Schurr (1990).

* Humphrey and Stanislaw (1979).

% Martin (1988).

% percebois (1989).
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there is a decline in energy intensity that is explaineteblgnological reasons
(improvements in the efficiency of the energy chain), substitutib energy
carriers and by transition from an industrial society to a sergoeiety that is
less energy intensive Concepts such as dematerializatide., decoupling
materials from growth due to a transition to post-industpialth, emerged. In
this post-industrial scenario, information technologies r@ugcling reduce the
material input of the economy as well as an increase of envirorimenta
awareness; there is also a shift of consumption patterns toleavdatensive
activites such as recreation, home entertainment ofthitaReddy and
Goldemberg include the idea that, by incorporating new andlemo
technologies, developing countries would have an oppibytto avoid the dirty
and intensive path of their predecessors, i.e., they may ledpBegause of the
possibilities of benefiting from a cleaner and more efficient stddlkechnology
when they industrialize, which was not available to forerunnemen they
industrialized, developing countries are expected to peakwatrllevels of
energy intensityy.

Fig 1.1 Mainstream portrait of Energy Intensity evolution
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This type of relationship between energy and economic growath later
also generalized to the relationships between environment aowihg In
parallel studies in the early 1990s, an inverted U-shaped custw@edn
environment and income was also proposed and the concept of the
Environmental Kuznets Curve (EKC) was born. The proponents arg,in
earlier stages of development, the environmental stress incieatses later
stages, structural changes to services, information teahasloand
improvement of environmental awareness lead gradual relative decline in
environmental degradation The idea is quite intuitiye as countries
industrialize they need a larger quantity of machines and energyaed their
economic structure goes to services, the process is reversed, gesull@ss
energy use. Despite the optimism of these views, we should note thatlaeroup
energy from growth is merely a weak hypothesis of improvement ef th
environment; energy consumption can decrease relatively to GDP but can
increase in absolute terms.

A second view of energy intensity incorporates not ordgenn energy but
also traditional energy carriers (wood, muscle power, wind & watgome of
the long-run studies that include non-commercial energy weopently
published and are available for some couritfieshese studies do not confirm a
generalized hypothesis of an inverted U-shaped curve general pattern of
development. Very different patterns were found. Warde (2007) incd &n
inverted U-shaped pattern for England and Wales, even wdditidnal energy
carriers were included, while the trend for the US exhibited a dbagprun
decline if wood was includéd Gales et al. show a spectacular long-run decline
in energy intensity in Sweden, a decline of about 50% in #atly Spain, and an
almost flat trend in Netherlands with a peak in T97Bhe long-run decline has
been interpreted as the result of continuous technical ehangassing the
effects of structural change (industrialization). The intuitérthe argument is
strongly relatd not onlyto the transition from traditional energy carriers (less
efficient) to modern energy carriers (more efficient), with contisuou
improvements in the efficiency of energy converters throughourijdtut also
to technological change in the broad sensa, i) improvements in total factor

“! Panayoutou (1993).

“2 There exists a set of studies within the LEG (Long term Energy Growth) netwidh) use the
same methods: Kander (2002) for Sweden; Malanima (2006b) for Italy; Rubio (@0@pain; Gales
(2007) for Netherlands; Warde (2007) for England & Wales. For different methgdadeg for
example, Kraussman and Haberl (2002); Schandl and Schulz (2003) on AustrisooikuKnas and
Myllyntaus (2007) for Finland; Griibler (1998)for the US.

“3Griibler (1998).

“ Gales et al. (2007).
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productivity with the use of new technolodigsThis type of long-run energy
intensity has been less acknowledgedhe literature, maybe because of the
difficulty of finding a common pattern, a stylized fact.

Astrid Kander went behind the simple intuition and decosegl long-run
energy intensity in the Swedish economy in four-sector corfegticulture,
Industry, Transportation and Services) using shift-share analysi®ase{Those
methods enable the separation of energy intensity into twtalicchanges
(changes in the shares of sectors, keeping energy intensity dpnrestan
technological factors (changes in sector energy intensities, kgetqarstructure
of economy unchanged). She found an increase of energy inteasityod
structural change in the most intense period of industrieliz1870-1913) but
no impact of structural change towards a transition to the service seattatén
period (1970-19985. Instead, dematerialization of the Swedish economy was
found within the industrial sector, presumably due to theagh of the third
Industrial Revolution. She used the concept of Baumolsdissase to explain
that absence of structural change impacts from the servicesitivan
employment and the shares of GDP in current prices grew, Weilestl share
of services did not. Baumol argued that labour productivéiyng occurred
mainly in the industrial sector as machines were introduceatdar to save
time. In the service sector, labour time cannot be rediacétet same degree, so
labour productivity does not rises much as in industfy. However, service
wages tend to follow those of the manufacturing sector, and sonpaay the
productivity gains of the manufacturing sector. As a resultptices of services
will increase when compardd the prices of manufacted goods. This would
be the reason why, in terms of real production, the sharewote® in the GDP
did not change that much, at least in the case of SWeden

More country studies on the causes of energy intensitygelsasre needed
to identify whether or not there is a common pattern in the gonlof energy
intensity. Most historical studies do not convincingly epl the main
determinants that lead to transformations in long-run enietgysity. Energy
intensity is too vague and broad a concept for a decrease @assean the ratio
of energy to GDP to be interpreted as a simple deteriorationprzovement in
environmental conditions. The contribution of structura¢@f or technological
effects has been more theorized than measured, apart from the eention

> Gales et al. (2007).

“® Kander (2002); Kander (2005
4" Baumol (1967); Kander (2005).
“8 Kander (200®, Kander (2005).
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exception®. It is assumed that countries follow the same pattern of
development, but this is, of course, deterministic. In orderestablish
meaningful patterns, the study of the structure of energy sysha®m to be
interconnected with the study of the structural shifts in aadbrsense.
Scientifically speaking, the understanding and quantificatiothhe factors that
make energy intensity vary are important for the debates on dénwental
Kuznets Curves and dematerialization

This thesis will establish historical energy intensitfes Portugal and
compare it with the experiences of pioneers in order to looHifferences and
common patterns. It will further explore the hypothesis fpuvard by Kander,
that the service transition is an illusion when it comaesrdal production
structg(r)e, by decomposing energy intensity into strattand technologida
effects”.

1.3 Aims, scope and research questions

The thesis aim#o analyze Portugal’s energy transition in the period 1856-
2006 in an international comparative context, and seeksderstand the long-
run interrelations of energy, economic growth and the environment.

My point of departure, or initial hypothesis, is that energygd and still
plays a distinct role in Portuguese society, when compared withirees that
industrialized earlieron. The hypothesis is derived from both the fact that
Portugal is a late-comer in the development process anddhaial resources
might have influenced the pattern and intensity of Portuguese iradizstion in
a distinct way. If this is the case, the transition from an stréhl towards a
service society can also produce differentiated stress in the remeno,
depending on the historical path of each country.

A group of three research questions is formulated in order tothes
hypothesis of the specificity of Portuguese energy transition:

How can we characterize the Portuguese energy transition in the long-run?
Does the Portuguese energy transition share common trents otier
countries? To which countries was the Portuguese energy patinvégr or
different? What do long-run energy intensities look likéRv differentarethe
impacts of the type of transition in G@missions?

9 Kander (2002); Kander (2005).
0 Kander (200p, Kander ( 2005).
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What was the role that energy played in Portuguese industrialization? Was
industrialization delayed due to the lagkfossil fuels? If yes, in which way?
What was the role of indigenous renewable sources in contriiatiagonomic
growth?

How does the relationship between energy and economic growth change
with the transition from an industrial to a service society? Do structural
changes play a fundamental role in the decoupling of energy éammomic
growth? Or are other factors more important?

1.4 Comparative perspective

Without a quantification of the total energy system, it remalifficult to
understand the nature and the pace of the energy transitibnTitsahswer the
guestions outlined above, a database, which includesidredienergy carriers
along with modern energy carriers, has been constructeané&tim®dology used
to construct this database for Portugal can be found int&hapln order to
position Portuguese energy transition in a comparative frarkewohave
benefied from a pool of data on European Energy Systems kindly ¢edvo
me by the members of the Long Energy Growth (LEG) network. dakebase
includes long-run primary energy data for Spaifirancé’, Italy>’, England&
Wales’, the Netherlands, Germany® and Swedeti. | thank Ben Gales, Paolo
Malanima, Astrid Kander, Paul Warde and Mar Rubio for sharing their
databases with me. | have added Canada and the US as compatativiexas
well. The diversity of development experiences and natural resource
endowments in each country is essential for an understaatlthg specificity
of Portuguese energy transition. In relation to Portugal, falh@se countries
industrialized early on, although Spain shares many of the charac$ens
Portuguese economic growth, especially during the post-wardpétowadays,
all the countries are considered post-industrial societiggyuagh there are still
disparities in income per capitalhis means that we analyze historical energy
transitions from the point of view of a late-comer.

>1 Rubio (2005).

*2 Galesand Warde, unpublished database.

>3 Malanima (2006p.

> Warde (2007).

* Gales et al. (2007).

*% Gales, Warde andander, unpublished database.
>" Kander (2002).
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1.5 Structure

Chapter 2 provides the calculations for the energy quantities for Portugal.

Chapter 3 characterizes longa Portuguese energy transition froan
comparative perspective. The goal of the chapter is to addresspmparative
framework, how different Portuguese long-run energy transitionimwée pace
and magnitude of the shift and the environmental consequences associated
with that shift.

Chapter 4 addresses the questimin whether the scarcity of natural
resources delayed and shaped the Portuguese industrialization process.

Chapter 5 forms chapter that results from a joint publication with Astrid
Kanderin the Journal of Ecological Economitslt challenges the idea that a
transition to a service societythe main cause of relief for the environment, by
decomposing energy intensity changes of Portugal and dthexloped and
developing countries into technological and structuralofac The chapter is
adapted to stress the Portuguese experience.

Chapter 6 summarizes the main conclusions and contains a general
overview of how we shouldunderstand the Portuguese long-run energy
transition in a wider comparative context.

> Henriques, S.T. and Kander, A. (2010), The modest environmental reliefmggtdiin a transition
to the Service Economy, Ecological Economié(2), 271-282.
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Chapter 2

Energy Quantities

2.1 Introduction

The availability of fossil energy has been consdeas one of the most
important foundations of modern economic growthci&ies around the world
have gone through a generalized process of eneggition from vegetable and
animate sources to mineral forms of energy. Thsspge meant that societies
are no longer dependent on the renewable but binstgply of land to grow
food, fodder and firewood for their energy needs that can augment their
energy basis through the use of non-renewable d&ttand dense subterranean
forms of energy amassed over millions of yearshia form of coal and 4,
The use of fossil energy sources has shaped owetyg@nd allowed for great
increases in income per capita, industrializatiobanization and globalization.
However, the magnitude and speed of the process kavied in different
regions of the world.

While the developed countries are today almostlyotiependent on fossil
fuels, most of the underdeveloped regions in theldvstill rely mainly on
traditional energy carriers such as biomass anccataisenergy. The transition
to fossil energy was also very different for Eurapeountries. For the British
and Dutch economies, this process can be tracedtbabe 18 or 17" century,
while for others it occurred only in the"1@r 20" century. Until very recently,
however, no attempts were made to quantify traakli@nergy carriers; most of
the research has concentrated only on modern souMé&out a quantification
of traditional energy sources it remains difficidtunderstand the nature of the
transition itself. Was the transition process aolatwonary break, with fossil
fuels quickly replacing the old ones? Or was thergy transition a slower and
smooth process, with traditional sources coexistiitp modern ones? Energy
guantification cannot explaiper sethe reasons behind adoption or rejection of
different energy carriers by different strata ofisty, but it is an important step

* This chapter is a revised reproduction of Henrig& T. (2009)Energy consumption in Portugal
1856-2006 Consiglio Nazionale delle Ricerche, Naples, pi#221 | would like to thank Paolo
Malanima for advice on this chapter. Section 2.@ Saction 2.3 are common to the other volumes in
the series; see Malanima (2006) and Warde (2007).

% On this subject see Cipolla (1962); Wrigley (1988) Sieferle (2001).
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to identify the main uses, the speed and the madmiof the transition and the
relation between energy use and economic growth.

The purpose of this chapter is to quantify all ggecarriers of the
Portuguese energy transition from 1856 to the pteday. In 1856 Portugal
was, along with the majority of the European caestran essentially organic
society. The steam machine, steam ship, railwagdlae brilliant gaslight were
already introduced in the country, but the tradidlb energy carriers still
accounted for 95% of total energy consumption. dsstill the windmill that
ground the majority of the cereals of the natidrg fireplace that heated the
houses and cooked the meals, the ox and cow tinfmrmed the work in the
fields. In the beginning of the 2Tentury a very different situation emerges, and
90% of energy consumption is from modern energyi@a; 86% from fossil
fuels. Fossil fuels and electricity replaced fir@gdoand muscular energy in
every dimension of daily life. New energy carriegaabled the Industrial
Revolution and an economic and social growth newagined. However, fossil
fuels also bring pollution and environmental damafflile societies in the past
were concerned with the capacity to grow accortiinpe limited availability of
vegetable energy, the world today is increasinghara of its limits to growth
due to a non-renewable and environmental damagneggg basis. This new
context of environmental degradation, global wagramd the prospect of high
oil prices has given rise to other questions. Ihthl&zed countries are now
attempting to begin another energy transition, frmssil fuels to renewable
sources. Hydrogen, biofuels, wind, wave and solectecity seem to be the
energy of the future. Technology is developing, st of the denominated
new energy sources were considered traditional dorefere. Can economic
growth still be maintained with the transition enewable sources? Smil gives
five reasons for the transition to be more diffidhian expected: the scale of the
shift; the lower energy density of renewable fuéh& lower power density of
energy production; the intermittency of supply dtee climatic variation
dependence; the uneven geographical distributioermdéwable sources and the
difficulty to making it available to all regions ithe world*. All those
constraints to growth were presenpie-fossilfuel societies. From an historical
point of view, this shift is to be followed withtahtion, since fossil fuel use
seems to have been a necessary but not a sufficemition for modern
economic growtff. Thus, the quantification and the study of theeroff

®L Smil (2006).
®2 Malanima (2006b).
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traditional sources of energy in the economic growth of pasieties provide
economic historians with tools to participate ie #tmvironmental debate.

2.2 Definitions

The objective of this investigation is to provideaccount of every form of
energy exploited directly by human beings in thet@nd in the present. The
intention is to quantify on an annual basis théofeing list of primary energy
carriers.

1. Food for human beings
Firewood
Feed for work animals
Wind
Water
Fossil sources
7. Primary electricity.

oOuhwi

It is important to emphasize that we only take iatcount energy sources
that have a cost (not just in monetary terms) fomén beings. The effect of
solar light is not included as this imposes noststhumans. Wind and flowing
water are recorded in the following series, siatough free, their exploitation
Is possible only by utilizing a machine, such ahig or mill, which has a cost.
Even if part of the firewood consumed did not reguany monetary payments
from its users, time spent on collecting, transpgrand cutting wood should be
seen as an opportunity cost. In the same way, @smat collected by human
beings in a forest (or collected for constructiammrpgmses), or the grass of a
meadow not consumed by the animals exploited byamubeings for food or
work, is not accounted for. On the contrary, thasgreaten by a cow becomes
part of human energy consumption, either as “fi@i'the animal, if the animal
is used for work, or as food if it or its produere eaten (whether in the form of
milk, cheese, or meat).

2.3 Primary sources

In the following time series, to avoid duplicatioralways a risk in
reconstructions of this kind- onpyrimary energywill be considered. By primary
energy source, we meaa source of energy we can find in the natural
environment useful to human beings and exploited,a@st, for conversion into
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heat, light or mechanical work. A secondary sourgk energy is the
transformation of a primary source. The energy @anbdf electricity or gas,
produced by means of coal or oil is not includeditas a transformation, with
some losses, of the energy content of oil andIgathe same way, charcoal is a
secondary source as it is a result of firewood costibon. Charcoal should be
excluded from the following series, whereas firede/dm produce charcoal
should be included.

In many other cases, it is less clear how one shmdognize a primary
source. Since bread could be produced by meareyeéls ground by exploiting
the energy of an animal, one may wonder if we ghaalt subtract the animal
muscle energy from the calories of bread to avaiglidation. However, we are
not dealing with the same energy undergoing a foamstion, as in the case of
firewood-charcoal. Bread is a transformation of téories of cereals, and not
of the calories burned by the muscles of the anpodling the plough. In this
way, we must include both the energy of the bread the animals’ muscle
energy in our calculations.

The statistics detail the input of energy into tBeonomic system,
regardless of how efficiently that energy is exi@di Thus, | will estimate the
calories consumed by human beings as food, the deadumed by working
animals, the flow of wind driving a sailing shipcathe flow of water driving a
mill wheel. A large part of these inputs will beston the process of conversion
and transmission and not actually be employed tos#déul work. Here, | do not
calculate energy yields, although improvementsha éfficiency of energy use
are an important chapter of energy history. Instéadse the ratio of energy
divided by GDP (energy intensity) to assess thelutom of the economic
efficiency of the energy system (Chapter 3 and @hey.

2.4 Territory, population and GDP

The territory used in this study comprises the enirborders of Portugal.
Fossil fuel consumption derived from Trade Statssts accurately determined,
as the borders of the territory did not suffer amydification during the period
this study concerns. Estimates produced by the dérsale (food for humans,
firewood for households) account for all the restdgopulation. Some
adjustments are made for animal energy in ordeotoect a few census years
that only include the number of animals on the haaid, excluding the Madeira
and Azores Islands. It is not possible to accoantfifewood for industrial and
power use in the Islands before 1970. This is dudé fact that statistics omit
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islands, a problem also encountered in the reasct&in of national accourits
This is not a serious issue as the share of thedslin industrial production is
admittedly much smaller than the population stare

Regarding population figures, official census hd&wen conducted in
interval year® since 1864. For 1864 to 1991, | use the work déNa in which
annual data is givéh For 1992 to 2006 estimates of INE (National Stti
Agency), available online, are u§édThe population figures for 1856 to 1864
are estimated through linear interpolation from®84and 1864 figures.

GDP figures until 1990 are taken from the work efiR Lain&’, in turn
derived from other main GDP historical reconstomsi Rei&’, Lains® and
Lains and Sougafor the period 1856-1909; Batisth al. ”° for the years 1910-
1952 and Pinheif6 from 1953 until 1989. MaddisGhvalues are used from
1990 onwards.

2.5 Earlier studies

The International Energy Agency (IEA) has reporéeabrgy statistics for
OECD countries since 1960 and for non-members si®&l. Historically,
consumption of fossil fuels and hydroelectricityshbaeen elaborated for a
considerable range of countries and has been nepeddin well known
publication€®. On the other hand, long-run estimates of non-cernial energy
are only available for a limited set of countri8shurr and Netschéftwere the
first authors to include firewood in their analysitthe role of energy in the

® For example, the reconstruction of Portuguese @DBatistaet al (1997) for 1910-1958, used
here, also refers to mainland Portugal.

® Population shares were 7-8% during the period8&411970. However, energy figures are much
smaller, for example electricity production wasyohl4% in 1970.

% Official censuses comprise the following years64,81878, 1890, 1900, 1911, 1920, 1925, 1930,
1940, 1950, 1960, 1971, 1981, 1991 and 2001.

% valério (2001).

®" Can be found at www.ine.pt, section of productd aervices/time series/Populacdo e Condicdes
Sociais.

%8 |_eite (2005).

% Lains (2003), pp. 247-266.

O Reis (1986).

" Lains (1990).

2 Lains and Sousa (1998).

'3 Batistaet al. (1997).

" Pinheiro (1997).

> Maddison (2008).

’® Mitchell (2007); Darmstader (1971) ; Etemad andiani ( 1991).

" Schurr and Netschert (1960).
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American economy since 1850. They discovered thawbod, being preferred
to coal in the beginning due to its abundance, &aaery important role in the
industrialization of the country until the 1860s.the end of the 1970s, Steward
made estimates for Canada dating back to the begirof the confederation,
including commercial energy, water, wind, firewobdman and animal wofk
He used fuel-equivalent concepts to aggregatesseaaverting hydroelectricity
and water energy into the quantities of coal thatl be required to do the
same work in a thermal power plant; animal direotkninto the amounts of oll
that would be required for an internal combustiogiee to do the same work;
wind energy from vessels into a steam ship. Thithatkis used in order to not
overemphasize the consumption of more inefficier@rgy sources in the energy
structure as no efficiency losses are consideradeapoint of primary energy
use. However, the method makes temporal or spadisparisons difficult to
interpret, since the level of consumption of nossibenergy carriers is based on
the time and space dependent efficiencies of the ereergy carrier. How do we
interpret a country having the same level of hydteetricity in 1900 and 19507
Was it because production stagnated? Was it da@ improvement in thermo
efficiency, despite growth of production? Or didguction actually fall but a
decline in thermo efficiency occurred due, for epéamto the reactivation of old
utilities or by a substitution of coal for oil? Ase can see, the information that
is gained with this procedure does not really camspée for the information that
IS lost.

More recently, estimates on materials and energyhase been done for
Austria and the United Kingdom on the basis of lasd changé$ The authors
seek to identify the major biophysical characterssiof agrarian societies as
opposed to industrial ones. However, for the puepas our study, which only
focuses on energy, these studies can be a linmtdtie to the fact that wood for
construction purposes is included. My study relatesre to the methods
employed for England &Wal&% Italy®', Spaiff®, Netherland§ and Swedéfh.
The authors show that the inclusion of traditioeakrgy carriers alters the
dominant paradigm of an inverted U-shaped relabigndetween energy
consumption and income.

8 Steward (1978).

" Kraussman and Harbel (2002).
8 Warde (2007).

81 Malanima (2006b).

8 Rubio (2005).

% Gales (2007).

8 Kander (2002).
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Portuguese research on energy history develop&dysintil a few years
ago. In the last fifteen years of the™2€entury the research consisted of a few
master’s theses on coal production of specific sninethe 18 and early 20
centuries and on two or three generic books ortredieg. Most works, though
valuable, address only specific regions, carry psatistical information and
cover short periods of time.

In the last decade, although most of the worksséliefocused mainly on
one energy carrier, some historical synthesis asrged. At company level,
researchers developed studies about the electri@tyand oil companies in the
country from their foundations to the present d&rem the quantitative point
of view, Madureira and Teives made the first attetopaggregate oil, coal and
hydroelectricity figures in a study covering theripd of 1890-198%. This
study will produce major revisions on these estasaind enlarge the period
from 1856 to 2008. My main contribution is to incorporate and estiena
traditional energy carriers.

Inevitably, any research on pre-modern energy e@ams subjected to a
high degree of uncertainty. We will see, howevbkat tit is indeed possible to
determine a range of magnitudes, and thus evathateontribution of these
carriers. A range of magnitudes is already a gesdlt when we are proceeding
over untrodden ground, such as the quantificatiqggr&@modern energy sources.

Here, | will not present information on candlessegetable and animal oils
employed in both public and private lighting. Thewmntribution to primary
energy consumption would be negligible and its Wakon better fits more
specific studie¥. Vegetable and animal oils lost importance inligulighting
in the 1860s with the introduction of kerosene awdhl ga®. Olive oil,
however, remained an important source of lighting fural households and
could still be found in use, though in very smallagtities, in the 1940s and
19504°. Candles are the only item of artificial lightisgll in use today when
electricity is cut off, but especially for decomti and religious purposes. The
subsequent sections will be devoted to the metlggoland information
available for firewood, wind, water, human and aadienergy.

# Madureira and Teives (2005).

% See Chapter 3.

8" See Fouquet and Pearson (2006), who quantifiezbteoergy sources when studying energy use for
lighting in the UK.

% Cordeiro (2007).

% Basto (1943); Barros (1947).
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2.6 Food’

Modern statistics do not include food in their gybalance sheets.
Nowadays, industrialized societies have a majar gfahe population employed
in sedentary activities, and although an adequatigtion is essential to survive
and thus perform work, the work output, in termamafscular power, is almost
negligible. This was not true in pre-industrial gigavhen most of the population
was employed in non-mechanized agricultural aotisit At those times, the
amount of muscular work one man could perform wasally compared with a
horse or an ox. One draught animal would work atgraates of 500 to 800 W
per hour while a man could not sustain more tha&h\W0Oper hour, making one
horse or ox as valuable as 8 rtfen

There is some discussion on the manner in whichstioeld account for
food for human beings. For our purposes the aito isclude all the food intake
of the whole Portuguese population, disregardirg @mount that would be
spent on working. There are some justificationstfos methodology. Even if
not all the food intake is spent while workingjstabsolutely necessary for the
labour force to receive nutrition to be kept albetween working hours. Even if
a share of the population is not economically &gtive., the children, the
elderly, the housewives, etc; they occupy positiarthe society necessary for it
to functior’”.

| consider agprimary energyall the digestible food that is available for
consumption by the Portuguese population in a gpesar. This means that, for
a matter of convention and comparability with thieo books in the series, all
animal derivates and meat will be accounted byrtlegiible content, not
accounting for conversions at the top of the fobdi®. Final energywill be
equal toprimary energyminus wastage, that is, all the edible food thsat i
effectively consumed by the population and notatded as a residual. At the
level of final energy consumption, all the extr@dathat is required to perform
work should be distributed by productive sectorseolaon occupation data. On
the other hand, all the food that is consumed floeromotives than work- either
by a working or non-working population- should bensidered as household
energy. Households are a final demand sector ¢hatiuded in modern energy
statistics in order to account for energy consurf@d reasonsother than

% Appendix B, Table B1, col 1.

%L Smil (1994).

%2 See Warde (2007) for a lengthy discussion onigiise.

% Hence the feed that is necessary to breed the sfismanimals of the country involved in food
production will not be accounted for, which will keafigures somewhat smaller that in Kraussman
and Harberl (2002), for example.
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economic production. This includes all energy comsd at home to provide
services such as heating, lighting, cooking, l&swr even personal
transportatio. Households differ from other final demand sectorthe sense
that their economic output equals zero, so intéapions of the shifts in energy
intensity (energy consumption/GDP) should be hahdligh extra care.

There are several ways to approach the issue chmdood consumption.
One way of calculating food requirements is by shpply side, accounting for
agricultural output and external trade. This waswlay in which Food National
Balances for mainland Portugal were done, starimghe year 1938, and
produced on an almost yearly basis from 1947 onsvardis measure requires a
certain level of sophistication as several coroeiare required in order to
reach edible consumption. Seeds, industrial usaeisnah consumption, non-
digestible food and stock variations have to betragked in order to obtain
figures for edible consumption. With this methoddowvastage in the retail and
household sector is considered asemergy input In the Portuguese case,
wastage is only likely to be relevant in recentadbxs. Back in time, food was
not an abundant item, so discarding was not ampti

A desirable option would be to reconstruct FoodaBeés for the rest of the
period (1856-1940). | have decided not to emplag thethod for two main
reasons. First, production statistics are poorleced. Before World War [, the
most recent agriculture estimate is from Lains &@wls&. The authors
calculated an index of agricultural production alfrom 1845 to 1915,
including production of wheat, rye and corn, winkye oil, meat and potatoes.
Unfortunately, vegetables, milk, cheese, eggs, ©idah and fruits are missing
from this report. Batista et al. estimated agrioat GDP for the period 1910-
1958, including more products, but adjustments dostill be necessary to
account for islands production. The way that soerges were calculated (ex:
fish, milk) reflects the absence of good nationadldy statistics for the period.
Secondly, to the best of our knowledge, no one $ydematically compiled
import and exports figures for food products. Itivake a long time to compile
annual food figures for international trade withaeastainty of better results. We
would still have to make assumptions on the consiamm@f certain foodstuffs,
on animal consumption and on the usage of footienfabrication of industrial
goods. The study of food consumption via the sugpde will remain an open
iIssue for Portuguese historians. Although | dousa this method here, taxation

% For difficulties in dividing transport fuel in peonal and economic activities, household
transportation is in practice included in the t@orgation sector.
% Lains and Sousa (1998).
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data for 1880-1910 can improve the knowledge oSamption of products like
vinegar, vegetables, fish and animal products (mfiitter and cheese, for
example}®.

A second hypothesis would be to estimate food aopsion through
national direct inquiries. Such inquiries have bt&erd in Portugal, but most of
the time at a local level, including few familiédhe majority of inquiries done
before 1940 are summarized by Cotfé&€onclusions are different, with some
authors arguing that caloric intake was sufficieniers the opposite. The most
significant survey, which took place in 1916-19ivas an inquiry into the
household expenses of industrial workers familiesd aaverage caloric
consumption was recorded as 2 373 kcal/p.c’d@e majority of the studies
done in this period agreed that the Portugueset sptarge proportion of their
income on food (60-70%) and that there was a hefjeitiin animal proteirs.

A third approach is to estimate food consumptionough a set of
population characteristics. Here, the most bagimesion is to hold an average
per capita figure constant over titffe This kind of approach is mostly used
when data is lacking, but it is dubious becaus#oés not reflect the age and
gender structure of the country or the level oivatgt which can imply different
food requirements. A simple way to overcome thetfitvo problems is to
convert the structure of the population into congtiom units, giving different
shares to population strata according to their @ggender. However, this
second method still does not reflect the diffengatking intensity of the labour
population. A more sophisticated population metiwdtb use the information
generally available in the census, the food requr@s according to sex, age
and activity. This method is very useful to uséh@ absence of other data. It has
a pitfall; it only indicates how much a society altbconsume, not how much it
consumes. It ignores periods when the populatioa paorly fed, like in the
times of wars or famine crisis. In the case of Bmtuguese population, if
applied to the present, it will indicate a lowemsamption level than the real
one, as wastage and obesity in the general popalhais increased. This means

% See, for example, Administracéo Geral das Alfaadegydas Contribuicdes IndirectBstatistica do
Real da Agua e outros impostos indirectds888 to 1901). It includes, depending on therysame
statistics on beer production, vinegar, and fishiligis interesting to check , only for Lisbon,
Ministério das Financas, Direccao Geral de Esieci€tl916),0 ventre de Lisboa e os géneros que
aqui pagam impostos a®mnsumo ou Rial da Aguiggs, butter, cheese, olives and fruits are dwezu

in this report for the years 1890-1914.

" Corréa (1951).

% Ministério do TrabalhoBoletim da Previdéncia Sociahlso in Corréa (1951), p.106.

% Corréa (1951).
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that the population has become less efficient inveding energy inputs into
work output. However, if applied to earlier peripdiglo not expect significant
underestimations. ldeally this method should beduseconjunction with a
supply method or food inquiries, for reason of ¢meg-up, at least in some
years.

The method employed here to calculate food consomg then a mixture
of two methods: a supply method and a populatiothate For 1938 onwards,
employing linear interpolation in the missing yeavge use the results of
National Food Balanc&®. For 1961 to 2002 the average daily caloric intake
figures are provided by Food and Agricultural Ongation of the United
Nations - FAG™. The figures derived by FAO follow the same mettasd
National food balances. In these years, the avedageg caloric intake of the
Portuguese population varied fron#20 to 3740 calories. This data includes
wastage in restaurants or at home, which in regeatrs has been high.
However, wastage is a part of my definition of gainenergy consumption.

For the period 1850-1938 | have followed a popatatmethod, adjusting
for changes in economic activity, gender, age dmgsigal composition. In the
first place, | have calculated tliBasal Metabolic Rat¢éBMR) of adult women
and men. The BMR is an indicator that gives usdngy amount of calories that
would be needed if a person with certain physitaracteristics spent all day
resting. The BMR should be multiplied byPdysical activity leve[PAL), in
order to give the total energy requirement. BMR afgs exclusively on
physical indicators (weight, height, age), while lPdepends on the nature of
activities performed during the day. Several awghoave suggested different
formulas to calculate BMR. | have followed a recgoined report by
FAO/WHO"JUNU™ in calculating the BMR, which supports the use of
Schoefield equations, proposed in 1985 for womehraert®:

BMR male kcal/day (18-30 years old) = 15.057xWeigg) + 692.2
BMR female kcal/day (18-30 years old) = 14.818xWie{lg) + 486.6

It is difficult to assess the weight of Portugugegpulation from 1850 to
1940. However, we have reasons to believe thatag Vower than what is
considered standard nowadays (70-75 kg). Juschkie increased their weight

191 Campos (1977).

192EAQ (2004).

193 \World Health Organization.
194 United Nations University.
195 FAO/WHO/UNU (2004).
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as a result of better fodder intake, human size #&<reased with better
nutrition. The military recruits measured in 19Ga mean height of only 163
cm, one of the lowest in Eurof$¢ By contrast the recruits examined in 1998
had a height of 172 cff. Much of the increase in height seems to have
occurred after 1960. In 1960 the Lisbon recruitasueed 167 cm, only 4 cm
higher than in 1904° In 1960, the weight of Lisbon recruits was repdras 61
kg™®®. For our analysis we assume that the average wefghPortuguese male
was 60 kg, which seems to be consistent with thghhesvolution and Body
Mass Index (BMI) figures and with the opinion ofntemporaneous authdt
For women we have even scarcer information. We nagsthat the average
BMR of a woman was 0.8 times that of a man, whglalso consistent with
their probable heights. The BMRs proposed by Schoefield are adaptedeo th
adult population in the case of males (which inekich proportion of 10-14
year-old children who worked, and were considereddults); and from the age
of 15 in the case of wom&R

The second step is to distinguish the physicall$eoBadult population by
its occupation. Recently, authors have preferredassify the Physical Activity
Level (PAL) in relation to lifestyle intensitiesn@ not specific occupations). We
reproduce here the PAL values followed by the FAEBMOUNU in their 2004
study (Table 2.1).

Table 2.1 Physical activity levels according to lifestylgéansity

Category PAL value
Sedentary or light activity lifestyle 1.4-1.69
Active or moderately active lifestyle 1.70 - 1.99
Vigorous or moderately active lifestyle 2.24

1% padez (2002).

197 padez (2002).

198 padez (2002); Castri al. (1998).

19 Castroet al (1998).

19BMI is a statistical measurement which comparpsraon’s weight and height (weight (kg)/height
(m)) and is a tool to determine if a person is exght (BMI > 25) or underweight (BMI< 18.5). See
also Correa (1951) and Gometsal (1945).

1 See Baten (2006) for an estimation of male heightslation to females. According to the author
Male height =24.9879 +0.9175 x female height. Tlaeeother indications that women’s weight was
lower in previous periods in time. For example, #dge at menarche (strongly connect with a weight
of 46-48 kg) declined from 15 years (girls bornl®80-1890) to 12 years (girls born in 1970-1980),
Padez and Rocha, (2003).

112 Age structure was taken from Baganha and Marc2@el).
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| have assumed a different PAL for different pofiolaoccupations taking
into account the indications of Table 1. Therefonelividuals working in the
primary sector and construction works are assunoethalve a vigorous or
moderately active lifestyle; people working in méuiuring are assumed to
have an active or moderately active lifestyle. Témaining population is given
a PAL value that corresponds to a sedentary ot &gtivity lifestyle.

In order to obtain total energy requirements, tlgares for the adult
population divided by occupation and sex are miidtipby the respective BMR
and PALS'. Occupation PALs are considered during 300 daythefyear. A
PAL of 1.53, corresponding to sedentary populatwas considered for the
remaining 65 days. The distribution of PALs is op#rtially connected with the
length of the working year. Reis assumed an adullyear of only 200 days,
but during the remaining days agricultural workatso performed strenuous
physical activities as collecting wood or water,nfoechanic domestic
activities, ete™*

Table 2.2 Physical Activity Levels per occupation

Occupations PAL
Agriculture, Fisheries, Mining and Forest, Constiut 2.25
Manufacturing 1.76
Transports/Commerce/Administration and Defense 1.69
Services and Inactive Population 153

Finally, | employ the daily energy requirementsbofys and girls under 15
as recommended by the joint report (Table 2.3).

Table 2.3 Daily energy requirements Boys and Girls (kcal)

Group age Boys Girls
Oto4 1129 1035
5to9 1450 1325

10to 14 2175 1925

Source: FAO/WHO/ONU (2004)

Benchmark results for some years in the period IB88® are shown in the
table below (Table 2.4).

13 Census figures given by Nunes (1989), Valério {3@thd Reis (2005).
114 Reis (2005).
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Table 2.4 Food intake per capita (1864-2000)

Year kcal /day
1856-1878 268
1890 2302
1900 2276
1910 2238
1920 2228
1930 2222
1938 2202
1948 2379
1961 2473
1970 3002
1980 2786
1990 3441
2000 3751

Sources: see text

The results for the years 1864-1930 show an almstagic level of per
capita food consumption. As in other figures, magbranges can only be
observed from the World War Il onwards. The improeat in income
situation, an increase of obesity, height and vgestand the ageing of the
Portuguese population offsefisanges in the activity level.

Recent studies reveal that the status of Portuguasition is not healthy.
The results of a National Health Inquiry in 200320showed that 38.6% of
adults (males and females) were overweight and%43:&re obese”. It was
recently estimated that about two thirds of thédrhn were overweight/obese, a
percentage that seems to be the second highestapé& only behind Itafy®

2.7 Firewood’

Inedible plants have been combusted by human sxietince the
Palaeolithic Age. Until the discovery of fossil fsiefirewood was almost the
only source of energy that provided heat for thpytation and industrié¥. In

15 Carmoet al. (2008).

1186 padezt al. (2004).

17 Appendix B, Table B.1, col. 2 and Table B.3.
18 \with the major exception of peat.
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developing countries, biomass still accounts foouab75% of final energy
demand®.

Firewood is one of the traditional sources of epengwhich quantification
IS subject to the highest degree of uncertaintypdFoonsumption is normally
limited to a fixed degree of variability; wind anehter energy consumption is
very small when compared with total consumption. olg firewood
consumption figures, on the other hand, may com@®nvery easily an
otherwise correct figure for total energy consumpti In fact, biomass
consumption per capita in early modern Europe coaly from 12.5 to 125
MJ/per capita/day depending on climatic conditicas;ounting for 25 to 80%
of total primary energy consumptiGh The risk of seriously under or
overestimating energy consumption is of course dmgim countries where
firewood has a major importance; and among thoserevimost of the
consumption is not recorded by the market. Averpge capita firewood
consumption figures are harder to obtain if mostha fuel is consumed by
households, if there are major regional differencepatterns of consumption
and if a certain amount of charcoal, dung and cesmuals is also consumed.

Firewood consumption can be estimated by the dersal&dor the supply
side. In Europe, there are well known attempts siimate firewood
consumption from the supply side or demand sidepraing to the available
data. For Sweden, Kand&rpreferred to make an estimate based on the demand
side, due to a very good data set on the industeetor and because household
firewood consumption figures were available forea & benchmark years from
the beginning of the twentieth century. For theeteenth century, the author
was able to reconstruct household firewood consiemfitased on assumptions
related to equipment efficiency, number of heatedms and statistics on
urbanization and migration figures that changed3teth/North population. For
England & Wales, Warde adopted a different methaseld on recorded and
estimated vyields of firewood -cutting on woodlandganding trees and
hedgerow&¥? Malanima used estimations from economists in edifft
benchmark periods but included some demand beng&srrathe recent years of
his series in order to calculate the ltalian constion*?>. The most serious
problem with the demand side concerns the avatialof disaggregated data,
while the most serious problem with the supply rodths related to the

vVictor and Victor (2002).
120 Malanima (2006b).

121 Kander (2002).
122\Warde (2007).

123 Malanima (2006a).
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difficulty of knowing precisely the extension ofdbnass coverage, yields of
woodlands and proportions of firewood versus woattirgs.

For Portugal, adopting land-use areas as a ceilingthe maximum
firewood consumption in the country is rejectedstiwe have few benchmarks
for land use and forest yiefd§ Second, most of the firewood did not come
from conventional forests but from the commons astelands (in the form of
fallen biomass). It is an inglorious task to knowe@sely the size of the
unconventional forest, but it is clear that it veamsiderable. Table 2.5 indicates

some of the few benchmarks for land usage thatagedlable for mainland
Portugal.

Table 2.5 Land use in Portugal (mainland), benchmark years,
thousand hectares

1867 1902  1926-1930 1951-1956 1980
1.Arable 1886 3111 3283
2.Pastures, fall and
heaths D72 1922 1560
3.Agriculture (1+2) 358 5033 4843 4833
4 Forests 240 1957 2332 2773 3047
5.Productive (3+4) 598 6990 7175
6.Wastelands 329 1538 1353 1094 1296
7.Social 351 340 340 152
Total 8868 8868 8868 8852

Source: Lains and Sousa (1998); Fabido (1987); ier{1991).

Conventional forest grew to more than twice itsueafrom 1867 to the
1950s, following the increase in population, reprémg 13% of the territory in
1867 and 31% in the 1950s. However, trees and buslse grew elsewhere.
Arable land also included fruit trees such as virdiwes or hazelnuts which
could be partially used to satisfy the needs of gbpulation. On the heaths
charneca covering a large part of the non-arable soutthef country, there
were cork and holm oaks that supplied most of tlterapal to the capital. In the
category of wastelands, considered non-producéugtdry, and covering 38%
of the area of the country in 1867 and 17% in 1998re included many
communal forms of property, from where the rurapylation, mostly from
north-central Portugal, freely collect firewood tbeir household needs.

124 A study performed by INE for the years 1938-196dicated annual yields per hectare varying
from a minimum of 2.3 ritha in 1938 to a maximum of 2.9%ma in 1963. See INE (1966).
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It is not surprising then, that the few firewoodvamod figures extrapolated
by agrarian engineers or policymakers at some pointime seem clearly
underestimated when contrasted with demand sideej°. So the figures that
they achieve are closer to the industrial and udmrsumption than to the total
consumption in the count?y.

In contrast to the supply-oriented approach, rigwences advise the use of
a more demand side approach. Total firewood consamp a given year can
be calculated applying the general formula:

F(t) =fH (t)+f | ® +Tr ot pr(t)
Where:

F Total Firewood consumption

fH Household firewood consumption

fl  Industrial firewood consumption

fEp Firewood consumption as a fuel for electricity progon
fTr Firewood consumption in the transportation secto

t year

There are various subtypes of wood that can be asddel, with different
energy contents. | only distinguish charcoal framewood. Firewood energy
content was set in@®0 kcal/kd?’. Charcoal is a secondary energy, made from
firewood. As the goal is to estimate the primarergy consumption, we
measure charcoal consumption as the amount ofdwdwhat was necessary to

125 One of the examples is the INE study for calcatatf wood extraction (not disaggregated by
uses) in the 1938-1963 period. Production variedhfi7 million n? in 1938 and 9.4 million fin
1963. Firewood and wood consumption in the mainlamd about 0.92 frper capita in 1950 and 1
m® in 1950, or 1.5-1.7 kg per capita a day. As aragiit seems extremely low when compared with
my figures from the demand side, which only incldidewood. If the same exercise is conducted for
1867, a per capita figure of only 0.67 per capita will be reached, an implausible vakez INE
(1966).

126 For 1938 and 1947-1950, my demand side estimatesommercial firewood consumption
(manufacturing, urban households) represent 27% 6% of the estimated figures for wood
extraction by INE (1966). However, if my ruraldiwood consumption estimates are included, we see
that conventional forests could only in maximums(aming that 100% of the wood cuttings are for
firewood, which is implausible) supply 70 and 80%th® firewood demand.

12/ps indicated in national energy balance$he energy content of firewood is equal to the one
applied by Malanima (2006a) to Italy. The energpteat of the firewood employed in the electrical
utility of Lisbon in World War Il was approximatel$ 000 kcal/kg (CRGERelatérios da Central
Tejo). Early studies of the average energy contentasfuguese biomass also confirtthie chosen
firewood energy content (Carvalho, 1964). Earlyustdalists seemed to be more sceptical, as four
firewood tonnes were reported to be needed to itutesbne coal ton (MOPCInquérito Industrial de
1881, but this could be due to the fact that steamresgwere optimized to consume coal.

31



fabricate it. An experience of charcoal productimade in the 1920s with
different wood species showed that about 5 tonriewomd were needed in
order to produce one tonne of charé@alCharcoal production was more
efficient in Portugal than in other parts of thelgg. In Italy, the firewood

needed to produce charcoal is assumed to be 5regofor each tonne of
charcoal®® in Uruguay charcoal production required 7 tonofefirewood .

2.7.1 Household firewood consumption

Household firewood consumption is perhaps the rdd&tult source of
consumption to determine. Today, a major energyeiss developing countries
is to determine accurately the level of residenfibwood use. For these
countries it is crucial to know not only the levef firewood use, but also
firewood expenditures, major firewood consumer gsyuetc, in order to
implement correct energy policies or to test thieatfof the same policies.
These energy policies can be of different ordem&gend to promote the use of
modern and convenient energy carriers, some addmdsor pollution
problems; others focus on energy efficiency by repshe access to efficient
stoved®. Some policy makers are worried with biomass stoakd require
energy figures in order to implement supply pobci&here is also a purely
statistical concern in calculating firewood constiow that can result in major
revisions of energy use, household income and GdRPefs.

Accounting for firewood use is difficult to achietrem the supply side, as
most of the firewood is collected from a nearbyadog family members. Most
of the firewood consumption is extrapolated by rmgeaof surveys. This is also
difficult as most of the consumers do not know @&y how much firewood
they consume. Firewood figures are normally givenvalumes, but metric
volume measures are rare. Usually it is given ircants, but a different set of
traditional measures that nobody knows precisely taconvert to calories or
GJ are often usétf. The inquirer has to deal with the fact that ra@hsumers
have a poor educational background and cannot gieurate answers.
However, most of the statistical institutions okdlk countries are becoming

1281 opes (1929).

129 Malanima (2006a).

130 Bertoni and Réman (20086).
131 Elias and Victor (2005).

132 Bhatia (1987).
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increasingly aware of these problems. As a reddtier figures are being
produced for a wide range of countfi&s

Firewood consumption figures in developed countaes perhaps even
more poorly established. Basically, for a longiqeof time, firewood was not
recorded because it was not relevant for energigipsl It was assumed that
firewood use was basically a residual and not wadtounting for. Most of the
rough accounts assumed that the market was prgvidost of the firewood, so
firewood consumption is accounted for based onwfi@d market supplier’s
reports or expenditures surveys. Some Europeartriesidiscovered only 10 or
15 years ago that household firewood consumptios clearly underestimated.
Portugal was one of these countries. From 1971989 1the series of energy
balance sheets assumed a residential firewood ogign of 400 - 600
thousand toe (tonnes of oil equivalent). Howeverp tmajor energy-specific
household inquiries conducted in 1988 and 1999ettighis figure. A 66%
underestimation of firewood consumption was foumd. 999 in Italy when the
results of a telephone inquiry determined that 2#%alian families still relied
on firewood®”,

Concerning the estimates for Portuguese householdsmass
consumption, we have to rely on both qualitativd guantitative evidence.

Until the end of World War Il most of the Portugagsopulation lived in
rural areas. From 1864 till 1950 there was no gtrahange in population
distribution. In 1864, 88% of the Portuguese pojpaalived in rural areas; in
1950 the share declined to 779 Approximately 2/3 of the labour population
was engaged in agriculture in 1950, a proportionsnbstantially different from
1890. Lisbon and Oporto were the two main urbartecenthe only ones with
more than 10000 inhabitants in 1940, accounting for approxinya®©% of the
urban populatio®.

Energy consumption patterns varied widely betweeralrand urban
populations. | have decided to consider three mgjoups of consumers in my
estimations: Rural, Lisbon, Oporto and remainindpanr areas. Qualitative
descriptions and quantitative figures from the Irar@as in 1950 give an idea
that standards of living were low. Most of the tupapulation did not have
access to electricity, gas, plumbed water or selagen open fireplace and a
firewood oven were the only equipment of the Parasg rural house. The

133 See Victor and Victor (2002).

134 Malanima (2006a); ENEA (2001).

1% Silva (1970).

1% Sijlva (1970).

13" For example in 1950 only 8% of rural populatioediglectricity; none used gas. INE (1954).
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houses lacked mortar and glass windows and it veagiént to have fissures in
roofs, walls and doot¥ Those who did not own woods either searched for
firewood in wastelands and surrounding hills omlst it from neighbouring
properties, with the tolerance of their owners. asrlareas of Lisbon and Oporto
contrast with rural areas in energy conditionsLisbon, in the middle of the
18" century, the houses that were built after thehearike did not incorporate
fireplaces, probably for safety reasbils Charcoal, instead of firewood, was the
major fuel in Lisbon in the beginning of the™®entury. Energy transition in
those two cities occurred at an earlier date duset@ral reasons: access to the
sea, this is, foreign coal and keroseoensiderable distance from firewood
suppliers; earlieradoption of town gas and electricity (potentialewood
substitutes). The remaining urban areas can baedsryed a third distinct group
in firewood consumption patterns. Although gas aledtricity usage in cooking
or heating was an exception in the 1950s, it isyred that urban dwellers
were likely to use less firewood than rural dwellefhe better insulation of
urban dwellings, the use of more efficient equipthamd the need to acquire
the fuel in the market are some of the reasonthisrassumption.

The way | calculate residential firewood consumptintil the year of
1950 is expressed by the following formula:

fH(t)= Lx res. cons. pc (tf< LXx I:)Op(t) + Op res. cons. pc (ﬁ( Op Pop(t)"'
Rural res. cons. pc (0?<RUF&| POP (t)+ OUAres. cons. pc (ﬁ(OUA I:)Op-(t)

Where:

fH  household firewood consumption
Pop population

res. residential

cons. consumption

pc  per capita

t year
Lx  Lisbon
Op Oporto

OUA other urban areas

We can follow the sources for each region in thie¥ang pages.

138 Basto (1943); Barros (1947); Oliveira and Galh&@03); Vasconcellos (1983).

13%Couto (2000). On the first of November 1755 a magrthquake, followed by a tsunami, destroyed
the downtown Lisbon and claimed several thousaatiws. This earthquake was followed by a major
fire, which caused the majority of the injuries.
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2.7.1.1 Lisbon

Until 1922 the city of Lisbon was subjected to ansmamption tax that
included, among other products, charcoal, cokegtadae oils and firewood.
Charcoal is the only energy carrier that is coveneall of this period. For 1854
until 1888 there are records of different subtypégirewood, but taxation of
these products came to an end in June of 1888. fBkisshould represent
accurately what was consumed in the city, as ttyedod not have any relevant
forests. Most of the charcoal and firewood wouldeemto the river ports or
train stations where strategic polls were locasedno serious under registration
happenetf®. Figure 2.1 presents the raw results of this taxtlie years 1854-
1922, expressed in tondé&'s

Figure 2.1 Firewood and charcoal consumption in Lisbon (18922)
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Source:Mapa Estatistico.(1854/1855 till 1865-1866)statistica da Alfandegafor 1866-
1867 to 1888-1889. Ministério da Fazenda,Cqonsumo em Lisboa: estatistica dos géneros
sujeitos a pauta dos direitos de consumo: anos8¥ h 1907 Lisboa: Imprensa Nacional.
Ministério da Fazenda,.Consumo e real de agua: Lisboa e Poifior 1908-1922).
Conversion measures (until 1884-1887): charcoal 3§ kd*% “talha de pinho”, 307 kg,
“faxina de lenha” 19 kg, “talha de carqueja” 23Rdj “talha de tojo” 120 kg Rauta de
30/06/1867Estatistica da Alfandega Municipal no ano econéntied 867-**

19 The city had also terrestrial polls where compl@meould be worse. This was the case with some
foodstuff products such as olive oil.

“I Here, | have not done an energy conversion.

2 Simply the average of the values indicated for toaversion of a charcoal (cork tree) bag
(dimensions 1.15 m height and 0.76 m large or in3&ight and 1.10 m large) in kg, on 30/06/1867
(Estatistica da Alfandega Municipal no ano econdntied 867. There are some doubts as to whether
the true value of the bags changed according tepbeh. Gongalves (1922) reports 90 kg.

143 The bulk of the sources related with this tax lsarfound in the archives of INE, in Lisbon.
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Not all the Lisbon inhabitants were covered by ¢basumption tax when
the Lisbon area was enlarged in 1886l took this fact into account when
calculating the population subjected to this*taxFigure 2.2 shows the per
capita values of both charcoal and firewood. Thmsef charcoal figures are
converted into primary figures, to account for g#maount of firewood that it
took to produce.

Fig 2.2 Firewood consumption per capita and per day, lns@rimary energy)
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The figure shows a steady decline of firewood comsion from the
1870s* and charcoal consumption from the 1890s. During WWand
immediately after) charcoal consumption rose toeeord of 3.8 kg/p.c/day
reflecting a serious supply crisis of fossil fuefsrewood and other types of
biomass represented 20-30% of total consumptiahenl860s and 10-15% in
the 1880s.

It is possible to compare the firewood requiremerhtsisbon city with the
ones registered in other pre-industrial Europediesci From 1854 to 1888
firewood consumption in Lisbon was about 1.8 kg/day. In Madrid, in the
end of the XVIII century consumption was about 2Kg#p.c./day*’. Lisbon

1% Relatorio apresentado a Administracdo Geral dasadiegas pelo Director da Alfandega do
Consumo, Anténio de Sousa Pinto de Magalhdes, ackrs servicos da mesma casa figdé&86).

45t took some years to finalize the constructiortraf new polls. We distributed the sudden gain of
population in 1886 for the forthcoming decade idesrnot to bias the levels of charcoal consumption.
Therefore, our population figures represent 90Rkisbon urban population by 1890.

16 With the exception of some years, when “carquéaplant used to ignite fire) is causing a strong
increase in biomass figures.

“"Warde (2006).
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also compared well with the results obtained to 182 century in Italy: from
2.3 kg in Piedmont to 1 kg in Sicif/.

To build a per capita series of household consumptf firewood for
Lisbon in the period 1856-1922, | have used a gtassumption. Firewood and
other types of biomass have not been consideree #hey are only covered for
the period of 1856-1888 and they are believed tarbexpression of industrial
consumption. On the other hand, charcoal is assumé& consumed only by
the household sector. This is of course a simpliir,, as some households
could consume firewood and some industries couldwme charcoal. There are
some reasons to assume this division that go beffmdnere convenience of
the available data set. There are no completestndlinquiries for those dates
that can definitely resolve this question. Howeveme of the 75 factories of
various branches visited by an Industrial Inquign@nission in 1881 reported
the use of charcd4f. While in other countries, like in Sweden, chatomas
widely used in iron works, Portuguese industried thorked with iron reported
the use of coal and coke, but not charcoal in 1881 Inquiry. Tailors were
known consumers of charcoal but there was no patebenefit for other
industries to use this fuel, as it was more expengian both firewood and coal
per energy unit. On the other hand, some of thansierand glassworks reported
the use of firewood. Bakeries may also be appoiated major consumer group,
although they are not reported in this survey. Aomiy of Lisbon dwellings, as
already stated, did not have fireplaces. Contrarpdustry, there was a health
and hygienic benefit from the use of charcoal, lssr@oal is less smoky than
both firewood and coal.

We have ways of connecting the 1854-1922 serids @tlter sources. An
inquiry was conducted in 1938-1939 by INE on theidehold expenses to a
sample of one thousand famifigs The goal of this inquiry was to update prices
per weight at a regional level. Several energy petglare included in the final
report: coal (both mineral and vegetabik)gas, electricity and kerosene. As the
report does not distinguish between mineral coa aharcoal, some rough
calculations have to be made. We know from othediss that most of the

18 Malanima (2006a).

19 MOPCI, Inquérito Industriaj 1881.

130 INE (1942).

311t is confusing when we are referring to charcmatoal in Portuguese. Charcoal means “carvéo
vegetal” and coal means “carvao mineral”. If we uise word carvéo in Portuguese (literally
translated: coal) this can be both charcoal and. cddis means we have to be careful with the
wording in the inquiries. In this case the waatvaois used. The author of these inquiries — INE —
uses charcoal (from cork oak) prices in order foutate expenses with “carvao”, but is stressetl tha
there are other coal/charcoal qualities.
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mineral coal consumed in Lisbon came from gas wotkBased on the coke
production figures of the Lisbon gas factory, iassumedhat 25% of the total
coal (charcoal and mineral) reported by the inquias of mineral origitt®>. For
1922 (0.97 kg/p.c./day) to 1938 (1 kg/p.c./dayhale taken into consideration
the variation in the charcoal quantities transgbitg railways by the railway
lines that supplied Lisbdr. Lisbon’s consumption represented an important
share (about 60%) in total shipments of this traine™".

During the season 1948 - 1929 INE conducted another inquiry with the
same goals as the 1938 one. Charcoal consumptidndh@pped from 1
kg/p.c./day in 1938 to 0.43 kg/p.c/day, a resultaof increase in gas and
kerosene consumption. The data concerning the y&888 and 1948 is
connected by linear interpolation. The sape® capitaconsumptionof 1948-
1949is assumed for 1950.

2.7.1.2 Oporto

Per capita consumption is assumed to be the same lasbon for
1856-1938, since there is no data available forr@pthe only other large city
in Portugal. The 1856-1938 series is connectedl iousehold expenses’ 1950
inquiry conducted by INE in Oporto. Charcoal congtion in 1950 (1.1
kg/p.c./day) was higher than in 1948-1949 (0.4%laglday}". It is assumed
that this divergence appeared after 1938, as dtreS@a more rapid energy
transition in the capit&i®.

2.7.1.3 Other urban areas

Three surveys were conducted by INE in the mid X% the cities of
Evora, Viseu and Coimbt&. Families bought on average 900 — 1200 kg of
firewood a year (expressed in primary energy). &sane already in the midst of

%2 Tejves (2006).

133 We can attest that charcoal continued to be thie splid fuel of the Lisbon population for two
reasons: 1) Magnitude of charcoal quantities dadpt to Lisbon by railways; 2) Existence of price
indexes for charcoal, non-existence of coal pridexes and intermittence in coke price indexes.

134 Quantities are given in Companhia dos CaminhosedmPortuguesed;statisticas dos Caminhos
de Ferro.

%% Share which was obtained comparing the charcoaitijigs transported during the years of 1913
and 1914 in the two railway lines (48 thousand &m)rnwith the charcoal quantities subjected to
taxation in those years: 31 thousand tonnes.

1% INE (1953).

57 INE (1955).

138 For the history of energy transition during the WWsee Teives e Bussola (2005), and Teives
(2006).

9INE (1958); INE (1960b), INE (1963).
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the energy transition that occurred after WW ljudt taken these values as a
reference for modelling the period 1856-1%80Firewood consumption was
assumed to be 430 kg/p.c./year (1.17 kg/p.c/daiy) 1825, decreasing linearly
from 1925-1938 to account for some kerosene substit until it reached 410
kg/p.c./year (1.12 kg/p.c./day) in 1938, remainiognstant afterwards until
1950.The per capita figures are almost similarht ®porto ones in the 1950-
1951 period.

2.7.1.4 Rural areas

In the 1930s, 1940s and 1950s, some monographigries] on rural
households were conducted by agronomists in thal aneas of Portugdl.
Among other questions, families were also askedh@m much firewood they
consumetf>. Those figures were normally given in oxen cdrtsave converted
them into kilograms; one cart being equivalent @ &g of firewood®. This
leads to an average of 857 per capita/year, ok@plc/day. The same value is
assumed for the rural population during the enpieeiod since, even in the
1950s, firewood was the only fuel used for cookamgl heating. This constant
number relies on the assumption that there werema@r changes in the
efficiency of equipment. This is likely as the dgston of a rural house interior
in 1950 confirms the use of open fireplaces.

Residential energy transition to modern fuels wasiqularly impressive in
the post-war years. In Lisbon there was an incredgms consumption leading
to the quick disappearance of charcoal, the majet. in Oporto and Centre-
North urban centers there was a major fuel switohffirewood, kerosene and
charcoal to electricity. In the rural areas, thees a slow but persistent change
to butane.

1% Transition was very quick in the city of Faro, oefing only 60 kg p.c./year in firewood equivalents
in 1960, see INE (1970).

161 Basto (1943); Barros (1947); Sousa (1946); SilM@80): Suspiro (1951); Garcia (1959); George
(1940); Silva (1947); Barbosa (1940). These anérasimilar works can be found in the archives of
the Agronomy Faculty, Technical University of Lisho

182 \While there is much information on household exgsnwith heating and lighting there is little
information on energy quantities. | managed to dtergb monographs that had references to energy
quantities. The bulk of quantitative responsesimwbod consumption can be found in Basto (1943)
and Barros (1947). The information was complementi¢éal the studies of Suspiro (1951) and Garcia
(1959). The families included in the estimation &@m the Northern and Central rural areas of
Portugal, where the vast majority of populatioredy

183t is important to stress that oxen-cart-weightfes are subject to uncertainty. | have useduadig
that is similar to the oxen cart in the Oporto oegiHigher estimates may be produced with a greater
and also plausible weight (800 kg). We prefer s iinderestimation of firewood consumption than
overestimation, as both figures give high shardg@fiood consumption.
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Two major studies on household energy consumptiere wlirected by the
national energy agency (DGE) in 1988 and 1@ hese studies form the basis
for recent estimates of firewood quantities. In fhest, household firewood
consumption had been estimated by reports from pgheduction sector
according to firewood sales figures. The DGE repevere far more accurate
than the previous estimates, which were provenatetdand underestimated.
Their inquiry in 1988 showed that sales were a paodicator of firewood
consumption: 45% of the population used firewood boly 30% of the
firewood quantities were bought. Among users, conion was rather high, at
the level of 361 tonnes per family and 3 kg p.c./day. Theseesmlmake me
believe that figures for firewood consumption imaluareas before 1950 are not
overestimated despite the fact that conventionedstostatistics do not agree
with these estimates.

The DGE gives the average of about 1.19 kg/ p.#dd 990 and of 1.01
kg/day in 2000 on their balance shéBtsThese series are connected to the 1950
figures (2 kg/p.c./day), on the basis of decadeatian of butane sales, 1950-
1960, 1960-1970, 1970-1980 and 1980-1890

Figure 2.3 Firewood consumption per capita 1856-2000, kghay.
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1®DGE (1989), DGE (1996).

185 The figures of DGE are somewhat lower than thesaméhe surveys. For example, the 1988 survey
indicates 1.38 kg/p.c./day.

1% CIDLA, Relatério e Contas; Sain (1959); Ayash (1970) and D@@&lancos EnergéticoB8utane
has been reported as the main substitute for fioeveonsumption after 1950. See Teives (2006).
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Figure 2.3 presents the evolution on firewood papita consumption
during the 18 and the 20 centuries. Firewood consumption per capita degline
by more than one half in relation to 1950. The intgmace of firewood within
the Portuguese households at present is very Rigim all the countries in the
EU-15 (at the time), Portuguese families were thesowith a higher share of
firewood consumption in final residential energy2%4), followed by Austria
(21%), Finland (18%) and Spain (179%)

2.7.2 Industrial firewood consumption

Energy balance sheets provide information on fi@idveonsumption by
main industrial branches from 1971 to 2006. Thenmmadustrial consumers in
1971 were the glass and ceramic industries and ifadastries, accounting for
more than % of industrial consumption. Textilegpgra wood and cork are the
other major consumérs. For 1943 to 1970, energy consumption of mainsfuel
(including firewood) is reported by branch in Inttied Statistic$®®. Data from
1943 to 1970 cannot be used without correctiongtasindustrial production is
poorly covered. Adjustments for industrial prodanthave been made in GDP
historical reconstructions by growth accountingrepuists such as Batistd al.
(1997). However, due to the fact that coverage BiPGnay be different to
coverage of intermediate consumption, | adjust stegistics by comparing
branch by branch the figures for electricity conption given in Industrial
Statistics with the ones of industrial electriciopnsumption in Electrical
Utilities Statistics, which are considered to beyveomplete. This is done for a
set of benchmark years: 1943, 1948, 1953, 1958 486 1968. In the case of a
homogenous industrial branch it is possible to mesthat electricity coverage is
approximately equal to firewood coverage. Belowrdsent the results for each
branch, as sometimes | take into considerationr déttors in the correction.

2.7.2.1. Ceramics and glass

Coverage in electricity consumption is checkethim glass industries and
ceramics and cements against a set of benchmaris.y&he coverage of
Industrial statistics is good. Nevertheless, | heweected the raw data in order
to take into account small differences (see Tal@g 2

187 Griffin and Fawcett (2000).
18 DGE (1986).
189 |NE, Estatisticas Industriais
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Table2.6 Firewood consumption in Clay and Glass Industry

Coverage electricity consumption in Industriatitics (%)

1943 1948 1953 1958 1963 1968
Glass 83 87 99 97 97 96
Ceramics, cement 89 89 92 93 95 88
Firewood consumption (1000 tonnes)
1943 1948 1953 1958 1963 1968
Raw 309 296 249 307 369 554
Corrected 359 333 265 328 388 625

Sources: see text

2.7.2.2 Textiles

In the first years of industrial statistics, thextte industry is clearly
underestimated in terms of electricity consumptigiowever, in this case the
underestimation of firewood consumption is lowenrththat of electricity
consumption because an important branch, the catthustry, is missing until
1950. Electricity shares of the cotton branch ie textile industry are much
higher than its firewood shares. The chosen opsoto change the firewood
consumption in the cotton branch in the same maasdne rest of the sector for
the 1943-1949 period. After this procedure, | s#tjust for firewood
consumption in 1943-1953 to account for energy cye (85%). In 1958,
coverage of electricity consumption was 99%.

Table 2.7 Firewood consumption textiles

Firewood consumption (1000 tonnes)

Textiles 1943 1948 1953 1958 1963 1968
Raw data 49 58 87 88 102 167
Corrected data 83 119 101 89 102 167

Sources: see text

2.7.2.3 Cork and wood

For 1949 to 1970, coverage of firewood consumpt®mssumed to be
60%. Cork was not represented before 1948, sové¢ In@ade a correction to
include cork firewood consumption, based on coddpction figures.
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2.7.2.4 Paper

| have applied a coverage coefficient of 90% foe twhole period,
equivalent to the electricity consumption coveragthis industry

Table 2.8 Firewood consumption: Cork and wood industries

Firewood consumption (1000 tonnes)

Cork and wood 1943 1948 1953 1958 1963 1968
Raw data 11 17 33 38 71 43
Corrected data 50 54 50 63 118 72

Sources: see text

Table 2.9 Firewood consumption: Paper industry

Firewood consumption (1000 tonnes)

Paper 1943 1948 1953 1958 1963 1968
Raw data 59 33 22 28 30 56
Corrected data 65 37 24 31 50 61

Sources: see text

2.7.2.5 Food industries

The food industries are clearly underestimated1963 there is a strong
increase in the number of branches covePeBrom 1953 to 1958, the branches
included in 1943-1948 accounted for only 40% aéwiood consumption in the
sector. | assume that the branches entered in 4/8&8dy existed but were not
reported in the Industrial Statistics. | have mad8rst correction in order to
incorporate those branches, assuming that the shérewood consumption in
the 1943-1952 periods was equal to the one in 1958. Still, for 1958 the
electricity coverage is only 70%. The report ondyéds’ consumption appears
in 1971. This industry is responsible for 77% aé¥ood consumption in the
food sector, but for only 7% of electricity consurop. | adjust the coverage to
be 77% for 1943-1958 and 81% from 1963 to 1970, aoply this ratio to
rectify food consumption (excluding bakeries). Bak® energy consumption is

7% Branches included by date: rice husking/peeli@4®), grain milling (1943), sugar refining
(1944), canned fish (1944), beer (1943), milk ()94hocolate ( 1948), cigarettes (1943), sausages
(1955), mineral water (1953), cookies (1953), sw€&053), roasting (1953), pasta (1954), powders
and yeasts (1954), spirits (1953), spirits oil @R%live oil refining ( 1953), animal food (19533ble
waters (1953), bakeries (1971).
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calculated from 1943 to 1970 by and index of flaaansumptioh*. The
following table shows the raw and the corrected diait benchmark years.

Table 2.10 Firewood consumption food industries

Food
industries Firewood consumption (1000 tonnes)

1943 1948 1953 1958 1963 1968 1971
Raw data 77 31 89 87 59 66 69
Corrected
data 457 101 117 113 69 82 69
Bakeries Firewood consumption (1000 tonnes)

1943 1948 1953 1958 1963 1968 1971
Raw data n.a. n.a. n.a n.a n.a n.a 235
Corrected
data 178 180 192 193 207 222 235

Sources: see text

2.7.2.6 Other industries & charcoal

Firewood consumption in other industries has bemmpded but is not
corrected. Its proportion varies between 1 and 7% taial firewood
consumption. A small series for charcoal consumptiby industrial
manufactures exists for the years 1943-1952 buhos included due to
methodological difficulties?,

There are no industrial surveys that can help ushen estimation of
industrial firewood consumption before 1943. QuadiMe evidence indicates
that firewood was employed in steam machines inalruareas where
transportation costs would have made coal a vepersive fuéi’® Industrial
firewood consumption represented only 12% of hoalskebnergy consumption
in 1950. The evolution of industrial indexes in fheriod 1850-1950 suggests

" \Which can be found in INEEstatisticas Industriajs1943 to 1970.

172 Charcoal is included with mineral coal from 193820 and it is not disaggregated or converted
into primary energy requirements after 1971. Anraxadrage charcoal consumption (tonnes) 1943-
1947: 21 984; 1948-1957: 13 745.7 tonnes; IMBStatisticas Industriajsseveral years.

173 MOPCI, Inquérito Industrialde 1881 Motor reports from the South of the country (Almand
Alentejo) indicate that in 1905 36% of the motoemsumed firewood and 20% consumed firewood
and coal. In 1913 the percentage of motors thal bséh coal and firewood had declined to 42%. A
national steam generator inquiry showed that 17u$&a coal, 34% firewood; 3% residuals, 6% both
coal and firewood, 39% unknown fuel in 1927, seet&a(2000).
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that this proportion was even lower in the pastave applied a rough measure
to estimate firewood industrial consumption for theriod before 1943. For
1910-1942, | have varied firewood consumption adiogy to the GDP of each
industry”* and as a proportion of total industrial GDFor the period prior to
1910. This method assumes the same firewood itiesnéor each branch during
1910 and 1942; and the same global firewood in@disitensity for the period
1856-1909. The results give only 76 thousand tommds356. Lisbon firewood
consumption in that year was reported to be 30¢twod tonnes.

2.7.3 Transportation

Only during World War 1l did the railways use firead due to shortage of
mineral coal. The total tonnage consumed by thevagi sector is reported by
INE'"® Firewood consumption was registered from 19421852, being
expressive until 1947. In 1943, one of the worsargefor foreign supply,
firewood represented % of fuel consumption on raylsv Reports of charcoal
production for use by wood gas generators in ialecombustion engines are
also included for 1943-1947.

2.7.4 Firewood as a fuel for electricity and ga®sdpiction and
cogeneration

Firewood was not a main fuel for power productiat shortages of coal
lead to a heavy consumption during the First Wavlak. The daily reports from
the Lisbon electric plant (1914-1918) and the ahmneorts of Oporto (1917-
1918) electric plant on firewood consumption areduso estimate firewood
used for electricity production during those yé&rsThus the amount of
firewood used for electricity production in the twities was multiplied by the
inverse of their share in total productih(1/0.5) to reach a figure of total
firewood consumption used in Portugal during F&irld War. Firewood was
also distilled during the years 1918-1920 in otdgproduce town gas in Oporto

17 Batistaet al. (1997).

15 Lains (1990).

8 INE, Anuério Estatisticpseveral years.

Y7INE, Anuério Estatisticpseveral years.

'8 CRGE,Relatorios Diarios da Central Tejd914-1918); SMGERelat6rio Anua1917-1918).
"% Thermo production is estimated for the years 19a89. See Appendix B, Table B.8.
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city. Consumption figures have been taken from ahmeports of Oporto
electricity and gas servic&s

Data on firewood consumption for power productisnacking from the
end of the World War | until 1931, when officialeetrical statistics begfft.
Firewood consumption for the years 1919-1930 has lbtained from 1931
data, which means assuming that electricity prodoctusing firewood
accounted for 2.2% of total electricity producticand that each kWh was
produced with 7.5 kg of firewood.

For 1971 onwards | connected Electrical Statisteges for 1931-1970
with the values for firewood and other solids (ripeels, olive seeds, etc)
reported in Energy Balance Sheets for power usé®r A990, firewood to
cogeneration is included in this rubric.

Fig 2.4 Firewood consumption by major groups, Portugal6t3606
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Sources: see text

The Figure 2.4 reproduces the shares for firewaygsaemption during the
period studied here. Household figures make thk biconsumption. Only in
the last quarter of the century did manufacturimgires approach household
figures.

1% SMGEP,Relatérios Anuaig1918-1920). No adjustments are made to covewéioel use for gas
production in other parts of the territory as 1eTltisbon coal gas factory was closed from 1917 unti
1922 as a result of a government agreement to saask 2) Other gas plants had very small
dimensions and there is only sparse informatiotheir production values.

181 DGSE Estatistica das Instalacdes Eléctricgd929-1970).
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2.8 Animalg®?

Animals have been domesticated by humans sinceotiset of the
Neolithic Revolution and were an important souréepower in agriculture,
industry and transportation. In order to quantidy their contribution, some
historical studies calculate the direct energy espeof the animal while
working, i.e., the work output of the animal. Howeeyvas we are interested in
energy inputs we must regard an animal as a liarganism that converts
chemical energy from fodder into mechanical enelgike humans, only a
portion of the fodder consumption of the animaluged in order to perform
work. Most of the fodder ration is given to keep @#mimal alive. However, all
fodder must be taken into account in our calcutsjcince it is impossible for
an animal to survive and thus work without a midisarvival ration. Not all
domesticated animal are of interest, since mogheim are bred in order to
provide for meat and dairy products. To calculaiengry energy consumption
from an animal we need to know the number of warkamimals. The feed
ration depends on the type of animal, its weigtlat @ne type of work it perform,
so stratified data on cows, oxen, donkeys and mlest be produced as well as
some assumptions of animal weight and intensityark.

In order to estimate primary energy consumptiomftbe fodder intake by
working animals, we benefit from the work of Kand@ed Warde. The authors
suggest a standard conversion of cows, donkeysnaihes into oxen or horses, a
table of diary fodder requirements according todize of the oxen and horses,
and an assumption of average work intensity. Adogrdo the authors, a
working cow must be converted into 1/3 of an ox,tlasir work is only a
complement of other activities (dairy productioredding}®. It is assumed that
donkeys and mules have an energy requirement dfé&horse and the same as
a horse of identical size, respectivElyAssuming that working animals worked
on average all year round we reproduce here the fda@der units of digestible
energy (1 f.u. = 800 kcal) that the authors suggest (Table 2.11).

182 Appendix B, Table B1, col. 2, and Table B.2.

® Kander and Warde (2011).This would assume thigt emergy requirements for work would be
accounted for in the case of cows. We should nétoveever that a working or lactating pregnant cow
intake could be superior to the one of an ox. Palegends exclusively on the size of the animal so a
value of 2/3 of an ox should be taken when refgrtonpower units. The use of cows instead of oxen
can be considered an energy saving practice Hevitsskeeping less animals in a farm.
% The fact that donkeys consume about 75% of an anifithe same size is confirmed in the
literature, see Aganga al (2002).
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Table 2.11.Fodder units day in relation to animal size

Weight (kg) Oxen Cows Horse/Mules* Donkey**
300 4.2 1.4 4.7 3.5
400 5.6 1.9 6.2 4.7
500 7 2.3 7.8 5.9
600 - - 9 6.8

Source: Kander and Warde (2011)

In order to obtain primary energy consumption frimdder intake all we
need to know is the number and size of working afsm

For 1852 to 2000 there are about ten national smsswhich allow us to
determine the number of horses, donkeys, mules) ard cows at the timi&.
Since only working animals are of interest for purposes, 15% of the absolute
value of donkeys, mules and horses are deductddasoals are not accounted
for. Calves up to two years old and non-working saxe eliminated from the
total. At the end of the nineteenth century oxementie most important source
of draught power in the country. For some Europesgions an important
improvement in agriculture was the substitutiorhofses for oxen. Although a
horse was more expensive to maintain, it was famter could endure longer
working hours. However, the equines were never mapb in agriculture, but
more reserved for the transportation and leisureezithier individual$®. More
necessary were the cows: in 1870, 66% of adult coarked; in 1955, that
figure decreased to 44% However, the proportion of cows in the working
animals herd increased from 19% to 30% in the ga@ned. This was probably
one of the higher percentages in Occidental Eurefech is also connected
with the almost vegetarian diet of the Portuguesgufation. Besides, the use of
cows could be an optimal solution as it allowedd@aving of feed resources as
fewer animals could sustain both the milk and wogkieeds of a farff.

Concerning the size of the animal | have assumé&dkgOfor horses and
mules and 350 kg for donkeys as proposed by Karatel Warde for
Mediterranean countri&S. The value of 400 kg per horse/mule assumes lighte
horses than in Northern Europe. Donkeys were comimaihe South of the

185 MOPCI (1873):Recenseamento Geral dos Gadodustino (1986); INEEstatisticas Agricolas
several years. Adjustments to include the islamesrade for some benchmark periods.

'%1n 1870, only 13% of the working horses workeagpmiculture.

87 For 2000 it is assumed that the number of workimgs was zero.

188 Zerbini and Gemeda (1994)

1% The value of 350 kg per donkey is considered lag&mil (1994) who gives a common range of
200-300 kg per donkey.
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country and assumed to be similar to the Andalbsead which has an average
weight of 370 kg for females and 400 kg for mal&éke only recognized
Portuguese breed comes from the North of Portugalanda. The breed is
related to the Spanish Zamorano-Leones with anageeweight of 350 Kg§".
The choice of the weight of the bovine cattle ftuenced by the weight records
of bovines at the slaughterhouses in the two mairtuBuese cities. Both
slaughterhouses show an increase of bovine werghtWW 1. For the period, |
have assumed 370 kg per bovine head in 1856 ameaxr Irise until 450 kg in
1910°% In summary, energy consumption from fodder intete be calculated
by the following formula:

E = aDx f.u.gy +( bO+1/3 eC)xf.u.q)+(cH+dM)xf.u.h,

D number of donkeys

O number of oxen

C number of cows

H number of horses

f.u.dy, average yearly unit intake of a donkey with viaeig)
f.u.q, average yearly unit fodder intake of an ox wiight y
f.u.h, average yearly unit fodder intake of a horsih wieight z
a proportion of working donkeys

b proportion of working oxen

c proportion of working horses

d proportion of working mules

e proportion of working cows

Working animal numbers increased from 1852 to addl®00, stabilized
until the 1960s and decreased thereafter withrttneduction of tractors and
decline of traditional agriculture (Table 2.12).

It is not possible to obtain census data for arsnadter 2000. The same
percentage decrease in feed consumption (58%)egbrércedent decade (1989-
1999) is projected for 2010. Annual figures for yl@ars 2001-2006 are obtained
by linear interpolation between the 2000 figured #ire projected 2010 values.

1% pata on Spanish breed characteristics is givethén Domestic Animal Diversity Information
System from FAQ, available in http://Iprdad.fao-org

191 Justino (1986). In 1849 the average weight oftazbvine cattle was 366 kg. After 1913, statistic
at Lisbon slaughterhouse show a strong declinessurae this was due to World War | — poor
breeding, import restrictions and also an incremsehe number of cow’s proportion. Statistics
recovered after the beginning of the 1920s to reaefwar levels in 1935.
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Table 2.12 Draught animal numbers (thousands) for Censusyear

Year Donkeys Mules Cows Oxen Horses Horse equivalents
1852 112 35 128 282 61 440
1870 123 52 123 285 70 493
1906 129 50 180 285 77 558
1925 209 77 214 204 72 564
1934 234 104 220 156 77 566
1940 209 104 240 156 72 552
1955 201 108 240 176 63 562
1972 103 75 147 94 30 318
1979 101 54 109 77 25 261
1989 63 34 54 93 31 221
1999 33 18 0 22 31 94

Sources: See text

2.9 Wind and water; solar and geothermal 11éat

Wind and water were the only important sources redrgy, apart from
firewood and muscular energy, used before the ddeércoal. The main
consumers of these energy carriers were mills arohg ships. In most of the
cases, wind and water energy represents only aponyon of the total energy
consumed by the country at a given time, and acppita consumption in the
range of 0.4-2.9 MJ /pc/d&y. It is very hard to calculate wind and water
energy on an annual basis, as it is not possiblentw with exactitude the
number, power, efficiency and intensity of useh# tonverting machines. Due
to the small amounts of energy involved and the poality of the benchmarks,
| have decided for reasons of convenience to tked¢r and wind in the same
section, distinguishing them by type of driver (sd&nd sailing).

2.9.1 Sailing ships

Portuguese history from the"1and 18' centuries showed that the country
was one of the few to benefit from the knowledgenavigation techniques in
acquiring an empire overseas. However, our seregib in the 1850s and at
that time the Portuguese fleet was unable to coempeth the foreign
constructors. Statistics on the number and tono&gailing ships are available

192 Appendix B, Table B.1, col. 4 and Table B.4.
193 Malanima (2006a).
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from 1864 onwardS”’. In that year there were only 582 vessels. Du¢héo
advantages of steam and internal combustion mdtoed]eet decreased to 315
vessels in 1899, although tonnage peaked in treat y@ 200 vessels just before
the WW Il and to 3 vessels in 19609.

One way to estimate the power of those vessetsf@low the calculations
from Malanimd®™. The author made an estimate, for Italy during pleeod
1862-1975, of merchant ltalian sailing ships’ powdth basis in Barberis’
assumption that, for the same net tonnage, a gahip would have 1/3 of the
power of a steamship. The ratio of steamship nehadge to its power was
reported to be 2.8. To obtain the power of saihgps he divided the tonnage of
sailboats per 3 x 2.8=8.4. Then he multiplied tbegr of those sailing ships by
their intensity of use assuming that a ships pomas fully exploited 10 hours a
day for 365 days a year. One of the problems vhithrhethod is that it assumes
that energy can be transmitted from the sails ttiandn a perfectly efficient
way.

Lindmark has proposed an alternative method tccutate energy
consumption by making an estimation of wind eneftgifing the rig and
accounting for 50% energy losses in the sails. mizwk calculates that primary
energy from wind is approximately 0.6 kW per tofifel have applied this
coefficient in terms of gross tonnage, and assuaedefficient of use of 850
hours year for merchant sailing ships in line viltke previous booklets in this
series.

Wind could also be used by smaller boats in coasaigation and by
fishery boats. There are no reliable statistics thar first type of boats, but
statistics record the tonnage of registered fistergts that employed wind as
their source of enerdy. Fishery boats tonnage was 65% of vessel tonmage i
1860. Tonnage reached a peak of 48 000 in 191t&rins of numbers, fishery
boats continued to grow until 1961, when they numtel5600 units but
tonnage was decreasing due to competition withrnatecombustion motors.
There were still 1000 in 1986 but decreased quickly tB3D due to the rules of
the Common European Fishery Policies that finalycglpported the removal
of small and obsolete units. In order to calculaienary energy, | employ the
same method used to estimate vessel energy. | asaurnefficient of use of
2000 hours a year. This also reflects the fact #munknown proportion of
boats was not in use.

194 INE, Anuério Estatistic@nd DGM Lista dos Navios. .

19 Malanima (2006a).

1% | indmark (2007).

197\NE, Anuario Estatisticp INE, Estatistica IndustrialINE, Estatistica das Pescas.
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2.9.2 Mills

The first written reference about a windmill datesm 1182 and there
were only 46 watermills inventoried in 1258.

Data on the number and power of windmills is vergrse along the period
of 1856-2006. Due to the low quality of the infotroa available, the option is
to produce an acceptable benchmark figure for thlg gear which enough
information is given (1890) and to depart from tlymar to derive long-run
estimates for the remaining years.

2.9.2.1 Mills, benchmark estimates 1890

It is easiest to begin the calculations with thestneliable survey, the
industrial census of 1890. This inquiry is the onhle that reports the number
and power of both industrial and cereal mills. Thede information is far from
optimal, but Santos improved the reliability of tiequiry by making an
estimate of the mean power of watermills and widldmbased on the
incomplete information of that inquity. The census records394 windmills
and 7894 watermills in operation. About % of the instdllpower in industrial
and non-industrial premises came from water andiw@ereal grinding was the
most important activity of windmills (97%) and watells (90%). (Table 2.13)

Table 2.13 Number, power and mean power of windmills and waiiés per
industry, 1890

Windmills Watermills

average average

power power
Industry Number hp (hp) Number hp (hp)
Cereals 313 9479 4.1 7221 18237 2.5
Wood 16 137 8.6 227 2649 11.7
Textiles 28 192 24.0 347 4282 12.3
Metals 34 146.2 4.3 3 21.8 7.3
Paper 1 1.8 1.8 56 712.3 12.7
Chemicals 1 2.3 2.3 16 72.5 4.5
Printing 1 1.8 1.8 1 1 1,0
Chemicals 0 0 0.0 16 72.5 4.5
Total 239 9960 4.2 78%4 26093 33

Source: Santos (2000).

198 Marques (1987).
199 santos (2000).
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The calculation by Santos is of course only a ftep. In order to estimate
energy consumption from power we have to know homglthe mills actually
worked in a year. Statistics record only the powerthe mills, that is, the
capacity to produce work per unit of time. As we materested in inputs, that is,
the water falling on the wheel or captured by tleeles, we must add the energy
which was lost in the process of transmission.

It is not possible to obtain census data for arsnadter 2000. The same
percentage decrease in feed consumption (58%)eqgbrécedent decade (1989-
1999) is projected for 2010. Annual figures for ylears 2001-2006 are obtained
by linear interpolation between the 2000 figured #re projected 2010 values.

Thus, the calculation of the primary energy of wated wind can be given
by the following formula:

E= P-h-%
Where:

E energy consumption;
P power

h  hours of use per year
I efficiency

| have decided to estimate the intensity of useerkal watermills and
windmills based on the figures for the cereals gtbin water and windmills. |
calculate the apparent consumption of grain in wated windmills adding to
the 1890 production figures of wheat, rye and ©8rthe quantities of wheat
import$®, and subtracting one tenth of this gross valuadwount for animal
intaké® and the grain consumption in steam-rAilsknowing that each hp
installed in a traditional mill grounds 14 kg/cdrémur® we obtain a use
coefficient of 1997 hours/yeaf. This value is clearly compatible with th@@
hours/year that Reis suggested for agriculturakvimthis period of tim&”.

20| ains and Sousa (1998).

201 INE, Comércio Externp1890.

292 3errgo (2005), p.170.

23 The Industrial Census of 1890 has information @ingconsumption of the most important steam
mills, see MOPCIInquérito Industrial de 1890

%4 Malanima (2006a).

295 Grain consumption water and windmills= Grain intpergrain production— animal consumption —
steam consumption= 87 971+828 5291 650— 50 000=774 846 tonnes. Intensity of use= Water-
and windmill grain consumption: Power: technicakffizient per hour = 774 846: 27 715.7:0.014
=1 997 hours.

2% Reis (2005).
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The next step is to calculate the intensity of wdeindustrial mills.
According to Reis (2005), industrial workers workied 293 days a year, 10
hours a day at the end of the™®@entury. However, windmills and watermills
did not always operated during industrial work. $uwen droughts could
substantially decrease the use of watermills asésel of water for agriculture
works increased. Windmills could be even less béiasometimes merely used
as a poor substitute for water power. Probably,pineer indicated by Santos
was not reached throughout the year. To addrese tbenstraints, we assume
that watermills only worked at full power in 9 mbastof the year. In the
remaining three months, power was reduced to®falfhis means that we
assume that a watermill was working at full powar 2 200 hours a year and
730 hours at half the power. In the case of intalstvindmills we use an
intensity of use coefficient of @0 hours/year at full power, reflecting a lower
usage of windmills in relation to watermills.

After calculating the energy consumed it is alscassary to understand the
efficiency of both windmills and watermills. Somatlors use a very high
estimate of 70% efficiency for windmills but ths an exaggeration. In 1919 a
German physicisproved that no wind turbine can convert more th&f2a
(59.3%) of the kinetic energy of the wind into manltal energy to turn a
rotor’®® This law, called today thBetz's limithas to do with the nature of wind
turbines that extract energy by slowing down thedwiThus, for a wind turbine
to be perfectly efficient it would need to stop thied, but then the rotor would
not turn. The actual motors have 30 to 45% efficyeand the old windmills did
not reach more than 10-15%. In the case of watkyrile efficiency was
dependent not only on the materials and desigm@fwtheel and transmission
equipment but also on the manner in which the wedarinto the wheel. A
theoretical maximum of 15% of efficiency for undsws water wheels was
established in the early #&entury, but in 1759 Smeaton showed that yields
could be increased to more than 50% with resouraaérshot wheei®. In the
1830s water technology was improved with the inentof Fourneyron
turbines, which could be easily adapted to diffetenrents and could achieve
70-80% of useful energy. Despite all these improsets) it was not the best
technology that was in use in Portugal. In 188keéms that the majority of
industrial watermills were still driven by mixed edls (wood and iron). It is not

" The time of use is estimated on the upward sidbapter 4 provides some examples that time of
use could be even lower.

208 http://en.wikipedia.org/wiki/Albert_Betz

209 cardwell (1996). The wheel is designed as underal@n the water ran at the bottom of the
wheel and overshot when the movement is given éyahing water.

54



possible to know the proportion of overshot andansdot wheels, but it seems
the two systems co-existed for a long time in prieca conditions. The number
of turbines is mentioned in the 1890 Industrial §kem They were only 418, a
tiny proportion of the B94 watermills. Power is assumed to 858 h'®, 14%
of total watermill power. An efficiency of 15% fowindmills, 30% for
watermills driven by wheels and 80% for watermdis/en by turbines is used. |
assume that turbines were employed in the industaator, where a higher
intensity of use coefficient is used. In the aggteg this gives a global
efficiency of 25%. In 1890, windmills and watermikonsumed 221.1 GWh. It
Is worth nothing that despite windmills represegtonly 28% of the installed
power, in terms of primary energy consumption tis@ent almost as much
energy as watermills (44%). Adding the wind usedtramsportation to the
energy spent by mills, we reach the conclusion Weter and wind accounted
only for 1% of total consumption in 1890.

2.9.2.2 Mills, remaining years

Only rough figures on the use of windmills and watils can be inferred
for the rest of the period. In relation to industrimills, there is scarce
information available on their number before oumdienark year, 1890.
Therefore, we just assume the same amount of ensyn industrial mills for
the period 1856-1838"The industrial survey of 1917 records the numbet a
power of industrial watermilf$®. It says nothing about windmills so | just
assume that their industrial activity disappearedha end of World War .
Excluding hydro- electricity industri€8 and cereal grinding industri&¥,
watermills had an installed power capacity &2 hp, 87% of the 1890 power
for the same industries. Turbines provided 67%hef installed power, more
than the 49% of 1890. We can only obtain other berarks four decades later,
with the publication of industrial statistics. kesms that absolute water power
may have grown after 1917. By 1950 the statisteggsort 1®23 hp; by 1958
11330 hp*°® By 1965, waterpower had begun to diminisi12 hp, 80% from

210 Cordeiro (1993) table does not show the totalited power, as power for some districts is
missing. | calculate the average power for theidistwhere power information was given and assume
the same average power for turbines with unknowmegpanformation. His figures show a total power
of 1 294 hp, less than half of what | roughly estied.

1 The census of 1881 could be used to estimate ywateer, but not wind-power. See Chapter 4.

22 MOPCI (1926), Estatistica Industrial do ano de7,®bletim do Trabalho Industrial

213 production of primary electricity is representecaction 2.13.

2 poorly represented in the 1917 survey as thisuseosly accounted for major units.

215 |NE, Estatisticas Industriais
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turbines. Efficiency around that period had growrthwthe substitution of

turbines for wheels but intensity of use had prdpalvopped. At the early

1930s the length of a working week in industriagémises had dropped to 48
hours/week due to labour legislation. Furthermevater was used more and
more as a complement to steam.

It is even harder to calculate the energy sperteireal grinding. While
apparent consumption of grain can be used to etydrimary energy in the
early part of the series 1856-1890, things get dmemed after 1890. The
statistics report the number of watermills and wmils subjected to the
industrial tax until 1918. The absolute number atevmills may have increased
from 8000 in 1890 to 1000 in 1918 while windmill numbers remained
constant. However, in terms of hp, steam alreadi/tha capacity to grind all
the grain consumption of the country around the0¥82 The situation of the
sector in 1960 was elucidative of its overcapadity that time the industrial
statistics reported the existence @43 factorie$’, 2953 windmills (2687 with
no extra motor) and 3247 watermills (3274 with no extra motor) on the
mainland. From this number, and for public consuomptthere were 1 819
factories, 707 windmills and 1@40 watermills operating. An extra 946
factories, 180 windmills and 18 watermills produced in regime of own
consumption. In terms of power all factories andanaed mills had a power of
56583 hpg'® If the average power of a cereal windmill and exatill was the
same in 1960 as in 1890, water and wind power enacsounted for 2.5 times
the 1890 values. As we do not know the quantitiegrain grinded by the
motorized units, it is inglorious to attempt anyccation for 1960. | assume
then, that despite the overcapacity of the industigter and wind energy use
were related to the number of people employed énaityricultural sector. With
this assumption, primary energy use from wind aradew cereal mills varies
little from 1856 to 1965: 0.5 PJ in 1856; 0.7 P1&90 and again 0.5 PJ in 1965.

Below is a summary of the results of our calculaidTable 2.14). In the
period the most important use of water and windrggnevas cereal grinding.
Water and wind energy represented along the pexigdry tiny proportion of
total energy consumption.

218 steam-miills accounted for 20 164 hp installed971and 24184 hp in 1927. Applying the same
production rates as in 1890, capacity clearly ededgroduction.

2" The statistics regard premises with motors asofsest. Windmills and watermills were not
considered factories if their production was lowtem 10 tonnes of flour per month.

218 NE, Estatisticas Industriajs1960.
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Table 2.14 Summary of wind and water energy calculations

Wwind &  Wind &

Wwind, wind, Water: Water:

sailing fishery cereal Industrial Wind

ships boats mills mills &Water Wind &Water

% % % % PJ % of the Total

1856 19 7 59 15 0.907 1.2
1890 20 8 59 13 1.105 1.1
1917 20 8 61 13 1.080 0.9
1965 0 13 73 13 0.690 0.3

Source: see text

2.9.3 Solar and geothermal heat

Solar and geothermal energy for heating purposssblean reported by
DGE since 1998. It is included under this headmthe Appendix.

2.10 Coat®

Coal was already used by the Chinese in pre-indlistmes but it was in
England that its usage reached major importan@auating for more than half
of English & Welsh energy consumption by 1680and being strongly
associated with the Industrial Revolution.

2.10.1 Domestic coal production

In Portugal the first coal mines started to be esedl at the end of the 18
century. Coal reserves were very limited and thermealorific content of
Portuguese coal was only 50-60% of British coaltHe 19" century the low
quality of the coal never attracted the industcahsumers and production
reached only a few thousand tonnes. During WW &] eatraction increased to
100-200 thousand tonnes as a result of a shorfageetgn coal. Domestic coal
was mixed with foreign coal in the interwar perindimprove its quality; after
the Second World War its usage was almost mandatorthermoelectric
utilities. Since the end of the 1980s there hasbe® coal extraction in the
country. In times of peace, domestic coal neveruarted to more than 10% of
the total coal consumption.

19 Appendix B, Table B.1, col 5 and Table B.5.
220 5ee Warde (2007) on this subject.
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Coal extraction figures from 1890-1970 are takemmfrMadureira and
Teive$?, which are based on official sour€&sCoal extraction from 1882 till
1889 is taken from Valério, who also uses offigaurce®®. From 1856 to
1881, | aggregate data from a variety of sourceab sindies that give partial
information about specific min&s.

2.10.2 Coal imports

The first registers of coal imports cover the peigd 1796- 183%° but less
than 20 000 tonnes a year were imported duringgéabd. Our series begins in
1856, and from that year until 1970 coal importstaken from the yearly books
of International Trade from INE®. For the periods 1857-1860 and 1862-1864,
official statistics are missing. In the first peti (1857-1860), data for the two
most important Customs Offices (Lisboa and Opoma$ used as representative
of total consumption in the countfy. For the second period (1862-1864), data
is interpolated from 1861 and 1865 official figufésData for 1875 is changed
due to an error in reportiffg. Although Mitchell reports coal imports for
Portugal from 1875 using Portuguese sources, #risssis an improvement of
Mitchell data as for some years not all coal imparee registered in his sefi€’s
Furthermore, | assumed different coefficients fokes coal, brown coal, turf
and peat (Table 2.15). After 1971, Energy Balarices DGE are used. Imports
are not always homogenous series as they can sétudot) bunker fuéi’.

21 Madureira and Teives (2005). | did not apply &ar moving average of the series (as the authors)
and extraction figures are given as reported bigiaffstatistics.

222 INE, Anuério Estatisticp1890-1900, 1911-1914 and 1940-1946, 1935-19820PIK3, Boletim de
Minas 1901-1910, 1915-1939, 1968-1970; INEstatisticas Industriai$947-1967.

223 \alério (2001).

224 MOPCI, Inquérito industrial(1890), Matos (2002) and Guedes (2000).

% Madureira (1997).

226 INE, Comércio ExternoAlso referred aCommercio e Navegacéia earlier periods. Data for
1890-1970 was earlier recorded by Madureira andebeg(2005), using the same methods as here.

227 Mappas Estatisticos do Rendimento da Alfandega @rade Lisboa(1857-1860),Mappas
Estatisticos da Alfandega do Por(@856-1859). There is no major problem in not uddahg the
Customs of Madeira and Azores as most of the iredduel would be re-exported to bunkers.

228 Although British statistics could be used for rimgsyears they would include bunkers, so
corrections would have to be performed anyway.

29 Reported coal imports by Portuguese statisticgta6ethousand tonnes have been corrected to 226
thousand tonnes after comparison with UK tradessics.

230 Mitchell (1980), for example, does not accountdoke consumption for earlier periods; in some
years only coal imports from England are given. Fa87-1960 Mitchell does not include imports to
the Portuguese navy, included in a special table.

31 See correction of imports in bunkers section.
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Table 2.15 Conversion coefficients — toe/ton

Coal toe/ton

Imported coal (Anthracite/bituminous) 0.7
Lignite 0.27
Turf 0.23

Agglomerates 0.68
Coke 0.67

Domestic coal 0.41

Source: DGE (values indicated for 1971-1982). 1+4dd.868 GJ

2.10.3 Coal bunkers

Portuguese coal was not exported so the majoritgoofections that we
have to make to imports, refers to supplies to rim@gonal navigation.
International organizations such as IEA do not antdor fuel consumption
consumed by international marine bunkers (fuelveedéid to sea-going ships)
when reporting the primary energy of a countryotie intends to account for
bunkers using the same method as IEA one shouldd@adhe domestic travel
between domestic ports and airports, but not tternational ones, in primary
energy consumption. Bunkers are a tricky issuengrgy accounting and not all
the countries report them in the same manner. ¥ample, they are considered
part of domestic consumption by most Middle Easintoes but treated as
exports in the majority of Latin countrf@ Even amongst IEA countries,
definitions are not entirely consistent. The maiobtems with bunker reporting
Is the lack of distinction between deliveries foternational and domestic
purposes, overestimation of bunkers in order nohdawe to hold stocks or
inclusion of fishing fuel consumption, which is dte the fact that data is
obtained by suppliers who do not know precisely tittemate use of their
sale$®. The issue of bunkers has become more relevanaadeys due to the
introduction of greenhouse gas inventories. Ireptd ascertain responsibility
for bunker emissions for each emitting country,adetl information on a
country by country basis on the fuels sold dome#jiand abroad to plarfés
and ships should be available. This is a concexntha@a way statistics are made
today, at least part of the bunker emissions at leith no owner. While the
Kyoto Protocol article recommends that Annex | igarpursue the limitation of

232 Karbuz (2006)

%3 Det Norske Veritas (1999)

23 United Nations energy statistics are differentrfrtEA ones, in the way that they subtract also
aviation bunker figures.

59



bunker fuel emissions, bunker fuel emissions are subjected to emission
target$*>.

Portuguese modern statistics do not account fokdnsrin the same way as
international organizations. Instead, they adogaratorial concept, accounting
for the fuel that is consumed by national aviatiand marine ships and
excluding the fuel that is consumed by foreign ieas™°. From an historical
point of view it is more interesting to adopt therfdguese accounting method
as it gives more information on the uses of endrgyall the sectors in the
economy. Besides, wind energy consumed by vesselalso part of our
calculations, so it would be inconsistent to tiedl consumed by steam ships in
a different way. With this methodology only the lfuscquired by national
companies on international territory would not beaunted for.

The choice of the Portuguese method will not inglyajor problem when
comparing with other European countries, as thegtmn of the fuel used by
national navigation and air carrier companies drrivational travel was or is
undoubtedly small.

In the case of coal, considering only imports wouddnificantly
overestimate Portuguese coal consumption in egréeaonds. As in any coastal
country, an important proportion of coal importsswestined to supply foreign
ships, being only remotely associated with the ll@fandustrialization of the
country. There were some important ports used lbgida ships, especially
British ones, on international routes to Africag thmericas and India since the
mid 1850’s: Lisbon, the port of Funchal on the hslaof Madeira and the ports
of Ponta Delgada and Horta on the Islands of AZdtes

In order to correct for supplies to foreign navigat it is necessary to
understand clearly how Portuguese trade statiatice generally presented and
also their modifications, errors and inconsistesici€here were three main
categories in Portuguese trade statistics: imdorteonsumption; national and
nationalized exports and re-exports. Imports fonstwnption included as a
general principle only the commodities that woulel tonsumed within the
country, that is, they would be net of re-expoHeswever, a proportion of the
commodities that entered the country ports underrégime of imports for

235 Technical workshop on emissions from aviation anaritime transports, 4-5 October 2007,
www.eionet.europa.eu/training/bunkerfuelemissions.

2% DGE,Balanco Energético 1987-1991.

3" Miranda (1991). The importance of coal tradehe ports of Atlantic (Madeira, Azores, Canary
Islands and Cape Vert) is discussed by Bosa (2008).
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consumption was afterwards sold to foreign tergt°. Thus, they would then
figure in export figures as nationalized exportse-dXports comprised the
imported goods that were not subjected to a consamgispatch and that were
sold to foreign territories. This generalized pihe was followed by Madureira
and Teives in their estimate of coal and oil constiom in the count’/”.
However, as we will see, Portuguese official stiagsdo not always follow their
definition of imports for consumption, export oregports in the case of coal
for navigation purposes and some errors and instamgies need to be
corrected™.

2.10.3.1 1856-1922

Prior to 1923, the coal consumption to foreign shm difficult to track.
From 1889 to 1916, almost all supplies to bothamati and foreign steam ships
were given in re-exports. As mentioned earlierexperts should not be
included in imports for consumption, but a detaifethlysis shows that some
errors in reporting occurred. In that period imppexports and re-exports are
also disaggregated by main ports so it is easgédisat only fuel ship supplies
in the islands were accounted as re-exports. Howéve re-exports figures of
the ports of Madeira and Azores are almost equakh@wmr “imports for
consumption” figures. Those islands had almost mdustrial development,
therefore accounting for imports would mean attiioy them the higher per
capita figures of coal consumption in the countvijjch would be impossible.
Re-exports must then be subtracted of imports émsemptio*. We do not
have Portuguese registers of each port for pempos to 1889 but UK trade
statistics have separate figures for coal expartsidinland Portugal, Madeira
and Azores going back in time. As the UK was theaat exclusive supplier of
coal to Portugal, we can get some additional in&drom from those statistics.
Comparing UK coal exports for Azores and Madeird anal exports and re-
exports figures in the Portuguese trade statistit$uel in exports from 1856 to
1874 and in re-exports from 1875 to 1888 was fer iflands of Azores and

2% Due to a maximum time that companies were allowedeep the merchandise in deposit,

unanticipated exports or to an improvement of tieeamandise.

239 Madureira and Teives (2005).

40 The main reason for these inconsistencies wasdéiwentralized nature of customs statistical

information methods in the earlier part of the perand differentiated tax regimes.

241 | double checked the import data for Madeira armbras with UK trade statistics for the same

Islands (which always include future re-exportarirPortugal to other countries) and they matched
quite well, which gives support to the argument.
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Madeird®. From 1916 to 1920 fuel supply was also reportetkeexports to the

Island of Madeira and in Ponta Delgada (Azores),Hbarta (Azores) changes
the report of fuels to exports, which is nothingrenthan the adoption of a new
statistical procedure. In order to achieve a figafecoal consumption net of
foreign bunkers for the islands in the period 18922, one still needs to
distinguish between exports and re-exports thatwestined for national or
foreign ships. Until 1875 exports distinguish ifatds going to foreign or

domestic ships, and the proportion of national n&goal consumption in the
islands was approximately zero. | assume that O%heftcoal re-exported went
to national ships prior to 1880, 5% between 1880 89, 10% between 1890
and 1913 and 15% from 1914 to 1922.

As for other ports in the country, Lisbon customeparts only a small
fraction of its bunker consumption to exp6HsOnly after 1916 did Lisbon start
to account for coal supplies to both national aockifin ships as expofté
There is a strong possibility that import for comguion before 1916 was given
net of bunkers even if they were not registeredxport or re-export as an exit.
Isolated statistics for the commercial movementhef port of Lisbon in 1883
indicates 67 013 tons of coal supplied to stearselssare clearly stated as being
outside the imports, exports and re-exports figtiteshave not performed any
correction in order to account for coal suppliesdamestic steam ships in
Lisbon port before 1916 due to the scarcity of daalved*®.

2250CED Annual Statement of the trade of the United Kimyd, several years. Coal for
navigation in the islands was also included in ingp@ an earlier period. For 1856, by reasonsif |
report, the customs of Funchal (Madeira) is tre@atparately from the ones in Mainland and Azores
and we can see an importation figure almost idahtathe re-exports figures.

243 Most of the exports of Lisbon in the period 1884 are actually re-exports to Spain or colonies .
24 Figures for Lisbon in 1916 indicate a total bunkensumption (destined for foreign and national
steam ships) of 80 000 tons.

% Included in theDiario da Camara dos Senhores Deputadsesssdo 04/25/1884, p.1243, table 17. |
searched for additional information in the few ldebcustoms statistics that | could find and no
records for the totality of navigation coal supjdygiven. For the period of 1875-1880 about four
thousand tons of coals are reported in exportoasumption for bunkers but this did not représen
all consumption by ships. The exception is thequedi859-1860 for which a figure of 3 694 loading
of coal to 6 foreign ships is given outside the amation or exportation maps as an additidappas
Estatisticos do rendimento da Alfandega Grandeisleda no ano econémico de 1859-186860).

246 | compared the UK coal exports to mainland Poitagal Azores and Madeira with Portuguese
coal imports for the XIX century and the first diigher than the second in almost all periods of the
series. The difference is about 30 000 tonnes par fut it is lower in the decade of 1890s (about
15 000 tonnes per year). As it is not possiblarid $tronger evidence of bunker consumption in the
Port of Lisbon we leave the statistics like theg.aContrary to the Islands, the majority of shipatt
entered and cleared the Lisbon port were not segpliith coal. Due to the existence of numerous
nearby ports, bunker consumption depended mainth@mprice of fuel and route of ships.
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2.10.3.2 1923-1936

For 1923 to 1936, coal supplies to foreign andomaii ships are included
in exports. Exports distinguish the coal for foreigonsumption within the
mainland but not the islands where an aggregatedidor coal supplies to
national and foreign ships is given. | assumed %% of the bunker fuel
exported from the islands between 1923 and 1936 twadomestic ships,
consistent with the proportion of Portuguese sliipeasured in tonnage) that
cleared from islands ports in that period.

2.10.3.3 1937- present

It is straightforward to correct for fuel to foreighips and aviation after
1937. From that year onwards, part of this kinccafisumption is reported in
exports, so subtracting this value from coal imposould give an accurate
measure of coal consumption within the coutifryThe figure below (Fig 2.5)
presents both general imports and net imports.

Fig 2.5 Coal imports and net imports 1856-1970
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Sources: see text. Note: 1 tce = 0.7 toe.

Coal destined for foreign navigation had an impadrtahare in coal
imports. Considering only imports would overestienabal figures by about
15%-20% for the period 1880s-1929. However, theembion does not change

47 Exports do not include all the bunker fuel solddreign ships as some of this fuel would not be
included in imports for consumption. United Natiansergy statistics for Portugal after 1950 do not
reflect this particularity. While their importgiires match the Portuguese ones they subtracted the
whole total for bunkers (included or not in the onpfigures) to reach a figure for primary energy
consumption.
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the overall picture of continuous increase in impauntil 1913 and a slow
recovery and instability after World War |I.

2.11 Oit*®

The country lacks oil reserves, so all the crudénas to be imported. The
first use of oil was in public and private lightinerosene imports started in
1861 followed by gasoline in the early"26entury and gas-oil and fuel-oil in
the 1920s. Non-energy oil derivates such as pagiftior lubricant oils can be
found in import trade statistics since the 1890staBe imports started in 1938.
From the eve of World War Il crude oil imports bagss the first oil refinery, in
Lisbon, opened for production in 1940. In the fiffeen years the refinery had
only the technology to produce low octane gasolimgh sulphur gas-oils,
kerosene, fuel-oil and lubricaAt$ In January 1955, a major modernization that
included the installation of one catalytic crackingit allowed, besides the
production of a higher octane gasoline, the pradocof LPG (butane and
propane), jets, sulphurs and white spirits, amahgrs. However, as the country
had lower indexes of motorization at the time, tiesv refinery process could
not be fully optimized and low octane’s naphtas agmad as production
surplug®. This fact leads to the emergence of the petroafaimdustry. Three
units for naphtha gasification for the productiohammmonia and urea were
installed by 1961. In the early 1960s the refirgarted to supply naphthas as a
feedstock for the production of ammonia by fer@liandustries. Most of the
hydrogen produced by naphtha treatment was usachimonia production but a
small part was returned to the refinery for feedstdown gas for the city of
Lisbon was produced after 1961 from a mixture cf fhetrochemical gas,
derived from naphtha gasification and ammonia peodn and refinery gases,
propane or butane, replacing the old process ohtgas production obtained
from coal or cok&% This process was maintained until the closingthef
refinery in the late 1990s, when town gas was sulbstl by natural gas. Two
other refineries, in Oporto and Sines, startedhired) crude oil in 1969 and 1979.
Besides the production of fuels, the Oporto refinemcluded, from the
beginning, a factory for the production of basit¢, gwhich has employed

248 Appendix B, Table B.1, col. 6; Table B. 6 (enetpes) and Table B.7 (non-energy uses).

249 paraffin is here considered non-energy due teeitent applications although, its usage in the late
nineteenth century was mostly confined to candlkimga(not accounted for in this work).

%0 production of lubricants was discontinued in 1947.

1 Almeida and Vaz (2002).

22 Teives (2003).
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atmospheric gas-oil as a feedstock since 1984)aamndromatic factory since
1981 for the production of benzene, toluene, naphtblvents and aromatics.
The Sines refinery was constructed having in mive éxternal market. A new
steam cracker was constructed downstream of therjaim 1981 using naphtha
as a feedstock and producing ethylene, hydrogepyfene, etc. Presently the
refinery produces gasolines, petrols, gas-oild;dius, asphalts and sulphur.
Fundamentally, oil consumption figures are presénte three ways in
historical or official publications. Internationalganizations such as the IEA,
United Nations and Eurostat include non-energy wsdesil in their primary
energy consumption definition, preferring to disagmte between energy and
non-energy uses at the level of final energy comdiam. This first method is
interesting from a point of view of fossil-fuel msce use dependerfey In
historical reconstructions, it allows also to stuthe development of the
chemical industry. However, it can be argued thatver-stresses the share of
fossil fuels in the energy balances being incoaststvith the treatment given to
other energy carriers such as firewood, since gnbejances do not include
wood for construction purposes, for example. A sdcmethod that has been
presented in some historical reconstructions iexcude the primary energy
consumption of non-energetic derivates such agclas, asphalts, solvents,
paraffins or chemical naphtha It has only the inconvenience of excluding the
trade flow of non-energy products (which can beitp@sor negative), while it
includes the production flow. A third method is d&clude not only the non-
energy derivates of oil, but also the proportiorcafde oil that is employed by
the country’s refineries in order to produce noargy derivates. This method
has been employed in historical reconstructions Saredef>, England &
Wale€*° and the Netherlan®f, among others — and it is also the chosen method
in this work. It has the visible advantage of e@gsing the real consumption of
energy. The disadvantages are methodological., Rhete are intensive data
requirements that can almost never be entirelyilladf in historical
reconstructions like this one. For disaggregatiegveen non-energy and energy
uses of crude oil one needs to have access te@rgfproduction figures, which
are not easily available for earlier periods. Oa tther hand, petrochemical

53 A more complete way of calculating the resourcpedielency on fossil fuels is to account for the
embodied energy content of all consumption goods.

% Due to the fact that naphtha can be used in enesgy (in raising heat or town gas productiors) it i
often considered as an energy vector.

2% Kander (2002).

20 Warde (2007).

»’ Galeset al. (2007).
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processes are closely interconnected with oil egfinones, which makes
separation difficult. A classical example is naghtthich can have energy and
non-energy uses. Although non-energy uses of napduté reported in energy
balances as a feedstock to the chemical indusamesof this naphtha is
returned to the refinery in form of refinery feewhcks such as hydrogen, for
example. To convert those refinery feed stocksvadrirom naphtha in terms of
primary crude oil, since naphtha production is eded, is practically
impossible as we lack disaggregate information emd$tock and intermediate
products refinery u$é®. Finally, it is impossible to determine the eféicties of
individual derivates produced by the refinery witle scarce information given
in the statistics. Even though most of the methagichl problems can be only
partially solved, this method will provide figuretoser to what we seek to
determine, this is, the primary oil used for engogyposes.

Data concerning oil derivates is taken from the rlyedbooks of
International Trade from INE until 1970 and Eneglances after that date.
Crude oil figures are taken from reports of treatécby the refinery company
from 1940 to 1958; from Industrial Statistics frdra59-1970 and from Energy
Balances thereafter.

In order to exclude non-energy uses of crude almiply deduct from the
primary crude oil the refineries production figuffes lubes, paraffin, solvents,
asphalts and propylene. Non-energy use of fuahdihe chemical industry has
been reported since 1985 and is deducted from ride coil figures. Naphtha
production figures are also subtracted, excepttlier energy uses reported.
Before 1971 there are no Energy Balances but ptmoluérom refineries is
reported in other publicatioff8. Naphtha production is only reported after 1963,
a 2-3 year difference from its industrial use sehart time omission occurs.

%8 Refinery feedstock’s primary energy consumptioet (trade and stock variation) and use in
refineries (includes production of intermediary gwots) have been presented in energy balances since
1971. It is not possible to collect this informatifor previous years due to the diversity of prdduc
considered, although some of them might be incatedr in fuel trade. According to information
given by DGEG - Dire@o Geral de Energia e Geologia, refinery feedstacksobtained directly

from the refineries and include naphtha SR, coraptsused in fuel production (gasoline, gas-oils,
basic oils, etc) and also other intermediary prtglstich as fuel gas, MTBE, hydrogen, etc., The
agency does not supply disaggregation of thoseuptsdat a lower level, so sophisticated measures
were not employed.

259 SACOR (1940-1958)NE, Estatisticas Industriais (1958-197@)GE, Balanco Energéticd 971-
2006. Although the company reports have data onrédated crude oil for most of the period, | could
not find data on treated crude oil for the year$519949, 1953-1956 and 1958. For the period 1954-
1956 | have used imports of crude oil from the campreports. For the remaining years Trade
Statistics are used (INEomércio Externp

%0 INE, Anuério Estatisticdor 1957-1958 (only production figures); INEstatisticas Industriaior
1959-1970 (materials, energy consumption and prazlutigures).
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Uses of naphtha for town gas production are orpgpnted after 1971. In the first
three years of energy balances the ratio of onthajfdas production measured
in energy units was approximately 3 to 1. Energgsufrom naphtha in the
period 1963-1970 are interpolated from gas prodadiigures?®* assuming the
same relationship. Before 1956 non-energy usagesnar deducted due to
scarce informatio?i>. From 1971 till 1989 energy uses of naphtha aperted

in town gas production and refinery losses. Afté0d, heat is included in
energy balances so naphtha used in order to raaek ih the petrochemical
industry and in cogeneration utilities was consedeas an energy use. The uses
of naphtha for heat purposes represented only 3#aphtha production so |
abstain myself from correcting for previous yeddsita was collected at the
disaggregated level and the following coefficiantse applied (Table 2.16).

Table 2.16 Conversion coefficients —Oil

Products toe/ton
Crude Qil 1.007
Fuel-Oil 0.969
Gas-oil 1.045
Gasoline 1.073
Kerosene 1.045
LPG 1.140
Naphtha 1.073
Petrol Coke 1.070
Non-energy oil derivates 0.960

Source: DGE (values indicated for 1971-1982). 1+td@d.868 GJ

Contrary to coal, bunker correction is not a prablas oil supplies to
foreign ships started when statistics already ctece for it. Figures for
energetic crude oil and its derivates are presentéide Appendix . In order to
ensure comparability with other methods primarystonption of non-energy
uses and non-energy crude oil are also pres@itdtie figure bellow (Fig. 2.6)
shows the difference between four methods of adooymil: excluding non-

%61 INE, Estatisticas Industriaifor 1965-1970 figures. The proportions of gas fieetrochemical and
gas from coal are graphically presented in Matoal. (2005) for the transition period of 1963-1965.
About 85% and 60% of town gas in 1963-1965 was yred using naphtha.

%52 There are discontinuous reports from the oil camgpim the period pre-1957 but they do not
provide complete information. The only non-enepggduct that appears on sales is lubricants for the
years 1940-1944, but | opt not to deduct once smpart of those sales could derive from imports.
After 1944 lubricant production finished as a résfl an agreement between the government and
SACOR, in order to allow an increase of the fuélpodduction.

23 Net imports of non-energy products of oil incluaiphalts, oil waxes, paraffin, lubricants, solvents
(after 1971) and propylene (after 1990). Naturphatts are not considered.
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energy imports (method 1.1.); excluding non-enarggorts, but considering
naphtha an energy vector (method 1.2.); Internatiéimergy Agency method
(method 2); excluding non-energy imports and cradlefor non —energy uses
(method 3).

Fig 2.6 Comparison of four oil accounting methods (189369
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In the period that precedes the installation ofdihéusiness in the country,
there is a difference of more than 15% between oastii.1-1.2-3 and method
2, which accounts for non-energy imports. In thetfRO years of refining, the
differences between IEA method and the others @a&er, due to the fact that
fuel consumption grew at an accelerated rate, dasmimg the weight of non-
energy derivates. After the 1960s the differendevéen our default method (3)
and the others grew again to 6-9%. Nowadays, thdecoil that is refined for
non-energy products lowers method 3 in relatiomé&thod 1.1, 1.2 and 2 by 11-
16%. Most of the imports of products not considerednethod 3 are from
naphtha, which makes methods 1.2 and 2 very similar

2.12 Natural G&&*

Although it is known that the Chinese had alreaggdunatural gas before
1000 BC for lighting, heating and cookffiy the low density of the fuel made
transportation and storage a difficult task, savéis normally treated as an

264 Appendix B, Table B.1, col 7.
%> Ray (1979).

68



undesirable residual. It was discovered in England 659, but due to the
developments in manufacturing gas, was not useil 1868°°. In the USA,
after the late 1920s innovations in pipeline desigatural gas ceased to be
confined to local use and began to be economiwadllyle to transport as far as
1000 miles in the mid 193¢, After WW Il there was a steady growth in the
consumption of natural gas but it was only aftee tB70s oil crisis that
industrialized countries started to use it as &r@tive to oil and coal. Natural
Gas consumption has a very recent history in Paltag the country lacks
reserves. It was introduced in 1997 and consumgtax grown to 12% of all
energy consumption by 2004. As the country doedawe a tradition in the use
of manufactured gas, significant investments imastiructure have to be made.
Nowadays 60% of the natural gas is used to proa@leetricity and 30% in
manufacturing, especially in the ceramic indusBybstitution of natural gas for
fossil fuels has been one of the main goals of Ugodse energy policy,
especially in electricity production. This is besawatural gas is, from all fossil
fuels, the one that emits less £@er energy unit. Natural gas consumption
figures are taken from national energy balaffées

2.13 Primary electricifyf®

Electricity is always a secondary form of energyereif it is produced by
water, wind or geo power. However, national stastmake a distinction
between secondary or thermo-electricity (producgdcbal, oil, natural gas,
firewood and wastes) and primary electricity (wihgldro, solar, geo, wave and
tidals). In this way, the hydro and wind power ax& included under the
sections “water” and “wind” although they could igabe so; we include them
in this section for the sake of comparison withioral sources. Primary
electricity is simply computed as:

E= (H +G+W+P)/i + Imp —Exp

20 Warde (2007).
57 Schurr and Netschert (1960).
288 DGE, Balancos Energéticasvww.dgge.pt

289 Appendix B, Table B1, col. 8, and Table B.8.
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where:  E primary electricity

H hydropower

G geo-power
Wwind-power

P photovoltaic

| efficiency

Imp electricity imports
Exp electricity exports

Portugal has never had nuclear energy. Geo, windl @motovoltaic
electricity are all new ways of producing electgico hydro-electricity is the
only source where estimates are needed.

Until the end of the 1880s electricity use was ficmu to telegraphs,
telephones, medical applications, lighthouses amehte space lighting. The
main streets of Lisbon started to be lit in 188%Hgrmo-electricity. Regarding
hydro-electricity, the first place to have publighting from a water-power
central (88 KW) was the small city of Vila Real 1894. Before that year, we
lack knowledge whether an auto-production centisd wilt.

Detailed information about hydro-electricity protioa on the mainland is
only possible in 1927° In that year there were 59 hydro utilities thedduced
54.7 GWh, representing 29% of total electricityquotion (Table 2.17).

Table 2.17 Selected indicators, electricity, 1927

Hydroelectricity Thermoelectricity Total
n.c kw GWh n.° kw GWh
Public
Service 36 2815 45 104 6601 91.1
Auto-
Production 23 515 9.7 151 3925 41.2
Total 59 33330 54.7 255 100 826 132.3

Source: DGSHEstatistica das Instalacfes eléctrica927.

Before 1927 we only have partial information abthé electricity sector.
For 1918 Apolinarié™ compiled information on both the power of hydraian
thermo utilities but did not include the factorigst employed electricity for
their own use. Apolinario records 18 hydro-eledlyiatilities on the mainland
with 2335 kW, 8% of the 1927 values for public servigelb23, a magazine
published information on the denomination, locdlaa and power of electric

2" DGSE, Estatisticas das Instalacdes eléctrich927 to 1970.
21 Apolinario (1918).
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distribution companies, without reference to themergy input>. Comparing
this information with the official statistics of 29 we are able to distinguish
which ones produce hydro-electricity and which opexsluce thermoelectricity.
Hydro-electric power in that year amounted to833 kW. Madureira and
Baptista have compiled information on the initiawer of the most important
utilities (both public and private servié®) The reconstructions of hydro-
electric power for 1923-1927 and 1894-1923, for phblic service, and for
1894-1927 for the private service can be perfortagthg this information into
account. As authors only report the main hydrodlegower plants only part of
the increases in power is covered. | distributepinveer difference in benchmark
years assuming a constant growth rate. In ordealtulate production, we need
to know for how long the utilities were working. iSimot only depends on the
consumer demand but also on the quantity of pratiph in each year.
Apolinario estimates a use of 20 hours a day dusistg days a year to calculate
the 1918 production, but this could not be furtifrem truth. | assume an
average of 00 hours/year consistent with the late 1920'sisste#®’*. Since
1927 there have been official reports on hydrotgkity productiori” but until
1969 only mainland Portugal was included. Madema anly had hydropower
since 1953 and statistics on production until 188f be found elsewhéfé |
have connected the two benchmark production daesyiE961 and 1970 for that
island assuming a constant growth rate. Azoresrdpaver production until
1970 has to be reconstructed with based on poweéstees that can be found in
Simdes and onlifé”. The power of Azores” plants is multiplied by tiree of
use in mainland hydraulic plants. As the intensityuse of Azores” power plants
Is systematically lower than mainland power pladtging the 1970s, the

2’2 Revista de Obras Publicas e Mingas 71, 1923.

"3 Madureira and Baptista (2002), pp. 12-14. If poigeexpressed in kVA conversion to kW follows
such that 1 kVA= 0.8 kW.

2" |n the year of 1927 intensity of use was 1 700rsiom 1928 2 022; in 1929, 2 038 hours. | took the
1927 value as the early twenties were particuldrly years, see Marques (1991). In order to check
my assumptions on power (Island and Mainland) gligide estimate hydro-electricity production
1894-1926 ( Appendix) by 1700.

"> DGSE, Estatisticas das Instalacdes eléctricasveral years. For 1971-2006, | used the Energy
Balances from DGE.

2 MOP (1962). Only approximate values are givenhey twere taken from a graph: 1953 — 4.9
GWh; 1954 — 10.5 GWh; 1955- 12.7 GWh; 1956 — 14/8Bh1957 -16.2 GWh, 1958 — 17. 8 GWh,
1959 — 19.8 GWh, 1960 — 21 GWh, 1961 — 21 GWh.

2" Simdes (1997) and www.arena.com.pt/hidrica.htRwer for 1923-1926 — 680 kW, 1927-1928 —
2 104 kW, 1929-1934 — 2 899 kW; 1935 — 1950 — 31&/] 1951-1953 — 4 779, 1954-1965- 6 531.2;
1966-1970 — 7 675 kW. Accumulated power since 1884 8 011 kW in 1966 but was reduced to
7 675 kW in order to match DGSE statistics for 19C0nversion of 1 kVA =0.8 kW which can
produce small differences between sources.
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estimated production is reduced by 20% for thes/4861-1969° Net imports
of electricity are added after 1927 Other sources of electricity are only
present after 1980.

There are various ways that one can calculate timeapy content of
electricity. One is to apply the thermal substdotimethod, which does not
make much sense for countries that rely only inrbgdwer. The IEA method
considers the heat generated in the reactors ¢téanugower stations and in geo-
thermal plants, applying conventions of 10% efficig for geo-thermal and
33% for nuclear power. Electricity for hydro, windide/wave/ocean and
photovoltaic is considered by its heat content,l&vwel where multiple energy
uses are practical. A third choice is to use that leontent of electricity
produced for all these renewable and non-convealtsources.

In order to be consistent with the wind and waggres, one should assume
different efficiencies to account for the potentgalergy of water and wind lost
at the turbines or for the heat released in thelymtion process. This however
complicate things as evolution of efficiencies dfetent processes are difficult
to determine. We could assume 75-90% efficienaeshf/dropower turbines,
20-40% of efficiency for wind productiéff and an efficiency of 10-20% for
photovoltaic and geothermal electricity with basisome values suggested by
the literaturé®. | do not apply this range of efficiencies in thext chapter due
to compatibility issues with international data asdme uncertainty of the
estimate¥?. Instead, | apply the heat content method as chbgeGaleset al.
(2007), Bartolleto and Rubio (2008) and Kander @0& has the advantage of
making international comparisons easier to undedstas the growth trend and
the shares of the different primary electricity nier are equal to the final
electricity growth trends and shares. The appendisludes however a
calculation of the two methods. For most of theetiperiod, considering various
efficiencies will have small implications in thetabdue to the predominance of
hydropower which have very high efficiencies. lultb change however our
interpretation in the last part of the series, whether forms of electricity are

2781970 Azores hydro production was 22.3 GWh. Apmiytine intensity of use in mainland Portugal
(3 723 hours) to the installed power, the productibthat islands would be 28.5 GWh. Correction is
only applied to the years 1951-1970, when interwityse varied from 2 500-4 000 hours.

2’9 Net imports 1927-1970 and 1971-2006 from Figugl@03) and from DGE (1971-2006).

280 This is probably a maximum of efficiency at optiroanditions.

?81 wind-power and photovoltaic electricity, valuesggested by Roth (2005), Hydropower by
Malanima (2006a).

82 See Waret al.(2011), for example. The authors consider lovificiencies of only 15% for wind-
power, 7% for photovoltaic, while considering higledficiencies for geo-thermal and hydropower in
relation to the ones suggested.
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present. For countries that have a large shareuofear power, the level of
consumption will be 1/3 lower with this method.

Figure 2.7 shows production of both thermo and anyelectricity. There
are three phases in hydroelectricity growth. Uthié Second World War,
hydroelectricity shares were 30-40% of total eleatrproduction.

Fig 2.7.Thermo, hydro, geo, aeolic, photovoltaic electyigitoduction and
imports (1894-2006), logarithmic scale
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Sources: See text and appendix. Negative valuestaimports (1964, 1966-67, 1973, 1977-
79 and 1999) are not shown in the graph.

The 1950s and 1960s were the golden years of hgdmp with strong
governmental investment. At the end of the sixtlesre occurred a shift in
investments, and large fuel plants were considdécede a better option.
Thermo-electricity has been growing in importane@resince. In the last
decade, drought years have contributed to irrefulaof hydropower
production, which has to be supplemented by impoFtsere has been an
increasing investment in renewable electricity oth@n hydro power. In 2005,
wind accounted for more than 1/3 of hydroelectyigtoduction. Other sources
are still in an experimental period. Portugal inanaged its first wave power
plant in September 2008, which when completed sulbply 15000 families.
One of the largest PV solar plant in the world wesigurated in 2008, with a
total power of 45 MW and the capacity to supply080 homes.
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2.14 Others®

This heading includes energy use of sulphite liguand bleaches
(residuals from the paper industry), solid urbastes and biogas. These energy
sources are entirely consumed by the electricity @generation power plants.
Registers from solid urban wastes and biogas cdow® in Energy Balances
after 1998*. Sulphite liquor and dark bleach records came fiBiectrical
Installations Statistics after 1982and from Energy Balances after 1§71

2.15 International databagé

This thesis contains a strong comparative perspeciand relies on
databases which were constructed and provided bw raathors. In the next
chapter we make use of those databases to compargyetransitions in
Portugal in a wider context. The international Baste includes the following
countries: Canada, France, England & Wales, Itagrmany, the Netherlands,
Spain, Sweden, the US. The main original sourcesl disr each country are
presented bellow and a discussion follows in the fem the methods employed
in order to reach a minimum compatibility.

Canada — Steward, F. R. (1978), (Wood, Coal, Water powast,and Natural
gas. 1870-1970; Mitchell, B.R. (2007) for musclevpo and IEA (1960-2008).
GDP figures from Maddison, A. (2008).

France — Gales, B. and Warde, P. (unpublished) — 180@,186d IEA (1960-
2006). GDP figures from Maddison, A. (2008).

Italy — Malanima, P. (2006), 1861-2000 and IEA (19606)00GDP figures
from Malanima, P. (2006).

Spain — Rubio, M. (2005), revised wood sefffsIEA (1960-2006); Odyssee
(1980-2006). GDP figures from Maddison, A. (2008).

283 Appendix B, Table B.1, col.9 and App. Il, 8.

8 DGE, Balancos energéticos 1990-2006

% DGSE, Estatisticas das Instalacdes Eléctricd954-1970.

28 After 1990, the inclusion of heat in energy bakmied to a series break, resulting in an increase
sulphite liquor energy consumption.

287 Benchmarks figures for the various countries aesgnted in Appendix E.

28 This revised series can be found in Gales eR@DY).
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England & Wales — Warde, P. (2007), revised oil figuf&s and IEA (1960-
2006). GDP figures from Maddison, A. (2008).

Germany —Gales, B., Kander, A. and Warde, P. (unpublisi&1)5-2000 and
IEA (1960-2006). GDP figures from Maddison (2008).

Netherlands — Database from Ben Gales. Gales, B. et al. (20879 IEA
(2000-2008).

Sweden — Kander, A. (2002) 1800-2000 and IEA (2000-20G8PP figures
from Krantz and Schon (2007), adapted to $1990 PPP.

US — EIA (2009), Schurr and Nestchert (1960), IEAGQ<2008). Mitchell, B.R.
(2007) and US Department of Commerce (19Fhstorical Statistics of the
United Statesvere used in order to account for animal powerPGiQures from
Maddison (2008).

Scarcity of data or different individual decisianisthe various researchers
cannot be totally solved but a minimum of compétibis desirable. Primary
electricity is recalculated by its heat content mdneer was the case (US,
Canada, England &Wales — only for nuclear). Femtkst need to be treated
consistently in the various databases. For thega@pof comparison in Chapter
3, non-energy uses of oil and natural gas are dgdidrom the totals. This is
done for all the series from 1960 onwards withdkeeption of the Netherlands,
Sweden and England and Wales, which already acdourthis. The series
CRW (Combustibles, Renewables and Wastes) of latemal Energy Agency
was used in many cases. For Spain | use the data@dyssee on residential
firewood use (1980-2006) which gives higher figutemn Rubio.

2.16. Concluding discussion

This chapter presents the main calculations angdhgssons necessary for
the construction of an historical index of primanyergy. In my opinion, this
index is very useful for achieving a degree of ustéanding of the level and mix

8 The revised oil figures can be found online inpitivww-histecon.kings.cam.ac.uk/history-
sust/energyconsumption/.

75



of Portuguese historical energy resource use. Aggonstructions of national
accounts, this work presents point estimationssatstof confidence intervals.
Some of the difficulties in estimating reliable aatre directly related with the
fact that energy use occurs in every dimension omdn life. Energy
consumption occurs in both the productive and mfdr sectors. Estimating
food consumption or firewood use is almost likeineating the size of the
informal sector in historical national account nestouctions.

A historical work like this one always relies oramy methodological
decisions. Unfortunately, is not possible to applyerfect guideline for what is
considered good practice today by internationaboizations. Even important
organizations such as National Energy Agenciegrhational Energy Agency
(IEA), United Nations or IPCC change methodologggtiently in such cases
such as which calorific content to employ, hovireat bunker fuel, non-energy
uses, methods of reporting emissions, how to censidw energy carriers and
how to treat non-thermal electricity. This is bemauenergy transitions are
permanently occurring making some methods outdd&@ee. hundred and fifty
years of energy history can never reach a methga@bperfection and | am
aware of this fact. Some of the methodologicaisiens are almost a matter of
taste and it is not clear that different decisiatisnot be valid.

| have decided to omit non-energy uses and feekistoCoil and natural
gas in the international comparison in ChapteidtBpagh | provide the data for
non-energy uses in the Appendix and as a sepagatrtg in some discussions.
This makes the level of primary energy use in sometries relatively lower in
relation to other countries. This is the casehef Wetherlands, for example, a
country that has a well developed petro-chemicdustry. It makes it easier,
however, to estimate apparent £&issions from fossil fuel combustion.

| have decided to consider as primary energy tmetid and potential
energy of the wind and water that is lost at thdihes, but employ the heat
content method for primary electricity (nucleardhy, aeolic, photovoltaic and
geothermal electricity) . The choice of the heattent method has implications
for the interpretation of energy use, and it wikkke countries with large shares
of primary electricity look more efficient than anhavith large shares of fossil
fuels. France and Sweden have relatively lower |¢e\ad primary energy
consumption for the later part of the serigs;a-visthe IEA accounting method,
due to a relatively high share of nuclear powgsrimary electricity.

As we understand, the most important assumptiotaereo traditional
energy carriers. The estimates of firewood, windfew and food consumption
until 1950 should be always carefully interpret&ien the scarcity of some of
the data involved, the author is relatively satdfvith the magnitudes obtained.
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Below, a short discussion follows about whethemnot different assumptions
could substantially change the results.

Firewood: The most relevant part of the wood results ferttitals relates to the
level of rural households’ residential wood constiorp Inquiries used during
1938-1950 were extrapolated backwards to 1856,gutiie lower range of
firewood quantities. So, of course, if we usedghhbr range in 1938-1950 rural
per capita values would be higher in the first pthe series and would decline
quicker in the second part of the series. But thaild make pre-industrial
levels of firewood consumption much higher than other Mediterranean
countries. Although a different per capita valoeld change the percentages of
wood consumption in the total figures, it would radtange the idea of the
importance of household wood consumption in thel ti@vel of consumption.
Could 1856 levels of wood consumption per capitailgaificantly higher than
1938-1950 levels? For this to happen, it would leeessary some kind of
improvement in household’s equipments, rural inconadd some kind of
energy transition in the rural areas. It is weliabshed that nothing like this
happened to a large degree. A less relevant iksuéhe totals, but more
important to independent comparisons is the sizeinaustrial firewood
consumption before 1943. This figure could probd@ymproved in the future.

Animals. Figures for animals are based on national cenges are established
by the weight at the slaughterhouse, by looking the breeding characteristics
and by employing the Kander and Wétdenethod.

Food: Food intake before 1938 is estimated based on #ightiweight
assumptions of Portuguese population and its biigtanal activity. The average
kcal intake varies little and cannot be much higheloarer than estimated by
given other intermediate inquiries, opinions of eétp and food production +
imports figures. However, this method does not take account the variation
in agriculture production and it may hide malniantin certain periods such as
world wars. Future research can account for thiB, od is a small and falling
share of total energy.

Water and wind, and hydropower (1894-1927): Estimations ardéased on the
power of the devices and assumptions are made entite of use and
efficiency of the devices. There are some uncdré&simregarding the efficiency

2% Kander and Warde (2011).
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of power devices and capacity use (wind and watér@se have no influence in
the final results.

Coal: There is still a little uncertainty about whethitbe data until 1913
incorporates coal for foreign boats in Lisbon harbar not.

Oil and Natural Gas. No uncertainty.
In the following chapter, | analyze the energy $iion in Portugal by

establishing a comparison with other industrializedintries and focusing on
the consumption of traditional and non-renewabkrgyresources.
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Chapter 3

Long-run energy transitions and €0
emissions: Portugal in comparative
perspective

3.1 Introduction

Past energy transitions are associated with araserin the quantities of
energy and a shift from traditional sources of gpeowards fossil fuels and
electricity. Nowadays, energy transition in develdpsocieties means a shift
from fossil fuels towards renewable sources of gneand more sustainable
patterns of energy production and consumption #ilaw mitigation of the
problems of global warming or the foreseen exhanstif affordable fossil fuel
reserves. However, even if it is well establishieat tmajor energy shifts have
happened at some point in time in all of the podtistrialized societies, there is
still a lot of uncertainty regarding the magnitudegture and pace of the
transitions across time and space, and the impactttlhose energy shifts have
brought to the environment.

This chapter uses the database described in Ch&pter provide a
characterization of the long-run Portuguese endrgwsition from organic
sources towards fossil fuels and its associated¢@nmental consequences, and
compares the energy shifts with seven Europeantgesirand two New World
Countries.

The first aim of the chapter is to assess the mhanges in the energy
systems of our set of countries, and to what eXRemntuguese energy transitions
are similar to the experiences of early-comersiesent the long-run levels of
per capita energy consumption across countrieccamgbare how the transition
from organic sources towards fossil fuels proceedey analyzing the
composition of the energy baskets and major enstyfts. Was the shift
towards high-energy quantities a universal phena@merOr were there drastic
differences in the magnitude of the shift acroasntees? Did different energy
eras have more or less the same impact on ouf seuatries? Or can we find
significant differences among countries, which ddu explained by a different
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stock of natural resources? How quickly were tradal energy carriers
displaced by fossil fuels?

A second aim is to compare the levels and the sbafmg-run evolution
of energy intensity in Portugal and in our set ofirciries, and to identify some
possible reasons for both common and divergengoesitt

A third aim is to quantify the importance of tleetfors behind the changes
in long-run energy consumption and £emissions in the various countries.
Long-run growth of incomes per capita and populatt@used an increased
demand for energy. However, changes in the relalietween energy and
economic growth also occurred, either in the dioectof saving energy, or
spending more energy per unit of economic growtlraddition, the evolution of
fossil fuel carbon dioxide emissions depended mdy on changes in energy
demand but also on changes in the composition efdhergy basket. By
employing well-known decomposition techniques wé# wontrast the past and
the present contributions of energy intensity amel Switching to slow down
energy consumption and carbon dioxide emissiong the present, energy
policies of developed countries, which are aimedndigating climate change
and improving energy efficiency more effective iecdupling energy and
emissions from growth than in the past? Is therg iaportant difference
between the drivers of pressure in Portugal redativother countries?

Last, this chapter will investigate how convergerared divergence in
Portuguese economic growth were related to conmesger divergence in
energy use and pollution.

3.2 Income per capita, climate, population and nahtu
resources

The long-run evolution of energy consumption pagedepends on a
variety of factors such as population charactesstclimate or income per
capita. Natural resources endowments can be impddaan understanding of
the different energy intensity modes of developm@&hts section presents some
comparisons of the economic and geographic indisatwhich are potential
determinants of the intensity and pace of transitio
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3.2.1 Income per capita

The countries in our set have had different devalam paths. In the early
nineteenth century, with the exception of England\M&ales and Netherlands,
incomes per capita were rather similar across EurBprtugal was one of the
most backward countries, along with Sweden, andniteme still represents
about 3/4 of the average of our sample. Around 18d0ntries were already
much more divergent in income per capita, and [Badse income per capita
fell to about %2 of the average. By 1913, the incquee head was only 32% of
the average of the other countries. Portugal wasbtggest loser in the first
wave of industrialization which spread in the 18#0sn England to Europe and
North America. In fact, in addition to its alreallgckward position in 1870, it
was the country which grew least until World Wainldeep contrast to Sweden
or Canada. After World War [, the US took over leathip of the world from
England. In 1950, Portugal was joined in the categaf underdeveloped
European countries by Spain, in part due to thatmnegimpacts of the Spanish
civil war and World War Il. Portuguese income papita in 1950 had doubled
compared to 1870, but the divergence relativeherotountries was maintained.

Table 3.1 Per capita GDP in $1990 PPP

1820 1870 1913 1950 2006
England & Wales 366 4192 5941 7351 23300
us 1257 2445 5301 9561 31049
Canada 904 1755 4447 7291 24618
Netherlands 838 2648 3937 5959 23751
France n72 1956 3633 5270 22675
Germany 077 1768 3543 3881 19993
Italy 1117 1589 2670 3639 20077
Spain 1008 1218 2048 2196 18449
Sweden 635 1092 2486 5996 23362
Portugal 923 997 1207 1998 14219
Portugal/Average (%) 73 48 32 35 62
World 870 1261 1524 2111 7614

Source: Maddison (2008) for world average.

In the post-war period, incomes per capita incréasech more rapidly
across the countries of our database and Portagebpain grew faster than any
of the other countries. It was only in this secdradf of the 28 century that
Portugal forged ahead in terms of the world avegagecapita income. Hence,
Portugal was an underdeveloped country even bydwstidndards in 1950.
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Presently the differences between Portugal and cive of industrialized
countries are smaller than in 1870, but larger tha820. Portuguese per capita
GDP nowadays represents about 60% of the corresmpasterage for our set
of countries. Today all these countries are comsatlepost-industrialized
societies. Although Portugal is today consideredleaeloped country, its
economy is still substantially weaker than mogheftop countries in Europe.

3.2.2 Geography and natural resources

Table 3.2 Population characteristics

Area Population Density (inh/Kin

1000 knf 1870 2006 1870 2006
England & Wales 151 2496 53129 143.52 351.44
us 9827 40241 298444 4.10 30.37
Canada 985 3801 33099 0.38 3.31
Netherlands 42 810 16510 86.93 397.58
France 552 3870 60876 66.85 110.38
ltaly 301 27390 5859 90.90 193.35
Germany 357 4805 82422 114.29 230.86
Spain 506 1660 41324 31.74 81.66
Sweden 450 469 8975 9.26 19.93
Portugal 92 840 10599 46.97 114.72

Source: Maddison (2008).

In relation to the countries of our database, Ryaitbelongs to the group of
small countries on par with the Netherlands. The sif its domestic demand in
1870 was small, comparable with the Netherlandsa@a and Sweden. As can
be seen from table 3.2, population grew by a faofo2.4 between 1870 and
2006. The growth of population varied by a factdr2e3 in most of the
countries, with the exception of the Netherland&e tJS and Canada. The
Netherlands quintupled its population between 18@@ 2006. The US and
Canada were new world countries that received asin@snflux of migrants;
population grew by a factor of 7 and 9. Canada, W% and Sweden are the
countries with the lowest population densities ior sample, while the
Netherlands, Germany, Italy and England have tlghdst densities. Low
population densities require more energy per hdgmbpulation, as goods and
people need to be transported over longer distarioetheory, countries with
lower densities can have a relatively wider incentio adopt capital and
resource intensive technologies as populationaggito be relatively scarce in
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relation to the natural resources of the countHowever, high densities can
also be advantageous when it comes to successfighgading energy
technologies, especially those that require comagoh of population and have
increasing returns of adoption, such as in elattrmr gas networks. Countries
with high population densities are likely to useeithresources in a more
efficient manner.

Climate can determine, to a large extent, the lefadnergy consumption
across nations. In pre-industrial societies, sgasating constituted the most
important energy need to be satisfied and it wastbst important explanatory
factor in energy consumption variations acrossoregyi Nowadays, although to
a smaller degree, it can still explain differeneesconsumption patterns in
household and service sectors. In this respectudfa has favourable climate
conditions. Its climate is characterized by had dny summers and humid and
mild winters, with an average mean temperature88€ln the South and 13° C
in the North. The energy needs for space-heatirgsored in heating degree-
days, are the lowest of the EU-15 countries, foldvby Italy and Spain, and
just one fourth of Sweden, the second coldest cpuntEU-15, after Finland
(see Table3.3).

Table 3.3 Heating degree-days, selected countries

Heating Degree Days (HDD)

EU-15 3380
France 2494
Germany 3358
Italy 2085
Netherlands 2905
Portugal 1302
Spain 1856
Sweden 5423

Source: Gikas and Keenan (2006)

Natural resource endowments can be an importatdrfat explaining the
energy mix, speed of energy transitions and théugwa of the energy intensity
of the economy. If possibilities of economic growtkre biased through the use
of resource intensive technologies, countries thate more endowed could
have a relative advantage over others. Table I®#s some of the estimates
for energy resources endowments at the time theg wgportant in the energy
budget of industrialized societies.
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Table 3.4 Energy resources, selected years

Forests Coal Oil Natural Gas
Reserves
ha/p.c 1000 tonnes/p.c barrels/p.c m3/p.c
1900 1913 1950 1970
us 2.89 33828 172 3285
Canada 59 *15791 86 69191
UK** 0.04 4146 19
Netherlands 0.04 714 5 186
France 0.25 1383 5
Italy 0.12 7 6
Germany 0.25 1187 2 6
Spain 0.35 433
Sweden 3.89 20
Portugal 0.36 3
World 4 38

Sources: Forest area in Zon (1910) and in Goshed (1945) for Portugal. Coal Resources:
Dominian (1915); Natural Gas reserves for Westeunoge in Vries and Kommandeur
(1975), Canada: Quirin (1983), US: Oil reservesyWaski and Woytinski (1953).

An extensive analysis of the world’s forest resesravas made by Raphael
Zon for the year 1969 At the turn of the century, the proportion of dan
covered by forest area in all the countries, excéphada and the US, was
smaller than it is today. As a result of populatpmessures for food resources
and industrialization needs and early use of fdasil sources such as peat and
coal, forests occupied an area of only 5 and 7%hé&UK and Netherlands,
respectively, with a per capita endowment of onl§40ha. The forest area in
Spain and Italy was also much diminished, and c@a@rli3% and 14% of the
land area, respectively, although Italy had sultstinless forest resources on a
per capita basis. France, Portugal and Germanynhai@ favourable forest
resources with 21%, 19% and 25% of the land covénedorest$®’ These
countries and Spain had a per capita endowmen26f@36 ha. All countries
except Sweden, the US and Canada were wood impdadiebuilding purposes,
although Spain and Portugal were also exportecod. England, for instance,
had a dependency of 80% on wood and imported dktibf the wood traded
in the world markets. By contrast, Sweden, the b& @anada were extremely

2170n (1910).
292 Although Zon (1910) characterized Portugal asfardsted country with only 5% of forests, he
used partial statistics which do not account ferrdal size of forest.
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well endowed with forest land, even if we consitle larger heating needs,
with a per capita endowment of 10 to 200 times ¢fidortugal in 1900.

Fossil fuel reserves were even less well distrithuks the estimates of
fossil fuel resources for coal in 1913, oil in 19808d Natural Gas in 1970
indicate, Portugal had almost no fossil fuel regsrat the time when each of the
fuels gained relevance in the energy system ofsimdlized societies. In 1913,
when the first inventory of coal resources of tharlds was made, England had
already exploited its most economically viable rees as a result of large
consumption and exports to the rest of the wotsl.cbal endowments were
characterized by high quality and concentratiomxitensive fields with ease of
access to the sea and centres of consunipti®@anada, the US, Germany and
France were the countries with more endowmentsg@gita, although reserves
for Canada were highly overestimated and shouldteepreted with café”. Oil
and natural gas were also abundant in Canada antd$h Europe practically
lacked oil. The situation was slightly better fatural gas. Most of the reserves
of natural gas in Europe were found in the 1960870s. Nowadays, the United
States produces 1/5 of the world’s natural gasa@aroccupies fourth position
in world production. The Netherlands and the UK #me most important
European Union producers.

3.3 Energy consumption and energy per capita

Portuguese energy consumption rose by a facto6ah 1150 years, with
two distinct phases (Fig. 3.1):

1. From the beginning of the period until the efdvorid War I, i.e., 90
years, total primary Portuguese energy consumpbtea by slightly more than
1% a year.

2. After the end of World War Il, energy consumptimose at a much
higher rate of almost 3% a year.

The differences between the two phases are actedtudnen measured in
per capita terms, since the population grew agadrirate (0.8% a year) in the
first period than in the second period (0.4%).

293 Woytinsky (1953).
2% Woytinsky and Woytinsky (1953). Estimates in 1913.
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Figure 3.1 Energy consumption in Portugal 1856 — 2006 (PJ)
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Figure 3.2 Energy per capita in selected countries, GJ

400
350 ...’
% Eng. &W
e @ = o Eng. .
300 . A\
\/- e Y eeeeen Sweden
s
250 —o— Netherlands
—o— Germany
200
. 8 % A== |taly
T8N :0’ ’g“,:g‘y%-. 3 .
150 QP > 0 Spain
”.h;w?""‘ — France
& N
100 . ) & pm Portugal
50 o US
== . «Canada
0
O N < 1 00N N OO O O N < 4 00N AN O Om o N <
N N O NMNOOWO OO A NN OO T N O O N0 O O O
0O 00 00 00 0 0 0O 0 OO OO OO0 OO OO OO0 OO OO0 OO OO OO O o o O
R I o B o B e B o R e B o B o R o B I I T e A e B o I B o R o R B o IR o O o I @V

Population growth levelled energy consumption pagpita, which in the
very long-run grew by a factor of 6. Until the enfl World War Il annual
growth in per capita terms was very small (0.2%]) anergy consumption per
capita was practically maintained at the level @fGJ per capita/year. The vast
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majority of the increase in per capita energy Hesetfore taken place in the
post-war period and is clearly associated withidbginning of the convergence
with the core. Since that time, per capita enemysamption has grown at an
annual rate of 2.5%.

Portugal’s long-run trend of energy consumptiongagita presents a more
comprehensive picture if put into a multi-countsrgpective (see Fig. 3.2). In
the long-term view, all the countries exhibitedre®sing trends in energy use, a
well-established feature of industrialization. Hevwe the points of departure,
magnitude and pace of that shift were significanlifyjerent across countries.
Globally we can distinguish three main epochs adrgy pathways that have
long-term relevance: 1850-1938 (differentiated gwempaths); 1950-1973
(extreme growth) and 1973-2006 (stagnation inigtltonsuming countries).

The first phase is characterized by different miof departure and
differences in the level of energy per capita glowt/e can distinguish three
regional groups of resource use. The first groumpreses the pioneers in
resource intensity. In 1850, England & Wales areUlls were already above all
others in the energy consumption per capita indicdéesides, being already
characterized as the two first industrial natiomgh® world, they were also
extremely well endowed with natural resources. e tEnglish case, the
abundance of natural resources was due to an esdirelnghly productive
agricultural soil and vast and high quality coatames. Additionally, large
increases in the level of energy per capita indicaAad occurred in the early
1800s. On the other hand, the US and Canada hailecnatural resources:
land, coal and oil reserves, hydro-power and vaiststs. The US and Canada
would surpass Britain around 1913 and 1940, res@bgt following a resource-
intensive path. The fact that these two countriesalne the wealthiest in the
world fits well with the model in David, where apat@al-intensive or resource-
intensive path is the most fruitful in terms ofhiaological progre$®. England
and Wales, the US and Canada form a long-term gipap that has no parallel
with the rest of Europe — from 1850 to the preska in Canada and the US,
and from the eighteenth century to World War Iha tase of England.

Clearly below those three countries, the rest obge had a level of 18-35
GJ per capita in 1850. A second group, constitbiedermany, Sweden, and
France, and accompanied by early-comer the Netids]avould soon diverge
from Southern Europe. They can be labelled theggnfilowers, attaining 60
GJ-100 GJ per capita in the late 1930s. They wikagacterized by a different
stock of natural resource endowments and depambed very different levels of

2% David (1975).
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income. Sweden had a GDP per capita of only 40%heNetherlands in 1870.
By 1938, their levels of income were quite siméad the difference in incomes
between the poorest and the richest was only 20%.

A third group of countries is constituted by Podlidtaly and Spain. They
can be called the energy laggards. This regionaligrfollowed a very low
energy per capita path until World War Il at levbitween 18-25 GJ p/c, less
than half the Swedish, Dutch or French consumptiome consider the fact that
the typical energy transition in Europe was chamdoeéd by an increase in the
availability of energy, then this group had an agptransition. In fact, these
ranges of values are considered by Grubler to lee tyipical per capita
consumption of pre-industrial sociefigs

The second phase (1950-1973) sees most of therigsuiricreasing their
levels of energy consumption per capita at a vasy fate, doubling, tripling or
even quadrupling pre-World-War 1l levels. Stilletupswing is much softer in
England, which loses the character of resourcexgive country in the early
1970s. The differences between energy per capiEngiand and the two New
World Countries widen, while the gap narrows iraten to the rest of Europe.
In the case of Southern Europe, the Portugueseyermmar capita growth is
lower than in Italy or Spain. This can indicateiffiedent pattern of intensity in
the process of industrialization. One hypothesith& the new energy cluster
based on oil had a relative lower importance inRbguguese society.

The oil crisis is a clear trend reversal for mostrdries, which might
indicate that modifications in energy prices didénan influence on the paths of
energy use. After the 1970s, a stabilization ofrgyevailability per person
occurred in countries with consumption levels abd GJ per capita.
Portugal, Spain and, to a lower extent, Italy dostare the same trends. In the
case of Portugal and Spain, this can probably becested with the low levels
of per capita energy use in the 1970s.

Concluding, at the level of energy per capita iathc Portugal is
characterized by a long-run low energy consumpgioergy path. It shared this
characteristic with Spain and Italy until the e¥&\orld War II. In comparative
terms, the doubling of energy consumption per eapittil the oil crisis is not
particularly impressive. Portugal doubled its egergnsumption after the early
1980s from about 50 GJ per capita to 100 GJ petacap level similar to
England in 1850, to Canada in 1900, and to NortEemope in 1950-1960.

2% Griibler (2004).
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3.4 Energy mix in Portugal

The calculations performed in Chapter 2 allow famach more accurate
picture of the energy system of the Portuguese cgognin the period 1856-
2006.

In terms of structure, a major long-run transitioinpm traditional
renewable sources towards fossil fuels, took ptageng the 150 years of the
study (see Fig. 3.3).

Figure 3.3 Renewable and fossil-fuel energy, Portugal, 1858620

100%
80%
60% -
40% -

20%

0%
1856 1866 1876 1886 1896 1906 1916 1926 1936 1946 1956 1966 1976 1986 1996 2006

‘DTraditionaI renewables EJModern renewables B Fossil fuels ‘

Note: Traditional renewable sources include firewauodscle, direct water and wind. Modern
renewable sources include primary electricity, wastd all the traditional renewable sources
used for production of thermal electricity.

The most striking feature is that this transitioaswemarkably slow. The
share of fossil fuels increased from only 5% in@.8% about 28% on the eve of
World War |, but the interwar years were a periddstagnation in energy
transition. On the eve of World War I, modern sms still accounted for only
30% of the energy total. After World War Il, theneas a rapid expansion of
fossil fuels and a stagnation of the traditionalengable energy basis. Fossil
fuels accounted for about one half of total eneng¥970 and peaked at 80% in
2000. Apparently, another transition from fossilel&i towards “modern
renewable sources” has started to take shape ifltheentury. The expansion
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of modern renewable sources was visible after &4 with the investment in
hydro-utilities, but stopped at the end of the ®780owever, the change of
energy policy that took place in the late 1990slite ratification of the Kyoto

Protocol has had an impact in recent years onitteggification and growth rate
of modern renewable sources of energy.

If we look at the energy structure in more detaédlfle 3.5 and Figure 3.4),
there were very weak signals of a fossil fuel titgos in 1856. Firewood was
the major energy carrier with 57%, followed by rwisr energy (35%). Coal
accounted for only 5% of the total. The first triéine to be noticed occurred
between 1880 and 1913. Coal expanded its sharénan energy basket,
becoming the second most important energy carfigs first expansion of
modern energy carriers had less to do with sulbistituand was mostly driven
by urban industrialization and investments in ray®, ports and town gas
infrastructures.

Table 3.5 Composition of energy consumption in Portugal (18666) (%)

1856 1913 1950 1970 1990 2006
Food 19 15 16 12 7 6
Fodder for draught 18 12 8 3 1 0
Firewood & Others 57 45 44 26 14 11
Wind, water, heat 1 1 1 0 0 0
Coal 5 27 15 8 16 13
0]] 0 1 15 46 58 49
Natural Gas 0 0 0 0 0 14
Primary electricity 0 0 1 6 5 7

Despite being the energy carrier that expanded nonat#t 1913, coal was
incapable of surpassing the traditional energyshasonsumption of coal was
lower than muscle energy as a whole (feed and feod) much lower than
wood. The transition towards coal was severelyrintged by the outbreak of
World War |, and at the end of the thirties coahsumption was almost similar
to 1913, with firewood still the most dominant fuel
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The second transition occurred only after World \Wamnd coincided with
a long period of economic growth and convergendbed=uropean Core. In this
period, oil and, to a lower extent, primary elestyi expanded to most of the
economic sectors of the society. Oil became mop®rtant than coal in 1951.

Fig 3.4 Energy consumption in Portugal (1856-2006), penea(%)
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However, it only surpassed firewood in 1965, whishows the long-run
importance of wood in Portuguese society. The damge of oil as the leading
energy carrier prevails to this day. Nonetheledshas been losing its share
since the early 1980s in relation to other energyriers; coal for power
generation increased in the mid-1980s and natasirgs also introduced in the
electricity sector in the late 1990s. There hasla® increased interest in the
promotion of renewable sources, but the outcomekease policies had not had
a significant impact on the energy system by theeadr2006.
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3.5 Energy transitions: a global perspective

The evolution of the Portuguese energy system assuiifferent relevance
if put into a wider perspective. This section cletgazes how European and
North American energy systems changed from a toaudit energy basis towards
the fossil-fuel based system of today, and idesgiflome common and divergent
trends in the process of transition across cousatrie

3.5.1 The traditional energy basis

In pre-industrial societies, biomass was the alnoo$y source of energy.
Arable land provided the food for human beings tyas the feed for animal
power and forests provided the wood for heating iaddstrial needs. Water &
wind were the two only non-vegetable sources ofgne

Table 3.6 presents some estimates of the traditemargy basis in early
periods of economic growth for some selected ciegitf. Of the biomass
sources, wood was the most important. In mostusbge the traditional energy
basis was at the level of 15-20 GJ p.c./year, amtugal was no exception to
the trend. Only Sweden significantly surpassed tlorm with 47 GJ pc in
1800. Although it had an important charcoal basem industry in the
nineteenth century, only 1/10 of the firewood waedi by industry. Climate
differences were the most important reason foratisps between Sweden and
the rest of Europe. Improvements in householdpgent were able to reduce
Swedish firewood consumption to a significant degfeom 38 GJ pc/year to 26
GJ pclyear around 1858

Table 3.6 Traditional energy carriers in early periods, s&d countries, GJ p.c.

Food Feed Wood Total

France 1800 4 2 13 19
Germany 1815 4 3 8 15
Sweden 1800-1850 4 5 38-26 47-35
U 1850 4 17 96 117
Spain 1850 4 6 9 20
Portugal 1856 4 3 11 17
Italy 1861 4 3 9 17

297 Although coal was already used in all the coustrimnsumption was low, so we believe that
substitution did not occur to any significant degre
2% Kander (2002).
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If most of the differences in energy use in Eurapere related to the
climate, the extremely high consumption of wood andnal energy in the US
around 1850 tells us a different story. The retatscarcity of population in
relation to natural resources moved the US ecoreamly on to a high profile of
energy consumption. The estimates suggest thatl880, an American
consumed 10 times more wood and 4 to 5 times moirah energy than an
average European. That kind of shift would mostliikhave been ecologically
impossible to follow in Europe, as population déasi were substantially
higher. England, a country that had comparableldewé energy per capita,
would not have been able to raise its levels ofrggneeonsumption with
domestic wood. By the early "t @entury the whole of the country would have
had to be planted with trees in order to replateh& coal consumed in the
country; by the early twentieth century a land acef 10 times larger would
have been requirédl.

3.5.2 The uneven transition towards coal

In the early nineteenth century, the Industrial étetton started to spread
to other regions of the globe. The earliest datevhich we are able to compare
the full energy mix of Portugal to other countriesl870, by which time there
were already large differences between their enstrggtures (Fig. 3.5).

Figure 3.5 Composition of primary energy consumption in 1870,
selected countries (%)
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29 Sieferle (2001).
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Around 1870, England, the coal-pioneer, differetdssantially from most
countries in terms of its energy mix, which was @dintotally dominated by
coal. The transition to coal was already visibl&ermany, the Netherlands and
France, which had a 40-60% proportion of coal m ¢mergy mix. These three
countries seemed to be following in the footstep&mgland & Wales. In the
Netherlands, the share of fossil fuels was evehdrigas pedl® (included with
wood in the figure) had been used as an alternativeood since the early
seventeenth centulyf. In the remaining countries, wood and muscle wkee
main sources of thermal energy and power. Resanteesive Canada and the
US (to a lesser extent), follower Sweden, and Hggdrds Italy, Spain and
Portugal all had high shares of traditional enezgyriers, irrespective of their
levels of per capita energy consumption. In theecaf Canada, the US and
Sweden (to a much lower extent), the high shaneaufd was also related with
vast forests, cold climate and an early wood—interased industrializatidfY.

In Portugal, Spain and Italy, the high shares adlitronal energy carriers
were associated with a low penetration of coalilU®13, the widening of the
differences in energy consumption between SoutBarnpe and other countries
can be almost solely attributed to the differersiddption of that energy carrier.
Figure 3.6 shows the gap of coal consumption invdreus nations in 1870 and
1913. From 1870 to 1913, coal had become the magsbrtant energy carrier
for all the nations, with the exception of Portudtéd consumption was high in
England & Wales, Canada, Germany and in the USLE&DGJ), and lower in
France, Netherlands, and in coal -poor Sweden §3G). In Southern Europe,
coal consumption was extremely low and did notvaltbe economies to go
beyond their traditional energy basis. This suggebktat the first wave of
industrialization associated with the coal clugtaral, steam engines, railways,
navigation, iron and gas) had a differentiated icb@&ross countries, being late
and less intensive in countries with scarce fdasill sources.

3% peat or turf is a partially decomposed form ofatation which can be found in some areas such as
wetland bogs. It is the earliest formation stageaal, and can be used as a fuel.

%1 For an interesting interpretation of the role efapin the rise and fall of the Dutch period of
prosperity in the seventeenth century, see Zee@&®8)1 According to the author, in a period when the
country was already much deforested, the existehegnificant exploitable deposits of turf cloge t
the waterways made peat a cheap alternative casilll be easily transported. The use of peat atiowe
the Netherlands to double its renewable energyspadgih about 16 GJ pc being supplied by this fuel
in periods of the seventeenth century. The incnggdifficulty in exploiting peat due to the exhaast

of the resources, which were near the surfacessaraed to have been one of the reasons for the end
of the Dutch Golden Age. In the early nineteenthtey, peat still supplied about 7 GJ pc.

%92\Wood consumption per capita in 1870: 25 GJ pSvieden, 47 GJ p.c in Canada and 76 GJ p.c in
the US. This was not matched by any of the othentees, which had wood consumption levels
around 6-10 GJ p.c.
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Figure 3.6 Coal consumption per capita 1870 and 1913, GJ
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Did coal substitute or supplement traditional egyergrriers such as wood
or animal energy? The initial transition to coalamesome substitution, at least
in per capita terms, for wood. In England, the aepment of wood by coal for
household needs had even preceded the IndustvallRien. In some ways, the
country had already been deforested by the early d&ntury and the
substitution occurred due to an acute timber famex@ressed by the rising
prices of wood relative to cdal. For Robert Allen, it was the growth of
London’s population that ignited the rise of fuetwioprices and the use of coal,
as it was responsible for a large and concentrdésoand for fuel in a limited
ared®. As wood could not be transported over longeradisés without a
substantial rise in prices, coal was a much chealpemative. The transition to
coal was not automatic: it required a learning psscin how to heat a house
with coal with the design of well-constructed chewma in order to get rid of the
unpleasant smell. In the US or Canada, large ficelvconsumers in the late
nineteenth century, the transition to coal also mhea significant decline in
wood consumption per capita as a result of sulistitun manufacturing and in
the household sector. By 1913, wood consumptionblegt reduced to about 20

33 See Nef (1932), Hammersley (1973), Sieferle (200rde (2007), or Thomas (1986) for the
debate on the extent of the fuel crisis in the égun
304 Allen (2009).
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GJ pclyear. In the US, the transition was far fidmupt, as wood was plentiful.
In the initial phases of industrialization, woods@loffered the advantage of
clearing land for agriculture and buildiffg Only after innovations in the
process of making wrought and cast iron with ardbean the 1830s, was the
coal age born. The availability of cheap and bettar allowed iron-machinery
steam-power manufacturing to be located near therns@ties and to displace
the former wood-machinery and water-power lightuistdy’®®. With an increase
of urbanization and the appearance and marketingopfcooking stoves, coal
spread to household ud¥sTo a smaller extent, wood was also replaced by co
in the urban areas of Europe, with the sole exopptif Sweden and Portugal,
where wood consumption per capita remained congtartTable 3.7).

Animal power was more resilient than wood. Althoutjere was some
diffusion of steam-power for certain agriculturasks such as threshing,
agriculture largely remained non-mechanized. Té&hlé shows the annual
energy consumed by working draught animals percafgural hectar&® in
1870, 1900 and 1913. In Portugal, the use of ahpower, already low by
European standards, decreased slightly from 184@®0, as animal power did
not accompany the rapid increase in agriculturaaar In most of the countries
the use of animal power per ha increased during pd@od. Increases in
agricultural production at this stage were stileggwminantly dependent on
achievements in the organic economy, although #eeafl coal allowed to free
forest for arable or pasture.

Table 3.7 Traditional energies during the age of coal

England France Netherland$sermany Sweden Italy Spain Portugal
Wood per capita (GJ/pc)

1870 O 7 11 6 25 8 8 10
1913 O 5 2 3 25 5 5 10

Energy consumed by draught livestock per agucelhectare (GJ/ha)
1870 3.3 3.4 4.3 5.3 4.1 3.5 5.2 3.4
1900 3.9 3.6 4.3 6.2 5.0 6.4 4.7 3.1
1913 3.9 3.1 4.8 6.8 5.5 6.4 4.9

Sources: Warde and Kander (2011) for energy condwmedraught livestock. For Portugal,
own calculations. Agricultural land taken from Gaweeal. (1945).

%9 Melosi (1982).

3% Melosi (1982), see also Cowan (1987) for a systemalysis of the delays in the adoption of iron
stoves in America.

%7 Melosi (1982).

%% Includes fallow, arable and pasture.
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In conclusion, although there was some substitutronscle power and
wood (in much lesser extent) still retained someartance. The bulk of the
difference in coal consumption per capita acrossntees was especially
associated with the intensity of adoption of caahhologies (steam engines,
railways, city gas) and the expansion of energgnsitve industries such as
mining, iron and steel.

3.5.3. Early diversification of the energy basklet interwar period

After the war, coal continued to expand its shdrthe total energy system
in most European countries (with the exception oftiyal), but other sources
of energy also become important, such as oil anlddagower.

The late 1930s corresponds to the end of the gdinsise of differentiated
energy pathways and the energy mix of our set ohtees is represented in Fig
3.8. Compared to 1870, all countries now had adrighare of modern energy
carriers in their energy basket. However, the eegsf importance of each
energy carrier varied greatly. In England and Geymaoal comprised
practically the whole energy system. Diversificatim the energy basket was
more visible in the US and Canada, which had coaiparlevels of energy per
capita consumption in relation to England and Wal&sose two countries had
early transitions to oil, natural gas and primdec#icity (in the Canadian case).
The same happened in Sweden and France in retati@ermany, for example,
where primary electricity and oil were relativelyra important.

In the countries with a low energy consumption p@hbrtugal, Italy and
Spain), traditional energy carriers still had ayveigh degree of importance in
the energy system. This was especially eviderttenRortuguese case, still 70%
dependent on firewood and muscle power. The Poeskgenergy path until
World War Il did not differ much from Italy and Spafrom a per capita
perspective, but differed substantially in the geat®n of modern energies. As
seen in Fig 3.6, the levels of coal consumptiongagita in the late 1930s were
almost half of the Italian and Spanish levels. TWap was not compensated by a
relatively high importance of hydro-power or oilo@rary to what happened in
Spain, and especially Italy, hydro-power had vatitel importance in the
Portuguese energy basket before the 1950s. Indieadpod compensated for
most of the gap in modern energy consumption.
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Figure 3.7 Composition of primary energy consumption in 1938Jected
countries (%)
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Note: The shares for Spain refer to the year 1935.
Sources: See Appendix E

The difference in wood consumption was not a redutubstantial climatic
differences, as lItaly, Spain and Portugal had coaipa levels of wood
consumption around 1860. The transition to modesrgy carriers in Spain and
in Italy involved substitution between thermal sms (coal for wood) and a
window of opportunity with an extremely efficiemiergy carrier: hydro-power.

The low level of Portuguese modern energy consumptan be further
assessed by a comparison of the different usesalfand oil and electricity
across some European countries and the US (see 3ab!

The gap in coal consumption in Southern Europeomparison with the
economic leaders extended to all categories of itseas lowest in the railway
sector, where there were few alternatives to @ad, highest in household uses
where competition with other energy carriers exist&he gap was so large that
just for household uses England & Wales, the USnfaay, France and the
Netherlands consumed more coal than Italy, SpairfPantugal did for all
categories of use.
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Figure 3.8 Differences in the Portuguese, Spanish and lt&rergy mix
(GJ per capita), late 1930s
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Table 3.8 Modern energy consumption in European countriestia@d)S 1936-
1939 (GJ/pc)

Eng.&Wales. US® Germany Neth.France Italy Spain Portugal

Total Coal 120 89 75 43 44 10 9 4
Railways 9 19 7 2 7 24 2.3 1.1
Steamships 1 0 2 3 1 0.1
Manufacturing 71 44 43 25 22 54 6.5 3.0
Domestic Heating 26 24 20 10 11 05 0.2

Gas Works 13 1 3 3 3 15 0.3 0.2
Electricity” 2.6 3.2 29 15 18 14 05 0.2
Total Oil 7 50 4 7 6 3 1 1
Gasoline 5.8 26.0 2.3 2.8 32 08 0.7 0.5
Kerosene 0.9 2.8 0.1 1.4 0.2 01 0.0 0.3
Fuel-Oil 0.4 21.3 1.7 3.0 22 17 04 0.1

Sources and Note¥\atural Gas consumption excluded from the totatkequal to 19 GJ/pc.
PElectricity is a final form of energy, thereforeatdor electric stations and hydro-power are
excluded from the totals to avoid double countir@@pal consumption for Portugal for 1938,
own construction from several sources: coal foarships is included in INE (1938)
Comeércio Externpcoal consumption for railways and gas consuomptian be found in INE
(1938),Anuario EstatisticpCoal for manufacturing is the residual that i #&ter deducting
from the total coal for electric utilities (not shn) from DGSE (1938)Estatisticas das
InstalagBes Eléctricgsgas and railways. Shares of coal by uses forratbentries, 1936,
from Woytinsky and Woytinsky (1953), adapted todsvof consumption of LEG database.
Electricity: Portugal: see Appendix B, Table B.&ly: Malanima (2006), Spain: Bartolomé
(2007), other countries: Mitchell (2003). Oil consution refers to the year 1939, taken from
Woytinski (1953), p.915.
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If we compare the production of electricity acrassintries, the story is
different. Large coal consumers were also largeted#y consumers, but there
were far fewer differences in the level of adoptmintechnologies associated
with electricity, a final form of energy, which ddube produced either by fossil
fuels or water-power. For example, Italy had almts¢ same level of
consumption as the Netherlands or France. In Palittige gap to the leaders
continued to be almost as large as for coal, aadlifierences when compared
to Italy were now much wider.

For oil, we only have information on the type o€lfwsed: gasoline (for
cars), kerosene (mostly for lighting, but also dooking and motors) or fuel-oil
(navigation, manufacturing or railroads). The @lifintiated levels of gasoline
consumption indicate the much more intensive mpabion of the US in
relation to Europe. This leadership had emergedrat the first decade of the
XX century when the internal combustion motor wasognized as being a
superior motor in relation to steam, gas or elecompetitors. The availability
of cheap gasoline coupled with innovations in tmedpction process of the
automobile, such as the assembly line, allowed ab®mobile to become
affordable for American consumers in less than tecades. By 1935 more
than half of the American families had an autonmblih Europe, the diffusion
of automobiles was much slower and dependent oh bwd existence of
domestic production and disposable incomes; thene w0 to 50 automobiles
per 1000 people in England & Wales and France,nlthé Netherlands and
Germany, 10-11 in Italy and Spain and only 6 int&Rgal in the mid-19365°.

The US also had much larger fuel-oil consumptioanttEurope. The
transition from coal to fuel-oil was first tried the military navies at the onset
of World War |, for strategic reasons (faster reiog)**’. The uses of fuel-oil
were also extended to manufacturing and electatiosis in the US during the
interwar period. In Europe consumption remainedligéde, probably due to
high relative prices. Italy was probably the onlyuntry with some relevant
substitution of oil for coal in the manufacturingcsor. The Industrial Census of
1937-1938 indicates that oil already accounte®@86 of the fuel needt.

In relation to Europe, Portugal only had comparaldgels of oil
consumption in the fuels used for lighting, a hkeksult of poor levels of
electrification. Consumption remained low in batlelfoil and gasoline markets.

399 Sudria (1990a)
10 podobnik (1999)
1 Ristuccia (1997).
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In conclusion, on the eve of World War I, the RRguese energgystem
was the least modern of all the countries in thalukse.

3.5.4 The age of oil (1950-1973)

The European energy system was greatly modifiethenpost-war years.
The epoch of 1950-1973 was characterized by a tgal/expansion of modern
energy, especially oil.

With the exception of the US, where the age ohaill started after World
War |, the uses of oil were much confined to tram&giion, in cars and ships
before World War Il. Even in transportation, thevas still a huge market to
explore, especially in Europe. A series of eventekrated the transition from
coal to oil after World War Il. Firstly, refiningechniques were greatly
improved. Yields of gasoline from crude oil hadraased from 11% in the
1910s when most of the oil was wasted to 39% irO8Bn the introduction of
the cracking method during World War I. In 1936e thtest development was
catalytic cracking, a process which could giveglb&ochemical industry a large
array of useful products and improved yields ofaljas to 60%"% Secondly,
many of the old European energy and industrialastiuctures needed to be
reconstructed due to the effects of the war. Assallt, much of the productive
structure could be rebuilt from scratch, taking awage of the new
technological frontier of the time. Lastly, aissrof discoveries in the Middle
East allowed estimated world reserves to jump fBdnbillion barrels in 1939 to
about 95 by 1951® depressing the international oil prices. Fromehd of the
war until the early 1970s the real internationaterof Arabian light oil fell
from 18 dollars a barrel (2009 prices) to almostsk® Fig 3.9. Developments in
transportation, such as increases in the size efothtankers, contributed to
reducing freight costs. In Portugal, for exampl&aof crude oil imports paid
about the same as a GJ of coal imports by the €889s, and substantially less
during the 1960s.

The golden age of economic growth became assoamtkdhe rise of new
industries from the olil cluster, such as productafnautomobiles, tractors,
planes or petrochemical industries, which usedasila raw material for the
production of plastics, fertilizers and other swiihh materials. The emergence
of new industries had an important spurring effent the whole economy,
including old coal sectors. The production of tgorgation vehicles, for
example, demanded an array of materials, sucheas atd other metals, glass

12 \Woytinsky and Woytinsky (1953).
313 Woytinsky and Woytinsky (1953), p.889.
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and rubber, and implied drastic infrastructural rcfes, e.g. roads, highways,
and airports, which also had their own demand faremials*.

Figure 3.9 Relative import prices oil/coal and real interna@ib oil prices
USD/bbl, $2009
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Oil also contributed to the industrialization ofriaglture in developed
Europe. The availability of a relatively cheap s®urof energy for the
production of nitrogen fertilizers and the diffusiof tractors in agriculture
should not be underestimated. Draught animals \wereasingly replaced by
tractors. The use of nitrogen fertilizers in deypeld countries quadrupled from
1960 to 1980, which allowed significantly increasisields of the main crops.
Oil also became attractive as a substitute for tmaheating in manufacturing
and household uses as relative oil to coal prieksThe preference for oil was
not always related with lower prices per GJ intretato coal. Oil had some
useful characteristics when compared to coal: migleeasity, easiness to handle
and lower pollution levels.

The timing of the transition from coal to oil difeed across countries. Oil
surpassed coal as a major energy carrier in thg 8350s in countries with oil
reserves (the US, Canada), and in the countrieshwbacked important reserves

¥4 Freeman and Lougcé (2001).
15 UNIDO and IFDC (1998).
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of coal such as Portugal, Italy or Sweden. In otteemtries oil surpassed coal
only from the mid-1960s. In Germany that transitaxcurred even later, in the
1970s; and in England only in 1992. The apparetdydin the transition from
coal to oil in coal-endowed countries points notydo the existence of large
sectors of the society where coal was still thedimental input, such as steel
works, but also to differences in relative pricdhese differences were
exacerbated after the late 1950s by public polisieeh sought to protect the
old coal industry faced with a falling output aftee demand for oil soaréd

To lesser extent, natural gas also had an impodemlopment in some
European countries. Before the war, the only ingurtknown reserves of
natural gas were located in the United States, lwhad a world share of about
90% of both production and consumption in 150 The concentration of
consumption in the country of production was simplgtified by technical
reasons. Due to its high volatility, natural gagswnot easily transported or
stored, so a system of pipelines had to be cortsttua order to connect the
wells to the final consumer. In the US, natural gas a much more efficient
and cheaper alternative to town gas in domestis,Useing also used for the
manufacturing of carbon black (for rubber), Pomlacement or ammonia
production (for fertilizers)®. Two events changed the future of Natural Gas in
Europe. The first was associated with the developraétechnology that made
natural gas possible to transport by sea, by cangenatural gas at the point of
production into a liquid form which could be recented to its gaseous state at
the point of consumption. In the mid-1960s, Algeexported Liquid Natural
Gas (LNG) to England or France. Secondly, thereevé®me discoveries of
natural gas in Europe. The first field was discedein the Po-Valley, in Italy
during World War 1f*°. In the Netherlands a huge gas field was fountios9
near Groningen, on the North Sea coast, which akbtlie country to specialize
in chemical production and become the largest markdsurope in the late
19608%°. Other reserves of less importance were foundénNorth-Sea in the
late 1960s and1970s. By 1973, only Sweden and ¢artuad not consumed
natural gas. Both lacked reserves and the propexsiructures, as a result of
their historically small production of coal gas.

%1% Chick (2007) describes some measures in the WKerearly 1960s, which included import bans

on energy substitutes and coal-burn targets inra#g production. In Germany direct subsidies to

the industry (such as social aids or sale aidsarnecincreasingly important from 1958 onwards, see
Storchmann (2005).

317 Woytinsky (1953).

318 \Woytinski (1953).

9 Victor et al (2006).

320 victor et al (2006).

103



The rise of oil and natural gas was also accompdnyea disproportionate
growth in electricity. In this period electricitpereased in many of the countries
at a higher rate than energy consumption or dom@stduct per capita, e.qg.
10% a year in Spain and Portugal, 9% in Germany,iy®weden and 6% in
England & Wales. For developed Europe, the riselettricity was not only
due to economic growth and continuous electrifaratof manufacturing, but
also to the rise of household consumption and exanof the grid to all the
citizens. In the post-war years, Western Europeactpuired a diversity of
electric appliances such as fridges, washing mashamd TVs. Along with the
automobile, the electrification of the home repmntsd the age of mass
consumption.

It was in electricity generation that the diversi the use of fuel across
countries was more evident, a result of differeatiomal energy polices. The
doubling of electricity consumption in each decadquired large and fast
increases of capacity, which altered the structfrelectricity production in
some countries. In England or Germany, electricitptinued to be mainly
produced by coal. Sweden maintained a hydro-profireSouthern Europe, the
post-war period result in three distinct pathslyltan out of additional hydro-
resources and turned from a hydro-power systemclwltovered 82% of
production in 1960, towards a fuel-oil based nelwor 1973. Spain adopted
the most diversified approach: after a hydro pemddch would last until the
early 1960s, it adopted a policy of using natiawl, thereafter switching to oil
and nuclear power. Portugal followed an autarkagettory and became a
hydro-power country by the 1950s. However, desihieedifferent profiles of
each country, by the late 1960s most of the nevaagpwas driven by the three
energy sources of the period: oil, natural gasrardear power (See Table 3.9).

Table 3.9 Electricity production, by source, in 1973

Coal Oil Natural Gas Nuclear Hydro Others
Italy 4 62 3 2 27 3
Germany 69 12 11 3 4
Spain 19 33 1 9 39
Portugal 4 18 75 3
Sweden 1 20 3 77
England & Wales 62 26 1 10 2

Source: IEA (2010b) lectricity Information

Figure 3.10 shows the effects of the age of oilhenstructure of primary
energy consumption of our set of countries on treeda# the oil crisis.

104



Figure 3.10 Composition of primary energy consumption in 1%568ected
countries (%)
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Sources See Appendix E.

In 1973, the proportion of traditional energy cawsi in the energy basket
was dramatically reduced in ltaly, Spain and Patud®il represented the
energy carrier that allowed the Southern Europeama@mies to significantly
increase their levels of primary energy consumppen capita. The share of
fossil fuels in the energy system of the countwess below 80% only in
Portugal (60%) and Sweden (72%). Compared to ainantries, the remains of
a traditional energy system were still visible imrtagal. The high wood
consumption was mainly observable in the housesettor, the result of a poor
urbanization.

3.5.5 Diversification of the energy basket, reducinf oil dependence
and continuous electrification (1973-2006)

The 1973 oil crisis marked a shift in the energyudtres of developed
countries. International oil prices quadrupled dgrithe crisis, changing the
prospects of continuous economic growth based eaghoil. The oil share
peaked in most of the countries in the 1970s (Wighexception of Portugal and
Spain) and countries diversified their energy mxorder to reduce external
dependence from oil. Later, environmental concaals® became important.
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Nowadays, countries rely much more on a diversifpedtfolio of energy
carriers. (Fig 3.11).

Figure 3.11 Composition of primary energy consumption in 20@&Jected
countries (%
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Sources: See Appendix E.

Diversification of the energy sources has beconmggtlst possible due to a
long-run increase of electricity as a share of final energy consumption
(excluding muscle energy}. In 1938, despite all the contributions that
electricity had made to industrial growth duringe timter-war period, the
electricity share of final energy consumption was, between 1% in Portugal
and 8% in Sweden and Italy. In 1973, electricitgerdo levels of more than
10%. Nowadays electricity represents a share @i famergy consumption of
about 20% in most countries and 36% in SwedenTabk 3.9. The augmented
share of electricity since the 1970s has been agshenon across all the sectors
of the economy, with the possible exception ofdpamt, where electric vehicles
are still in the first steps. It has been assodiatgh the emergence of the Third
Industrial Revolution: innovations around the mpmacessor have put the
computer at the centre of daily life. The rise adwnindustries such as
microelectronics and telecommunications, basedrmwledge, has produced a

2L Final energy consumption differs from Primary EyyeConsumption as it excludes losses in the
transformation of the energy sector
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shift away from heavy industries based on mat@mtahsive techniques. But the
computer has also influenced the way energy is asexlitomation of processes
& information technologies allow important energgvmgs in the production
process.

Table 3.10 The increasing long-run importance of electricityenergy systems,
selected countries

Sweden Portugal Spain France Engl. & Wales Geymanitaly
Electricity as a share of Final Energy (excludesamipower)

1938 8 1 3 3 2 8
1973 17 12 13 9 14 11 11
2006 36 21 22 22 20 18 19
Fuels to electric power as a % of Primary Energy
1938 15 4 3 7 11 7
1973 23 14 21 19 31 23 20
2006 31 34 31 26 31 28 24
Efficiency of electricity
1973 77 83 45 40 30 35 48
2006 95 58 55 81 45 66 63

Source: Own calculations from IEA (2008&nergy Balances of OECD countriead LEG
database.

The increasing share of electricity in final congtion means that about
1/3 of the primary energy is used in order to poedelectricity today, giving
much wider power to policy makers to affect thebglloenergy mix in the long-
run. The different policies followed by the diffetecountries since the 1970s
shows that there is no unique energy source thatesents an obvious
advantage to all. If oil fired plants practicallysdppeared from the policy
options, the choice of fuels would alternate betwervironmental, economic,
health safety or security of supply consideratiolms.the 1970s and 1980s
policies were mostly focused on the economic amdirdy of supply options.
France and Sweden chose a clear nuclear power \phtle others alternated
between coal, natural gas, nuclear and importectredgy, (hydro-power was
much dismissed, in part due to the exhaustion ef rtitost profitable sites).
Since the late 1990s, European electricity systeee been shifting to low
carbon forms of energy in order to mitigate climeltange, and natural gas and
renewable sources such as wind or solar energy Is@em a spurt of
investments. The shift is far from easy as clintatgets enter into conflict with
other objectives. While nuclear power is accepte&rance as a triple way of
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fighting global warming, having competitive electty prices and assuring
energy independence, the expansion of nuclear pisaegrite unacceptable for
other countries. Germany, for example, has hadckeauphase-out policy since
2002 (due to safety reasons) and a historicallyh ignsumption of coal.
However, switching from coal and nuclear to natuyak could also imply
increasing energy dependence on Russian naturardasnch nuclear power;
an undesired effect. As a result of the difficulty drastically changing past
investments and the tension between different galaés energy mix for fuel
generation is still quite different across courstri€his has impacts on the levels
of primary energy consumption, due to the differgfitiencies of the fuels.

Table 3.11 Oil dependence (%), several sectors 1973-2006¢cteel European
countries

1973
Households & Primary
Industry Services Transports  Agricultur&lectricity Energy
France 68 59 97 67 40 64
Germany 37 56 93 53 12 45
Italy 54 62 97 69 62 67
Portugal 61 21 98 63 18 54
Spain 57 50 99 57 33 64
Sweden 70 75 97 85 20 68
UK 51 21 99 80 26 43
2006
Households & Primary
Industry Services Transports  Agricultur&lectricity Energy
France 18 29 96 83 1 41
Germany 7 29 91 0 33
Italy 17 13 97 74 12 41
Portugal 26 25 98 69 6 49
Spain 21 22 98 68 5 50
Sweden 14 5 94 32 0 33
UK 21 7 98 33 1 33

Sources: Oil share for Industry, Household & Sersjc Transports and Agriculture

construction from IEA (2008aknergy Balances of OECD Countriésr 1973, wood values

of the household sector are adjusted for Portulgialy and Spain. Draught animals are
included in agriculture in1973. The oil dependentehe electricity sector represents the
share of electricity produced with oil and comesrirlEA (2010b) Electricity Information

Some of the convergence in energy uses betweendabind the rest of
the countries can be explained by divergent paththe energy mix. Portugal
was the only country where the efficiency of iteadlicity system decreased
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from 1973 to 2006, a result of a reduction of tlydrb component, which was
not compensated for by nuclear power or renewdbtdreity.

Increasing electricity use is not the only way ihieh dependence on oil is
reduced; for example, the development of distrigating systems fuelled by
wastes and biomass (Netherlands, Sweden), or Wiestment in the natural gas
grid, has replaced oil in many thermal processdake household, services and
manufacturing sectors. In agriculture, the oil shaas increased in various
countries due to a still ongoing process of repta® of draught animals by
tractors. In others, such as Sweden or UK, oikddpnce has also decreased as
a result of the use of both electricity and biofuske Table 3.11.

Today, oil is mostly used in sectors where it dogishave easy substitutes:
in transportation systems and the petrochemicaisinaks (for non-energy uses).
The decline in dependence is extraordinary in Sweedsgpecially if we take into
account the fact that, along with Italy, it was tmest dependent country in
1973. It is less impressive in Portugal, where bak of the primary energy
consumption is still satisfied by oil. This is ealed by later energy policies
(oil share peaked only in 1982 in Portugal), arelriatively larger share of the
transport sector and a less developed networktafalagas.

In conclusion, in comparative terms the energy bask&ortugal shows a
clear predominance of traditional energy carrigrsl ¥World War Il. As in Italy
and Spain, this high share was a result of lowl$egé coal consumptionis a
vis other industrialized countries. However, Portugueelay in the energy
transition was even more extreme than in thesecoumtries, mainly perceived
in the comparatively low levels of coal consumpta@rhydro-power in the late
1930s. Portugal was the only country where coaeneminated the energy
system. In the 1950s and 1960s, the share ofitvaditenergy carriers declined
to low levels in most of the countries and the gpdyasket became dominated
by oil. Nowadays, the energy portfolio of all theuatries is more diversified
and the Portuguese energy basket is much moreasinol that of other
industrialized nations. The only relevant exceptihich Portugal shared with
Italy at the end of 2006, was the absence of nugeaer in the energy mix.

3.6 Energy intensity in the long-run

A widely used concept to evaluate the relationdbgpween energy and
income is the ratio between energy consumption ¢orea in calorific units)
and gross domestic product, GDP, measured in mgnetdts. Comparing this
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ratio over time gives us a rough picture of thenecoic efficiency of energy
use. If the ratio increases over time, then thenttgun question needs more
units of energy to produce one unit of GDP; if thBo decreases, the inverse is
true. As already mentioned in our introductory dkapthere are two strands of
theory regarding energy intensity. The first viawludes only modern energy
carriers and associates changes in the ratio w#ges of development. It
theorizes that energy intensity follows an invertdeshaped pattern (EKC).
Energy intensity will increase in a first stage twihdustrialization, peak at a
determined point and then decrease as a resu#icbhological change and a
transition towards lighter economic sectors suckeasice™.

According to the second view, which incorporateslitional with modern
energy carriers, energy intensities tend to extabibng-run decline which is
seen as the result of continuous technical chamgeassing the effects of
structural change (industrialization). The intuitiof the argument is strongly
related to the transition from traditional energyreers (less efficient) to modern
energy carriers (more efficient), with continuoogprovements in the efficiency
of energy converters throughout history and witthtelogical change in the
broader sense, for example indirect improvemenlkatiour productivity”>. This
section investigates whether Portuguese long-ranggnintensities follow the
patterns indicated by these views, and suggeste gmssible reasons for the
different shapes of the curves and analyzes Patgenergy intensities in a
comparative framework.

3.6.1 Modern and total energy intensities, Portugal

In the Portuguese case, whether including tradatienergy carriers or not,
there is no evidence of an Environmental Kuznetsy€(Fig 3.12). In the case
where only modern energy carriers are considehedetis a long-run growth in
energy intensity with a long lasting depressiveakn® trend during the interwar
period. The growth of commercial energy intensigsvihigh ¢a. 3% year) until
World War |, probably because the levels of diffusbf modern energy were
low. The outbreak of World War | represented a GibBck to the Portuguese
economy, but it faced a much stronger energy sdaekto strong restrictions in
coal supplies. During the interwar period, modenergy intensity exhibited
instable behaviour and no distinguishable trend, was subsequently affected
by energy restrictions in World War Il. In the pegir period increases in

%22 Reddy and Goldemberg (1990)
33 Galeset al (2007).
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energy intensity were of 0.5% a year. Modern enpengensity recovered its
1913 values only in the mid 1970s. Energy intengitgw at a rate of 0.9% a
year after the oil shock.

Figure 3.12 Modern energy intensity vs Total energy intensitgytugal 1865-
2006, MJ/$1990
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If, on the other hand, we consider modern and ticawdil energy carriers
together, three phases can be observed. Theditbiei period until the World
War |, when energy intensity remained at the lefel8-20 MJ per dollar of
GDP; the second is from 1920 to 1973 when enerdgnsity dropped
spectacularly to 6.68 MJ per dollar produced, atiurd phase is observed after
1973 with an increase in energy intensity to lewé¢l8 MJ per dollar.

Energy intensity can be affected by many fact@mssh as technical
efficiency, energy mix and economic structure, andvould require more
sophisticated analysis to determine the reasonshforvariation of the ratio.
Notwithstanding, certain characteristics allow asdtstinguish the decreasing
trend of total energy intensities from the upwardntl of modern energy
intensities. A hypothesis that can be formulateth&t the size of the informal
sector mattered in the Portuguese case known dohigtorically low energy
path. For most of the decreasing period, housefiodtigy dominated the energy
system. In this agrarian society, most of the gnevgs consumed within the
household sector to satisfy the basic needs of faod shelter. In 1880,
household energy had an importance of 71% in tle@ggnsystem, a position
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that had only slowly declined in importance in #50s to about 60%, when
49% of the population was still employed in thei@agtural sector. In this

phase, it is very likely that the growth rate otlype of energy is lower than
GDP growth, especially if GDP grows at a highee rdtan population. Some
accounts show that energy per capita at the holcsdéwel can even decline
during the phase of energy transition to moderfsitfe Because of the high
household share of total energy consumption, rdnesition from biomass (less
efficient) to fossil fuels and electricity (morefiefent) in the household sector
that took place during most of the 26entury was certainly very important in
determining the declining growth rate of energenity.

As a country develops, changes within the format@s gain relevance.
This suggests that, after major transitions witkine informal sector have
occurred, a period of structural changes within firenal economy can offset
gains in efficiency. However, not all these changeed to occur inside the
informal economy; agriculture for example, would d&&ector where increases
in land productivity or in the composition of agrittiral products (movement to
high-valued products, low-muscle-use intensivecadfiire) could also produce
those effects.

3.6.2 Modern and total energy intensities, all ¢dnaa

We can gain further insights into the evolution Pdrtuguese energy
intensities in a cross-country context. Fig. 3.1&9the evolution of modern
energy intensity of our set of countries

There seems to be a certain element of time instiege of the energy
intensity curves. Coal-intensive countries folloneedlear inverted U-shapped
pattern: Germany, England & Wales, Canada and teTley had spectacular
rises in energy intensity peaking more or lesshat4ame time, 1910s-1920s
(with the exception of England, which peaked earfyecisely when other
energy carriers such as electricity and oil wemmb@ng more important.

A second group of countries with intermediate mademergy intensities
followed a more mixed pattern during the interwaans, with a wave pattern
which could resemble, with some imagination, thE#€Cs. For France the
highest peak was in the 1920s; in Sweden and Netits the highest peak was
in the early 1970s, which coincided with the oilisis. Portugal had a
historically low modern energy intensity path ore tsame level as Italy and

%24 A substantial decline in the energy consumed pesqn/ household, as a result of a transition from
wood to coal, was observed in Morrison (1982) fer US in the period 1910-1930.
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Spain and the lowest in the post-war period. Thiesee countries also showed
wave patterns during the interwar period. After wesr they all increased their
energy intensity, but Spain and Italy did so fasitat Portugal. Italy and Spain
lowered their modern energy intensities followihg il crisis, although Spain
reversed the trend again in the early 1880#\fter 1973, increasing modern
energy intensities in Portugal, coupled with desirg@ trends in all the other
countries, resulted in a general convergence abgnetensities.

Figure 3.13 Modern energy intensity, selected countries, moawvgrages
(7 years) MJ/$1990
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In the long-run, if we do not consider the breaktrend during the interwar
period, there is no EKC in the Portuguese caseufarseems to have been
tunelling the EKC of the leaders without really kieg*”®. The fact that

Portuguese modern energy intensity did not readigkpdoes not correspond
very well with the idea that all countries peakuard the same levels of income,
as Portugal had already surpassed the income lefiekarly peakers.

Nevertheless, it fits the idea that developing ¢oes are able to benefit from a
new stock of technology as they develop, and atlmdntensive steps of early
comers. However, historically, development and netbgy should also be seen

3% peaks in 1970 (ltaly) and 1976 (Spain). Unfortalyatthe Spanish trajectory after the 1970°s is
dependent of which GDP data one uses (Geary KhamBEUKLEMS) and which level of energy
consumption (primary or final). Using the EUKLEM&td (as in chapter 5) we obtain an increase on
Spanish energy intensities around the period 19062

%2 The concept of tunnelling the EKC can be foundManasinghe (1999).
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as interlinked with each other. The fact that peysan development were also
pioneers in modern energy intensity, makes us \eeltbat late-comers were
late-comers precisely because of their incapabaftadapting to the dominant
technology of the time. In this case, natural resesl and the price of factors
should also be further investigated.

Figure3.14 Total energy intensity, selected countries, mgviaverages
(7years) MJ/$1990
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Fig 3.14 presents total energy intensities for ddircountries. With the
probable exception of England, where the transitamsards modern fuels was
almost complete, the inclusion of traditional eryecgrriers drastically changes
the behaviour of the long-run energy intensitiesoaf countries in various
aspects.

In the past, relatively high initial levels of eggrintensity seem to have
been largely determined by relatively high levets the consumption of
traditional energy carriers resulting from advexdamatic conditions, vast
endowments of forest or land and low populationsdess. Sweden, Canada and
the US, countries with at least some of these ckeniatics, appeared to be the
most resource intensive countries with an energgsemption of 40-50
MJ/dollar around the mid-1858& All the remaining countries (with the
exception of England &Wales) had much lower iniBakergy intensities, at the

%27 Swedish energy intensity was 80 MJ/dollar arouBf01 This was due to a combination of even
higher wood consumption and low incomes per capita.
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level of 12-20 MJ/dollar. In the case of England\ales it is necessary to go
backwards to the seventeenth century, when thetigowas still an agrarian
economy with scarce use of fossil fuels, to finckrgy intensities below 20
MJ/dollar.

The figure confirms the tendency of a long-run gehelecline in the
energy intensities curve, as suggested by earl@nksi#®. In all countries,
energy intensities are lower nowadays than in tliemmeteenth century, which
indicates that developed societies of today areenemergy efficient than
agrarian societies were in the past. In 1870, gnargnsities decreased at an
average rate of 0.9 -1.1% a year in the highnstg countries (England and
Wales, Sweden, the US and Canada), 0.6-0.7% per ige&pain, France,
Portugal and Germany and 0.4% a year in Italy &@dNetherlands (the low
intensity countries in 1870). As a result of diffietiated long-run growth rates,
energy intensities are less divergent now than tiveye in the nineteenth
century.

Still, the tendency for decline was not linear gsfthses of growth or
stagnation also occurred. Depending on climaten@mic structure, intensity of
industrialization at each growth phase, efficien€yhe technological stock and
composition of the energy mix, there were someatians in the growth trend
of each country at different points in time. Foraewple, England & Wales,
Germany and France (in much less extent) had enietgysity phases of
growth during the coal period of industrializajdhe Netherlands and lItaly
had a period of growth in the late 1960s, duringhase of low oil prices and
Portugal and Spain (in a less extent) increasdad éhergy intensities in the late
twentieth century.

The most important exception to the long-run desirgpenergy intensities
was the clear EKC pattern that Germany and Engkantfales followed. In
these countries, the effect of coal-biased econognawth towards energy
intensive industries clearly offset the effect ethnical change in the early
periods of industrialization. Both increased thamergy intensity sharply from
less than 20 MJ /dollar in pre-industrial times3©® MJ/dollar around 1913,
joining resource-intensive countries like the USye8en and Canada. This
group of countries exhibited persistent higher gnentensities than the rest of
the countries for most of the period, which indesatechnological disparities in
the modes of industrialization. For the Europeanntaes those differences
practically disappeared after the oil crisis, whoem be interpreted as a result of
convergence of economic structures, consumptiaenost and technology. The

38 Galeset al (2007), Griibler (2004).
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US and Canada, however, still had relatively higkrgy intensities in relation
to Europe. This persistence was connected not wily a more intensive
industrial structure, but also with much higher disv of personal energy
consumption per capita as a result of past teclgrebchoices. Historically low
oil prices gave an incentive for the use of larged less energy efficient cars.
Larger houses coupled with low electricity pricésoaresulted in higher levels
of household consumption per capita.

Portugal belonged to the group of countries wiesrergy intensity did not
surpass the 20 MJ/dollar in the period. In thisugr Portuguese energy
intensity remained the highest until World War From 1920 to 1970 energy
intensity in Portugal decreased faster than inylt&pain, France and the
Netherlands. However, in contrast with modern epengensities, Portuguese
total energy intensities could only be consided by international standards
in the 1950s-1980s. The fact that energy interssitiere relatively high before
the war suggests that agrarian economies (likéPtreuguese one at that time)
can be more intensive than industrial ones, as &smgconomic growth is not
resource biased. The low energy intensities ingbeod of rapid industrial
growth are an indication of a low intensive typeirtdustrialization. However,
after the oil crisis, Portuguese energy intensitgwgweakly in contrast with
other industrialized countries, where energy intgndeclined sharply. Spain
also showed the same behaviour after 1990, whiglyesiis that the drivers of
energy intensity changes were quite different &e4comers, the countries with
the lowest energy per capita, energy intensity iacdme per capita in 1973.
Portugal now has higher energy intensity than Featialy and the UK.

The declining trend after the oil shock in develbgEonomies has been
associated with a much wider range of factors thanprevious trends: energy
efficiency policies, structural changes towardsvises and from heavy
industrial sectors such as mining and steel towégider industrial sectors.
Portugal and Spain are today also service econpsiwewhat were the reasons
for the diverging trends? This will be investigatedChapter 5.

3.7 Long-term drivers of energy consumption

Now that long-run energy intensities in the vari@aintries have been
presented, we are able to assess the impact tBegyemtensity had in saving
energy in the various epochs of growth, when coegbavith other factors that
cause stress in the environment.
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The energy consumption of our set of countries gyevaverage by a factor
of 13 after 1870. In order to understand the nfaites of this growth,
researchers have used decomposition techniques wimmage to capture the
relevance of three forces: population, income actriology.

The Commoner — Ehrlish formula is a very frequentbed equation in
ecological economics to decompose the environmemiact of a nation (1)
into population size (P), per capita affluence (@)d the impact of the
technologies involved in the production of a uriitonsumption (T)i.e.,

| = PxAXT?,

Translated into energy terms, the T factor can Uilestduted by energy
intensity, the environmental impact by energy comstion, and the per capita
affluence by the GDP per capita in the form offtiiwing equation:

E= PxixE
P Y

If we take the derivates, this equation can be g in the form of growth
rates:

e
e=p+ty+—.
y

Growth in the scale effectp{y) needs to be counterbalanced by improvements
in technology €/y) for increases in impace) to be null. The results can be
presented in a multiplicative or additive formato Bhow the results in a
cumulative format, we choose the multiplicativesien where Denergy, Dpop,
Dy and Dey can be shown in the following way:

Xt+n Xt+l Xt+2 Xt+n
= X X, .. X

X Xt X1 Xeen-1

In the Portuguese case, the cumulative energy ogrisan has been
positively associated with cumulative economic gugpulation growth, and
negatively associated with cumulative change irggnantensity. As a positive
force, GDP per capita only surpassed populatioecesf around 1940, and
energy intensity only started to have negative dative effects after World
War 1. During this period, energy intensity gainsere/ not enough to
counterbalance scale effects of economic growthpapdlation (Fig 3.15).

$9See Chertow (2001) for a historical backgroundnenuse of this equation.
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Figure 3.15 Drivers of energy consumption, cumulative, Portisguenergy
decomposition
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Table 3.12 compares the Portuguese results of RAG Idecomposition
with the remaining 9 countries per periods. Long-lBAT decomposition has
been recently performed for the Netherlands, It8lyeden and Spaift. Three
aspects are highlighted. Yearly growth rates ofggneonsumption increased in
those four countries until 1973 and declined thiéeeaScale effects (population
plus activity) were more important than efficienggins in the overall period,
and energy intensity had a regular and strong dsitrg pattern after 1973

Does the global picture change when we include r@geta set of
industrialized countries? | argue that it partialbes.

Despite the impressive declines in energy intersitywn in the previous
section, as in Galest al, scale effectspfty) were in general more important
than energy intensity declines, and, as a resukrgy consumption grew
consistently in most of the countries.

In general 1870-1913 and 1950-1973 were energyrekp@ periods
(relatively high increase in the rate of E andtreddy low decrease in the rate of
Ey), and 1920-1938 and 1973-2006 were energy sagiages (relatively low
increase in the rate of E and relatively high daseein the rate of Ey). In the
early phases of industrialization (1800-1913), ¢nergy intensity effect was a

30 Galeset al. (2007)

%1 \We should point that the results that we presere for Spain, Sweden, Italy and the Netherlands
differ somewhat; the result of slightly differenatdsets. See Chapter 2 and Appendix E, for the
alterations in the datasets.
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minor explanatory factor for changing energy congtiom compared with both
population and economic growth effects.

Table 3.12 Results of energy decomposition for selected casjtryearly
growth rates, per period

England & Wales Netherlands
E P Y Ey E P Y Ey
1800-1870 2.5 1.2 1.2 0.1 1.5 0.8 0.6 0.2
1870-1913 1.7 1.2 0.8 -0.3 2.6 1.3 0.9 0.4
1920-1938 -0.2 0.5 2.2 -2.9 3.1 1.4 1.2 0.5
1950-1973 1.4 0.5 2.2 -1.4 5.4 1.2 3.4 0.8
1973-2006 -0.1 0.2 2 -2.2 1 0.6 1.8 -1.4
USA Sweden
E P Y Ey E P Y Ey
1870-1913 3.4 2.1 1.8 -0.5 2 0.7 1.9 -0.6
1920-1938 -0.1 1.1 0.5 -1.8 2.3 0.4 2.6 -0.6
1950-1973 3 1.4 2.4 -0.9 4 0.6 3.5 -0.1
1973-2006 0.7 1 1.9 -2.2 0.2 0.3 1.8 -1.8
Canada Italy
E P Y Ey E P Y Ey
1871-1913 3.5 1.7 2.2 -0.4 1.5 0.7 1.2 -0.4
1920-1938 0.7 15 0.9 -1.6 2.1 0.8 1.4 -0.2
1950-1973 4.3 2.1 2.8 -0.6 6.6 0.6 4.7 1.3
1973-2006 1.3 1.2 1.7 -1.6 1.1 0.2 1.9 -1
Germany Spain
E P Y Ey E P Y Ey
1870-1913 3.6 1.2 1.6 0.9 1.2 0.5 1.2 -0.6
1920-1938 1.7 0.5 3.4 -2.2 1.4 1 1.1 -0.7
1950-1973 3.5 1.2 4.9 -2 5 1 5.4 -14
1973-2006 -0.2 0.9 1.6 -1.9 2.6 0.5 2.7 -0.6
France Portugal
E P Y Ey E P Y Ey
1820-1870 1.3 0.4 1 -0.1
1870-1913 1.9 0.2 1.4 0.2 1.2 0.7 0.4 0
1920-1938 1.5 0.5 1.8 -0.7 1.5 1.2 1.9 -1.6
1950-1973 4 1 4 -1 2.9 0.2 5.2 -2.5
1973-2006 0.3 0.5 1.7 -1.8 3.1 0.5 2.3 0.2

| consider 1920-1938 an energy saving phase, @emtfact that energy
consumption growth surpassed the growth of the 1A period in five of the
countries. In most of them, this could be explaibgda break in trend during
World War I. The period 1920-1938 was one of ingetehnological change in
most of the countries. Intensity effects offseisedfects even in the US and the
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UK. Declines in energy intensity are consistent hwithe generalized
electrification of manufacturing in the interwarrjpel and with the rapid
progress in the efficiency of thermal proced€e&conomic factors such as the
Great depression and the reduction of trade anastndlization in general can
also be possible explanations. Svennilson suggiestshe UK was running out
of cheap coal by that time, which could also explai downward shift in
resource intensity, especially in coal intensivaintdes (Germany, the US,
England & Walesy® As in Galeset al, we do not perceive a generalized
increase of energy intensities as a result of lowep in the period 1950-1973.
While energy intensity growth rates were signifitamigher than in the period
1920-1938, they were still negative. The energgnsity increases in Italy and
the Netherlands were exceptions and not the norrpogsible explanation is
that the appearance of oil and natural gas allcavelift in the Italian and Dutch
production function, which was not possible durthg coal age. The general
idea that energy intensity forces were strongeardfte oil crisis is confirmed.
In half of the countries the reduction of energtensity was larger than the
increase of economic growth; and in two of the ¢ones (England & Wales and
Germany) absolute decoupling occurred. This suggésat the nature of
economic growth in developed countries changedtanbally.

As a late industrializing country, Portugal staralg from the general
picture in three important aspects. Firstly, ithe only country where yearly
energy consumption growth rates increased systeafigtiacross the given
period (1.2 in 1870-1913; 1.5 in 1920-1938, 2.9950-1973 and 3.1 at 1973-
2006). Secondly, Portugal is the only country whemergy intensity increased
after 1973, at much high&vels than in any other period of Portuguese hjisto
Lastly, Portugal shares with Spain the fact that ldrgest decrease in energy
intensity occurred during the period that coincideith its industrialization
process, 1950-1973. This suggests that Portugues&@anish industrialization
must have been accompanied by an intensive tedaicalachange which could
have been connected with, among other things, tbstisution of traditional
energy carriers by modern sources of energy.

%32 This idea was expressed by Sonenblum and ScH86)1Rosenberg (1998) or Devine (1983) for
the American case.
333 Svennilson (1954).
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3.8 Long-run C@emissions from fossil fuels

The transition from traditional energy to fossieflenergy has resulted in
an increase in C{emissions, the gas in atmosphere that is actuadiyansible
for more than 75% of total anthropogenic emissio@4obal warming is
nowadays considered the most serious problemetetatthe use of energy, that
mankind has to solve. The man-based accumulated ent@issions in the
atmosphere are considered the main factor thatdrasibuted to an increase of
the Earth’s temperature since pre-industrial tim&ke IPCC estimates, that in
order to limit the temperature rise in 1.5 C by @1@lobal emissions will need
to peak around 44 GTG®y 2020 and decline fast afterwatids

In order to understand the impacts of the histbeoargy transition on the
global environment, we present €éstimates for our set of countries. The,CO
emissions in this section are only references ssifduel combustion, which
accounts for the bulk of total G@missions in industrialized countries today.
The combustion of biomass also emits,C@nd each joule of firewood has a
larger emission coefficient than those of fossikléu However, traditional
energy carriers are different from fossil fuelstire sense that they do not
necessarily cause net g@missions. This is because plants also sequester
carbon dioxide as they grow. As long as biomassistainably burned, that is,
as long as biomass stocks remain constant, théirdevno net C@emissions
associated with biomass combustion. Therefore|riteggovernmental Panel of
Climate Change(IPCC) has considered biomass combustion emissions as
carbon neutral in their energy-related £fnissions calculations, as changes in
forestland already account for the release or capiti CQ from biomass. We
do not perform the calculation from G@eleased or captured from Portuguese
forests here, although they could have been relgtimportant in the pa$t.
Nowadays, Portuguese forests function as a sin€@ this is, they remove
CO, from the atmosphere; about 40% of the country iedied. Forests recover
about 5% of what the country emits to the atmosphdowever, in dry summer
years, fires can make Portuguese forest €Ritters. It is not uncommon to
have bad years, due to the type of forest (euaadyand marine pine) and due to
carelessness in cleaning the woods. So in 2003,ekample, when 372
thousands hectares were consumed by forest firessens increased by 9%.

334 UNEP (2010)
% The area of conventional forests increased dutiagperiod covered in this study, with the
exception of the war years, so it is possible thiast emissions were negative.
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Figure 3.16 CO, emissions, Portugal 1856-2006
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Greenhouse gasesd human-induced emissions include, besides fossil
fuels and forests, other land use changes, metinamedomesticated animals,
industrial processes, and fertilizer consumptiomorg other things. For
historical reconstructions taking into account gbrand land use changes see,
for example, Kandé®, who showed that total emissions in Sweden in the
period 1800-2000 resembled an N shape, due to tansaisle practices in forest
management and agriculture in the pisiAlthough CDIAC (Carbon Dioxide
Information Analysis Centet} has produced historical series of &fnissions
from gas flaring, cement and fossil fuel combusfimnalmost every country in
the world, we use our own GQeries for the 10 countries. This is due to the
fact that historical statistics, on which CDIAC hlbased estimates, are less
reliable than our sources, and that we want ourggnestimates to be consistent
with emission estimat&¥. For all the countries except Portugal, coal,amit
natural gas are converted using the emission estsaf 94.6 kg C@GJ for
coal, 73.1 kg C@GJ for oil and 56.1 kg COGJ for natural ga&’

%% Kander (2008).

%37 Kander (2008).

%% See CDIAC, http://cdiac.ornl.gov/.

%39 CDIAC uses Mitchell statistics for example.

30 |pCC (1996). For Portugal a more disaggregatethat is used with the following coefficients (in
kg CO2/GJ): Crude Oil 73.3; Gasoline — 69.3, Jetokene — 71.5; Kerosene 71.9; Gas/Diesel 74.1;
Fuel-Oil 77.4; LPG 63.1; Petroleum Coke 100.8, Aoglorts 94.6; Domestic Coal 98.6; from the
same source.
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In the long-run, Portuguese G@missions show a steeper trend after the
1960s than energy consumption, accelerating a@80.1This is due to the fact
that, before 1960, a high percentage of energyuwnopson was satisfied by
traditional sources, which are considered carbaitrakin our analysis. Most of
the contribution comes from oil. In accumulatednter about half of the
Portuguese historical emissions occurred after 1990

Figure 3.17 plots the historical per capita emissim various countries. In
comparative terms, the per capita evolution of lRprese C@ emissions is
different from the evolution of energy per capfast, the differences between
Portugal and the remaining countries are largen thaenergy per capita in the
first phase of the series, until 1950. This differe is also visible for example
for Sweden, with a lower pollution intensity path relation to France or
Germany or in the case of the US in comparison W&itlgland. Secondly, after
1973, trends become fairly different between indalkted Europe and
Portugal. Previously, we have seen that energycpeita stabilized in the
wealthiest countries while it increased in Portugdre, we can observe that in
Germany, England & Wales, Sweden and France emsger capita actually
declined substantially. In the case of Sweden arahdé the decline was so
large that they are now, along with Portugal, thast polluters in per capita
terms.

Figure 3.17 CO, emissions per capita in selected countries, topres
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Differences between the level of energy and thelle¥ CQ, emissions in
the various countries are caused by a distinct csitipn in the energy mix.
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Most studies focus only on an analysis of the, @@issions per GJ of fossil
fuels. In that case, there is normally a historidatline in the intensity of
emissions of each GJ due to a transition from carintensive coal to less
carbon intensive oil and natural gas. This is uUguahentioned as
decarbonisatiott",

In the long-run it is more interesting to includee tCQ intensity of all
energy carriers. Even if traditional fuels do naeuse CQ emission$”?, the
transition from biomass towards fossil fuels wakistorical process that had
influence in the increasing of G@missions. In the same way, the transition
towards wind or nuclear power or biofuels is expdcto have a declining
impact on CQ emissions. In comparative terms a very differdpwhamic
emerges from calculating the emission intensityabbfenergy carriers (Fig.
3.18).

Figure 3.18 CO, intensity of all forms of energy (kg G(5J)
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The figure shows that all countries increased tpellution intensity as a result
of the transition towards fossil fuels and peakéda aertain point with the
exception of England, which was already a sole @mnomy in the late

¥1Grubler and Nakicenovic (1996).
%2|f sustainably burned.
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nineteenth century. They did so at different pointsme and different levels of
pollution intensity. Countries that attained anlyegarge share of coal in their
energy basket peaked at 75-90 kg,(@3J. In these countries pollution intensity
started to decline either in the inter-war peritdte (US, France) or after World
War Il as a result of switching to oil or naturalsg In countries that missed the
early coal-intensive patterns (Italy, Spain, Paatugr Sweden), the shift
occurred later in time and at lower levels thanrtheedecessors; that is, around
55-65 kg CQ In Portugal the peak was reached only in 1999&tg5CQ just
some years before the introduction of natural gas.

After reaching the peak, the decarbonisation tisrslibstantially different
across countries. This can also be interpreted ess@t of different energy
policies or natural resource endowments. It is v&eep in Sweden and in
France, which reach levels of 30 and 50 kg/GJ, a probable result of a high
share of primary electricity (especially nuclean) the energy basket. It is
practically flatter for Italy, Spain or PortugalsAa result of steeper decreasing
trends in high polluting countries and later peaksl flatter decarbonisation
trends in late-comers, pollution intensities acramsntries are much more equal
nowadays than in the late nineteenth century (tith exception of Sweden).
While late-comers avoided the high pollution inteas of their predecessors,
their opportunity for fuel switching to comply witnvironmental targets was
probably more limited than most other countriesoriagier to gain further insights
into the magnitude of fuel switchings-a-visenergy consumption factors in the
changes of historical GQGemissions, the next section employs a decompuositio
technique that separates the various forces wlfiebtaCO, emissions.

3.9 Drivers of C@emissions changes

CO, emissions from the energy sector are a functiorbah energy
consumption and pollution intensity compositiortlo# energy basket. The Kaya
decomposition is an extension of the IPAT and atlavecomposing of CO
emissions in the factors that influence energy woomion (scale and
technology) and pollution intensity, in the follawg way**

_CO, E Y
= X

—x—XP

E Y P

CO,

33 Kaya (1990).
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The first term of the right hand side of the equatiCQ/E, is the pollution
intensity of energy. The other terms are energgnisity, per capita GDP and
population, the drivers of energy consumption.

In order to understand how the energy basket inflad CQ emissions,
we use a decomposition technique, applied by Ma $tedn to Chinese data,
that extends the Kaya decomposition in order tcusdp fuel switching into
three effects: (1) the effect of the transitioanfr biomass to fossil fuels as a
driver of changes in COemissions, (2) the effect of changes in the piolfut
intensity of the fossil fuel energy basket, (3) #féect of the penetration of
carbon-free energy in the energy ba¥KetThe equation below shows the
decomposition terms employed by the authors tomeose emissions.

Co, FF CF E_ Y

—x—xP -
FF CF E y P - CraSP

CO, =

Where:

CO, Carbon emission from fossil fuels combustion
FF Fossil fuels consumption (coal+oil+natural gas)
CF Carbon-based fossil fuel consumption ( fosldttbiomass (feed, fodder,
firewood & biofuels)
Total energy consumption
Gross domestic product
population
Carbon emissions coefficients from fossil fuels
Share of fossil fuels in carbon-based fuels
Share of carbon based fuels in total fuels
energy intensity of economic output
per capita GDP

< T QeOT<m

This identity can be applied to the method of indegomposition analysis,
specifically the multiplicative logarithmic divisi@lecomposition (LMDI 1),
which has the advantages of path independency angsidual, among other
properties. Like Ma and Stern, we apply here thdtipticative decomposition
method, which has the advantage of showing theggsaim relative terms. If we
take the logarithms of the extended Kaya identibd ahen use the first

%4 Ma and Stern (2008).
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derivative in order of time, we yield a multiplicat form of decomposition that
can be expressed as:

(COZ)t — (Cff)t x (S_l)t x (Sz)t x It X Yi x Pt
(CO)y Cila S (St ha Yu Ry

which can be rewritten in the following form:

Emiss= fossxbiox carfreextechx scale

where Emiss represents the total effect, the changes ip fG§3il emissions;
Foss represents the inter-fossil fuel substitution effelue to changes in the
emissions coefficients of the fossil fuel bask®g is the biomass substitution
effect derived from the transition to fossil fuetsirfree is the penetration of
carbon free fuels such as nuclear, hydro, solar,vgad or water power in the
energy basketiechis the technological effect derived from changesmergy
intensity; scaleis the effect of changes in income and populatidmese two
factors are grouped together because they havadglieeen dealt with, along
with energy intensity factors, in the energy decositon sectiori".

Figure3.19 CQO, emissions drivers, accumulated effects
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The accumulated drivers of carbon dioxide emissiomi fossil fuels in
Portugal are shown in the Figure 3.19.

¥°This is of course due to the fact that &fnissions are a function of energy consumption.
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The results show a very large impact of the trarsifrom biomass to
fossil fuels on the changes in total £€missions. While the most important
factor in the long-run was the scale effect, tha&ctdér only surpassed
accumulated biomass effects around World War |l. e therefore assume
that the history of the evolution of fossil @@missions in Portugal was until
recently mainly associated with the reduction i@ share of biomass fuels. The
biomass factor only stopped being important dutiregy1980s. In fact, compared
with the positive effects from biomass transitithe effects of energy intensity,
carbon free penetration or transition from coabtioand to natural gas had a
very little part in the reduction of fossil G@missions. Below, we present the
result of the decomposition per period expressedninual growth rates in a
comparative perspective.

3.9.1 1870-1938

Table 3.13 illustrates the main drivers of the gegmn CQ emissions
(EMISS) in the period 1870-1938: Technology, Scatel Fuel Switching.
Countries are ordered by their initial €€nissions per capita.

Table 3.13 Drivers of CQ emissions, yearly growth rates (%), 1870-1938

1870 FSW
tco2 po| TMISS TECH Scale FSWH o 1) B10(2) CARFREE(@)

Eng.&Wales 11.8 1.0 -0.7 1.7 0.0 0.0 0.0 0.0
us 26 | 40 08 31 17| 02 2.0 0.0
Germany 20 | 30 01 23 06 00 0.6 0.0
Netherlands 1.4 | 32 01 23 11 00 1.0 0.1
France 14 2.1 0.0 1.4 0.6 0.0 0.7 0.0
Canada 06 | 54 05 31 248 01 3.0 0.1
Sweden 03 | 45 09 26 28 01 2.9 0.1
Spain 02 | 32 07 18 21 00 2.2 0.1
italy 01 | 39 06 19 27| 00 2.8 0.1
Portugal 01 | 31 05 16 20 00 2.1 0.0

The effects of fuel switching associated with bigsdransition were in
general quite important during the period of défetiated energy pathways for
driving changes in COemissions in all countries except England, whiat an
early transition to coal. They surpassed scakctffin Sweden, Spain, Italy and
Portugal, the lowest emitters. The effects of rufbssil fuel substitution and
primary electricity had an almost negligible effeatthough the carbon-free
energy effects should be interpreted with care ttudarger efficiencies in
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relation to thermal options. In fact, efficiencefsthermo-electricity generation
in this period in Portugal, for example, were i t8-4% range before World
War | and 12% in the 1930s. Leapfrogging to hydow+er in the case of
Sweden, Spain, Italy or Canada allowed importavinga in coal and therefore
in emissions. However, the effect of higher efindies of hydro-power vis-a-vis
thermo-power would be incorporated in energy iritgnshanged® - fuel

switching represents only the changes in the eamseontent of the primary

energy source.

3.9.2 1950-1973
Table3.14 Drivers of CQ emissions, yearly growth rates (%), 1950-1973

1950 FSwW

tCO, | EMIS TECH Scale FSW

pc FOS (1) BIO (2) CARFREE(3)
us 16.9 1.6 -0.9 3.9 -1.4 -1.5 0.2 0.0
Eng.&W. 13.8 0.7 -1.4 2.7 -0.6 -0.6 0.0 -0.1
Canada 115 3.6 -0.6 4.9 -0|7 -0.8 0.3 -0.2
Germany 7.6 3.1 -2.0 55 -0.56 -0.6 0.2 0.0
Netherlands 5.0 4.2 0.8 4.6 -1.2 -1.5 0.3 0.0
France 4.9 3.7 -1 4.9 -0.3 -0.7 0.5 0.0
Sweden 45 4.0 -0.1 4.1 -0/1 -0.6 0.9 -0.3
Spain 1.4 5.7 -1.4 6.4 0.7 -0.7 15 -0.1
Italy 1.0 8.5 1.2 5.4 1.9 -0.7 2.4 0.2
Portugal 0.6 5.4 -2.5 5.4 2.5 -0.5 3.3 -0.3

The period 1950-1973 is globally associated witHaaer growth of
emissions in Southern-Europe and a small growtlinenUS and England. The
interesting point is that while scale effects ekplauch of the difference, the
combined fuel switching effects also have a poweefplanation. For large
polluters, fuel switching effects of the transitisom coal to oil (and to natural
gas, in the case of the US and Netherlands) hadpartant role in reducing
emission growth. For countries with a large shdrei@mass, the impact of fuel
switching from coal to oil also had equivalent exytory factor, but was offset
by the biomass transition.

Portugal is an interesting example of how fuel-shiitg factors
interplayed with technology. The post-war years evar period of intense
structural and technological change. Fuel switchirgm wood to modern

%4 Countries with large hydro-power have historicédiwer energy intensities than countries which
are thermal power based, due to the fact thatiefitees of hydro-power are considered as 100%.
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energy carriers occurred in the household and tndusectors. Tractors slowly
replaced animals, and there was a transition fieenaigrarian economy to the
industrial and service sector. As a result, themaiss impact was quite large,
pushing up C@emissions to +3.3% a year. However, this was alperiod of
transition from coal to oil and hydro-power expamsi the two combined
factors pushed down GQCemissions to -0.8% a year. The result of the fuel
switching impact on COemissions was then positive, as a combination of
negative impacts of inter-fossil fuel substitutemmd increase of the hydro-power
share, offset by a positive impact of the transitto modern energy carriers
(+2.5). This intense fuel switching probably hadg& impacts on energy
intensity (-2.5) as well, as a result of the in@ygtion of high-quality fuels in
the energy basket.

3.9.3 1973 -1990

Table 3.15 Drivers of CQ emissions, yearly growth rates (%), 1973-1990

1973 FSwW
EMIS TECH Scale FSW BIO

tCO; pc FOS (1) (2) CARFREE(3)
us 18 0.6 -26 29 0.3 0.6 -0.1 -0.2
Eng.&W. 14 -0.8 25 20 -04 -0.2 0.0 -0.1
Canada 4 0.7 -19 3.1 -0.4 0.0 0.0 -0.4
Germany 13 -0.6 -1.9 1.7 -04 -0.1 -0.1 -0.2
Netherlands 10 0.6 -1.6 2.3 0.0 0.2 -0.1 -0.1
Sweden 10 -2.6 20 2.0 -2.6 0.1 -1.3 -1.5
France 9 -1.5 -2.5 2.4 -1.5 -0.2 -0.2 -1
Italy 6 0.9 21 3.1 -0.1 -0.2 0.1 -0.1
Spain 4 2.1 -1.3 34 0.0 0.1 0.1 -0.2
Portugal 2 5.3 0.1 3.6 1.6 0.3 1.1 0.1

During this period, emissions grew very little mdustrialized Europe, the
US and Canada. Technological factors and fuel &imtcfactors contributed to
the decline of emissions in four of the countri#®e most important fuel
switching effect was the expansion of carbon-freehhologies, especially
nuclear power. Inter-fossil fuel substitution hadesty small and mixed impact,
as shifts to coal in power generation also occuirednany countries (for
security reasons). Biomass effects reversed in sooomtries, especially in
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Sweder"’. Fuel switching had a smaller role in reducing,@®issions than in
the previous period, except in the cases of Framck Sweden. In 1990, 50%
and 70% of Swedish and French electricity came fnoiciear power.

Portugal followed a reverse trajectory. The 1970@lperiod was strongly
marked by positive effects in all of the indicatdésonomic activity is again the
single effect responsible for most of the increas€0, emissions. However, it
Is interesting to note that while emissions inceglalsy 5.3%, scale effects were
much less responsible for an increase in emisg®A86) than in the preceding
period. While the remaining effects slowed down s=iain growth in most
industrialized countries, it was not the case inRal. The effects of the three
fuel switching factors contributed to an increael % in emissions, mostly
due to a still ongoing transition from biomass tadgafossil fuels (+1.1%). The
share of coal in total fossil fuels increased duwe tgovernmental policy that
sought to substitute coal for fuel-oil in electtycplants, making the effect of
inter-fossil fuel substitution contribute 0.4% tmission growth. Effects from
energy intensity and carbon-free electricity wesgligible.

3.9.4 1990-2006

The last period, 1990-2006, allows an analysishef ¢volution of each
factor after the Kyoto protocol entered into forées a group, the European
Union agreed to an 8% reduction of 1990 baselinssans in the period 2008-
2012. The EU-15, however, established a burdenrghaagreement that
allocated different reduction targets to its membétortugal was allowed to
increase emissions to 27% in relation to 1990, tasad lower per capita
historical emissions, lower income and expectatibhigher economic activity
growth rates than other member states. Althoudirsdthand, it might seem a
good agreement in the face of the apparently moregent environmental
standards for Northern countries, see Table 3Hi4g urden sharing agreement
was considered by many to be an extremely ambittanget for Southern
countried®,

%7 Due to a larger utilization of spent pulping licgqya waste product) in the pulp and paper industry
(representing half of the biomass) and a refineneériirewood into pellets which is a more dense
product and easier to handle, see Kander (2002).

8 According to Dessai and Michaelowa (2001), thisden share was determined by negotiating
capabilities. During the negotiation period thererevsignificant changes to the initial pre-agreemen
of 1997-1998. The changes penalized Southern Eamo@euntries in relation to Northern member
states. For example, a climate correction factas imtroduced in order to take into account dififer
energy needs, but it only considered the heatirefi;dlarger in Northern countries) and not the
cooling needs (larger in southern countries).
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Around 2006, only Sweden was able to meet the Kyatgets for 2008-
2012 relative to fuel combustion. Most of the colest were still far ahead of
the target, and Spain and Portugal much furtheacghe

Table 3.16 Drivers of CQ emissions, yearly growth rates (%), 1990-2006

%

1990| EMIS TECH Scale FSW FSW Change Kyoto

tCO, 90- target

pc FOS (1) BIO (2)CFREE| 06 (%)
Eng.&W. 12 | -03 -20 24 -06 -0.5 -0.1 0.0 -5 -12.5
us 17| 1.1 -18 29 0.0 0.0 0.0 0.0 19
Neth. 10| 08 -11 25 -0.7 0.0 -0.5 -0.1 14 -6
France 6| 02 -11 19 -05 -0.3 0.0 0.8 3 0
Canada 15| 14 -13 28 -01 0.1 0.0 0.1 25 -6
Germ. 12| -1.0 -19 1.7 038 0.4 0.3 0.1 -15 21
Italy 7 | 10 -02 13 -02 -0.3 0.1 0.0 8 6.5
Spain 5| 30 02 30 -02 -0.5 0.2 0.1 61 15
Sweden 6| 01 -1.7 21 -06 0.1 -0.8 0.3 -3 4
Portugal 4| 25 04 21 04 -0.2 0.3 0.1 48 27

Note: The US did not ratify the Kyoto Protocol.

In industrialized Europe, the most important factaas the scale effect.
Energy intensity and fuel switching continued tosdna role, offsetting scale
effects in England, Germany and Sweden. In reldbahe previous period, fuel
switching increased its role in decoupling emissiam all countries, except
Sweden and France. Fuel switching factors are maanlkresult of climate
mitigation policies and the most important fueldsing factor resulted from
inter-fossil fuel substitution in the energy bask&his was a result of a
penetration of natural gas in the electricity, nfanturing and household
sectors. Transition to biomass was an importantofam the Netherlands,
Sweden and Germany and was associated with thHaisktaent of carbon taxes
in the early 1990s which sought to promote renegvadsergy sources. In
general, the role of carbon-free energy was muchenhonited than in the
preceding period due to public concerns over nugewer after the Chernobyl

%9 These values are from our own calculations. Ttemgas do not differ more than 1% in relation to
IEA reference approach, with the exception of Spaid Sweden, see IEA (2010a). The IEA reference

approach gives an increase of 58% to Spain andreake of 5% to Sweden. The differences do not
matter for our results.
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disastet®. However, it is interesting to note that globainete targets did not

accelerate the rate of decoupling of emissionglation to the previous period.
In fact, the combined effects of energy savings faletl switching were smaller

in all countries, with the exception of the Netheds. As a result of weaker
decoupling forces and stronger coupling forcesssimns grew at a higher rate
than during the period 1973-1990. Hence, energgipsineed to be much more
accelerated in all the countries if the Kyoto comtmneints are to be fulfilled.

Portugal’'s achievements seem even smaller compartéd the rest of
Europe. At the time the Protocol was ratified bg turopean Union (2002),
emissions in the energy sector were already 58%eatize 1990 base yé&ar
Despite the fact that the period 2001-2006 was athldy a structural economic
crisis, Portugal only managed to slightly reduseetnissions in relation to 2002.
By 2006, fossil fuel emissions were 48% above ®@0llevels implying recent
major carbon mitigation efforts. Portugal is no epiion to the European Union
energy policy, which seeks to increase the proportif carbon-free electricity,
biomass and natural gas while adopting policiemtoease energy efficiency.
However, there are some limits to fuel switchingr [example, biomass is
mostly consumed in the household sector, and arase of biomass in relation
to fossil fuels is extremely unlikely given theeddy high share of biomass in
total energy consumption (17%). Despite the intobidem of natural gas and
investments in wind-power, the effects of carbaefelectricity and inter-fossil
fuel substitution have only contributed to slowithgwn growth to -0.1% and -
0.2% of emissions. These effects are being offget &till ongoing transition to
modern energy (+0.3), making null the effects clfswitching policies. The
indicator of the energy intensity of the economwigere Portugal fares worst in
comparison to other countries. The inability toirlelenergy consumption from
economic growth can constitute a serious disadgantathe task of mitigating
climate change.

Concluding; in the long-run, the incorporation afditional energy
carriers, along with modern renewable energy teldynes, into our calculations
contributes to a better understanding of the dsiadrhistorical change in GO
emissions. Scale effects are the most important foet switching and
technology are not irrelevant factors in explain@®@,. In the Portuguese case,
the transition from biomass towards fossil fueltseis the avoided emissions

%0 The effects of carbon-free electricity reachecatt im Sweden in that period, with the decision to
decommission existing nuclear plants and a freezeeav plants. This decision was reversed in 2010.
Nuclear power was discontinued in Italy in 1990 that decision was also reversed.
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from carbon-free electricity and inter-fossil fustibstitution. The different
results of the fuel switching factor in member e$ain the 1990-2006 period
cannot be explained only in terms of successfuhaie mitigation policies.

Countries with a large historical proportion of earable energy, low coal
consumption and no nuclear power might have moffeculty changing the

energy system to achieve the desired targets.

3.10 Different energy and economic growth paths

One of the questions of interest is how Portugeesmomic convergence
and divergence, in relation to the European Cesrassociated with convergence
and divergence in energy consumption and carbond#ieemissions.

Fig 3.20 and Table 3.17 show the evolution of #tteorof per capita GDP,
per capita energy consumption, and per capitg €Rissions in Portugal
compared with the average of six countries of theogean core (England and
Wales; Germany, France, the Netherlands, ItalySweden).

Figure 3.20 Portuguese per capita energy, per capita @@issions and per
capita GDP in relation to the European core, 187062
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Around 1870, Portugal had only 45% of the incon@%4of the energy
requirements and emitted 5% of the pollution Cf the average
industrialized European country, which shows th&esme gap in fossil fuels
consumption.
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Table 3.17 Rates of convergence in per capita GDP, energgqgata and CQ
per capita of Portugal relative to the EuropeareCo

GDP pc Energy pc Cpc
1870-1913 -0.8% -0.7% 2.3%
1913-1950 0.4% 0.0% 0.1%
1950-1973 1.5% -0.3% 2.8%
1973-1990 1.1% 3.4% 5.8%
1990-2006 0.1% 1.7% 2.4%

Note: Catching up is defined @s=[(Yp/Y5)(t +1n) /(Yp/Y6)(t)] Ue+n-1)

Despite initial low levels of income and energy semption, divergence in
the two indicators occurred until World War | atae of -0.8% and -0.7% a
year, respectively. A relative increase in the d&adop of fossil fuels
consumption is observable, but it is too low to maldifference: CQemissions
accounted for only 10% of the European Core in 1% period of instability
followed, with a slow recovery to reach slightewér ratios, compared to 1870,
of GDP per capita and energy per capita around.1945

After World War |l, a major catching-up in incomerpcapita is observable
with Portuguese income surpassing 50% of the aeenaghe pre-oil shock
period, converging at a rate of 1.5% a year. Thas surprisingly achieved with
comparatively lower energy requirements. In 1973srgyn requirements
represented less than 30% of the average of Eunofeantries. The ratio of
CO, per capita increased from 10% of industrializeddperto 20%, a result of
the more intensive energy transition to modern ggnerarriers. Despite the
relative increase in emissions, Portugal pollutelhtively much less than is
indicated by the income ratio.

After 1973 Portugal continued to converge with #ie core European
countries in terms of per capita GDP, energy p@itaaand CQ per capita.
However, in this phase of growth, energy and piaiutconvergence was
relatively more important than convergence in @gita GDP. The convergence
process has now almost stopped. The fact that e a@io became higher than
the energy ratio around 1990 means that, for eaengg unit, Portugal now
pollutes more than the European core, and needs @0y per unit of income
than the average of the other countries and abloait Same energy. In
conclusion, what the figure suggests is that catgchip in economic growth
proceeded along a comparatively low energy path 1873, but trends seems
to indicate that this will not happen in the futur€he disproportionate
convergence of energy uses and,@@issions in relation to the convergence in
income in the last decades suggest that, whileggneight be important for
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Portuguese economic growth, it is no longer sublige differentiated factor of
distinction across nations. Other factors mightenhbecome more important in
explaining the different growth performances ofioras.

3.11 Conclusions

In this chapter we compare the Portuguese Ilong-emergy and
environmental indicators with a group of seven Bean Countries and two
New World Countries. The main goal of this chapterto provide a
characterization of how energy systems have evosiade the beginning of
industrialization to the present day, and to look floth common patterns and
differences across countries, with special attertioothe Portuguese case.

In all countries long-run economic growth impliessaift in energy
guantities and in the quality of energy carrierstithe exception of the US and
Canada, where traditional energy carriers had dg paenomenal importance,
the transition towards a high-energy system wasenaddhe cost of fossil fuels
and primary electricity (hydro-power and nuclear)At present, with the
exception of nuclear-powers Sweden and France, thare % of the primary
energy consumed by modern societies comes froni fosks.

Although the transition towards modern energy sesilis a feature of all
developed societies, the pace and intensity of titzsisition show important
differences across countries. The divergent patesh consumption were
especially relevant in the period until World Waarld seem to have been partly
associated with a differentiated endowment of fosml resources. Countries
with the highest level of coal consumption and gpen 1913 were also coal-
endowed countries. The fact that some of thesetdearwere the wealthiest in
the world by that time suggests that there was sameection between natural
resources and industrialization.

In comparison with European leader countries, tlogtuguese energy
transition in quantity and composition was remalkabow. In relation to the
countries mentioned here, Portugal followed a lesource energy path, sharing
this characteristic with Spain and Italy, untilleast the end of World War II.
The energy system of the three countries was ctaiized by almost stagnant
levels of energy consumption per capita, which ware to the relatively low
coal usage per capita. In a group context, Portsigjaldiffered significantly in
relation to Spain and Italy in the sense that sinlgévels of energy consumption
per capita were not a result of similar levels afdern energy consumption.
Portugal had a much later biomass transition ambidagower exploitation than
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the other southern European countries. Portugalalss the country with the

slowest economic growth in the period. A studywiy the technologies of the
coal and electricity age failed to be adopted tg significant degree in this

country is therefore essential to understand thleréato converge with the

leading economies of the time. Southern Europetbamait until the post-war

period to significantly increase its energy constianpper capita. This period

was associated with a faster economic growth inhgwo Europe than in all the
other countries and with a different energy casragl In the Portuguese case,
hydro-power also increased its share in relatiorthtd energy system. It is
therefore reasonable to question what the impathehew energy system was
in the Portuguese economic growth.

Energy intensity exhibits a long-term tendency teclche. Economic
growth is possible with lower energy requiremertant in the 19 century.
Despite this tendency, periods of coupling occaraaonsequence of shifts in
the production function. This was the case of Emgjl& Wales and Germany in
early periods of industrialization. The long-ruertd does not offset the large
differences in energy intensity across countriesiltang from technology or
climate disparities. England & Wales, Germany, g Canada and Sweden
followed a more intensive pattern of growth thah thle other countries,
differences that still persist nowadays in Northe&kima. The declining patterns
in energy intensity accelerated in most of the eaurs after the oil crisis. In
contrast, energy intensity increased in Portugdl $pain after the 1990s. These
countries had lower energy per consumption per hefagopulation, lower
incomes and lower energy intensities in the ea®y0k. This diverging trend
should be further investigated. That is the subm@ctChapter 5, where we
decompose final energy intensities of our set afntdes into structural and
technological factors.

Changes in energy consumption were decomposed tedbnological
effects, population effects and income effects.gbneral, energy intensity
declines were not enough to counterbalance theteft# the growth of income
per capita and population. However, from 1973 onwadeclines in energy
intensity were larger than growth in income per it@apn six countries,
contributing to the stabilization of energy constimp levels in some countries.

CO, emissions are a function of both energy consumpdiod pollution
intensity of the energy basket. In Portugal,;@@issions have been historically
low as a result of a late transition to fossil fuel

In the long-run, income and population growth (sazifects) are the most
important drivers of changes in @@®missions. However, changes in the energy
basket (fuel switching) are also quite important.lédw levels of pollution per
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capita, the transition from traditional energiewdods fossil fuels is a factor
which had great importance in determining the a6€0O, emissions. At high
levels of pollution per capita fuel switching issalan important force, which,
along with declines in energy intensity is haltitigg growth of emissions in
some early-industrializers. In Portugal, the effeat transition from biomass
towards fossil fuels were quite important during tak period, offsetting the
negative effects of inter-fossil fuel substitutimmd carbon-free energy sources.

The impact of energy policies on changing &missions since 1990 has
been quite limited in relation to the negotiatedkytargets. Late-comers seem
to have more difficulty in reaching the targets.

In relation to the European core, the Portuguepdrganergy consumption
or CQ, emissions has been historically much wider thangéfe in GDP per
capita. The divergence in economic growth whicleld$rom 1870 to 1913 was
accompanied by low levels of energy, especially @nodenergy per capita.
Nevertheless, the first phase of convergence (1951) was possible with a
slight divergence in energy consumption, an indicatof a low-energy
intensive type of industrialization, and low start$aof personal consumption.
The gap around 1973 was therefore huge. Most ottm¥ergence in energy
and pollution has taken place after 1973. The [Badse long-run indicators that
characterize energy transitions suggest extremenédogical backwardness
until World War Il and a strong convergence in teabgy after the 1970s. In
the next chapter we will analyze the reasons ferslow modernization of the
energy system.
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Chapter 4

Energy, Natural Resources and
Industrialization

4.1 Introduction

The second half of the nineteenth century became known for the
breakthrough of industrializatiomn many European nations that included,
among other things, the widespread adoption of steam tegynaised in
Britain several decades before. Coal was a key element in most of the
technological adoptions which occurr@ad the period that lasted until the
outbreak of World War 1. It was the age of heavy engineering caednby
railways, steam and steel. In addition to a revolution in presest making
steel (Bessemer process and Siemen-Martins open hearth), in th& 8y
and widespread use of steammost of the economic sectors, the period was
accompanied by a transport revolution (railways and steamship€ptieected
the world in terms of international trade, where the few leattidgstrialized
countries supplied the rest of the world with coal, steel amanufactured
products in exchange for food and raw matefials

Coal was the key element in industrialization, and wihk available
technology, impossible or difficult to substitute for many uses such as
steamships, railways and town gas. The main problem for manyriesuwas
that world reserves were unelemistributed. England, Germany and Belgium
were all well endowed with good quality coal, but some awesitlike Sweden,
Italy and Portugal were not so lucky in the lottery of naturabuees. Coal
could of course be traded, but being a bulky commodity, trataj@ms costs
could significantly increase its pric8ransportation costs could impede the
implementation of key heavy industries where energy costs wegyertiant,
worsen competition with foreign products and enlarge or pr®roompetitive
disadvantagesf regions. A relevant questian this context is to what degree
the lack of coal influenced, shaped or delayed the industrializatocessan
coal-poor countries.

*! Grubler (1998)
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The Second Industrial Revolution, that started in the late niméteentury
and had, as a major breakthrough, the emergence of electricitpotéhtially
enormously productivity gains, has been pointed by nang solution for the
problem of lackng coal resources in pdgrendowed countries. An automatic
advantage of electricity is the possibility of being produbgdalmost any
primary energy carrier. The line of argument follows, that with the bélp
relative high prices of coal during World War |, electricity, mostidraulic,
had gained momentum and developed at increasing rates iocaddPooly
endowed coal countries had probably more incentives to develop this teghnolo
than richer ones, and also more opportunities to gain teajicaldeadership or
catching up at this poifit. Not only were the relative prices more advantageous
to those countries, but also coal-intensive countries doawparatively more
vintage capital to depreciate and could not so fully take ddgarof this new
promising energy form. A group of coal-poor countries (Swebhlenway, Italy)
hence ook the leadership in many technological processes associated with
electricity. The fossil fuel argument fades off.

Portugal wadar from these breakthroughs for a long time. For almost one
century (1850-1938), per capita GDP and per capita energy consamptio
continually diverged in relation to the most indusiziadl countries in Europe.
We can even say that Portugal practically missed the two malustvolutions.
The country neither succesdlin the age of coalar in the age of electricity.
The Portuguese poor economic performance was only reversed after World
Warll — an achievement basically obtained during the age of oil.

The goal of this chapter is to provide a reflection on the resluand
successes of the Portuguese industrialization proces® iootitext of natural
resource endowmentsspecially energyasa limiting factor to growth. In order
to do so, we compare energy costs in relation to other Eur@oemtries and to
wages and its reflex in the country industrial structlilee general research
guestionsarestraightforward: Did Portugal’s sluggish growth and gehela
coal intensity path have something to do with reldivexpensive coaln
relation to other European Countries in the catchipgphase of the First
Industrial Revolutio2 In which way did the use of traditional renewable natural
resourcesn a first phase, and hydroelectricity in a second phase, compénmsate
the lack of fossil fuels? Were they good enough to make tinalization
viable? Lastly, what kind of parallelisms, differences and redlestcan we find
between the use of indigenous and renewable energy sourcespiastrand the
recent European Union renewable energy policies?

%52 Bétran (2005).
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4.2 Firslt Industrial Revolution lost: without steam in the age of
coa

Around 1750-1800 a major set of technological breakthroogharred in
Britain, allowing, for the first time in history, a major and sustained increment
the living conditions of the population. These transformatikm®wn as the
First Industrial Revolution, were particularly evident in a dustf industries:
cotton, iron and railways with the steam engine as a conwantercoal as a
common energy input.

Authors such as Cipollawrigley or Malanima argue that coal was
necessaryalbeit not sufficient condition, for the industrial breaktingh, and
that traditional sources of energy made continuous growth ureditelii

If in fact the availability and cheapness of coal were essentmlitcans
for the emergence or sustainability of the Industrial Revolutoe, can try to
evaluate the relative success of the diffusion of the Industrial Revolatiother
parts of the globe that did not possess coal reservesoWidmy major coal
reserves, Portugal was, at the beginning of the second hdik afimeteenth
century, one of the mosiackward countries in Europ&he literacy was much
inferior to its European counterparts; the country had hesirhportant market
of Brazil a few decades earlier and had just suffered Napoleonic insaanal
civil wars. The major part of the labor population (68%) wagleyed in
agriculture.

Portuguese economic historians agree that it would be very diffmult
agriculture to produce a large surplus of the products fleaexternal market
was demanding, such as grain or animal products. The poomgBesti soils
made grain productivity as low as % of the British one, althougne
productivity was quite high, even more than in Italy or iGpdespite
agriculture’s low productivity, there was an untapped labour force, as can be
seen on the extremely high levels of emigration. Accordinthéoindices of
industrial production constructed by Reis and Lains, udtl31manufacturing
grew at a higher pace than agriculture, at rates of 2.5-2.8% &'yetnwever,
one of the main points is that growth was too small tohcap with the leading
economies, unlike the economies that began their industriahzptocess with
an only slightly better income. By 1860, Portuguese GDP pdraocaps 25% of
the English, 50% of the French, 62-65% of the Italian and Gerdt®o of the
Spanish and only slightly lower than the Swedish andistinones. At the turn
of the century, income per capita had maintained this gap iroretatEngland,

33 Cipolla (1962); Wrigley (1988); Malanima (2006b
%4 Lains (1990); Reis (1986); Reis (1994).
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but declined enormously in relation to other European c@snbecoming 40%
of the German and French per capita GDP, 57% of the Italian, 67% of the
Swedish and 66% of the Spanish. Did differential conditions ofsacitecoal
determine the relative lack of success of the Portuguese Industrial Ravaluti

4.21 The lack of coal resources in the periphery: imports prices

When the Continent began its industrialization, coal wazadVy
established as a superior technology in Britain in alnesry aspect of
economic life. However, some countries were more endowed than.cothers
UK, Germany and the US belonged to the group that prdduoee than they
consumedAustria and Czech Republic fulfitl their need$®. France, Canada
and Spain had mixed situations, where coal was lacking in somegdgibwas
abundant in others, or with large reserves with high aofsextraction, with
respectively 30%, 40% and 60% of coal impdaysthe end of the nineteenth
century

Table 4.1 Coal prices at the pithead in current shillings per ton, 1850-1900

United United

Kingdom States Germany Canada France Spain Portugal
Pithead Pithead Pithead Pithead Pithead Pithead Pithead*
1850s 5.3
1860s 5.6
1870-72 6.5 6.6
1879-81 5.4 7.2 9.3 25
1884-86 51 6.2 5.2 7.2 9.4 9.4 31
1889-91 7.5 5.3 7.1 7.6 9.5 9.5 28
1899-01 9.2 5.2 8.7 8.8 115 12.3 13
% auto-
sufficiency
1890 119 101 98 61 70 40 2

SourcesAverage UK (from 1870), German, US and French prices come from Bardini (1997).
Prices in the UK from 1850s and 18Gfbme from Clark and Jacks (2007). Spanish pithead
price is from Coll (1985). Canadian prices from Urquhart and Buckley (1965). Portuguese
prices obtained from MOPCI, Inquérito Industrial, 1890 and INE, Anuéario Estatistico
Portuguese prices take into account the low quality of Portuguese coal (1 ton British coal
1.7 ton Portuguese Coal). Exchange rates for Portugal using data from Bastien (2001) from
1891 onwards, and before that year from Clarence-Smith (1985). Auto-sufficiency is
calculated from Mitchell (2003).

%55 Assuming the territorial boundaries of the time.
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In the lottery of coal resources Portugal belonged to the glmatpwas
poorly endowed, on pair with Sweden, Italy or Finland, whmpdrted almost
100% of their needs, contrasting deeply with the coal nations of thel\Worl

How important was it to have domestic coal reserves toladendhe
Industrial Revolution? Compared with pithead costs in tike the US and
Germany already had very low costs of extraction by the 1880s (ske4lap
Not surprisingly, iron and steel production was transfetoethose countries
with England losing its market shat®. All these three countries had
possibilities of extensive industry located around the mgimggions. Canada
also had low costs of extraction. France and Spain had almostnieelevel of
pithead prices in relation to UK prices, ranging from 1.7-18i9-81 to 1.3t
by the end of the nineteenth century. In the case of Spain, prites @ialfield
are misleading. Most of the valuable reserves are located in thetamous
region of Asturias and the region is not well off in terms of transportation, which
does not make it an ideal location for a new industry. In tlt®d&nd 1880s
domestic coal needed to be shipped to the main ports obtimtry which made
it as expensive as imported cBal

In the Portuguese case there were many matdle beginning of the
nineteenth centunjgut the coal was of low quality anthracite, which did not sui
British steam engines, without first being boiler adapted oedhiwith high
guality coals due to the very high content of ashes itugoese coal. Boiler
adaptation was practically untried by the end of the nindieeentury
Production was insignificant and represented some twentgdhdutonnes. At
the end of the nineteenth century, the 1890 Industrial Censoded the status
of the coal mines. The three most important mines producegnifsant
guantities, mostly directed to household consumers. Evdrairmarket, it was
difficult to find buyers, as prices at the pithead were highan prices at the
ports (see Tabld.1l). This said, with the high costs of internal transgarn,
prices practically doubled in relation to the pithead price at the local alestin

Coal had therefore to be imported if it was to be uskmhl prices were
much higher for price takers in general and the differeraseapecially high in
the early period. Until 1880, coal arrived at the Portuguess portiouble the
price of exports from the United Kingdom and three and halkégi more than
pithead prices (see Table).

%6 Allen (1979).
%7 Nadal (1975).
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After 1880, the use of steam navigation lowered costs and freights
significantly declined. By the end of the 1880s, the intradncof duties was
not enough to counterbalance price declines, and the price duadaded to
about two times the pithead price in England. At the time, trmarifreights
represented only 20% of the final costs and coal was sol&sloh at a lower
price than the best coal in London, a non-industrial citi Wie most expensive
coal in all Britain.

Table4.2 Coal prices FOB, London and import destination in current shillings.

UK  London Genoa Bilbao Portugal
% of
freight
asa % of duties
Portugal/UK  fuel as a fuel

FOB Price Imports Imports Imports (pithead) price price
1850s 8.9 19.1 18.6 3.5 51 15
1860s 9.6 19.3 19.2 3.4 50 0.0
1870-72 11.8 21.0 293 23.0 3.6 49 0.0
1879-81 8.9 168 235 181 198 3.6 53 0.0
1884-86 8.9 16.3 20.7 17.7 174 3.4 41 8.2
1889-91 11.7 185 248 169 16.0 2.1 19 8.6
1899-01 13.8 207 288 158 18.1 2.0 18 5.5

Sources: Free on Board (FOB) and London best coal prices are from Mitchel). BBi62o
from Coll (1985), Genoa from Bardini (1997) and Portugal own elaboration from INE,
Comércio Externo, several years.

Around 190, the prices at Lisbon Port were equivalent to Copenhagen,
slightly more expensive than Hamburg or North of Spain, sligitly cheaper
than Stockholni®®. Coal prices were still relatilie cheaper in Portugal if
compared with Mediterranean ports. In Barcelona or Genoa, the freight
represented a significant percentage of the total import pricé.iboon and
Oporto were a closer route to England.

Concluding, the level of coal prices among coal-poor castvas much
higher than the pithead prices of endowed countries, alththugliransport
revolution minimized those differences by the end of the nineteenth century.

8 Jevons(1969).
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4.2.2 The costly nature of alternative energy: wood and water versus
coal

Many environmental historians have pointed to the role crradtive
sources of energy in the beginning of industrialization. ddse of the USA is a
famous one, where the vast wood resources of the region, transpaenms
and the early problems associated with the application dirauite for
industrial uses made wood an important energy carrier, used/ \wasthe
beginning, not only for household purposes, but alsteéam engines and steam
boats™®. More examples emerge from coal-poor countries. In Finland and
Sweden, vast wood resources also make it possilpestpone the fossil fuel-
based industrialization until the twentieth century. Colledtivevations in the
field of stove efficiency dramatically reduced household heatingsn&eeping
firewood prices low or competitive with coal prices, desp@iteincrease in
population and industrial u¥8 In Finland, about 87% of the industrial energy
consumption was provided by wood and water in the lateteénth centur{".

In Sweden, the difference in relative prices was not as pronounaeiatand,
but firewood used in industry was equivalent to total coalsumption around
1870. And differences in prices were enough for fuelling the esmgrgy-
intensive Swedish mining industry with charcoal until &g las 1900. The use
of wood in railways was also common. Most of the coal wad useailways,
steamships and gas wot¥s

Water power also had its role in the late nineteenth centuly.cobts of
water power were about half the costs of steam in the i848werica, even if
costs of steam were already lower than in BrifdiThis made it possible for
water power to be dominant in the cotton, paper and waduastries as late as
1870, though not in the heaviest industries. Alpine regguth as Switzerland,
part of Italy and the south of Germany also beadfitom extremely low costs
of water power. In the case of Barcelona, where energy costs were higher, t
high costs of coal made industrialization with water power a sttiaghative in
the textiles of the regidff.

%9 Melosi (1982); Schurr and Netschert (1960).

%0 Kander (2002), Kunnas and Myllyntaus (2009).

%1 Kunnas and Myllyntaus (2009).

%2 Kander (2002).

%3 Christensen (1981), p. 322. In an early work Temin (1966) suggested tmatastdavater costs
were about the same. Christensen uses the same original material as Temin, butschamgéshe
assumptions.

%4 Carreras (1983); Nadal (1975).
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It is then of relevance to understand if indigenous renewaaterat
resources were an interesting alternative source of power for Portuguese
industrialization needs. Did the Portuguese economy rely a@odvand water
resources? Or was coal steam power making its breakthrough?

Table 4.3 Steam and waterpower, manufacturing and mines, arbg@d

Covilh&a and Other
Lisborf Oportd Guarda regions Mining®

Factorie§ 67 47 98 49

Hp 4 146 1619 1384 1680 1 952
Steam,% hp 93% 73% 19% 7%
Steam/Water, % hp 7% 27% 41% 61%

Water, % hp 59% 20% 23%
Steam users, from

whom 67 47 11 34

Firewood users 5 1 11 11

Coal users 66 46 0 6

Unknown 0 0 0 14

Coal prices (Escudos

/ton) 42t06 5t0 8 20 6to 11

Firewood prices

(Escudos/ton) 34-54 2845 2t04.8 2to 6

Sources MOPCI, Inquérito Industrial de 1881 Includes the power of steam cereal grinding
factories (7/1021 hp) that were not visited in 1881 but are included in MOPCI, Inquérito
Industrial de 1898°° Small industries are not includédNE, Anuario Estatistico de 1885,

for 1882.I1t was not possible to investigate which mines used both steam and water, as data is
national. We did not include 945 hp installed in railways in one nfilNember of factories

with motors’ Values outside and inside the cities. State industries are not represented.
Absolute values differ from other studies, due to the fact that they are based on the values of
the Census text and not on its summary, which includes duplication of steam power in some
cases, as includes also boilers. Excludes water and wind cereal grindinf§®illssing

data for Guarda was corrected by the average of the power of other wheels in the region.

The first steam engine was imported to Portugal from Englanide used
in a coal mine in 1804, but was never used due to lack of capitare an
engineer capable of assembling®it The first steam engine ever used was
brought to Lisbon, to be used in a steam-mill around 1B26ween 1835 and

35 Ferreira (1999) provides a detailed account of the most important mills. Hisnasrused as an auxiliary
source, to check wether the factory existed in 1880.

%% Because most of them belong to the small industry, and due to its expression woultiabiis
happening in other industries in the rural industries of the country. See chapter 2 for a quamtificati
its importance in total water power.

%7 Matos (1999), p. 110.
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1852, 69 steam engines with 960 were installed in the country, the majority
of them in Lisbon, but we know litle about water potier The Industrial
Census of 1881, with its limitations on coverdges the first that can give a
global idea of how the diffusion of steam had proceeded arihiendountry,as

it allows a comparison between water and steam, wood and coal usages.

Table 4.3 shows the distribution of power in manufacturingradd 880 in
the two major coastal cities (Lisbon and Oporto), Covilhd and @uard other
regions. Three major points can be made by the analysi® dirsh Industrial
Census. First, the low use of power, and the limited diffusion exfhamized
industrialization in general, which is given by total ifisthpower and number
of motorized factories. The Portuguese power market is small, agvbkedf
less than 1% of the England power market in £87®Becond, Lisbon and
Oporto (to a smaller degree) followed generally and rationally thHesiBsteam
model, with 93 and 73% of power installed in only steastesys. The third
point is that unlike Scandinavian countries or others, thasehardly any cheap
alternative power source in Portugal. However, there are many aspecés of th
problem which require a more detailed and systematic analysis.

Fig 4.1 presents the relative prices of wood and charcoal veoslign
Lisbon and Oporto and in Sweden. Unlike Nordic countrieravtiirewood
competed with coal, as soon as coal started to be impGrtéd Portuguese
ports it arrived with prices at least half the price of wood (pdr The trend
towards an increase of relative prices proceeded to peak around 1895, when both
charcoal in Lisbon and firewood in Oporto were sold at fegs the price of
coal (see Fig 4.1). Apparently, this market difference in fuel pneas not
enough to convince household users, at least outsidenLasimbPorto, to switch
from wood to smoky bituminous codf One possible reason for the residual

%8 MOPCI, Inquérito Industrial, 1881.

%9 The 1881 census was both direct and indirect, but some regions are better coveredethan oth
There was another inquiry made in 1890, which is totally indirect amabie complete for State
Industries, Mining and steam cereal grinding mills, see Chapter 2. The 1881 aldistrsus is more
informative about the uses and prices of fuels and in the discussion of water eang®tea and that

is why we use it here. We correct Lisbon data for steam cereal grindisgandl use a national source
for mining.

370 Musson (1978)

¥1 This differential, although not shown here, was already present back i8@Bs when Portugal
imported only small amounts of coal.

2 Teives (2006). In a previous work, | found only little evidence of the usantfracite or
bituminous coal in Portuguese households. In the late nineteenth century, only coke, a bybroduct
coal distillation for town gas production, was able to compete with charcda¢ iarban household
markets.The closing of the Lisbon gas factory during World War I, and the subsequent aadafcti
gas production thereafter, contributed to a revival of charcoal consumption in the interwar year
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use of coal in Portuguese households was that the adagtiovell-designed
chimneys and iron stoves was a necessary condition for mininueelerelated
indoor pollution®®Even in Lisbon, the use of iron stoves was uncommon
(perhaps because there was not a well developed iron industry). The
development of railway transportation from Lisbon to Alentejo,important
charcoal production zone, enlarged the more limited and traditeoeas of
charcoal supply and halted the diffusion of coal to urbamséloolds
somewhat’. However, in manufacturing, prices did matter and wood was
expensive in the sea port cities of the country. All but siram user for each
region (Lisbon and Oporto) reported the use of imported cdaleafirst choice,
although wood was used in some boilers and ovens, espeaniaéramics or
glass making (see Table %.3

Figure 4.1 Relative prices of wood and charcoal versus coal (1866-1913)
Lisbon, Oporto and Sweden, GJ
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Sources: Firewood prices: Kander (2002) for Sweden. For Oporto, Pereira (1983), the
cheapest firewood type and conversion in oxen carts=50BdtgLisbon, based on taxation
data, Estatistica da Alfandega, several years. Coal pricasgbgrg (1990) after 1890 and
revised coal series 1866-1889 based on railway costs kindly provided by Astrid Kander for
Sweden. INE, Comércio Externo, my compilation, for Portugal.

373 See Allen (2009) for an account of the improvements in chimney and stove construction that
accanpanied the transition from wood to coal in London.

¥4 This is one example of how a new technology (railways) can solve some of thaduitlef a
traditional energy carrier (in this case, the distance to the area of supRpsenberg (1972) gave a
similar example of how steamships also improve vessel technology.
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The diffusion ofsteam in Portugal’s two main cities was mainly due to the
introduction of cotton textiles manufactures, for which they pasileged
locations in relation to mainland regions, as cotton wasialported. Coal also
became relatively important in other textiles, cereal grindints,mhachinery
and tobaccoCoal had its relevance for development of the main cisaswas
cheaper than wood and, as we will see later, water. The questioknevtoif
higher costs in relation to industrial leaders made a differenaanomic
performance.

Things were less easy for other regions of the country. Ouigten and
Oporto there were 54 steam engines accounting for little morelt®@@ hp
distributed by 45 users, but usage of steam as the ownlgrmmurce was rare
(see Tablet.3, Covilhd and Guarda and other regions) and even more rare was
the usage of coal. The census only mentions 6 coal users and tw@yespond
to locations where coal arriveat the low range of national prices (6 Escudos
i.e., 150% Lisbon prices). Coal could become extremely expensigente
inland industrial centers, despite the small size of the counisyodtside the
limits of Lisbon, the price went up from 4.5 to 5.5 Escuddse same happened
in the suburbs of Oporto region were coal paid 1.7 Escudo$hdob2 km of
railway transportationThere was also a railway line connecting Lisbon to
Alentejo (200 km), but Portalegre wool industries com@dithat costs of
transportation amouetl to 5-6 Escudos per ton, making coal prices more than
double the one in Lisbon. Coal would have been even magrensie in the
mountainous regions of Guarda and Covilh&emghnailway construction had not
finished yet, i.e.20 Escudos (and even with railways, 8 to 11 Escudos), &oout
times the Lisbon price and almost 10 times the British pitlpeace. Therefore,
for the production of steam there was only wood; that wadively cheaper
outside the cities. Howevelhd price of firewood at 2 Escudos/ton, in the very
low range of wood prices (Tab#e3), was equivalent, to the inquired factories,
to work with coal at a cost of 8 Escudos/ton, the doubld.isthbon. The
respondents were probably overstating the energy content differemeeebet
wood to coal, as they were valuing 1 ton of British coal at &w five times the
value of 1 ton of wood, far away from the more establishedioelaf 1 to
2.5°™ but it is also true that wood has poorer conversion effaes than coal
when used in boilers and steam engiffes

37> In modern energy balances the energy content of 1 wood ton is considered to 0.43 tce, this is 43%
of 1 coal ton.
378 Kunnas and Myllyntaus (2009).
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The point from the above is that, even using a more convahtion
conversion figure, wood would always be on average muchk mpensive than
coal at the ports. Of course there were privileged locations suttie &State
forests in Leiria, where the government provided a yearly stioveaf 21000
m® of pine wood a yeato the Royal Marinha Grande Glass Factory, thestmo
important known single user of firewood around the 1830dowever this was
more an exception than a rule. Examples from the eaflycé&®ury show the
limits of a wood-intensive-based industrialization. The kasdwn charcoal
smelting iron work of the nineteenth century closed itsrgl@ a time when
charcoal works were still operating in all Europe. It consuihézhs of wood a
day, which boosted local firewood prices. Due to the impoisg of finding
enough wood in an area of 45 km, and due to high transpartetists of
importing coal from Lisbon, it went bankrupt in 1830

There was enough non-conventional forest to fuel rural holdeneeds
but probably not enough forest to sustamwood-based industrialization, of the
type that occurred in Nordic countries. In manufacturing, wood avg®or
alternative to coal and was only a second best choitiee face of expensive
steam energy costs outside the cities

Was water power a good alternative to steam in a coal expensivieycoun
and especially in more distant regions? On the questioncalidation of an
industry, the comparison between water and steam costs has iratdakecount
not only the capital costs (price of motofeundations) and variable costs
(reparations, cost of fuel, machinists, wages) but also the ctsingportation,
which for the majority of industries was much higher ia tlase of water power
as it is a natural resource that cannot be moved. The advantagateopower
in the late nineteenth century would always have to be mexhsagainst
distance to ports- on imported raw materials (cotton, wheat, irsteel, for
example)- and distance to major centers of consumption.

Although it would seem that the cheapness of hydraoheep was a major
advantage in relation to ste3th the distribution of power in the 1881 Census

¥ MOPCI, Inquérito Industrial de 1881.

"8 Madureira (1997).

39 The studies of Corvo (1883) and the budget proposal for the acquisition ef pgwa factory
located in Bacia do Ave, 25 km from Oporto, transcribed in Cordeiro (1993) erkest known
studies that compare steam power with water power costs. The studies suggested a diffienange in
of water to steam of-2.3 (in the case of the budget) anrdlll and £15.7 (depending on the number
of days and horsepower, in the case of Corvo). Santos (2000) argues that many of ltisgonenc
were biased in favour of water due to the fact some assumptions were wrong: nuwiringf days

at full power in the water case (too high); cost of coal (too high)hmist wages (too high). We
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(Table4.3) and the opinion of the commissioners in the various regidrthe
country suggest the contrary

The only regions where water is preponderant (Guarda, Covilhd), the woo
centers before the emergence of the industrial revolution, are thembees
coal arrives at exorbitant costs (Table 4k3wever the quality of the streams
was bad when compared by international standards. In Govlle waterfalls
are on average onlyt 7 meters, and the volume of the water is no more than
100 liters per second; enough for only some tehsp per factory. All the
factories requiring larger power nesbithe complement of steam power, but
steam for itself was an almost impossible solution as dstratedby the
immediate closure of the only factory that was installed theite thé idea of
using coal steam power. During the sumntbe water power went down
considerably and was necessary to work during the night amdsevie wasnot
enough and the factories needo stop or use steam as a complement. Maybe
the serious situation of these regions could hasen alleviated by a more
efficient use of watéf®. However, when one includes expenses of transportation
of raw materials, even if one accounts for cheaper wages, ther@ppaently
no compensation for locating the industry so far away fronmtaket centers.
And indeed, these two industrial zones were somewhat stagnédnonly some
new industries, opposing to the more dynamic situation of steam regions)

In other regions, the common solution were mixed systems (@1&te
installed power), see Tabke3. In fact, while some streams could deliver the
power of 100hp in the winter, there was no industry with more th@mp of
constant need, without steam as a complement or as an alenoatvater
power during the summer droughts, with the increasing aostsms of capital
(acquisition of steam engine) and fuel costs much above thoSgafo and
Lisbon center$™. This means that, with a very high degree of cetyaiwater

agree with Santos except in the case of machinist prices, as the Industrial Cegrdyslobws, when

it is reported, that the wage for a machimstubstantially higher than for normal workers.

380 |n Covilha, the commissioners point to the fact that, when larger falls ailald®, the industrials
prefer the use of 3 hydraulic wheels of 6 m of instead of a turbine, whithh@imuch more
economic. They also suggest that the power could be increased by the improvemestatidorand
constriction of water galleries (but not weirs, which would not be appropriatetietstream). In
Guarda, they point to the fact of low scientific knowledge of industrialists,dehwt even know how
many turns does a wheel make per second. MOPCI, Inquérito Industrial de 1881.

%1 Some concrete examples of this situation are expressed in the 1881 Industrial. Ceesus
Companhia de Fiacdo e Tecidos de Alcobaca had a 120 hp turbine which did not give more phan 80 h
in the best conditions. Hence, it was waiting for a new 100 hp steam-machindf iewvas going to
be costly in terms of coal. The Fabrica de Fiacdo de Algoddo do Bugio (1879) had allvedteif
meters and its location was determined by waterpower. However, the water \aaoostant as had
been expected and the two 35 hp turbines did not provide water for more than 7 montlysar, the
there was a wait for one 80 hp steam engine from Belgium.
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was also a second best alternative to steanth,there were strong limits to scale

in the adoption of water systems, even with the acquisitiomare efficient
turbines instead of wheels by larger units. Then, it issaoprising that the
persistence of water power in some units of woolen andrceoning and
weaving in Oporto region made industrial commissioners appsefee about

their future. They give an interesting example of the resuliscationsof two

cotton factories, one with water power and one constructed for steam. Not being
entirely comparative in terms of power needs and efficiency of nittoitsis
interesting to show the results as they are an illustration oérwatwer
constraints all over the country.

As we see in Table 4.4, the water-power factory had serious disadwantage
in terms of total expenses per ton bp. Most hydraulic factories were
compromised by larger transportation costs (both fuel and raw aigleand by
the duplication of capital costs due to severe droughts. made Portuguese
energy costs quite large. There was a high price to pay for distaons. With

%2 An alternative way to compare water and steam costs was to use the budget poopivsal f
acquisition of two turbines, as presented by Companhia Industrial e Agricola Portaettssr
stockholders in 1877 (Cordeiro, 1993). The budget proposal compared the yearly costs afnstea
water power in a hydraulic region near Oporto, with good access to the railwayketive yearly

water power costs were calculated to be 7 755 Escudos/year, which included variables sutdl as capi
costs (hydraulic works, the installation and acquisition of 4 turbines (180 hp), iriededepreciation

on capital), and operating costs (yearly repairs and the wage of one machiniag.dssumed that
turbines would work at full power for 12 hours a day. If the facteag located in Oporto, steam
would be the option. Two Woolf steam engines (including installation) totaling 180 hpndpdrbikg
coal/hp/hour at the price of 5 Escudos/ton, at an interest rate of @@ wachinists receiving 800

réis (0.8 Esc.aday, during 300 days a year would cost 12 430 Escudos a year, a difference of +4 675
Escudos in relation to water power. The results of the budget proposal were cribigi&ahtos
(2000) due to the optimistic assumptions of constant water poweactnif we assume a more
realistic drought of 90 days for the water power site, the steam enginie ie used as a complement

of water power. Employing one Woolf steam engines of 90 hp, plus a machinist, and coal at the cost of
6.5 Escudos (the factory was well located, at 25 km from Oporto, with gdlegy transportation
network, so transportation was estimated to be 1.5 Escudos/ton), additional costs wauritl tam

4 500 Escudosl/year, just a little lower than the initial difference for the &uf#i675), but with high
marginal costs for expansion of power. The success of the location would beimtdeby the
transportation costs of raw materials (400-600 tons of cotton a yeamsveagl rents, but not by
cheaper power. The history of the factory confirms that water power w#sendeal solution. Due to

initial capital problems, the factory postponed the acquisition of thenegbit started in 1880 with a
wheel of only 13 hp. According to the commissioners who visited the factd§81, the waterfall

had 150 hp in the winter, but was reduced to 20 hp during the summer. The compalignwiag to
acquire a steam engine to complement water power in 1881. By 1908, the main source of gower wa
steam; two modern 400 hp steam engines powered the factory. The factorissaofahihad relative
success in the twentieth century, due to lower weagsts in comparison with the Oporto region.
Despite being an important reason for the initial location of the factevagey power was hardly a
factor of cost reductions.
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both higher transportation and energy costs to peripherabnggthe coal
revolution was first limited to the cities of Lisbon and @po From 1881,
transportation improved and lowered energy costs inland. Bg,18ith the
introduction of new railway tariffs, coal transport paid ineoof the main
railway lines probably half of the costs of the maximum tatifat was
introduced in 186%% All over the country mixed systems emerged. However,
there was still an idea that costs of transportation were -igh 1933 coal
arrived in Covilha at 4 times the UK pitheads pfite

Table 4.4 Comparison between two cotton factories, water and steam power

Valongo Porto

(water) (coal)
Type Spinning Spinning, weaving
Water power 30 hp (8 months)
Steam power 30 hp (4 months) 280 hp
Steam efficiency 4.2/hghour 1.5/hp/hour
Power capital (Escudos) 40000 25000
Annual Interest (Escudos) 2400 1500
Transport per ton (Escudos/ton) 1.89 0.725
Costs with coal (Escudos) 700 7500
Transports (Escudos) 964.6 1595
Expenses (Transports+ Interest+ Fuel Cos 4064.6 10595
Production (ton.) 55 340
Cost pert ton (Escudos) 74 31
Cost per hp (Escudos) 68 38

Source: MOPCI, Inquérito Industrial, 18320es not include the cost of steam engine, which
would give stronger differences.

4.2.3 The relatively high coal-wage ratio

Energy costs were higher than in coal endowed countries angl Was
very little recourse to alternative energy sources such as wateood. An
additional way to investigate the economic incentives to agtepim technology
Is to compare the relative coal to labour prices, see Fig 4.2.

83 |n 1861 coal paid 2.5 Escudos for each 100 km, see Pinheiro (1986). In 1890s-1900$stiué tarif
Companhia Real dos Caminhos de Ferro for a coal wagon of 8 tons of coal, paying a ntinketim

of 60 km were 1.2 Escudos at 100 km, 2.3 at 200 km and 3.3 at 300 km, values in Gazeta dos
Caminhos de Ferro de Portugal e Hespanha, years 1890, 1899 and 1903. Due to transpuststi

no more than 15% of the coal unloaded in Lisbon port was transported by railways until 1913.

%4 Miranda (1991
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Figure 4.2 Coal price ratio to wages in the UK, Portugal and Sweden, moving
averages (9 years)
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Sources: For Sweden: hourly wage data given by Prado (2010)eddaptaily wages
considering a working day of 10 hours. UK: Builders wage refers to South Eastern England
and are taken from Global Price and Income History Group/ Clark, English Prices and Wages
1209-1914. Pithead coal prices are taken from Digest of Welsh Historical Statistics: Coal,
1780-1975. For Portugal: data from Martins (1997) which is a simple average of 14 urban or
industrial tasks.

While relative coal to labour prices declined substantiallyortugal in the
last quarter of the nineteenth century, revealing a relative incenbive t
mechanize, the ratio coal/wages was relatively high in comparstretmore
coal-endowed England (Fig 4.2). In England, 1 ton of w@al equivalent to the
wages of three anin 1860 and the wages of two men in 1913; for Portugal the
equivalent was the wages of twelve men in 1860 and eightomeéhe eve of
World War l. In Sweden, a country that managed to catch upr besihn
Portugal in the late nineteenth century, thalco

In a context of international trade, Portugal presented a structure ofaelativ
prices that incentivized specialization in the factors that were relatessy
costly, in this case labour.
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4.2.4 Energy consumption in the productive structure of Portuguese
economy

What were the results of high costs of coal in the Portugoeshictive
structure

Table 4.5 Comparison between coal consumption (thousand ton) irne som
sectors, UK, Portugal, Spain and Sweden

UK Portual Spain Sweden
c. 1870 c. 188G c.1870 c. 1870

Sectors 1000ton. % 1000ton. % 1000ton. % 1000 ton. %

Pig Iron, Metals

and steel 33306 47 0 0 450 47 76 61
Mines 7225 10 10 5
270 28
Manufactures 22618 32 82 48
from what,
Textiles 20% 42% 22%
Railways 2027 3 33 19 193 20 23 18
Gas 6312 9 45 27 50 5 26 8
Sum 71489 170 963 125
Firewood to coal
industry ratio 0 0.3 n.a. 6
Coal p.c. (kg) 2828 39 60 30
Solid fuels p.c (kg 2828 50 - 142
GDP per capita
($1990) 4000 1000 1200 1100

Sources: Warde (2009) for the UK, Kander (2002) for Sweden, Coll and Sudria (1987) for
Portugal and own calculations for Portugal based on Pinheiro (1986) for railways and CLIG
Relatorio.. 1880 for gas. Lowest coal values for manufacturing are based on the calculations
for power in Table 4.3., information on coal consumption per hp given in MOPCI, Inquérito
Industrial de 1881. About 230-270 tons of coal equivalent were consumed in the territory in
1878-1879. The differential in relation to the sum (170) includes consumption for ships,
industries not considered in the Census and others.

Table 4.5 compares the structure of coal consumption in therhdKthe
three most backward countries of our sample (Portugal, Swedeis@aid)
around 1870- 1880. All seem to have lost out on the Wiieste of steam that
succeeded in countries such as W& Germany, France or Belgium. In order
to emulate UK type of industrialization, what was needed wame@ease in
energy by a factor of 60 in the case of Portugal, and 20 in the case of Sweden. In
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the three backward countries, railways represented a much higher jomjobrt
coal consumption despite the much lower levels of km per ciaprelation to
the UK. It seems then that the diffusion of coal was more concahtrasectors
where coal could not be easily substituted such as traasiport Still, the
structure of Portuguese industry was more affected by the lack of coal
endowments than Sweden or Spain. In the case of Sweden, coal pbosum
per capita in the sectors above was even lower than for 1880 Rortagever,
firewood was used in a proportion of 6 to 1 in manufacturinge@ally in the
heat intensive industries. In the case of Spain, the indlizdtion was more
inclusive. Despite the high costs of domestic coal encibastal areas, where it
hardly arrived at the same cost of imported coal, national coalmyastant in
railways and the mainland regions. And even with imported, dbe Basque
iron reserves were of such good quality that they managée tmmpetitive
with the English in some branch&s

In the Portuguese case, one of the most important differences iheine
was no capacity to develop the heat-intensive industriesh@fIndustrial
Revolution. Besides being poor in coal, the country was alspipaore (and
other metals). Although there were plans to create this industinyavaasis in
wood resources from Leiria pinewoods and coals, the proposals waredés
fail as they were based on resource evaluations that hardly had a @odersge
with the truth®®® This feature had impacts on the possibility of the spurring
effects of railway investments and mechanization in general. Hawimgport
all the iron and steel from abroad, the expansion of railway mietihhad little
impact on boosting metal and engineering sec¢tdrsMerchant navigation, also
relying on large quantities of imported material, was neveeldped based on
Portuguese technology. Machinery, working with imported iron ienubrted
coke, could only be internally competitive in small market segmerss dnergy
intensive, and in the very ultimate phases of metal transfamiiti To be
honest, only if the country had a large advantage in the yjodlét least one of
those resources to maleports possible would iron works Y& made the
difference. Besides being intensive in natural resources, steel needed amrminim
operative scale that exceeded the demand in the country.

Around 1890, most population employed in industry (@@d workers,
18% of the totaff° did not appear in the Industrial Census, which were mostly

35 Sudria (1995).

%% Rollo (2005).

%7 Pinheiro (1988).

%8 Santos (2000).

39 valério (2001), census data.
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concerned with larger units (more than 10 employees). Whatdfimerk did
they perform? Certainly manual and traditional activities whichndiddiffer so
much from the agriculture work. In the larger units, the structur¢hef
Portuguese manufacturing sector was based on consumer goods cbf whi
textiles employed about half the workers and power (Table 4\6adta logical
specialization based on industries with lower energy castgll but not
depreciable. This preponderance in one sector was mainly basled ioternal
market and made possible by internal protection to cotton amd textiles.
Unfortunately, a second problem with the lack of coal was cadngétke spread
of industrialization and determined in part by the higbts€®f coal in any city
other than Lisbon or Porto. With such a small national maketbsorb the
products, any specialization, which was not based on exgadsd limits in
their capacity to attain the levels of growth that were needed to catcithuihev
leading economies.

Table 4.6 Workers, horsepowerp) and hp per worker, Portugal, 1881 and
1890

1881 1890
hp hp
Workers  Total hp/worker Workers  Total hp/worker

Textiles&

Clothing 14018 5574 0.4 21572 10758 0.5
Mines 2049 1952 1.0 2541 2413 1.0
Food 1971 1763 0.9 4600 1741 0.4
Clay and Glass 1920 91 0.0 4535 246 0.1
Cork and Wood 1 605 44 0.0 5342 3160 0.6
Cork 1992 12 0.0
Wood 3350 3148 0.9
Tobacco 3936 185 0.0 4504 150 0.0
Metals 1780 433 0.2 6726 684 0.1
Paper 1256 709 0.6 2618 879 0.3
Chemicals 155 117 0.8 1 406 345 0.2
Leather &

Footwear 777 29 0.0 2593 14 0.0
Others 120 26 0.2 431 343 0.8
Total 29587 10923 0.4 56868 20732 0.4

Note: excludes cereal water and windmills.

Source: MOPCI, Inquérito Industrial (1881), based on text information including factories or
works with 10 or more employees. For 1890, industrial population is from Vasconcelos
(1998) and power is from Santos (2000) and includes smaller units.
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By 1890, the protected textile market already satisfied 90%eofi¢imand
for linen and 75% of the demand for wool and cottanHowever, in the
external market lower wages in the textile sector did not comgefsathe
higher cost of raw materials, energy and capital. Even the colonial African
market was not capable of absorbing more than 10% of the prdftittiLains
estimates that value added per worker in woolen and ctaxtifes would have
been around 15% and 25% of the British in a situation of free-tfade
Certainly, one important reason for such low labour produgtwés the nature
of biased technical change in favour of capital (and en@ngyelation to labour
across most of the traditional sectors of the First Industeablution In 1881,
the best equipped cotton spinning factory in Portugal hdg 83 fuses per
worker, less than half the English average i788. The average power per
worker, in the 1871 British cotton and woolen factories, alasut 0.7hp and
0.5 hp***. The 1881 Portuguese Industrial Census gives a mean power per
worker of 0.5 hp and 0.4 hp for the same sectors, differences that would be
higher if we took into account the duplication in capitalmoked systems of
water and steam.

In fact, the only relatively successful manufacturing export®wased on
indigenous natural resources and in almost exclusively mame#hods of
production. This was the case of cork and fish preserves, ttke l@sed on
extremely low seasonal female labour cost. However, these exports/evgre
dependent on the fluctuations in international markets reewkr reachedh
sufficient level for a sustained capital accumulation hin éxport balance there
was an absence of the technologies of Industrial Revolution.

4.3 Second Industrial Revolution lost: without dams in the age
of electricity

The second Industrial Revolution gained momentum in 1890 was
based on a new energy carrier (oil) and a new form of secondary energy
(electricity), along with their converters: the internal costlmn engine and the
electric motor. For industrial power, electricity would become tnost
important. Electricity emerged durintipe 1870s-1880s and was successfully

%0 Reis (1993), pp.171
1 Lains (2003).

%92 ains (2003).

393 Reis (1993).

394 Musson (1978).
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applied first to telegraphs and lighthouses, then totitighin general, in
competition with gas, anthirdly on trams and finally in factories. It is not the
goal of this chapter to explain the detailed advanckselectric motor
technology®, but electricity started to be considered as an alternativeesof
power to steam around 1900. Prices apart, the technical tageanof
electricity as motive power in relation to steam were great. Befentrieity,
steam engines were located in the center of the factory and cahnedtse
machines by a system of pulleys and belts, which would te&dide losses of
energy due to friction as well as suboptimal factory organiza#irst, the
substitution of steam engines by electric motors did nabgl the composition
of the working process, but soon it was realized that pramuctould be
organized by groups of machines through smaller line shaftpandred by
motors, a process that lowered coal costs by 20 to 25%r sdime trials and
adaptations, the electric unit drive became the most imporyaténs around
1910-1920. Although capital intensive, thdvantage of this system was that
even the smaller machine had its own electric motor, so teininated all the
power losses due to friction. It also decreased energy consumpiica isi
would eliminate any transmissions to machines out of orist of the
advantages become apparent in factory organization and the ilpessibf
increasing labor productivity: more working space and ease wof @kpansion;
flexibility in task arrangement (the position of the motorIdobe changed);
improvement of working environment (ventilation, illuminatiand hygiene)
and improved machine contfdl Electricity did not only substitute for motive
power in big factories, it was eqiiaimportant to the small workshof3s

While most of the advantages of electricity in relatioditect power were
more related to total factor productivity gains than with energyngavi
possibilities, the fact that electricity could be produced waitia primary energy
carrier and the possibility of transportation of electric current, ngatkia point
of consumption somehow independent of the point of energyuption, had
very large impacts on the developing process of coal-poor countriess dften
been argued that it was possible to develop their electiwones, with
hydropower produced based technology, precisely because coal avas s
expensive in those courds The difference in energy costs relative to the most
endowed countries is an argument that disappears from ttegidisterature
after the period of the war. However, while we know something abattvee|

¥ See Hughes (1983) or Smil (2005) for the competition between AC/DC technology.
¥ Devine (1983).
397 Sudria (1995).

159



prices of coal versus electricity and how they increased suiadty during the
period of World War |, we know very little about differencesabsolute prices
between countries. We are going to show that in the Portugasse these
differences in energy cost seemed to have persisted duringténevar period,
making Portugal a country with relatlyeexpensive energy until the eve of
World War Il.

4.3.1 Early and late transitions to electricity in coal-poor countries

The emergence of electricity changed the allocatioenergy resources. If
power could be cheaply produced and transported, there was hopeniore
intensive industrialization. In this context, poor coalemed Norway Sweden
Finland, Italy and Spain adopted hydro-electrical power systenysearly. All
of them were coal-poor countries where steam introduced many limia
continuous and sustained growth.

All of these countries had an early incentive to replace expenavé\yco
hydropower, but the outcome in some of them was larger thantegpécfirst
group formed by Norway, Sweden and Finland (accompanied by more endowed
Switzerland) managed to attain not only a quick transtboglectricity, but also
very high electricity intensities. Norway has, probablyhglavith Switzerland,
the best water resources in the world: abundance of steep wsteffahy size
and large lakes for regulation all over the country. The costydrbhplants
were extremely low when compared with thermal plants. Due tgedkgical
conditions the model adopted before the World War | consstededium or
small hydro-plants powering one industry or one town, authany need for
large transportation investmemMiorwegian natural resources quickly attracted
foreign capitals and technology. Around 1900, electrochemical and
electrometallurgical industries entered the scene and becanmo#lieenergy
intensive branch of the econofy Norway became an important producer of
calcium carbide, aluminum, nickel and ferro-alloys, even thoulgitked some
of the raw materials such as bauxite for aluminum production. Sweake@also
well provided with water resources, the problem being thabdise were in the
North while most of the population lived in the South. In the case of Sweden, w
can say that the high costs of energy in the very intensivech@anwere
probably a further incentive to the development of these early electricity
systems. It was in the mining districts of Sweden that 8331the first
commercial three-phase power transmission system in the wonhécied Lake

398 Kaijser (1995), Thue (1995).
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Hallsjon to Grangesberg, a distance of 14 km. The first electgsinesses
were connected with mining capital until the State toadr alre role of provider
of water resources in 1909, building three large hydropower plathe 1918.
New power intensive industries such as electrochemicals and matallurg
industry were established near these new hydropower plantse béforld
War I*%°,

In Finland,as in Sweden, long-distance transmission was introducesck |
mines in 1899. Before the war, electricity expanded to activitieh sas
printing, wood, paper and pulp. Finland, though, had a sloeeelopment in
hydro-power than its neighbours. Firstly, thermo-power retaisete
importance as wood industries needed steam for theirtmadysocesses. With
the use of back pressure turbines, power and steam could be pravidey
high levels of efficiencyby using cheap wood-refuse as a fuel. Secondly, the
instable political situation was an obstacle to the exadloih of long-distance
hydro-power. When Finland gained independence from Russia in t#l3tate
decided to build a large power plant at Imatra rapids in ocdprdvide cheap
electricity for the country industries. Early electrification kinland was
practically induced by the demands of pre-existent energy-ingeinsilistries.
The amounts of civic consumption remained quite lynwEuropean standards,
and electrochemicals never reached the same importance as in Sweden or
Norway'*.

Italy also managed very mature hydro-electrical systéilan’s thermal
power plant in 1883 was one of the first to be bunltthe world. Electrical
networks before the war welslilt mostly with foreign capital. Italy was a
natural country for the expansion of electricity due to itsemsive water
resources and glaciers in the north of the country. By 193t coal imports
went to transportation but electricity had spread in inqusBy 1911, the
percentage of electrification in Italian industry was already 4@%¥stly from
hydropower, as compared with England with only 13%Between 1910 and
1916, 230 miles of railway line were electriff€d In the 1910s, Italy was one
of the countries in the world with a largest proportiorexploited hydropower
in relation to its total hydro-electrical potentidk never reached the electricity
intensity of the Scandinavian countries however,

In Spain, developments were also quick, but they came iffiesiedtit form.
Thermal plants emerged first and they sought first of alligbt |lurban

39 Kaijser (1995), Myllyntaus (1995). Jakobsson (1995).
4% Myllyntaus (1991), Myllyntaus (1995), Kaijser (1995).
‘91 Bardini (1997).
“92 Bianchi (1931).
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populations. As the penetration of gas consumption was low dueverthihigh
costs, electrical companies found an early market with groasiilpilities. In
Madrid, the appearance of many electrical companies had led to a price w
the city, already before 1900, with evident advantages for housetwottdsmall
industries*®. However, by 1900 the boom of hydroelectric plants started,
financed mostly with Basque capffd] and the costs became even lower with
the supply of hydroelectric plants to the capital. By 1910utl80% of the
electricity produced was from hydroelectric origin and by 192dut 80% of

the Spanish population was lit by electricity, performing vevgll in
comparisorto European indicatof$.

Developments in hydropower were already evident around 1910 ébée T
4.7), and the First World War accelerated the process of electrificatiath in
these countries, at least in the industrieemgisteam could be substituted. Cut
off from coal supplies, coal and gas prices rose steeply inorekat electricity.

As thermal electricity could be produced with wood, even thesysiems were
advantageous in relation to gas; however hydro power had patential. The
run to hydropower concessions reached new heights, which wagamtpior a
renewal of the system in the interwar years. Household consumgrsuoil,
gas or paraffin to light their houses, switched fast to eb#ytriThe same
happened to many light industries working with steam engindggas motors.

The period after the war brought the maturation of electrical systenfis, wi
national grid connection, the continuation of industrialcteifecation, etc
Around 1930, and despite intensity differences, the share of elpuitars in
total horsepower was already very high in 11 European Coynlapan, USA
and Canada; and it was relatively higher in countries tleat pursued
hydroelectric schem&8. This can be seen as a kind of leapfrogging of catching
up economies in relation to one of the economic leaders, the WK, stiil
maintained steam power in many industrial sectors. The main difera the
role of electricity in the poor endowed countries was in inerad in per
capita consumption. Sweden, Norway, Switzerland, Finland and Careada w
the leaders in electricity intensity. This switch to su@hhntensive electrical
systems was due not only to substitution in manufactuniogseholds and even
railway systems but also to the development of entirely neusinds such as

403 Aubannel (1992)

“YAntolin (1999); Sudria (1995). The capitals were associated with the mining sectoitiadwell
developed banking sector. Most of the early projects were made with Basque edfitahe
exception of Barcelona, where foreign capital had a large importance.

%5 Bartolomé (1995).

408 Bétran (2005); Myllyntaus (1990).
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electrochemicals and electrometallurgy, based on extremely cheap hydropow
This could not be achieved to the same degree in all the couRimiesxample,
the development of Italian electrochemical and industreéctricity
consumption during the interwar period was financed by extremgly tariffs
for the household consuméts By 1930, there was already an idea that Spain
could not pursue the intensive path of the Nordic countridkviing the same
hydropower technique, the potentialities of hydro resources wesdlesm
reflecting a relatively high cost for intensive ué&ts

Portuguese electrification is different from the movement in coat-p
countries that happened well before the First World War. dldy the
development of electricity is slow, but the movement to hydroelagtsgstems
was made only during the 1940s. As Table 4.7 shows, Rddid)not leapfrog
in any manner. consumption was extremely low; both in peitacamd in
intensity terms, and coal savings through the use of hgdrepresources were
very small. In the 1920s, for instance, Portuguese electricity cunign per
capita was about 2% of the Swedish, 5% of the Italian anddf2¥%e Spanish
ones. By 1920, Italy and Sweden managed to substitute abatii% ®f coal
imports and Spain saved 1/5 of coal consumption. In Portugal, metthan 3%
of coal imports were avoided. By 1950 hydropower had slowly redgxh to
about %2 of the production and substituted 20% of coal copison. Whereas
there was some catching-up, consumption per capita remained |d®%6aof
the Spanish and 20% of the Italian, but only at 4% of the Swedishmaphsno.

The late introduction of electricity in Portugal cannotdxglained by a
single factor. A closer look reveals that Portuguese initial tongdi were not
exactly the same as other coal-poor countries; Portugal dighnatipate in the
scientific innovations of the 1870s-1880s as Sweden did; nor Rataguese
engineers as trained in this new technology as the Spanisheers)”.
Moreover, Portugal did not benefit from the presence of early intenaht
companies as lItaly did. The capital for initial investrsentight have been
lacking. After 1890, the country left the gold standard and foregpital
became more difficult to obtain, which was reflected in lack of imvest$™
and also troubled public finances that lasted until the mid 1920s

07 Storacci and Tattara (1998), Bartolomé (1995).

“%8 Bartolomé (2007).

%% Bartolomé (2007) points out that electricity was already a mandatory subject in theceingi
curriculum by the mid nineteenth century. See Matos et al. (2004) for an account of the late
development of technical schooling in Portugal.

“1% For example railway investment slowed down during this period.
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Table 4.7 Comparison of electricity development in Europe and the U®-190
1950

Electricity intensity

(kWh/ 1990 dollars) Hydro share in electricity production?®
1900 1910 1920 1930 1950 1900 1910 1920 1930 1950
Norway 15 326 734 749 954 100

Sweden 15 73 167 236 434 60 68 73 74 79
Finland 4 16 168 131 244 71 49 46 72 88

Italy 2 17 47 86 145 69 83 97 97 93
Spain 3 8 25 51 113 49 82 87 91 73

Portugal 0.3 2 6 25 56 27 23 34 46
UK 2 10 40 71 191 0 0 0 2.5 2
Us 23 60 93 151 262 47 37 34 31 26

Electricity per capita (kWh) Coal saved from hydro (%)

Norway 28 765 2011 2718 5182 46

Sweden 26 162 441 834 2605 7 23 45 32 52
Finland 6 31 92 350 1039 15 21 69 23 52

Italy 5 42 126 260 531 6 21 51 37 55
Spain 6 15 55 134 249 2 7 19 20 19
Portugal 0.4 2 7 38 113 0 1 3 5 19
UK 11 52 200 397 1301 0 0 0 0 0
us 95 298 515 935 2550 4 4 4 6 12

Source: Electricity production and hydro share is taken from the following sources Italy,
Malanima (2006); the UK, Mitchell (2003) and Etemad and Luciani (1991), Sweden. Kander
(2002), shares of hydropower kindly provided by Astrid Kander; Spain, Bartolomé (2007)
1900-1930, Rubio (2005) hydropower and Mitchell (2003) for 1950; Finland, Myllyntaus
(1991), Coal imports: Mitchell (2003); Norway, Etemad and Luciani (1991); Portugal, see
Chapter 2. GDP and population of Finland and Norway from Maddison (2008). Coal saved
from Hydro: own calculations based on efficiencies of US thermal stations for all the
countries except Portugal, where country-specific efficiencies were used. Coal consumption,
Norway and Finland: Mitchell (2003).

Some institutional differences may explain the differences in thamhygf
the expansion of electrical networks in the first decade of the igthraentury.
Both in Lisbon and Oporto the institutional settiidd not favor the
establishment of electrical networks as in Madrid or Barcelona. tWwhegas
companies operating in eachtyc had the monopoly (regulated by the
municipality) of private and public gas and managed from an ekiy to
obtain the privilege of electric current distributibn Hence,in an early phase

“I1|n Lisbon, the gas and electricity monopoly (60 years for gas and 30 forafgcsiarted in 1891
with the merging of the two gas companies after a difficult period of ctesxie (1889-1891). The
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they were not very interested in competing with their corénbas of gas and
adoped a wait and see strategy in relation to technological develofsmin the
electricity field*2 In fact, they operated micro-scale utilities without capacity
for expansion and it was the pressure from the municipaidrede substitution

of gas by electricity for public lighting that ultimately deothem to construct
new thermo-power centrals, already running the year of 1903 for Liabdn
1908 for Oport8™®. In the capital, there was already a latent market for industry,
which responded well, and power had to be increased tves thafore World
War | to accommodate expansion of consumption. Even after a dateastl
with a monopolistic situation, the advantages of electriaityelation to other
systems were already apparent before the-waistudy in 1911 suggested that
the daily cost of a 10p electric motor compared well with anthracite gas
motoré™. In fact, the first references to the increase of electricity consompti
by the Lisbon utility confirm that most companies enterimghe electricity
marketwere replacing old gas motors (either town or anthrdcite)

In the remaining of the countryhdre were very few public power stations
of any dimension built before the war. After the thermal powerosisitof
Lisbon (6500 kW) and Oporto (216 KW) and the two cities urban traction
systems, follows from far away the largest (but still srmaihternational terms
hydropower utility in Serra da Estrela constructed before the war3w0 kW.
The first power stations were probably private and only a xefie the
nineteenth century fuel choices. In most places, the preferencéomwsieam
powered systems whilén the regions were water systems prevailed, electric
motors are incorporated in the factories, reducing losses imtigsien, but had
similar problems to the old water systems during the longremn As earlyas

Oporto monopoly started in 1900, after the gas company acquired a small electricceotredrin
operation since the 1880s. See the detailed history in Matos et al. (2003) and Matos et al. (2004).
“I2 This wait and see perspective can be found in many Annual Reports of the CLIG - Cordeanhia
Lisbonense de lluminacdo a Gas, RelatarRunning the year of 1883, “there is no big reason to be
afraid of economic competition between electricity and ghs 1884, “if the electric light, in the
limits of the progress, would reach a profitable existence, we will alschdie groducers and
distributors.

“3In Oporto, the municipality, upset with the constant delays, will even concede around 1907
distribution licenses to two other companies, (one of them an intended to be hydcoetgopany)

only to see their authorization canceled by a Royal Decree due to contractabvidbee Matost

al. (2004) and Matos et al. (2003).

414 Amaral (1911). The author first compared fuel cost per hour dip2eam engines and town gas,
anthracite gas and gasoline motors and concluded than in our market, fuel costs weref@mal
anthracite gas. He then compared ahp@nthracite gas and electric motor using complete elements
such as fuel, lubes, water, interest, amortization, reparation costs, counter and wag®ailyst
expenses were@9 Escudos for the Ip electric motor against 225 for the anthracite gas motor.

“15 CRGE, Annual Reports.
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the 1913, the general idea among engineers reproduced the feelitigs lafe
nineteenth century and what was the nature of the hydroelpadbéems at that
time: 1) te problem of the dry summer; 2) very few waterfalls in the nation
rivers, far away from the consumer centers, i.e., the problem of transpurtati
3) the lack of capital for the large investment needed in wat&ermo
regularization and transportation netwdrks

World War | was the first real big shock for Portuguese energy
dependence. A 1917 estimate calculated the pre-war coal needsjirexcl
navigation, to be 290 thousandton*’, 17% for railways, 53% for
manufacturing and 29% for gas works. From 1915, the priceabfspiked and
reached 16 times the price of 1913 around 1918. During the war, srwere
less than half the needs, attaining an all time low of thbd8sand tons during
the most critical year of 1918. Portuguese coal mines wera gigedden boost
and production increased from 10 thousand to more th@rintlisand tons of
equivalent codl'®, which was clearly not enough to solve manufacturing
problems. All over the coal regions, the common resource was #msive use
of firewood as a substitute, though at a very high cost. Asthar coal-poor
countries, thdew gas companies that existed were also severely hit by #he co
imports blockage. Around 1916, the Oporto gas factory delivetsth bad
quality gas that the municipality considered it a conti@ctviolation and
municipalized both gas and electric services in 18itigducing a new type of
institutional setting more favorable to electrical power. Irsbbn, the
impossibility of acquiring coaled to the closing of the gas factor@6000
clients) which only reopesd in the fall of 1922. The conversion to electricity
had gained a sudden boost, at least for lighfiige number of electric clients
doubled in Lisbon during this period, from289 to 1335 However,
exploration was made during the war with extreme difficultiesiguexpensive
alternative fuels such as national coals or wood, and atestis in electricity
production were also felt. For example, electricity consumptiahrebe from
8.9 GWh, in 1914, to 6.9 GWh in Lisbon. At the same tinmedpction in
Oporto power station declined from 7.7 GWh to 3.7 GWd the municipality
even refused to accept the entry of more th@001lconsumers. Clearly, and

“1° Galvéo (1913)
“" Miranda (1987).
“8 The lower calorific value of Portuguese coal is accounted for.
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unlike Spain, Italy or Sweden, Portuguese industry and holgseleould not
benefit from electricity as an alternative during the*War

Although Portugal had a late start in electricity, the waniekted at least
the constraints of the gas monopolies and led to a changfee iperceived
benefits of hydropower. During the war, the run to water @sices had
increased significantly, although most of the projects wevernealizedIn the
early twenties, some medium hydroelectric companies extended opgratio
the North and Center of Portugdlhey were ruref-the-river dams, regulation
of water was scarce and the use of thermal support was usuallyecedine
claims for energy autarky definitely increased with the end oR#yublic and
the establishment of the dictatorship in 1926.that time, imported coal was
increasingly being perceived by the authorities as an undiesismurce of
energy dependence that led to an unnecessary drainage of galsl.weué set
to make it mandatory for a certain proportion of national codt® tmixed with
foreign coals in railways and manufacturing in gerféfalThis implied the
adaptation of boilers for that end. It could only be a pasidlition for the
energy problem, not only because it would always need a mixturealdmt
because in some ofdltases national coal was more expensive than the simple
importation of coaf€’. The independence of the energy sector would have to
come from hydro-electity. However, despite being a period fertile in
regulation and heated discourses, the initiative remainesateri and
consumption remained mainly thermal, especially in the southeoCountry.
Electricity statistics show that industrial self-generatiof electricity was
important. In terms of intensity of use, the power was |lowean tin other
countries, indicating less equilibrated chart diagrams, prepondecdnsmall
units and the existence of reserve power in case of failure idigtréution of
hydroelectric power utilities. Even in 1950, only 20% oftBguese houses had
electricity (47% urbari>. Around the same date, the percentage of electric
motors in total motive power attained wa®¥66%, in contrastwith
international statistics reachi®@-90% (see Table 4.8).

“°This is not to say that electricity was a viable alternativedal to all industrial usesor heat-

intensive industrial uses coal-poor Italy, Sweden or Spain also sufferethevisevere coal shortages during the

war.

% Decree-Law 14009 28/07/1927.

“2I The advantage of using national coals seems to have been dependent on the region. In Coimbra,
national coal was being used for electricity production with some impaéamgs in coal imports,
seeVasconcelos (1930). Reports from the electrical utility of Lisbon arounctiéhirties show that

the cost of kWh was still more expensive with national coal. (CRGE, Elementos Estatisticos)

422 Teives (2006).
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In 1934, the Portuguese Industrial Association mentioriel gower
problem in the following way

In Portugal, as a rule, steam engines last a very long time, stopping only from
exhaustiofi>

This observation entails a suggestion of shortage of capitaind high
electricity to coal relative prices. We explore this lastdtlypsis in the next
section.

Table 4.8 Percentage of electric motors in total motive power (%) in some
selected countries

1913 1925 1938 1950
Canada 67
Finland 32 63 87 93
France 49
Japan 30 88 82
Italy 48 74 88 88
Portugal <5? <50° 60° /66"
Norway 67 82 89
Sweden 48 77 89 97
UK 23 49
USA 36 77 85 84

Source: Myllynaus (1990); France: Bétran (2005); Portugal: INE, Estatisticas Industriais.
Estimaté®*°1943CInstalled’In use

4.3.2 The costs of electricity relatively to coal

The evolution of the ratio between electricity and coal pricesbeas
employed in previousesearch as a measure of stimulus to electrific&fiorin
most research, household or average electricity prices relative tareaaed in

42 portuguese: “A maquina em Portugal tem uma vida muito longa; vai, em regra, até a utilizégao pe
cansaco Industria Portuguesa, 75, May 1934, in Matos et al. (2004), p. 341.

24 Most motor statistics produced until the 1940s do not account for electric motarsshpossible
for some regions to advance with partial statistics. In 1911, the distriétgevo, Guarda, Coimbra,
Viseu and Castelo Branco had a total motive power7df8hp, but only 242 hp (2.5%) were relative
to electric motors, see Matos et al. (2004). The urban region of Opiiytaénter) accounted Z&3

hp in steam engines in 1916, see Santos (2000). The number of electric motorsunittgal grid in
1919 was 230 hp (SMEGP, Relatari..1919). Fernandes et al. (1992) estimated a power d@0 hp

of electric motors in Lisbon factories around 1917. The primary motive power in Lisboot dists
48819 hp. These partial statistics seem to indicate that electric motors congsssétat 5% of total
primary power before World War |.

25 Syennilson (1954), Antolin (1988); Sudria (1990); Bétran (2005).
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order to compare the differential of that stimulus across gesntwhich can
lead to some mixed interpretatidffs Household or average electricity prices
are probably not the most appropriate measure for explaining lssinta
industrial electrification, as they can be dramatically differenéwelland trend
compared to industrial pricEs. The incentives to replace steam engines by
electric motors across countries could be better exploredcsing the ratio of
industrial electricity prices to coal.

Table 4.9 compares the industrial prices of electricity relative &b foo
several countries and in the two main Portuguese cities, Letdi®porto. The
relative prices, expressed in MWh/ton, indicate how much odainnes can be
bought for the price of an industrial MWh of electric current.

Coal prices refer to the most likely price faced by industry, thamisort
prices for Portugal, Italy and Sweden and Cafiddend pithead prices for
France, UK, USA and Japan. For Spain, we use North of Spain coed'Pric
Industrial electricity prices for Lisbon represent the loweslustrial tariff
charged for motors until the 1920s and average industrial prices afteRards

42 This is evident in the study of the Spanish electrification. Antolin (188f)es that, between 1913
and 1929, relative electricity to coal prices and to wages did notsfatiteh as in the US, which
should be interpreted as smaller incentives to electrification and capitalizat®notiudes that the
cost of electricity in relation to other countries was much larggam the cost of steam. Therefore,
electrification was slow and there was not much connection between eleobrifieatii economic
growth, see also Antolin (1990). Sudria (1990) compares not only the trendlsbuthe level of
relative prices around 1913, and concludes that countries with hydraulic resourcesoarmbal
resources (including Spain) had a much higher incentive to early electrification.

427 Monopolistic behavior and high regulation occur in electricity markets. Priserirdination
benefiting one class of consumers, with higher elasticity of demand in relatiba lighting market
(where elasticity is low), is common. Different energy policies may also nesdisparities in the
ratio household/industry across countries. Bétran (2005) discussed some ofettench between
industrial and lighting prices, although she used lighting prices in her analysis.

28 National coal could also be used but for the years in question imports (around 5@%) lbaer
value than pithead prices.

29 Coal imports to Bilbao until 1913 and national coal due to Bilbao afterwards and not pithead prices,
due to the special condition of Spanish coal (high transportation costs, absence pf lodatd at
the pithead, et}.

43%|n 1916, minimum industrial tariffs in Lisbon were set at 0.09 Escudos in 191ieftime period
between 0-19h30, and higher tariffs of 0.18 were set for household peak time from 19h30-00h00
(Matos et al., 2004), which shows that indicated tariffs were more connecteanastagement of
chart diagrams than with different prices charged according consumption. Therefti/ernehosen
the minimum tariffs, representative of the time that industries werkingorAfter the 1930°s price
revenue data is used in order to determine average industrial prices.
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Table 4.9 Relative prices electricity versus coal MWh/ton

Spain France
Lisbon Porto Canala Sweden (Bilbao) Italy US UK Japan (Paris)

Thermo Hydro Hydro  Hydro Hydro Hydro Themo Thermo Hydro Thermo

1910 14.1 14 1.7 7.7 21

1913 17.9 11 1.5 12.8 11

1917 6.9 0.2 0.1 9.3 6.7

1923 5.5 0.9 1.2 5.6 3.6
2.6-

1925 5.5 1.6 14 6.9 5.2 3.7

3.6-

1928 5.2 15 1.6 1.6 7.1 5.2 3.5

1933 4.2 2.2 1.6 14 10.2 5 3.3

1935 42 566 14 1.2 1.8 6.8 4.3 4.2 3.4
3.2-

1938 2.8 4.8 1.4 0.9 1.7 5.6 3.3 2.6 2.5

1943 1.8 0.9 1 0.5 11 3.1 2.1

1948 1.8 0.9 0.7 0.3 2 1.7 0.6 15

Sources: US: US Department of Commerce (1975); Melman (1956); UK: Svennilson (1954);
France: Barjot (1991). ltaly: Bardini (1997) and Storacci and Tattara (1998); Canada:
Urquhat and Buckley (1965); Spain: Coll (1985), Antolin (1988),r@esIrurzun (2008)

Porto: own calculations from SMGEP, Relatorio.. (1917-1950) Lisbon: own calculations from
CRGE, Relatoria.(1909-1948). Coal prices for Portugal my own calculations from INE,
Comércio Externo. Japan: EDMC (2009). Thermo and Hydro words below the
countries/regions entries are used to express the source of electric power: from fossil fuels in
thermo and from water in hydro.

We present two series of prices for Oporto. The highest refer to High
Voltage prices charged by the municipality for industrial coresgmand the
lowest refers to the price charged by the distributor of the eipadity**. For
USA, Canada, UK and Japan average industrial prices are*fiviear France
we use average prices for commercial and industrial useggm Vltage. For
ltaly and Spain we rely on scarcer informafiSnFor Sweden, we present one

1 The larger part of the important clients in Oporto was supplied direotty the distributor, which
means that the price of the municipality was probably on a higher levellodsalevel, we use then
the price charged to the municipality by the same company, its bigger client.

32 Urquhart and Buckley (1965) calculations, dividing the revenue of industies by industrial
consumption. The US Department of Commerce (1975) Historical Statistivs biited States are
also based on average industrial prices.

33 For Spain, | use average prices from Hidroeléctrica Ibéria (Antolin, 1988 and Saunzen,
2008) who operated in the Basque country electricity market. In the casédodelBictrica Ibérica,
average prices were biased to the High Voltage market. For example, in 1935 and 184d5-Gar
Irurzun (2008), price discrimination of Hidroeléctrica Ibéria shows that &6 of Ibéria
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series for high intensive uses in industry, due to itselasbare in total
consumptiof™*

The results clearly show that relative prices of electricityuseroal have
declined enormously in all the countries/regions emptpyihermo-power,
something that should be associated, with among othegstfith, the
significantly gains in efficiency of thermo power productiont Ewample, data
from power centrals in th&S and Portugal shows that efficiencies in power
centrals increased from a mere 5% and 4% before World War | to 2@ %686
around 1950. Comparing the relative electricity to coal pricdbe Portuguese
capital with the other thermal countries, we observe that liednaved quite
similarly even if in relation to the respective coal prices electricity sdeim be
somewhat lower in France and a bit higher in the i8ASo the incentives to
electrify in relation to the steam option did not seem tovbese in thermal
Portugal than in other thermal countries, at least not afterdMgdr I. These
results are less optimistic than they seesimilar electricity to coal pricem
relation to the main Portuguese coal exporter,lLide means that double coal
prices correspond to double the electricity prices.

The case was much different in the early hydro countries, Swedaim, Sp
Italy and Canada. As we see, the fall in relative prices, was lessymced
than in thermal countrie¥his has mainly to do with the fact that efficiencies in
hydraulic equipment were already very high, having less roonmimoivement.

It is striking that the level of the relative attained priceslettricity versus coal
was already much lower thamthermal countries before World WaVhile an
industrialist in Lisbon could buy 14 to 17 coal tonnes in0L4B13 for the price

of 1 MWh, in Sweden or Spain they could buy only 1 to 2 tonnes, which
indicates a much stronger incentive to electrification. As poeés in North of
Spain and in Sweden were similar to the Portuguese ones, waycdnasprices

consumption was going to household uses. The series of prices used relaegiioet of kWh
produced, so | adjust the price to incorporate 15% losses. This procedureenitrgl935 about the
same range of industrial prices that Bartolomé (1995) suggested for all iBpE®35 (0.11 ptas)
though a bit higher than the average industrial electricity prices fronu&zalrurzun (8.23). With all
the reservations, | believe this series is acceptable to express industrial pricasheriNSpain.
Relative prices vary from region to region. For example, Barcelona Traction wheeohieran initial
phase with thermo power, but changed to hydro during the war, electdcttyat prices were in
MWh/ton: 1900- 7.2, 1905- 11.1, 19106- 4.1, 1915- 1.3, 1918- 0.15, Urteaga (1998).

For Italy, indication on prices is given in Storaci and Tattara (1998) for 13P8amlini (1997) for
1908.

434 Ljungberg (1990).

3> Gains in transmission, transformation of energy and also decline in explorationigeso the use
of larger power centrals. These are variables that can also improve in hydropower centrals.
“3®There is a bit of sensitivity in the data used, due to the use of pithead prices.
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of electricity were in fact much lower than in Lisbon. Even canmy the
relative prices in hydro countries with the ones in the regioOporto, which
was supplied by hydropower since 1923, differences seem totpersis can

be an indication that hydropower possibilities in Portugatenmore limited
than in other places but also points to other reasons asuctarket powér’. In
any case, the comparison between relative prices suggests thatiglagts
not an escape from the burden of pre-war costly energy resoatcésgst
relatively to other countries.While Sweden, Spain, Italy and Canada had
benefiedin reducing energy costs relative to coal endowed countresdrieity
was still more expensive in Portugal.

Figure 4.3 Electricity prices, selected countries 1923, 1935 and 1948&rdol
cents

4.5
4
3.5
3
2:5 m1923
2 1935
1.5 ] ] 01948
1 4
0.5 ] — |7
Sweden UK Spain Lisbon us Italy Canada

SourcesSee Table 4.9 Exchanges rates are from Officer (2009).

In sum, what is relevant in a cross-country comparison is nty tba
relative decline in electricity to coal prices but the low teieity prices that
were charged in countries with hydropower. In nominal t&finthe Basque
Spanish region, Italy, Sweden or Canada managed to leap-frog in am@mazi
fashion during the twenties and thirties, having lower ettt grid prices than

“"In the Oporto case Bartolomé (2009) suggests these factors. As market power aplid als
common in other countries, we do not enlarge the discussion to incorporate the i@adifiesences

in prices.

438 Using exchange rates, to express electricity prices in US cents.
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the coal-endowed UK and in the case of Sweden and Canada atsoploves
than the US. On the contrary, Lisbon industry faced electricity prdesh
were about the triple of US prices in the early twenties andatbklel of UK in
the mid thirties, see Fig 4.3.

In Portugal, hydro-electricity prices from Oporto and thermo-etsiytr
prices from Lisbon began to follow different paths only at the outbreak dfiwo
War Il, see Table 4.9. This coincided not only with another gpik®al prices
in the thermo-regions, but also with the renewal of Oportorachtwhich
allowed the municipality to charge lower prices for all consumer cate¢fdries

Around 1950, differences in industrial electricity prices chargedhe
consumers in hydropower regions versus thermo-power regions \veaeya
visible™®. Still, while hydropower prices in Oporto started to comparé wigh
the British prices by the end of the 19%8saverage industrial prices were still
much higher than both coal endowed and hydro dependent countries.

4.3.3 Natural resources, industrial development, technical choice and
path dependence

Countries that pursued the hydropower technique martagadgoply their
industries with electricity at a price thaagcompetitive or even lower than the
coal endowed UK or USAt least in relation to the UK electrification, it seems
to have occurred sooner. Portugal missed an early advantaggropdwer and
lagged behind in the electrification of manufacture. As thenttgleventually
became hydro-dependent in the 1950s and the 1960s, itomab#sto question
if the initial choice for thermo-power was justifiable or if in faatepresented a
missed opportunity which was to have a strong impact emitbwth trajectory
of the country.

Arguments for the missed opportunity get stronger, compaataylations
of hydropower potential which became available in the 14504 ortugal

3% Matos et al. (2003) has a detailed explanation of the renewal of the contlactER, the
distributor.

*“OWwith Industrial Statistics we can produce some estimates of the electriciybyrsector and by
regions. For example in 1950, for regions supplied by hydroelectricity, the prikévpeiior cotton or
woolen textiles was: Covilhd 0.46 EscudoskWh; Guarda0.43 EscudoskWh, Porto— 0.52
EscudoskWh; Braga— 0.52 Escudo&Wh, Coimbra -0.52 Escudddi/h. For thermo-power regions,
the prices charged for a combination of sectors like textiles, ceramicarmbfish cans were around:
Lisbon— 1 Escudos kWh; Faro—1.2-1.4 Escudod{Wh, Setubal- 0.9 -1.3 EscudoWh, Santarém
— 0.7 -1 EscudofWh. INE, Estatisticas Industriais.

“1 Prices in Oporto were about 20 to 30% higher than the UK during World Wiarwie apply
Officer (2009) exchanges rates.

42 This was previously noticed by Bartolomé (2005).
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appeared in a better position than Finland, France and Spaterms of
economic potential per Kmnd with a per capita resource dotation much worse
than Scandinavian countries and Switzerland, but comparablgattce or
Spain, and in a better position than Italy. Despite this faat, dbtual
hydropower production corresponded to only 3% of the enanbydroelectric
potentiat*®, contrasting with Italy (43%), Finland (28%) and France (25%), bu
also with other countries with 10-15% percentages of economiegfioited
resources, which managed to attain high percentages of hydnacpood(see
Table 4.10).

Table 4.10 Hydroelectric potential in some European countries around 1950

A B C D E E/A E/B

Technical Economic Economic Economic Hydropower Technical Economic
potential potential potential  potential production potential potential
(GWhlyr) (GWhlyr) (MWhiyrkm?) (per cap.) (GWh)  exploited exploited

(%) (%)
Spain 76639 48220 96 1724 5079 7% 11%
Finland 18100 13000 38 3243 3650 20% 28%
France 100000 65000 119 1554 16072 16% 25%
Italy 58000 50000 166 1069 21605 37% 43%
Norway 158000 487 48390 16920 11%
Portugal 17000 13500 146 1599 437 3% 3%
Sweden 130000 95000 211 13491 14394 11% 15%

Source: Bartolomé (2005) first three columns and my calculations for the rest. (based on
sources for Table 4.8).

Of course these calculations are very superficial: they saydibibeit the
type, cost and regional endowment of water resources in a couné&oulk of
hydro resources are concentrated in the North of the country (river Biodrits
tributaries) and in the international stretch of the river, where mbshese
resources could only be harnessed in a later period after agreemgnthewi
Spanish Government and water regulation in the Spanist’part

One of the limitation®f Portuguese hydropower resources was the deficit
in smaller size resources. In an early phase the first water resources to b
harnessed in Europe were of smaller dimension and the cost ofta&xpiowas
extremely low. These newly converted establishments were theangliow

43 Resources that can be economically harnessed in relation to other alternatives.
“4 For geological conditions regulation had to be made in Spain. An author pointe@8rthk@
regulation in Spain could improve the potential 13 times. Galvao (1928).
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up toeaty hydro-mechanical technology and even earlier to the establishment
of long distance transmission. In the Portuguese case, thetse di waterfalls
near the consumer centers were very limited. Even in distriogs thtan Lisbon
and Oporto, where water power had dominated, the direct use of st@am w
becoming more important. Turbines and wheels in those ®geciined from a
47% to 24% of total primary motive powWeérbetween 1890 and 19%% In a
sense, earlier industrialization using water power in Italy, Fihl&weden and
some regions of Spain now became a small advantage for theappdarance
of hydroelectricity. While self generation with hydropoweasvcommon in
those countries, for Portugal it was mainly provided by thermal centrals

Even if the technological problemsa long distance transmission were
solved around 1900-191@ second bottleneck remained: Portuguese hydro
resources had large needs for water regulation. The type of centraditheadtl
around 1935 (mostly ruafthe-river, the less expensive type) shows the
irregularity of the flow of Portuguese rivers. Production varietivben 12.2
GWh in January to only 4.2 GWh in September (Fig &28gulation was only
practiced on a very small scale and only 7% of production kvasdh storage,
which meant that thermal support was needed during parttheofyear,
increasing the costs to the consumer.

Figure 4.4 Monthly chart of Electricity Production in 1935
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Source: DGSE, Estatisticas das Instalagcfes Eléctricas, 1935

445 Excludes electric motors.
4% santos (2000).
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To increase the productivity of the rivers, significant inrestts in the
building of reservoirs would be needed, especially in thehsof the country,
where the rivers flows were subjected to much stronger varidfloat. meant
very large installation expenses and was one of the reasonsl bedipersistent
use of coal in the south. In fact, the Portuguese water resources w&e mo
adapted to larger establishments where only large-scale consanpduld
lower costs. Unlike Scandinavian countries, natural lakes for reguiadéicenot
available, so to take full advantages of a more regular power, artificalogs
had to be constructed. Although Spain also had water regulatioblems,
Isabel Bartolomé suggests they seem to have been less serioirs Raatugal
and occurred in a later period of electrificafiinAt least, the historiography in
Spain associates the early success of hydropower in the segfithe Basque
country with a group of waterfalls that did not fluctuate pddl the summer
drought§*,

An extreme demarcation of the Spanish resources should not be too
emphasized. In fact, some initial projects in Spain alsaired) large sums of
capital to be viable and it was not for that reason that they wareglabed. The
mega project of Barcelona Traction just before World War |, for example
requested large initial investments in water regulation andpiaiasion, but
attracted foreign investment due to an already pre-existenttiiaddemand.
For sure, in places where demand existed and coal was expensival, tcapi
cover for the initial investments also appeéféd

Therefore, in my view, what explains the Portuguese early choice of
thermo-power and general low level of electrification was notply the
inadequacy of natural resources. In order to fully exploit theuBoese natural
resources, the Portuguese economy lacked both the capital and ¢h&apot
industrial demand thatagalready present in other economies

In fact, capital was already chronically scabgethe end of the 18903 he
industrial structure and the development of the country diclimw for a large
capital accumulation and banks participated little in gtdal credit. During and
after World Warl, the conditions worse&d and Portugal was one of the
countries in Europe with more inflation in the 1920s. Alidjo Italy (also with
inflation) managed to finance their electric in foreign markgtslever financial
instrument8®, that option was not easily available to Portugal. Thahyn

47 Bartolomé (2005).

48 Antolin (1999) points that in the Basque Country, during the first 20 years tioftyaof
Hidroeléctrica Ibérica (1901-1921), the constructed dams did not need water regulation, p. 433.
449 Capel and Urtega (1994).

450 See Storaci and Tattara (1998) for an analysis of the financing of Italian electrification.
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projects of hydroelectric utilities were not pursued dueatk lof capital is
visible in the work of llidio Sim&é&s".

On the other hand, the lack of capital is associated aldo thé scale
effects, which were smaller than in other countr&seden and Finland, despite
the low use of coal during the Industrial Revolution, were alraaday high
energy intensive countries that managed to industrialitewdod and waté
In that case, the demands of high energy intensive indsidtich as mining
metallurgy and pulp and paper favored early electrification bot lalge size
investments in dam building with the help of the state. Demaas assured®dn
the contrary, the previous model of Portuguese industrializaadmdsukdin a
low intensive use of steam and a high intensive use of lolleds labour.
Traditional industries such as textiles, food and ceramicstitated the
demand, being ceramics the most electricity intensive indtit@n the other
hand, previous levels of development also resulted in apient urbanization
at the turn of the century, where Lisbon and Oporto were thecdrdg with a
sizeable dimension, 356 and 168 thousand inhabitants respgdilelwed at a
distance by Setubal (Z®0), Braga (2200) and Coimbra (2B00), meaning
also that market for urban electrification was small angt gencentrated at the
two poles.

Because of the low demand, hydropower exploitation was also affegted
considerations of level of consumption. Hydropower was neayd the best
solution. Being more expensive to operate than hydropoweorstatinermal
power stations were less expensive to construct and more laldaptaariations
in demand which determined the technological chditdact, both due to the
natural resources and demand, intensity of use waS‘loBy 1931-1935, the
use of power in hydro-electrical centrals had not suggth900 hours, as
against 286 hours in Spain,450 hours in Canada, 880 hours to 800 hours
in Italy and 4895 in Finlan&. That says much about the relatively high initial
power costs of hydroelectric companies. Because prices were higher,
consumption was low. This created a vicious circle where cqotsamwas low

1 Simées (1997).

452 Myllyntaus (1995) shows that motive power per industrial worker around 198Wvéuen and
Finland was higher than in the UK, and the double of France and Germany, fallingebirig the
US. With that example he points: “therefore, electricity did not make Finish, Norwegian and Swedish
industries power intensive: the ample use of energy is an old tradition in those countries , p. 102.
“3DGSE, Estatisticas das Instalacdes Eléctricas.

>4 There was not enough consumption in normal exploration conditions but power was sugcessivel
increased in order to cover for problems during the summer. In many casesshiseferred to as
water regulation, which seems to point to a lower cost in the first optidaSE) Estatisticas das
Instalacdes eléctricas, 1935)

455 Myllyntaus (1991), p.71-99.
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because prices were high and prices were high because consuvwgidow.
This did not help electrification: for the low wage level tbe Portuguese
economy, industrial prices would have to be substantiaillyeloto give an
incentive to capitalize. While in Sweden and tfg, relative prices electricity
versus wages fell by 2.51 and 2.89 times between 1914-34.,.4h from 193
to 1934 in the UK, in Portugal those incentives were lesblei even reversing
from 1925 to 1934 (Tablé.11).

Table 4.11 Relative electricity prices versus wages (1934=100)

Sweden us UK Portugal
1934=100 1934=100 1934=100 1934=100
1914 251 289 107
1925 127 110 141 73
1934 100 100 100 100

Source: Prado (2010); Mellman (1956); Boletim do Trabalho Industrial (1934).

It seems that the Portuguese lag in electrification was a pathdbrye
process where the previous level and typendustrialization determined the
speed of adoption. In an early phase, and due to theirr facowments
Portugal adopted steam technology only in the sectors whergyeand thus
capital were of minor importanc&.he sectors where steam had more chances to
act as a catalyst of further growth such as iron, metals, mining, etc, simply
did not exist. On the contrary, in Sweden or Finland, these rseutge
maintained with indigenous resources, especially wobd Italy, most steam
advantages were also missed, but water-pavasrwidely used in many light
intensive sectors. It was not the best technology and maske tbentries miss
most advantages of the First Industrial Revolution. Howevey, Worked in a
production function that was more capital intensive tharPtrtuguese. When
possibilities of hydropower arose, the switch was more naturdtdly, which
already operated with water technology, and for Sweden or Finaede the
demand for power in the heavy sectors fadothe switch. In Portugal,
hydroelectricity could not be cheap at a low level of indakttemand, as the
small resourcewere not adequate. Hydroelectricity could be relatively cheaper
if therewas demand, and the best Portuguese resources would nibgdspas
to be harnessed in a capital intensive way. However, Portughlged at a very
low level of intensity. As natural resources were clearly infenobe applied
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per se to new sectors such as electrochemicals, hydrope@sarot harnessed
and Portugal continued to produce in a very low energy imyengay. As
relative electricity prices were high in relation to wages &edcbal/electricity
difference was not enough to compensate immediately for cajiitatences,
Portuguese sectors remathat a very low level of mechanization and
essentially labor intensive. The limitation of natural resouweas not only
applicable to Portugal. In Spain, the low relative prices of eldgtiitirelation
to coal produced a strong incentive for electrifying their pres/imanufacture
structure. Howeverthe difference in natural resource endowments wnats
enough to drastically change the production structure of the Spsgosoms’”.

4.4 Hydropower, oil and postwar convergence

4.4.1 Electricity and industrialization plans

The best Portuguese hydropower resources required large initial
investments and the only possibiliby investment and lower electricity prices
was the guarantee of sufficient electricity demand. However, the cptisarof
electricity in Portugal was very low due to characteristics of dentkvd
industrial intensity, low living conditions of the poptibn) and supply (thermal
option, high prices). How could Portugal expand consumgimh change the
structure of its industry to incorporate more electricitemsive sectofs In
order to turn the vicious circle into a virtuous one, the eérgovernment
planned to give a supply push that would be capable ofyoigathe incentives
to electrification and boost industrialization, on the evehef $econd World
War. There was a strong belief that industrialization shoatdbe postponed.
First, because of the negative effects of World War Il that exposed the
Portuguese energy dependence and lack of industrialization.ehgyeterms,
World Warll was practically a repetition of the restrictions of 1914-191
capacity of hydropower stations was practically saturdigohg the war and
more than one million of hectares of forest had to be cut in codeuptply the
needs of thermal power stations, railways and manufacturing tivatshare of
firewood reaching 70% of industrial energy use in the most ariyears.
Restrictions of manufactured products such as chemicals, steel anihiengch
which could not be produced in the country, incited widleesnore autarky.
Second, capital was no longer such an important constrainta Agutral

5" Bartolomé (1995). Especially the electrochemicals.
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country Portugal had benefited from the exportation of consumer gaadis a
wolfram to the belligerent countries, and accumulated largergsédves during
the war; these were good conditions for the big&ap

In 1944, the vast electrification plan elaborated by José Nbeggira
Dias™® was made laff’. It was the first real Portuguese energy plan which had
the double objective of substituting thermal production vayldraulic sources
(with reserve thermal units burning national coal), and incredsmeglectricity
supply to a level that would accommodate the normal growthdofstrial and
household consumption and would lead to the creation of newtrieity
intensive industriesThe law predicted the interconnection of the main producer
centers and the obligation of the producer and transportationatoespto
supply directly, at reduced prices, special consumers such asnréetilavay
electrification was in the plans), waterworks, electro-metallurgyd
electrochemicals. Energy at normal prices would be sold to thebdists
formed by federations of municipalities (the idea was to eliminatextiemely
small distribution) or their concessionaries, and tariffs fah dogh and low
voltage were tdoe indicated by the government to these distributors, wih
idea of tariff unification high voltage and the applicatioradériff structure that
would stimulate uses other than lighting with low agk. The state was
supposed to have the role of coordinator and regulator of theleetrification
plan and to distribute incentives in the form of long-termdtrdeelp in the
construction of transportation and distribution lings to 50% of their cost,
exemptions in imports of machinery and provide sawhehe capital of the
companies, without substituting completely private itite&a and without
ambitions to intervene in the exploration of the new utififfes

Cheap hydroelectric power was supposed to promote the growth
industrial and household electricity consumption, and gige birth to some
new industries. A law from 1945 included the basic indesstthat would be
given production licens&¥ and that would be able to benefit from some state

81t would also benefit from the Marshall Plan funds, from 1950, despite thealityutluring the
war.

5% Famous minister and Engineer of the Dictatorship of SalaZBstado Novo , responsible for the
architecture of the future national electricity grid and new basic industries.

9 aw n. 2002.

“°! Diario das Sessdes, n.79, 24/10/1944, Assembleia NacioRahposta de lei acerca da
electrificacdo do pais

%2 Law n. 2005. One of the characteristics of the New State (Estado Novo) ecqudicy was the
industrial conditioning policy that had the goals of promoting concentration and eliminatinggqesnici
competition. One of the reasons for this policy was the lack of mechanizatid the scale of
Portuguese industry. This led to the belief that concentration would solve tecbalobagkwardness
and make industries more competitive internationally. That meant that the cr@atlos industrial
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industrial credit. They were capital-intensive industriehviow prospects of
increasing direct employment but which had in common, acagydito the
author, the possibility of using national raw materials andnigaan important
drag effect on the remaining of the economy, as the productsvibaid
produce were raw materials for many other industries. The technological
methods were relatively well known and used for many years er otuntries,
and the new industries represented about 13% of the véltmab pre-war
imports, an important consideration given the large straktdeficit in the
commercial balance.

Table 4.12 Basic-industries to establish

Electricity Annual imports
consumption thousand escudc

Industries Workers (GWh) (1937-1939)
Iron metallurgy (ingots,laminates,
tubes,tinplate) 3900 436" 221600
Copper metalurgy (ingots,laminates

tubes) 700 5 31399
Ammonia Sulfate 250 330 51200
Cyanamide and nitrates 100 25 12100
Cellulose 1500 20 17300
Total 5900 816 333500

Source: Diario das Sessdes, n.85, 02/11/198posta de Lei de Fomento e reorganizacao
industrial
a) assuming the viability of electro-steel.

The basic industries to be estabéidhncluded electrochemical industries
(cyanamide, ammonium sulfateopper metallurgy, cellulose, and steel wotks
(see Table 4.12). The energy quesivas a fundamental requisite in the heavy
industries: it was assumed that for substitute importati@d@l6 GWh of
hydroelectric power was initially needed, only for these new se@specially
if the electro-steel technology proved viable to empllyis correspondedb
more than four times the amount of hydro-electric energy that weadsl
produced in the country. Accounting for the energy that woeldhéeded to
substitute thermo power and to accommodate for growth of ogoigan, about

capacity of an industrial unit required confirmation from the state, sometiahgdmetimes did not
occur.

%3 From Ferreira Dias a famous expression - Country without steel is not a cbuhtaygarden
Portuguese: “Pa s sem siderurgia,n o umpas, uma horta — Speech at the opening of the works in
1961.
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1500 GWh of hydropower was needed around 1952 which is dlvea times
the electricity production at the time

For most industries, especially for fertilizers and steel, thee pof
electricity was a determinanf its viability. In sum, the two laws were overall
an ambitious attempt to initiate the catching up processgehine structure of
Portuguese industry incorporating leading sectors of the Sebuwhdtrial
Revolution and, at the same time, incestie welfare of the urban population.
In the words of the author of the laws:

Electricity is a means to an endhe goal of industrial development; (...) it is necessary
and urggnt (...); the future of the Portuguese people depends largely on the execution of
the plan.

The questions that obvidysfollow are: Was this plan successful? Was
autarky achieved in electricity production through hydropower? Didopyaver
production lower electricity prices and if so, in which cas#s® electricity the
motor of industrialization? Did national energy sources makengw basic
industries viable?

| will analyze the outcomes of the plan with a special focuprares and
their impact on electricity usage and industrial growth.

4.4.2 The transition to hydropower: building the grid, changing price
incentives

In practice, the State intervention in electricity was much larger than
predicted by the 1944 law. Instead of investment in electibicamainly
supported by private companies, the application of the lavoledmixed type
of economy where the State had the preponderant role in dewcisking,
financing investment and exploration. The new national grisl eaastituted by
new big hydropower centrals formed with both public cagitaimajority) and
private capitalincluding the more important electricity distribut§fs which
would sell their energy to the new transportation company, Compaahiaridl
de Electricidade (1947) constituted in the same models ofdneizenomy, with

“%*In Portuguese:“A energia el ctrica um meio para um fim: o fim industrial a que destinada (..),

(...) E necesséaria e urgente, (..) porque de executa-la ou ndo depende em larga medida o futuro do pévo
portugués. Diario das Sessfes, n.79, 24/10/1944, Assembleia NatRnogosta de lei acerca da
electrificacdo do pais

% Hidroeléctrica do Zézere (1945), Hidroeléctrica do Cavado (1945) and Hidrimalétd Douro

(1953) which took the names of the rivers they exgtbiConstruction of new reserve hydroelectric
central: Empresa Termoeléctrica Portuguesa (1954). The state owned 51% of the capital.
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the capital of the new hydroelectric companies, main distributon&sband the
State. This company would distribute the energy to directurness at reduced
prices and by a poll payment (for the use of the primary transiporteetwork)
to the main distributors who would then resell the eneoggther distributors
without sufficient weight to enter i a grid and to their clients using secondary
lines. The old producers (who were also the main distributczsy allowed to
continue to sell the energy from old hydropower statiortbeo clients (but not
thermo). However, as no new projects were allowed outside theglraconomy
regime, the result was that the price of the primary grid was gworeference
one, the contribution of the primary grid to total produgctighich was slightly
above 50% in 1954 would reach 90% at the end of thes1960

Table 4.13 Main hydroelectric dams constructed in the period 1951-1965

Electricity Hours of
production production at
Hydraulic Mean inaverage maximum
Built Power  Power year power Cost (million
year (GW) (MW)  (GWhl/yr) (average year) escudos)
Until 1950 153

1950-1965 1243 104 497 4397
Castelo do

Bode 1951 157 465 2962 674
Venda Nova 1951 87 365 4195 482
Salamonde 1953 40 220 5500 216
Cabril 1954 110 355 3227 512
Canicada 1955 62 315 5081 395
Paradela 1956 55 260 4727 957
Bouca 1956 50 190 3800 202
Picote (ID) 1958 180 1090 6056 706
Miranda (ID) 1960 156 950 6090 886
Alto Rabagédo 1964 72 115 1597 1573
Bemposta (ID) 1964 210 1190 5667 1098
Vilar-Tabuagco 1965 64 170 2656 967

Source: Comisséo do Aproveitamento das Grandes Barragens. Ribeiro et al. (1987).
ID — International Douro

In production terms, dam construction began immediately after thanaar
the first results of the government plan emerged in 1951 wigefirst two large
reservoir dams started to supply Lisbon and Setubal,rentNdrth of Portugal,
thus starting Portuguese hydro-dependent period. From 198868 hydraulic
power was to increase by a factor of almost 10, and the mediumfsize o
power centrals from 700 kW to 100 MW (Talld3). Hydropower production

183



already attained 90% from the mid 1950s and was maintained mdgssoat
this level until the late 1960s.

The first investments were relatively costly in relation to thesgbilities of
production in an average hydraulic year, but followed a lofyrainimizing the
costs of transportation to the consumer centers and alsorumedt the
reservoirs that were essential for regulating water power in the sdffimer

Around 1950, it was estimated that the hydroelectric pfcéhe primary
grid for the distributors (0.34 Escudos/kWh) would kndicantly lower than
exploration costs at the Lisbon thermal power station (0.52Bscudos/kWh).
This was the first visible success of the application of teetrication law:
increasing at a good pace the electrical power available, decretising
insignificant levels the dependence on coal, saving forexghange and, at the
same time, managing to get lower prices than the thermo optespite all the
advantagesthe estimated average cost of Wik (0.34 EsadogkWh) was still
significanty higher than the average costs of thermal utilities in thantBUK
(Table4.14).

Table4.14 Costs of a kwWh of a thermal and hydropower: US, UK and Portugal
around 1950

us UK Portugal
Thermal Thermal Thermal Hydro
Exploration costs 0.12 0.163 0.38-0.42
Fixed Costs 0.103 0.042 0.12 0.19¢’
Transportation 0.11%¢8
Thermal reserve costs 0.04
Total 0.223 0.205 0.52-0.54 0.34

Source: Ferreira Dias (199%p. 219-233

It seems then that only a minimum convergence to thermal copimtes
had been achieved, which was somewhat disappointing foverrgoent that
wanted to promote industrialization based on cheap elegtrielfowever,
producer prices (0.19 Escudos/kWh) and the huge transportaigia (0.11
Escudos/kWh) were expected to decrease significantly in the futithe
increasing consumption and amortization. Also, in the matterioing, the

% Not without criticism from some international planners who suggested tpriafriconstruction
based solely on production costs, this is, giving preference to the run-off-¢héatiernational Douro
power centrals. See Pintado (2002).

" Including electrochemicals.

“%Trye transportation cost is set at 0.065 Escukidgi . The difference corresponds to an amount
aimed at compensate the low use of the grid in the first years.
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intention was to incorporate the idea in vogue of lower malgcosts of
hydraulic production in relation to thermal productiontle structure of the
tariffs.

Ferreira Dias considered the tariff elasticity to be much biggerhydeo
power central than its thermal equivalent and explained thelafuental
difference between the two types of production in the following way

(...) in a hydraulic utility the very small exploration expenses are practically
constant and the production cost is obtained, almost in its entirety, from fixed
costs (interest and amortization) (..), in a thermal utility, the price results from the
sum of two clearly differentiated parcelsfixed costs and variable exploration
costs. (...) there is no minimum selling price for a hydraulic kWh, as it is always
possible to sell a parcel of production at any given price, as long as it is
compensated byther parcels sold at a higher price (...) It is different if the
production is thermal, because there is a minimum cost below which is not logical
to sell thekWh (...). It is true that even if you sell some thermal energy below the
cost of production, you can compensate the producer by paying for the remaining
electricity a price high enough to cover adkts. However, you don’t eliminate

the fact that there was a transaction at a(ospthat didn’t cover the amount that

one actually spent to produce the article sold) it is psychologically
unsustainable.

Of course this idea was not entirely correct because it assumesg amo
other things, that the generating capacity is unlimited. Itemhdwever, some
sense for the first years of Portuguese electrification: low coptsmmand large
increase of capacity waiting for new consumers, chart diagramsdbht be
improved in off-peak hours and impossibility of storagedmelythe capacity of
the reservoirs.

Due to the characteristics of low marginal costs of hydroelectric
production, his idea was actually to charge each consumer grolgvedd
corresponding to their economic capacity and tending to their marginil, ats

%9 Portuguese(..) enquanto numa central hidraulica as despesas de exploracdo, alids muito pequenas
sdo praticamente constantes, pelo que o custo de producéo resulta, na quase totalidade, de encargos
fixos (juro e reintegracéo) (...), nas centrais térmicas (...), 0 prego resutandade duas parcelas
diferenciadas- encargos fixos e encargos variaveis de exploracéo. (...) Resulta daqui que nao ha preco
minimo de venda para o kWh hidraulico; € sempre possivel vender uma parcela da producéo
hidroeléctrica a qualquer precgo, por mais baixo que seja, desde que haja compensac¢ao deetautra par
vendida a preco mais alto (..) As coisas passam-se diferentemente se a producao for térmica, porque ha
um preco minimo abaixo do qual ndo é Iogico vender o kWh (...). E verdade que aindaendase

parte da energia térmica abaixo do custo de exploracéo, se pode compensar o prodatte geela

restante um preco suficientemente alto para cobrir todos 0s encargos; mas nao se &ichinde

gue houve uma venda com prejuizo que efectivamente se desembolsou para produzir o art@o vendid
(..) é psicologicamente insustentavéierreira Dias (1998), p.280-281.
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long as they did not influence too negatively the peak ger@md as long am

the end, distributors could cover their costs with thangelf all electricity.
According to Ferreira Dias, besides the gains in prices thabaumers will
obtain by having lower production electricity cqodtsere were two groups of
consumers that could benefit the most from marginal pricing: the
electrochemicals and electro-metallurgy in one side, and the hddsémahe
other.

In the first case electricity needed to be consumed in greatitipsmnd
guarantee one unit of production8@ kWh per ton. of ammonium sulfate,
28000 kWh per ton of aluminunfy’and the price of electricity is normally a
condition to assure the viability of the industry. A valu®d2 Escudos/kWm
the beginning of the 1950s for the new fertilizers industries wasyasl to be a
condition of viability for their industries, quite belowet producer price (0.19
Escudo&Wh). That price would be sustained, because these indusinigisl
mostly consume temporary and overlap electricity, this is, endraly was
produced in excess during the raining season and that caufohch@ny other
useful consumption, with very low marginal costs. In fattihe case of a dry
year and in peak periods, electrochemicals would be the firgiggsoduction,
given the fact that their consumption corresponded to somdrdus large
textiles factories.

The ideaof benefitng the households was promote all the use beyond
lighting uses, uses for which price elasticity was much largeonly due to the
larger volumes of electricity consumption and capital expensast tttey
required, but also due to the existence of multiple sutesitlt Ferreira Dias
was not only an industrialist; he was interested in theaatgpof electricity on
the impacts of electricity in the welfare of the population. In 1884ttended
the UNIPEDE’? congress and he marveled at the results of the application of
regressive tariffs in many European cities. The idea of the @gedariffs was
to charge lower prices as the consumption of electricity increased. sRiegre
tariffs were divided into three steps, also taking into accdumtnumber of
rooms of a house to determine the size of each step. In the fipst ste
corresponding to the first kWh consumed by a family (lightiaghigher price
was charged. This price was supposed to be the highest iscie of all
electricity prices due to its low price elasticity; it was petyof consumption
with great influence on peak loads and there was a need tainsisver

470 Eerreira Dias (1998). In a first phase, aluminum was out of reach.

“I The uses | am referring are space and water heating.

4’2 Union Internationale des Producteurs et Distributeurs d'Energie Electrique (Intexrhiitigon of
Producers and distributors of Electric Power).
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industrial electricity prices. A second step, which usually cporded to the
use of small electriappliances, was normally set at 1/2-1/3 of the first; thelthi
and last step, for the remaining kVMkas normally set at 1/4- 1/8 of the first
step and would be for large uses such as hot water, heatihgooking. Only
after consumption occurred at this last level, would Ferreira Ebasider a
Portuguese house as electrified. The application of the regréassiie obeyed
the principle of utility, as price decreased with decreasing mdrgitgy of
consumption. It was believed that it would not affect pgakand as power for
new applications, besides lighting, was spread througheudlay, contributing
to an improvement of the chart diagram.

4.4.3 Economic growth with cheap energy: the success and limits of
hydropower

The post-war period was an important turning point in Podgg
economic growth path. Albf Europe withessd impressive economic growth
rates boosted by strong investment in reconstructionnanelasing international
market openness. The most backward European countries, amonéplaem
Greece, Yugoslavia (all three recovering from devastating civil ward) a
Portugal, were the ones that grew more. Between 1950-1973, thstriad
sector in Portugal was the motor of the economy, growingistently at annual
rates of 8-9%, one of the highest in Europe, and surpasgiigyileure in  both
value (1963) and employment (1968) In relation to the world leading
industrial countrie¥”, GDP per capita converged from about 1/3 of the average
in 1950 to aboutZ in 1973, a convergence of almost 20 percentage points,
making the last two decades of dictatorship the only perfodoatinuous
convergence in the last two centufigslf this growth is undisputable, the role
of indigenous natural resources in helping economic growth is terediting
for deep reflection.

Table 4.15 shows the evolution in electricity prices and raddgt
consumption to the various consumer groups for benchmark yadrsan3. In
terms of primary grid prices, the expected decline in producer gaoksplace
as predicteti® (with the exception of 1953, which was an extremely dry year).

“73 Lains (2003), Pinheiro (1997). Industry never outnumbered the service sector.

ara Leading 15 countries: Germany, Australia, Austria, Belgium, Denmark, USA, Finland, France,
Italy, Norway, New Zealand, UK, Switzerland and Sweden.

47> Amaral (2010).

4’® Table 4.14 for initial prices.
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Table4.15 Electricity prices and electricity consumption in Portugal 1935-1973

1935 1945 1953 1958 1963 1968 1973
Escudos/kWh (Current)
Producer price to the primary 0.2
grid 0.30 0.17 017 0.24
Average price primary grid to 031 0.32
distributors and high intensive O 39 0.25 0.25 0.31
users
High intensive uses: direct
supply 0.23
0.12-
Electrochemicals * 0.17 0.12 0.14 0.15 0.25
Steel 0.23 0.21 0.25
Traction 0.25 0.28 0.29
Distributors: 0.33
Industry (0.6) 0.74 0.61 062 055 055 0.58
Households 1.5-4 0.8
Porto
Esc/kWh (Current) 1.70 0.75 0.38 042 039 050 0.48
Constant prices (1935=100) 100 25 11 11 10 11 8
kWh/client 155 348 1985 2535 3171 3346 3397
Lisbon
Escudos/kWh (Current) 1.89 250 1.58 1.28 1.07 0.95 0.88
Constant prices (1935=100) 100 75 42 31 25 18 13
kWh/client 200 180 336 524 801 1062 1691
Electricity consumption (GWh) 301 452 1153 2261 3640 5261 8192
Civic (%) 19 19 26 24 26 27 33
Electrochemicals and
electrometalurgy(%o) 4 3 14 25 18 10 8
Manufacturing (%) 62 64 54 46 52 59 57
Traction (%) 16 13 7 5 4 4 3

Source:Electricity consumption: DGSE, Estatistica das Instalacfes EléctRoaducer and

primary grid prices:1953-1968: CNE, Relatorio..., 1973: CPE, Relatério...., Electrochemicals,
based on annual reports from sulfate ammonium companies: UFA, Relatério...; AP,
Relatorio...; Steel: INE, Estatisticas Industriais. Traction, represented by subway prices:
Metropolitanho de Lisboa, Relatorio... Industry: average industrial electricity prices
represented in Industrial Statistics with the exception of electrochemicals and steel.
Households: Porto: SMGERglat rio... Lisboa: CRGEElementos Estat sticos...®\alues for

1952

That decrease in the producer selling price, together with the dedreas
the poll price that was charged for distributors to usetite made the average
selling price of the primary grid (including electrochemicalsputb0.25
Escudos/kWh in the early 1960°s. To get a perception of hgmifisant this
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nominal price decrease was, we can compare it with the electpaitgs
charged for the Area Boards (distributors) in the post-waromaized
electricity grid in England and Wales, the traditional casppdier. There,
especially due to nominal price increases of 70% in the price of ceetriaty
prices had increased from 0.22 Escudos/kWh in 1948/9 to GA&l&s/kWh in
19627, This means that, in less than 10 years of hydropower giodu
Portuguese grid prices had become cheaper than the English. prices
Hydropower was seemingly becoming not only a relative adgeanbut an
absolute advantage for industrialization needs.

As Table 4.15 shows, from 1945 to 1973 electricity consumpticreased
by a factor of 18, with households and electricity-intensncistries growing
faster than industry in a first phase, and with transportatontinuously loosing
consumption share. In a second phase, both industry and hioissetarease
their consumption share at the expenses of electrochemicalks.follbwing
subsections discuss the impacts of the electricity policyhen growth of
electricity consumption of basic industries, traction, housishoand
manufacturing, having into account the evolution of electricity prices.

4 4.3.1. Basic industries and traction

How relevant wasghe Ferreira Dias import substitution plan based on cheap
and plenty electricity and in indigenous natural raw materialsPtotuguese
economic growth? Economic historians agree that some credidshewiven
to import substitutions as one of the sources of growtthée 1950s, although
not the only on&® In fact, until the mid 1960s, some of the most dynamic
sectors of the economy were mainly new industries, intended from the Ingginni
as substitutes for importsnew branches of chemicals, basic metallurgy and
cellulose, all with growth rates of about 9-11% a {@atn general, the most
important basic sectors and railway electric traction were the one®teated
a great deal of attention in electricity pricing (Tabl&5, see electrochemicals,
steel and traction pricesHowever hydroelectricity had a mixed role in the
development of these industries. If the abundance of energy anaffal
electricity prices were a pre-condition for the emergence of newtmekiand

7 Sayers(1963), Vidigal (translation).

"8 Lains (2003); Lopes (2002). Some input-output calculations of the contribution of internal demand,
import substitutions and exports for economic growth using during the period 1959-19&4tshgy
internal demand was clearly the most important factor of economic growth, éolllbw exports and
import substitution, with more or less the same degree of importance (altmugbritribution of
exports increases during the period).

"9 Lains (2003).
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expansion of consumption, electricity failed to be a source of cleantdje to
most of the basic industries that the state sought to peom®dhe model of
industrialization by import substitution, mostly basedmatural resources, was
only very partially achieved. This happened for a variety of reagba limited
potential of hydro-resources, a tariff policy that promotedutbe of electricity
by many consumers without an even stronger incentive for the ipasistries,
an international scene more favorable to trade than to protentiomig mostly
because electricity would not be able to sustain competitiith another high
quality energy carrier, oil, that, due to its falling price (MiddletEBscoveries)
and continuous technological innovations, was soon appligd ®trong
advantages to many industrial processes. In practice, sothe tdchnological
processes, which were considered viable during the madgnger made sense
in a 1950 or 1960 context. For some uses, hydropower had just come %o late
The fertilizer industry was a clear example that illustrates thahimits of
hydro resources and the oil competitive advantage. The shére o
electrochemicals and electro-metallurgy in electricity consumpgrew from
only 4% around 1935 (represented by only one calcium carbideyfdtjoto
25% around 1958 (35% of industrial consumption), see Tabfe Bdring the
1950 and 1960s, the share of fertilizers (ammonium sulfate and cya@pim
this consumer category was more than 80%. The license for cyanamide
production was given to the calcium carbide factory and we dohawve
knowledge of any problems with its prodwcti due to the reduced demand for
this fertilizer in the internal market, import substitution was rapidly achigved
both in production and in electricity consumption, share of cyanamide in the
new fertilizer industry was only 50%'®2 Things were different for ammonium
sulfate. Ammonium sulfate is a nitrogenous fertilizer that redpced by
reacting ammonia with sulfuric acid, which in turn needs pyrgemething that
the country possesd in abundance. The key step was obtaining hydrogen for
ammonia production, a process which was (and is) very energgiveeAfter
World War |, coal countries obtad hydrogen mostly by the residual gas of
metallurgic and coke ovens or by the gasification of caalntries that lacked
steel industries or coal but possessed plenty hydropawtamed hydrogen by
electrolysis, which was the solution considered for Portugab. iew industries

80 On this topic see also Cruz et al. (2005) or Madureira (2008).

“81 The calcium carbide factory ( Companhia Portuguesa dos Fornos Eléctricos) wasitioopsince
1917 and received temporary energy from Empresa Hidroeléctrica da Serra da Estgum
carbide main application was lighting.

“820wn calculations from INE, Estatisticas Industriais and company reports UFAdriRela. and
Amoniaco Portugués, Relatério
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of ammonium sulfaté® initiated production in 1952 wittB0000 tonnes
capacity®. In 1953, an extremely dry year, production was reducegD@p0
tonnes, with the factories being practically closed for 6thsnObviously, the
limited use of capacity was having repercussions for costse\uot the price of
electricity was a factor of agreement: in 1948 there were stillsksans abat
the price being 0.8 -0.9 Escudos. In 1952 the price of &d@idos was
promised but during all of the 1950s the real electricitggpaupported by the
industries surpassed that value, sometimes reaching 0.1E6cli80%”. One
of the companiesAmoniaco Portugués, immediately initiated the planning of a
second phase of ammonium sulfate production based on dggydrby the
gasification of national coals (an initial government reguent was the use of
national resources), ordering studies of its viability to Gerffan#lso in its
first year of existence, the second company, Uniao Fabril do Azat already
suggesting, as an essential condition to reduce costs, ntiruous use at full
capacity, new electrolysis installations to allow the use of roveglap energy
during the winter and the complement of chemical hydr6erThe first
condition could never be accepted by the government: it dvput too much
strain on all the system due to the irregularity of hydralaigyears. The initial
solution was to double production capacity, and the companaaged some
cost reduction. However, prices were still higher than intexnatiprices and
only a system of bonus and subsidies per ton would dowroduction runoff
in the first year§®. The solution for the problem come from the oil refinery
created just before the war, SACOR. A unit of catalytic cracking was imsialle
1954 for the production of high octane gasoline, butane anpapeoAs
Portugal was a country with poor motorization this led ttarge naphtha
surplus This naphtha surplus could be gasified to produce chetydabgen, a
solution that is inferior only to natural gas in terms ddtca fossil fuel that the
country did not possess. Electrolytic hydrogen was the exg&insive solution,
even more than national coal. A year before the cracking ingtallathe
company proposal to the government involved the launcbirg new unit of

“83 Unido Fabril do Azoto and Amoniaco Portugués.

84 Pereira (2005).

85 Ferreira Dias (1998); UFA, Relatério; Amoniaco Portugués, Relatéridhe cyanamide
industry was paying lower prices, averaging 0.10-0.11 Escudos for example (INE, iEatatist
Industriais). One of the reasons for higher prices than promised was thendiffeicing between
temporary and overlapped energy.

%8 pereira (2005)

8T UFA, Relatorio.. 1954. Pereira (2005), Ribeiro et.41987).

%8 The agriculture paid an invariable price of 1900 Escudos/ton. The bonus was being reduoed du
the fall in international prices. See Pintado (2002).
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ammonia that would simultaneously fuel the ammonium sigpbhompanies, a
new unit of nitrates (fertilizers for which consumption was increasing in Europe)
and a new type of town gas (a mixture of ammonia with refinerytgasjvould
allow the ceasing of coal imports for gas produéftdrithere was a powerful
reason: despite the large consumption of electricity, subsicies axpensive
and the internal market for fertilizers was far from being saturated.fihal
solution to the problem involved clear frontiers on the typéedilizers that
each company could produce and three new chemical hydrogen units, one
each company. The refinery supplied naphtha frof611® the ammonium
sulfate companies, losing some of the advantages of scalerilyabne unit
could bring. The solution did not imply the total sulositbn of the processes.
The production of electrolytic hydrogen continued, althouafter 1958, its
capacity never again increased, and only ceased between 196878nd 1lithe
which coincides with the increasing prices for electrolytidustrie$®. The
increase in the thermo component and the expansion of ¢gpes of
consumption made overlap and temporary energy an old fashcomaept.
Between 1958 and 1967, the electrolytic hydrogen consumedimummnof 434
GWh in 1965, a dry year, and a maximum of 637 GWH in 1966, the most humid
year to the tim&".

The competition of oil and natural gas with other naturaduess in the
production of chemicals, and specifically fertilizers, was no¢csic for
Portugal®>. Many other countries would soon lose the interwar advanthge o
chemical production. The cases of Sweden and Switzerland, for example,
leadership could only be maintained in some niche markets iregeixtremely
skilled research, such as pharmaceutfdalsOthers, such as ltaly anithe
Netherlands, would see the importance of the industry rise, dhe pwssibility
of using receny discovered natural gas reserves. Unfortunately for Portugal
these changes were not foreseen and a large electricity consunmuticstry
was created in a moment of already dubious viability. Could this large electricity
consumption have been used in more viable industries? Pyojeshl but only
in part. We should always keep in mind that the electriciy tihey consumed
had a strong temporary characteristic, dependent on good hydablggars;

“%\az (2002).

49 UFA, Relatorio.. and Amon aco Portugués, Relatoria.

“11dem

“92|n 1957, the annual report of Unido Fabril daofd mentioned the fact: “The evolution of the
chemical industry has been so fast, that rendered outdated most of the feitilizestries of the
world (...) If Portugal applies the new methods, we could have an ammonia price equal or below the
foreign one. UFA, Relatéria.. 1957.

493 Aftalion (2001).
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only consumers that did not require continuous prodoatiould be able to take
full advantage of this type of energy. That was in pdratvhappened. Slowly,
the large electricity consumption to produce ammonium sulfateirwpartre-
directed to other electro-chemicals and electro-metallurgy usés wibie
probably more viableThe Companhia Portuguesa dos Fornos Eléctricos was
such an example. In the second-half of the 1960s and in 1970s slxbésicenall
production of cyanamideéhe company produced pig iron in electric furnaces for
the internal market and silicon-iron and silicon-metal fa& #xternal market,
becoming an important supplief the Portuguese metal-mechanics and steel
industry***. There electricity made the difference.

Another basic industry, vdre indigenous energy sources never did what
they promised to do, was steel. The initial idea of Ferreira @&s an electro-
steel (low-heat reduction electric oven) solution alttotige option should be
subjected to viability studies. In 1952, when the Stateddbe industries ready
to receive the generous State loans and advance with thstnerg, the
hydroelectric construction was still short of planning to enttie regular supply
of electricity to such a large consumer. The alternative preséyté-erreira
Dias was now the installation by phases of a steel works withA®a5000'*
tonnes capacity: in a first phase a steel work based on poonalatioal, poor
national ores and pyrite ashes based in WWII technol8§iasd in a second
phase the electro-steel, when electricity was available. iflaé dolution was
actually quite contrary to the initial predictions. A vidlyilstudy made by the
company showed that the traditional coke blast furnace, leompted by an
electric arch in the steel mill and two LD convertors, wasntlost economic
solution, rejecting the autarkic technologies based on naticoal. The
government was not pleased with that propasalt wouldrequire coal imports.

In the following three years, intense discussions toakephnd the government
tried to impose an autarkic technological option. But by 1®&7company had
won the battle of technology. Arguing that the new Europesegration
processes (EFTA, EEC) would require a competitive steel industenigears
due to a necessary reduction in protectionist tariffs, the compasyable to
convince the government that the blast furnace was the onlie\datutior{®”.
The company started operating in 1961 and until 1969, ébe gf a new coke
oven installation, the coke was imported. The company still benéfitedlarge
electricity price reductions (Tabld.15), as it was still a very important

49 Loio (1996).

4% Small in an international scale, where 1 million tonnes seems to be the optimal size.
9% Basset (from cement production) and Krupp-Renn. Pereira (2003) and Pereira (2005).
497 Pereira(2003)
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electricity consumer (even without electro-steel). The historyeofrttlustry is
too complex to be fully discussed here. More than energy priceattfes, the
constraints of this industry were mostly its small scalea (iype of industry that
benefits from scale) and the problems of the survival of an imidnstry in a
world market wheré¢he practice of dumping was commigh It generated less
demand from derivate industries than more complete steel works as the principal
products were destined for civil construction and hadeatgdeal of protection
(including import restrictionsy®. It never totally satisfied Portuguese steel
demand and would have to be restructured in the 1980sodile tEuropean
Union rules. Ironically, the blast furnace closed in 2001 and was replaced by
electric reduction furnac¥®.

One of the few basic industries that achieved a great amosuicoéss
was the paper and cellulose industry. The National Reforastalam, ongoing
since 1938, had in mind to reconvert land of dubious agui@llproductivity,
commons and other wastelands, into pine wood forest land.pldm benefited
the expansion of fertilizer consumption and it was aersid a pre-conditioto
provide raw materials for the cellulose and wood indd$trifowever, not even
here, was cheap electricity to be a factor contributing to thalityabf the
industry. The Companhia Portuguesa de Celulose started openati8§3 and
was originally conceived to be an import substitution gtdu it accumulated
two types of pulp processes (mechanical and chemical) and masy ofp
paper, without a clear specialization. Soon it was obvibas the mechanical
pulp used to produce the lowest type of quality papdn asamewspaper, could
not compete in price with the Nordic pulp. Mechanical processes usada@rs
guantities of electricity, representing 30% of the costs. Unlée st fertilizers,
no special electricity price was given to the industry, makingted#ty about
four times more expensive than in Nordic countffesinstead, the viability of
this industry would be found in the chemical cellulose processeslkdricity-
intensive, and with a type of wood totally different from thee which was
being used to forest the countryeucalyptusin 1957, the company became the
European pioneer in the production of bleached eucalyplps @ pulp that was
not cheap but produced high quality paper. The sector dwaadfits export
market niche based in a fast growing plant that could beyesddpted to the

9% Guimardes (2005); Pereira (2003).

499 Guimarées (2005); Pereira (2003); Pereira (2005).
% pereira (2005).

1 Estevéo (1983).

%92 Alves(2000).
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Southern European climaté Although Portuguese paper and pulp production
is very small compared with Nordic Countries or Germany, the company
continues to be European leader in this type of pulp agl fuality office
paoer, configuring this industry one important Portuguese exporlue®

Finally, railway electrification was also a goal of Ferreira Dias. But here,
the need for large amounts of permanent electricity at reduced pndethe
competition with oil proved to be a limiting factofhe initial idea was to
electrify most of the railway grid and use diesel as a camgoie In the late
1950s, the advantages of substituting diesel for coal weyemens; the oll
costs of the ton-km were about 5 times lower than the equivalernaP®.
Although at that time some would argue that electripiiges could be even
lower®, the fact is that only the subway in Lisbon (1960) and thetrfication
of the main line Lisboa-Porto were held during the period 11%(B. The share
of traction in electricity consumption declined from 16%1885 to only 3% in
1973 (Table4.15) and trucks and bes were used to meet the increasing
demands for transport of goods and passengers. Oil won, once again.

4.4.3.2. Remaining usekdustry and households

For the rest of the manufacturing sector, such a strong invastmamergy
production was something that the country had never seeallaimdlications
were that, besides boosting cement and other sectors relatezbmstiuctionjt
also created a demand for the appearance of many new sectors suchias electr
cables, transformers and hydraulic equipment. Although the inctigporaf
imported materials and technology was always high, the use taihala
equipment significantly increased during the period, devetppapabilities in
machinery making and engineerfi In terms of pricing, there were also
nominal price decreases for industrial needs, which were signifif measured
in real terms. Some of the real price reduction was achieved doemngatr, with

%3 Alves (2000). Not without consequences for the management of fires dbengummer, as
eucalyptus is a tree that burns very quickly.

*“The sector of Paper and pulp represented 5 to 6% of the Portuguese exports betweed 1990 an
2003.

% Diario das Sessdes, Assembleia Nacional, 164S,7/4/1960, p.130. Fuel costs per tdS@n in
were estimated to be 0.078 Escudos for coal and 0.015 Escudos for diesel.

°% Diario das Sessdes, Assembleia Nacional, 164S,7/4/1960, p.130.

The Annual Report of the Railway company for 1957 indicated fuel cost per kin#8 Escudos for

coal locomotives, 4.28 Escudos for diesel locomotives and 3.20 Escudos for electrified lines. In Diario
das Sessofes, Assembleia Nacional, 46S, 8/10/1956, 95.

" The evolution of proportion of national machinery in dam construction rose fronn 28851
(Castelo do Bode dam) to 30-76% between 1960 and 1976. See Ribeiro et al. (1987). thest of
machinery was produced through international license (assembling).
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the freezing of tariffs in hydroelectric regior&fter the war, the reduction in
nominal prices across the period was mainly due to the coenweegof nominal
prices in the southern regions in relation to the North@wkral regionsThe
energy transition in manufacturing was on its way: togethdr avitfor heating
processes, electricity increased its share in the final energgution,
replacing wood and codf.

Table 4.16 Electricity prices in Europe around 1962, dollar cents

Households Industry Large consumer
500 kW, Average

400 1000 3600 1900 household/large

kwWh/yr kWh/yr kWh/yr hours High Voltage consumers*
Belgium 6 4.7 2.7 2 1.8 2.6
ltaly 4.8-5.8 3.8-4.2 2.8-2.9 2.3
France 43-53 3.2-43 2229 15-138 1.2 2.6-3.6
Luxemburg 8.6 4.3 3.2 2.5
Netherlands 4.2-4.7 2.8-3 1.8-1.9 2 1.9 1.6
Germany 5.7 3.5 2.5 2.8-3.5 1.8 1.9
United
Kingdom 4.2 2.6 1.9 1.6 1.6
Portugal 3.9-4 2227 13-2 1.9 1.5 1.5-1.8

Source: Sayers (1963). Marteaux (1963). Portugal: own calculations.* Average household =
1000 kWh year.

Industrial prices also seemed to converge with other Europmamtries
after the war, see Table 4.16. In nominal terms the average indust@&lirp
1962 (excluding steel and electrochemicals) was 1.9 dollas.c€aimparing
with the electricity prices for an average industrial unit (1B6Qrs year and
500 kW) of a European Community state member, electricitgprvere not at
all disadvantageous: they were higher than in France (1.5eems), at the
level of Belgium and Netherlands (2 cents) and lower thanaly K2.3),
Luxemburg (2.5) and Germany (2.75). If we adjust the industrial ptwes
include steel and electrochemicals in order to compare with dbngfices, we
also obtain a similar price level (1.6 cent$)Everything indicates that despite
the convergence of most of the European countries, industrizdspmwere

*% This transition can be expressed in proportions of final energy. In 1948, final consumasion w
Wood (44%), Coal (41%), Oil (11%), Electricity (4%); in 1973 thoelfshare changed to: Wood
(11%), Coal (15%), Qil (59%), Electricity (15%). INE, Estatisticas Industri@iuz et al. (2005).

*% sayers and Vidigal (transl.) (1963).
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significantly higher than in Sweden (about the dodbleplthough we should
bear in mind that small differences in electricity prices were not ingoprtant

for most of the light industries due to the low percentageosts, there was
something incoherent about all the system. Households we#neggmost of the
benefits from tariff reduction at the expense of industry, in atcpuhat was

pursuing a very strong effort to industrialize.

As we see in Tablé.16 household prices were the ones that decreased with
more intensity. Despite being a period of strong growtimanufacturing and
electrochemical production, household consumption manageditdan and
even increase its share of total consumptiofiom 19% in 1935 to 33% in
1973. In real terms, household electricity prices in Lisaod Oporto in 1973
were only 13% and 8% of what they were in 19B&e regressive tariffs, which
were supposed to provide an incentive for uses other thamgghiad already
been put ito practice in many regions after 1937, but during World War Il were
only maintained in regions supplied by hydroelectricitiie orices offered for
the third step in the region of Oporto and Coimbra were vempetitive
compared with other cooking alternatives from the start, butatize absence
of advertising, consumers were slow to adjust to the new tariffsetszr, with
the outbreak of the war and the disappearance of fuels such as cod), woo
charcoal and kerosene from the market, cooking with electricitynteecn
extremely cheap alternative even accounting for the acquisition of new
equipment, and household consumption increased accordingBy 1950, ¥4
of the families in Oporto had an electric stove, a percentage clean e
European average. A family in Oporto consumed 1300 kWh of electricity a year,
1000 kWh more than a family in Lisbon (270 kWh) and alsarfare electricity
than any large Italian city (404 kWh), Paris (425 kWh), Stotkh®84 kWh)
or The Hague (740 kWh), falling only behind Zurich (180&h) or a small
English town (1700 kWHJ>. On a smaller scale, the same was happening in
other towns such as Coimbra. The negative point of this expansi
consumption was the renaming of the tariffs as political onedadt the
freezing of tariffs during the war, and the very small adjustmewis tthe
government until 1968 made household prices unsustainalle imery short
run. Not only were average household tariffs in Oporto mueterothan
industrial prices (Tabld.15) duringthe whole period, they were unsustainable
from the point of view of the distributor. Revenues were peedng needs for

> jungberg (1990) for Swedish prices.
> Teives (2006).
*1? SMEGP, Relatorio...1950.
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financing the increasing distribution costs. After 1951, theessive tariffs
were extended to other regions, just when hydropower practisafplied
almost all the important towns in Portugal. In Lisbon, camsion did not reach
the same intensity as Oporto because of higher tariff for more intensive uses
and the use of town gas for cooking. If the new tariffs in Lnskeere not
unsustainable from a distribution point of view, householdce again benefited
in relation to industry. The Lisbon tariff reduction of 1%bcated much more
discounts to households than to industrials. It was agraolicy, more based
on satisfying the masses than on a coherent industrialypd\is table 4.16
shows, Portugal had one of the highest incentives for holadsetlasumption in
Europe and one of the lowest household-industry differenceslidivéal a
policy close to the UK government which did not have a spaom to benefit
industrial consumer$® It drastically diverged from the 1930s Swedish policy,
who sustained the larger intensive branches of the econbthg &xpense of
households, with a household-industrial ratio db®. Although the Swedish
policy was never in the mind of Ferreira Dids tariff discounts for household
consumers in Lisbon, Oporto and other major towns were sodargpared to
industry that eveiine now away from the government, would strongly criticize
the scale of prices dheregressive tariffs. In fact, it was not in his initial plans:

(...) having industrial companies and small distributors paying dearly for their
energy usage, while Oporto household consumers cook steaks at the price of 0.24
Escudos, surely the lowest price in all of Eurdpe

Incentives apart, urban electrification was not only importantwelfare
reasons, it created a demand that was very limited until now foumens
durables such as irons, cookers, heaters and other electricdenepp.
However, it is ironicalto observe that even with large incentives for urban
household electrification, electricity also failed to compett wil in most of
the household aggregates. The use of electricity for cookingvatadt heating
was mainly an experience of war that created a model of consunmpttbe
regions of BragaOporto or Coimbra. These regions contidue expand
consumption in those terms, firstly due to lower electriatyffs, secondly due
to a path-dependence phenometidnin most of the other towns the great

>13 Chick (2002).

> Portuguesey(...) para evitar que se comentam a injusti a e o erro de ter a inddstria, ou 0s pequenos
distribuidores, a pagar a energia cara para que no Porto se facam bifes com energia a 24 centavos
hoje, seguramente, o preco mais barato da Eurdparreira Dias (1998).

*>The difference in regional household patterns of consumption is still vigitthe present days,
even if electricity is today priced at the same rate across regions.
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decline in household firewood consumption was not tduthe electric cooker
but once again the oil. Butane gas (LPG) started to be impaited
commercialized in 1938 having only an initial moderate suceest000
consumers by 1951. In 1954, with the installation of the amgcknit, the
Portuguese refinery started the production of butane and prapdnerices fell
quite quickly’*®. After that, it was an immediate success among Portuguese
population not only due to good advertising and diatron networks but also
because it was almost comparable to town gas in use, artieetgne as being
less capital intensive. In the urban centers, oil quidldglaced firewood
consumption. The transition from firewood to LPG in the rarahs was slower
and was only initiated in the mid 1960s. It is interestmgote that along with
the improvement in rural incomé¥, this transition might be connected with the
post-war forestry policyi.e., the industrialization of the forest. Old
wastelands and commons converted into forest for indussed were in many
places subjected to partial restrictions of free access for housebedts. By
1974, the consumers of butane gas from the main distribotapany (60 to
80% of the market) numbered more than one million, meaning a cevefa
least 40% of the population, and by the end of the 198DBG stove was
present in about 80% of the Portuguese hdMdsis important to note that the
electricity policy for households had very little to do watiral electrification
While most of the urban centers were electrified by 1970, &iggtwould only
be a reality in the 1980s for most of the rural households.

4 4.3.3 The end of the autarkic dream

Ferreira Dias autarkic dream based on cheap electricity finally came to an
end by the mid 1960s. The whole system was compromised. Gbeaphal
prices were putting pressure the distributor’s revenues, but producer prices
were also too low, especially due to the expansion of electrochenaicdls
electro-metallurgy consumption. The system was not practitiagyinal cost
pricing; it was selling below cost. Distributors and progrs were not able to
attain the levels of auto-financing necessary to cover new ingattmAftera
period of 15 years of seemingly inexhaustible large sums dafatapsested in
the hydroelectric system, capital seemed to be an importastramt again.

> Teives and Bussola (2005). Teives (2006).

" Induced by rural exodus, mostly to abroad; emigrant remittances and increasing dentend of t
urban sector.

> The increasing demand for wood products is also pointed as one of the reasbaesifarine in
industrial fuelwood combustion in post-war Finland. Kunnas and Myllyntaus (2009).

> DGE (1989).
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Due to the lack of capital and rapid expansion of consommtf inexpensive
oil, the new investments werew directed mostly to fuel-oil power statians
The loan that was obtained from BIRD in 1963 in order to coww n
investments in the grid imposed some conditions of Anémcing. Afterwards,
the principle of auto-financing was extended to the whole grid hadtices
began to incread®. In 1968, the new financial rules were already obseniable
producer and household prices (TaBlé5). The consumers that were more
penalized were those with prices clearly under costs: Poueeholds. After
1970, with the increasing component of oil in the electricitystem,
electrochemical prices also increased (T4dll&).

In sum, the model of development based on electricity armbr ot
indigenous natural resources was not continued for a lovedfter the relative
advantages of electricity disappeared. First, as a complementtoodly, lastly
as the motor of economic growth, oil became increasingly imgdomathe
energy system afhe Portuguese economyThe increasing dependence on oil
did not mean an immediate continuation of a perpetual distalya of energy
prices vis a vis other European countries. If Portugal lackedsmidid most
European countries. The world most wanted resources had cladefgettly to
the peripheryto Middle Eastern Countries and to a lesser degree Latin America,
and its reserves were controlled by large multinational oil carepdf Europe
was practically auto-sufficient on energy by the end of Warldt 11, it became
increasingly more dependent on energy since tffenNow that distant
developing countries were supplying the rest of the worlth wil, much
cheaper than coal, oil price differences between European countries were more a
reflection of national refinery capacity or different taxation peféf than price
at the origin. The model of development of the late 19604desasto do with
hydropower and import substitution than with oil and aeiga After the entry
into the EFTA in 1960, Portugal rediscogd its cheapr resource: labour. As
the only developing country in that organization, Portugatagadto benefit
from some protection of the new emerging basic industries, at thetisaenihat
a favorable market to labour intensive products opened up, especially for textiles
and clothing®. The envisioned plans to capital-intensive industmiesv
comprised a large refinery complex in Sines, south of the courgstindd

°20 Madureira and Bussola (2005).

2L |n 1950, Western Europe imported only 11% of their commercial energy. By 1973 energy
dependence was 63%. Colitti and Baronti (1981). In Portugal energy depencdenod E50 was
83%; by 1960 was about 78% and by 1973 it increased to 87%. Nowadays, Europeampaits i
50% of their energy (wood included). Portugal imports 85%, see EUROSTAT.

22 Taxes were always historically large (maybe to protect national industries).

23| opes (2002).
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mainly for re-exports, and a large shipyard, Lisnave, specialized in oil tanker
repairs. The first of the projects would only be inauguraredind 1979, when
most of the advantages had already disappeared (oil shock, lbsscoldnies).
The shipyard, inaugurated in 1967, largely benefited from thpdeary closing

of Suez**and the reintroduction of the old Cape route, and soon became th
largest repair shipyard in the wotld It was one of Portugal main exports until
the oil shock, only second to cork and wodfls It would suffer with the
reopening of the Suez and the decreasing dimensions of &rnkeand would
decay after the oil crisi§. Despite the change in economic model and natural
resources, one conclusion is valid for the whole periodugaktindustrialized
and converged with other European countries in a period of cheapy emerg
strong convergence of energy prices. However, indigenous nats@lirces
were not a sufficient condition to assure the viability of thestmenergy
intensive industries. Despite the enormous growth in elegtiacitd fossil fuel
consumption after the 1950s it is interesting to note dhming this period
electricity and energy intensity differences among other Europeantries
remained quite large at the same time. Portugal was still @hengy intensity
country.

4.5 Renewable energy policies and climate changlew far
can we go?

The oil shocks of 1973 and 1979 were an importantgrpoint for the
energy policies of European Countries, leading to the perocetbia the period
of cheap energy was coming to an end. The rise in oil pwessreflected not
only in the rates of economic growth of the European cawe,also in oil
demand. Common policies began to include energy consenatw efficiency
subsidies to conventional energies (coal), incentivesdistrict heating, and
shifts to natural gas and nuclear energy as well as R&D progganon
renewables (most of them discontinued in the $y8& Although nuclear
energy was introduced in some countries around the 19604, ohahe
programs were not extended due to further declines in oil pboesfter the oll
crisis most of the OECD countries had at least one nuclear lplathie 1980s

°24|n consequence of the Arab-Israeli war.

°% Fernandes and Oliveira (2002). Ribeiro et al. (1987)
°2 Fernandes and Oliveira (2002). Ribeiro et al. (1987)
*?’ Fernandes and Oliveira (2002). Ribeiro et al. (1987)
°2 Colitti and Baronti (1981).
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2 The reasons for nuclear plants instead of investments ingowles hada
lot to do with the hydro-resources being almost fully eitgtb There was also a
clear overcapacity in heavy industries (steel and heavy chemicalskh an
structural change towards ligiitbranches also occurredAs mentionedin
Chapter 3, oil peaked in most of the countries by 1973.

In Portugal, things were different. The oil crisis came at the sangeasm
the transition to the democratic regime (1974), so more attentiorgwes to
political issues. Nationalizationof the most capital-intensive industries
(including steel, refineries and petrochemicals and the eigctrsector)
followed, as did an explosion in nominal and real waljes

In terms of energy, one good thing was that the share of hydropower
electricity production was still very high by 1973 (75%9¢ electricity
generation costs were initially only partially affected. However, naticoal
reserves for electricity production were practically exhaustednawst of the
investments, either in the planning or in the constructtages, were energy
intensive: fuel-oil thermo plants, petrochemical complexes atheér heavy
industries. In terms of conservation energy policies, the fact thrigab was
still a developing country with low levels of energy per capito played a
significant role. When the First Portuguese Energy Plan of pbst-
revolutionary period was published in 1982, the pre-1973 projeatsbeen
continued and oil consumption had grown 70%. In 1982 the shaiemtotal
energy consumption had increased to 66%, while the percentdgaro in
electricity production had dropped to 48% Due to increasing demand and
high energy prices, imported fuels as a share of total importdrae6% in
1973 to more than 20% in the early 1980s

From the early 1980s until 2000, the share of oil started to decrea
especially due to the shifts in electricity production to idelua larger
component of imported coal in 1986 (diversification stngtegnd natural gas by

29 As we have already seen nuclear power expansion had a short duration. It peaked during 1974 but
even before Chernobyl, orders were reduced because of public concerns about environmental and
health issues, cost escalations, and decreasing needs for power expansion dueetmrebomc

growth. See Colitti and Baronti (1981).

>3 Nominal wages increased about 80% in 1974 and 1975. Real wages in those two yeaeslincreas
almost 1/3. Mateus (1998).

>3 Spain also followed the continuation of oil-based industrialization in petrocHeroicaluminum
production, becoming an indirect energy exporter, although it imported most ofsiisfiiets, see

Sudria (1995).

°%2 Lopes (2002), pp. 158-159. The impact of the oil crisis, aggravated by the increasing demand for
energy and the substantial rise in internal wagesonsidered the main cause of foreign trade
imbalance, which led to monetary devaluations to keep labour intensive exportsittoen@atd to

the intervention of the International Monetary Fund (IMF) in 1977-1979 and 1983-1985.
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1997 (environmental strategy). Nuclear power was an objective 01382
plan, but it nevebecame a reality due to lack of capital and dem&n®espite
some investments in hydropower productiob%6 MW installed in 1970, @03
MW installed by 2000), the period witnessed such increasesleictricity
consumption that the hydro share declined to 45% of the@pand 30% of the
electricity consumption by 2000. Relative to six indusi@é countries in
Europe (Sweden, England, France, the Netherlands, Germany and lItaly)
expansion in energy consumption per capita was large, frono2# average
of the six countries in 1973 to 63% in 2000, and energy intengty o inverse
sense to other European countries from 4.2 MJ/$1990 in tb963 MJ/$1990
in 2000,

A new cycle of investment in indigenous and renewable enengrceso
was initiated by Portugal at the end of the 1990s. The reasamssomewhat
different from the ones that led the state to invest in laagescht the beginning
of the 1950s. Both policies had the aim of replacing fdasils and reducing
external dependence, but, while the main reason in the 195@keMaiomotion
of economic growth through cheap electricity, the main aithef2f' century
renewable energy policy is to reduce the burden on the enwrdnmhe
Portuguese environment policy is mainly the product of a comwnpean
Energy Policy to mitigate climate change. Regarding renewable ereergy,
European directive in 2001/77/EC established the general oontanget of
achieving 22% renewable electricity by 2630 Portugal was requested to
maintain its share of renewable electricity in relation to 13986°°. A new
system of feedn-tariffs®*’ to promote renewable electricity production was
established in 2001, and revised in 2007 in order to estatirther incentives
(except for the use of wind power which was reduced). It offers guadantee
prices for renewable electricity for a minimum of 15 years throughrrauia
that depends on, among other things, technology andoemental avoided
costs®,

On the consumption side, favourable feedariffs, together with regional
incentives to avoid local resistantéseem to have put Portugal at the forefront

°%3 Direcgéo Geral de Energia (1982).

*3 The reasons for that divergence are mainly explored in Chapter 5.

°%(0J 283, 27.10.2001,2001/77/EC.

*%(0J 283, 27.10.2001,2001/77/EC.

3" Portugal was one of the first European countries to introduce the systerd-of-fesffs in 1988,
but the support level was clearly too low to promote renewables.

°3 Avoided costs of building conventional power stations or of theed@ssions saved, for example.
*% Municipalities receive 2.5% of the profits.
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of the renewable energy revolution. Table 4.17 shows some ofutbemes of
this ambitious policy.

Table4.17 Evolution of renewable power in Portugal 1997-2010

FIT (Eur/MWh) MW
2007 1997 2010 PNER2020*

Big Hydro (>30 MW) 0 3783 4234 8600
Small Hydro (<30 MW) 75-77 434 595 200
Wind 74-75 45 3802 8500*
Biomass 102-104 350 466
Waste 53-54 88
Biogas 115-117 1 21
Photovoltaic 310-450 0.7 111.1 1500
Concentrated Solar Panel 267-273
Wave 260 4.2 250
Total 4614 9321

Source: DGGE (2010) and Plano Novas Energias Renovaveis.
* includes off-shore.
FIT= Feedin-Tariffs.

Figure 4.5 Electricity capacity by source, 2008
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In terms of installed power, the progress of renewable electricity, especially
wind, was impressive and comparable in scale to Ferreira Dias’ autarkic plans in
the early 1950s. From 1997 to June 2010, power basically dbukdea result,
the present share of renewable energy in electricity capacity is tme lmfhest
in EU15, falling only behind Austria and Sweden (Fig. 4.5).

In 13 years, Portugal’s wind power has achieved a share in electricity
production of about 17%, falling only behind the technoldgip@neer
Denmark. Renewable electricity production goals were attained by 2010.

The Portuguese government plans to increase the share of renewable
electricity to 60% in 2020°. It is a plan that follows from the new common
energy policy of the European Union for 2020, which aimsntoease the
European share of renewables in final energy to 20% and redo@eypenergy
consumption and C@missions, in relation to 1990 levels, by 26% Portugal
already had a share of 21% of renewables in 2005 and has berradarget of
31% in 2020, only lower than Sweden, Finland, Latvia andr&d¥. To fulfill
the goal, the country proposes to increase the share of biafuedmsportabn
to 10% and invest mainly in conventional hydropower, wind atat €nergy™*.
Portugal has already initiated the construction of eigitt large dams, aiming
at doubling hydropower by 2020. These investments are lpyotiee Last cycle
of large dams, meaning that most of the available hydropavlidre exploited
after 2026**. Offshore wind production is also in the plans, as the viable
onshore wind resources will be fully tapped in a few years” time.eSom
challenges arise, however, from an increasing wind penetratithe grid. In
relation to offshore resources, the nature of the Portuguese coastveders) is
unlikely to give the same returns as the exploitation ofdwesources in the
North Sea, where turbines can be put farther away from the coast, inctbasing
hours of wind use (the wind blows with more intensity farther frioencoasty™.
Secondly, the peripheral position of the country is an obstadle security of
supply and gains from electricity exchange. Most of the wiodgp thatis
exported in off-peak hours is sold at marginal prices tairSglose to zero,

> plano Novas EnergiasEstratégia Nacional para a Energia (ENE2020).

>*1EC - European Commission (2010).

> 0J L140/16-59, 5.6.20092009/28/EC Directive

>3 Plano Novas EnergiasEstratégia Nacional para a Energia (ENE2020).

> An expression which was used for the promotion of an international eonéeron the new
hydropower projects, organized in Feb. 4-5 2010 and organized by FEAffoveitamentos
Hidroeléctricos em PortugalUm Novo Ciclo .

> Ferreira and Vieira (2010). Floating wind turbines are the most promisingaiegical option for
deep waters. The first offshore floating turbine (2 MW) is under construati®dvoa do Varzim, in
the North of the country, and will be tested in 2011.
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while the country continues to import electricity (mostlyclear) from Spain
and France during peak hours at higher prfée©ne idea of making wind-
power penetration viable is then to construct dams witbrsevpumping so that
the wind can pump the watat night, allowing full advantage to be taken of the
fact that the wind blows mostht night, when there is less demaHdAnother
idea is to use the renewable features of the Portuguese electric Bystihow
the charging of a future fleet of electric cars, also in off-peak tifme.pfogram
MOBI-E was launched in 2008 and more than 1350 battery chargersonsze
installed by July 2011 in several cities of the coutifryin December 2010,
Nissan Leaf became the first electric car to be sold in the Pedaguarket. As
in many countries, there are tax deductions to make the price aathmore
attractive to consumers, bitt is still significantly more expensive than an
internal combustion equivalent. The goal is to replace 10% ssilftuel cars
with electric ones around 2028 While there are major doubts that Portuguese
consumers will switch that quickly to electric cars (lowame effect, absence
of garages to charge the vehicles) it is undeniable thatypolakers are trying
to build a favourable institutional setting for the marketing of tlvass.

Portugal has received the praise of international organizatma the
international press for its bold policy on renewable electriéitidiowever, if the
pathto a carbon-zero society is a desirable goal in environmentat t¢ha
issue of policy affecting electricity prices should nevertheless be addrdas
economic terms, the feed-in tariffs offered to most renewable electricity are
generous and imply a financial cost, which can be large demeod the price
of fossil fuels. In the last decade, the feedariffs have cost between 3% and
61% more than the fossil fuel reference price electricity. The lowdstetitial
was during the oil crisis of 2008, but renewable electrigiis already 32%
more expensive in 2069.

At the moment, the costsemostly passed on to household consumers and
to tariff deficits that delay the increase of electricity prices fonesgears (case
of 2008, for instance). For the consumer, the breakdown of the luddigehff
has become increasingly difficult to understand. The monthliskdivided into
three components: cost of access to the grid, production aastgeneral cost
of economic interest where the subsidies to renewables and tariff deficits, among

> Portugal is a net importer of electric energy. From 2004 to 2008, imports oicitlecepresented
18% of consumption.

>*" Plano Novas EnergiasEstratégia Nacional para a Energia (ERED).

> See MOBI.E; www.mobie.pt.

**9plano Novas Energias Renovaveis.

%0 |EA (2009); Rosenthal (2010, Aug.9); Tariq (2010, Sep. 19).

> Ferreira (2010, May 5).
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other components, are includ®&d This last item, the general cost of economic
interest, represents 42% of the electricity bill and almo%t 40 that is due to
the extra-costs of fedd-tariffs*>>. Some Portuguese households are starting to
guestion the electricity bill, and many are blaming the feew@siffs for the
increase in their monthly payments. This feeling led to a remdinte petition
from DECO, the Portuguese consumer association, which asked &mdaio
the extra cost in the electricity bitf. It was able to collect about 1800
signatures in two weeks, something that cannot be considerexamelfor a
country with low instances of civic participation. Even if Pguese households
still benefit from a low electricity price when compared with tharopean
Union average, price increases can be significant in a scenaow ecbnomic
growth and loss of real incorm@. If the renewable energy policy is to be
continued, it will have to become more transparent in the eyt @onsumer;
otherwise it faces the risk of strong opposition.

After ten years of feed-in tariffs, the impact on costs of produdiioa
kWh is staring to be noticeable, as Fig 4.6 shows. The difference between
conventional electricity prices (large hydro + fossil fuels) andewable
electricity prices has actually increased, in order to promate ntlassive
deployment of wind power. In 2009, the new wind-power contnaete set at
74€/MWh, but average feed-in-tariffs were still paid at 92/MWh. The
difference between conventional electricity and renewable electrertgrgtion
costs was more than double. As the share of subsidized éfgdsimcreasing
(right now almost 30%), electricity average generation costs are \alread
substantially larger than conventional electricity costs.

While there is a general belief that additional wind-power capacityre@dlice
feedin-tariffs in the future and the recovery of the world economy increase
conventional electricity prices, there is still a lot of uncertaihtthis energy
policy is the right path to follow. What will the impact enewables on
electricity prices be by 20207 Different compliance targets for reresvab
among member states can strongly affect competition in electricity prices.

52 Ferreira (2010, May 5)

°%3 Ferreira (2010, May5)

¥ DECO (2010). Early in the year, a group of 33 academics, economists, emgindeformer
ministers severely criticized the renewable energy policy in the natiored. fee “Manifesto por

uma nova pol tica energ tica em Portugal , Expresso, 31/03/2010 .

> Data from EUROSTAT (2010) shows that electricity prices were still bedeviEt)-27 average by
2010, excluding taxes: 0.1093 EUR/ kWh for household consumers (0.1223 EUR/kWh for EU-27) and
0.0896 EUR/kWh for industrial consumers (0.0918 EUR/kWh for EU-27).
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Figure 4.6 Renewableslectricity and conventional generation electricity costs
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A sustainable energy policy that does not harm Portuguese economic
growth should be an important goal. From 1973 to the preenfortuguese
economy has converged only 10% with the wealthy natminshe world,
although it has converged much more in many social and consampt
indicators, including energy consumption, education, health lkigdway
kilometres per capitd’. Most of the economic growth convergence was during
the first years of European Union membership, i.e., between 18986982, a
period of cheap oil and significant EU subsidies. Amsirourrency and a low
interest rate in the 1990s boosted consumption, but alsedauslecline of
competition in labour-intensive exports, the previous rhadePortuguese
economic growth. Economic growth has been practically zerogldne last
decade, long-term unemployment has risen and the economy iglisgup
attract Foreign Direct Investment (FB) While high energy prices might not
have been the reason for the Portuguese divergence path, stremglyien
subsidies need to be measured against the expected benefits.

°% Amaral (2010).
°5" Amaral (2010).
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Table 4.18 Renewable electricity production 1997-2010

GWh

1997 2002 2005 Jun. 2010
Big Hydro (>30 MW) 12537 6896 4454 13241
Small Hydro (<30 MW) 638 1200 546 1799
wind 38 341 1741 9008
Biomass 1036 1208 1350 1952
Waste 518 545 485
Biogas 2.5 31 87
Photovoltaic 1.8 3.8 189.5
Concentrated Solar Panel
Wave
Total 14099 10167 8671 26761
Index of Rainfall (1=average year) 1.22 0.623 0.336 1.024
Total adjusted for rainfall 15066 18552 26409
% Renewables EProduction (Real) 39 21.8 16.8 49.6
% Renewables EP (Adjusted for rainfall 39 32.3 35.9 48.9

Source: DGGE (2010)

Sometimes, being an early adopter can create opportunities for future
economic growth. While it is too soon to measure the impzctisis energy
policy on future economic growth, the fact that Portugas warly in adopting
renewable electricity does not seem to have created many oppegutaiti
ensure a strong renewable cluster or expand employment. R&D éxjpeiad
new energy technologidas the lowest of all OECD countries. This has been
pointed out by IEA as a major flaw in Portuguese energy pdlidyortuguese
expansion of wind, solar and other renewable sources is strdeggndent on
international technology, unlike that of Germany, Denmark and Spain, with their
pioneering companies (ENERCOM, VESTAS, GAMESA). The turbine
components that the domestic wind sector produces rely @nnational
technology and are difficult to export due to their heavinessh&early mover
advantages are more connected with the management of a smart girdjand
installation than with a strong development block assatiatiéh renewable
energy. On the one hand, EDP Renovaveis has won some projects fabienew
systems installation and is one of the major players ingeuian the other hand
there are few spurring effects in the national economy. Therefore, it is
reasonable to ask if Portugal should set different types of inesriti order not
to compromise electricity prices too much. In a scenario of uncgrtabout

8 |EA (20009).
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fossil fuel prices and environmental pressures, it is hardet critical of a
renewable trajectory, but the economic efficiency of Portuguese eneligy p
can and should be discussed. Some studies show thainfeedts can be
substantially reduced without harming the financial health remewable
companie¥”®,

Despite all efforts to increase the renewable share of electricitygiroa
to 39% by 2010, the fact is that along the path, and dwede Irregularities in
Portuguese rainfall, increments renewable power capacity were not reflected
in production, as Table 4.18 shows.

Portugal started from a position of 39% share of renewable®dtrieity
production in 1997 (a humid year), but the extremely dry year2002 and
2005 lowered renewable contribution to 22% and 16#ly a return taa good
hydrological year in 2009-2010 enabled Portuguese energy poliully attain
the goals proposed in the European Directive. It seemstilaé the goal of 60%
of renewable electricity consumption by 2020 is extremely uncedspecially
since most of the capacity increases will be directed to nge dams. Also,
the 31% of renewable energy in final consumption seemdyosaemnbitious,
given the fact that household transition to modern fudisbe practically over
by 2020. While the results of household inquiries, which aagoconducted
during this year by INE, are still not available, they wilblpably show that
household biomass consumption per capita has fallen sagtiffcsince 2000,
as a result of urbanization trends and penetration of ngasalNot even with a
large renewable power capacity does Portugal have a considerable lead
environmental outcomes relatemelectricity production. IEA statistics for GO
emissions per unit of electricity and heat production stimaw Portugals below
the average for environmental efficienayOECD Europe (see Figure 4.7). This
suggests not only climatic differences (absence of district heatiegodlower
heating requirements), but also the role of nuclear power inciredlCQO,
emissions, especially evident in countries such as Sweden and France.

Some propose a serious debate on the introduction of nuclear pow
Portugal®. The proponents argue that renewable electricity will be either too
expensive or too irregular to make Portugal a carbon-free electricityrgoun
and that natural gas prices are now indexed to the oil markéhgooational
security at stak&". Nuclear power has the advantages of being f@@ and
probably cheaper than any fossil fuel electricity up to 20R2@e consider

**9 Cardoso (2007); Amorim et al. (2010).
*%0 Amaral (2009), Rodrigues and Azevedo (2006).
51 Amaral (2009), Barros (2006).
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carbon taxes at the level of 30 USD/ton and low discoatgst’. The
proponents argue that a nuclear power stationG8f01MW could satisfy Y4 of
Portuguese electricity needs by 2820But the challenges of a nuclear option

are also huge. Even if the political will exists and public atecege is obtained,

there are also problems such as the risk of project delay aadsexe costs, the

lack of economies of scale (some argue that Portugal does not have enough scale
for nuclear power) and lack of technical capabilities (no expszi@m nuclear

projectsj®.

Figure 4.7 CO, emissions per unit of heat and electricity produced gGAZh
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Whatever the path chosen by Portugal in the field of eldagtpeoduction
it will not be an easpne At the current feed-in prices, the sole bet in carbon-
free electricity runs the risk of being economically unsustainabtee future,
while not solving the problems of dependence on fossil fatefeeak times and
in dry seasons. But the nuclear option also seems aarskgiven the lack of
experience in such large-scale projects. Can the two alternativgdecoent
each other? Or will the bet on renewable electricity also gkthe nuclear
option for the future’®® Does nuclear power have advantages over wind power
in a future charging of a fleet of electric batteries?

%2 |EA /INEA (2010). For high discount rates (10%) natural gas and coal become morevattracti

3 The last proposal for the construction of a nuclear power centranads in 2005, see Barros, P.
(2006).

% See Rodrigues and Azevedo (2006) for a discussion of the advantages and disadvatiteges of

introduction of nuclear power in Portugal.
*% The non-complementarity between renewable energy and nuclear power has been raised by Pecas

Lopes (2008), for example. He argues that there is no capacity to iatagnaclear power utility in
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Lastly, electricity is not all, but only 25% of Portuguese Ifiraergy
consumption. Even with a doubling efnewable power or the “help of a
sluggish economic growth, Portugalaynfail to reach the Kyoto targets for
2010-2012. Portugal comes off worse in relation to many fgaamo Countries
with apparently more stringent targ&ts

This suggests that a diversification of the energy mghinnot be the only
way, but should be complemented with improvements in energyegitizi One
clear problem is the poor insulation of buildings. Adequaselation in the
winter could save a significant amount of energy withounhted to suffer from
thermal discomfort. Recent policies poimt that direction, such as new
legislation in accordance with European Union directiveschvhequires new
buildings to be energy certified’. Such measures will increase thermal comfort
and avoid future emissions, but will not significardlgcline present household
emissions, which are still quite low by European standdrisfact, it is
estimated that about 1/2 of the Portuguese households sofierfidel poverty
in the sense that they are unable to keep their houses warmhenadhbgut
spending more than 10% of their monthly income on en&tgy

A second clear problem is transportation. Assuming that dwtriel car is
not going to be around soon, the transportation sector aetds. The rise of
personal incomes and strong investments in road infrasteubfawre led tora
increasing number of passenger cars, from probably the lowest pér 100
inhabitants in Western Europe in 1970 to currently bemlg slightly behind
the average for the European UnfSh. Recent investments in public
transportation, especially in the urban centers, have not bekn tab
significantly halt the growth of personal transportation. rétation to the
European Union, the largest differenceinsrailway transportation. For each

the Portuguese electric system given the decision to rely on renewable enerpwt andlear power

is not an interesting option for Portugal, either technically or economically, at |eh&036t

¢ See Chapter 3.

**”See ADENE (2009), for a description of the new energy efficiency regulationsritceseand
residential buildings. New residential buildings are obliged to haveemy efficiency label of A to

B- in a scale of A (high efficiency) to G (poor efficiency). The legistailso obliges households to

use solar collectors for hot water if the conditions are favourable.

%8 Healy (2004), pp. 192-193. Portugal has the highest rate of fuel poverty in the European Uni
according to the author. A heating paradox exists in all of southern Europe. Despitpahanider

climate, southern European countries are the ones with the higher rates pbdviedly. Southern
Europeans are also the most prone to die due to cold-related diseases during thenavitite.
Portugal has an excess mortality of 28% in winter months, the highest in the Healy sample.

% 1n 1973 Portugal had only an average of 86 cars per 1000 inhabitants. ltaly, the Netherlands,
Sweden, the UK, France and Germany had an average of 220-300 passenger cars per 1000 people. See
Mitchell (2003). EUROSTAT figures for 2006 give an average of 405 passengercaé®peeople

in Portugal against an average of 466 passenger cars in EU-27 and 506 in EU-15.
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euro investedn the railway sector, 3.3 euros have been invested in the road
sector in the last 20 years. As a result, the sector failed termed, regional
lines were closed, and railways lost 43% of their passebgéngeen 1990 and
2008. In contrast, railway transportation increased duringtittme in all the
other European countries: 30% in France or the Netherlands,rb@ié UK,

and about 157% in Spaifl

4.6 Conclusions

In a time when industrialization could only proceed with tliecd cheap
energy, Portuguese natural endowments were very limited. The lack of
development and low intensities of the industrial structtee be in part
explained by the costly nature of energy resources.

During the First Industrial Revolution, Portugal missed @uimost of the
advantages of steam. With end-use coal prices clearly above coatezhd
countries, water-power or wood were only poor alternativeslémd regions
where coal arrived at exorbitant prices. Unlike Scandinaviamtdes, water
and wood did not make a difference. Despite the high propasfiovood in the
energy system, any resemblamoce@ny of those countries is pure speculation. In
Portugal wood was mostly traditional, a second best choiceoulid never
sustain the needs of industrialization. The most salienecaspf the First
Industrial Revolution is that, with poor coal and iron reesy Portugal was
unable to emulate European leadexsonomic growth based on iron and steel.
That might (or not) have brought some multiplier effects ® st of the
economy, especially through supply of materials to railway cactstn efforts
or to machinery-making or even to shipbuildihgstead, relative high energy to
labor costs directed Portuguese industry to a labor-intengmpe wf
industrialization, which was hardly successful as a model of alevent at that
time. Only products based in indigenous natural resourcesasuchnned fish
and cork were able to find a regular export market. The main problehe of
Portuguese manufacturers was that a major part of the raw materialsyubked
industry was imported. Any advantage in labor costs did mormally
compensate for the lower productivity of the labor force which aveesto both
lack of human and physical capital. | would leave to othedisicuss weather
another path could or not have been pursued with an effeeduce illiteracy
and promote education

>0 Cipriano (2011, Feb. 2).
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During the Second Industrial Revolution Portugal also rdissemost of
the advantages of electricity. The idea that coal-poorntces had an
opportunity to leapfrog cannot be applied to Portugal, itesips hydro
resources. Production was mainly thermo and the difference in enafgyirco
relation to coal-endowed countries was maintained; electiditavas poor
Why were hydro-resources unexploited during this time? Téie srgument is
that due to the needs of water regulation and the absence atibrssize
resources, the full exploitation of hydro-resources requiregk lamounts of
capital as well as the guarantee of demand. | contend that a podcesth-
dependence from the First to the Second Industrial Revolutipfiesnthat
neither of these elements (capital and demand) was presguatantee the
viability of hydro-electricity. The labor-intensive path céonsduring the First
Industrial Revolution implied low levels of energy demand gmevented
capital accumulation. There was neither capital to attract denmardemand to
attract capital. Thermo-power stations were more adaptable to #hessra of
demand and had less capital requirements. Iltamasderstandable choice, but
created a vicious circle of high energy prices and labour intensive
industrialization, oat worst— poor industrialization.

It seems that it was almost chance that provided Portutgathé capital to
pursue industrialization. The accumulation of large gold reseturing the war
allowed vast funds for a State-oriented industrialiratpased on hydropower
and other indigenous natural resources. But if hydropower redewcedyy
dependence and act in a first period as a catalyst for the expansion of
industrial needsit was soon obvious that it could not sustain perhgemost
energy intensive industries. Due to the limitation of natugaburces and the
emergence of a cheap high quality energy caradr electricity failed to be a
sound alternative faihe industries that the state sought to promote .ntostas
soon evident that the Scandinavian type of industrializatiased on cheap
electricity was not sustainable in the long-run as mo#tefntensive uses only
survived due to subsidized prices. The fact that the leadep§thgdropower
was so soon questioned did not stop Portugal from indlistng and
converging with other European countries precisely durirg pé@riod when
energy was finally cheap. Many countries that did succeed in catchinghig i
period were poorly endowed with natural resources. The fact that® such
an important element (see for example the South Asian typeustrradization)
reinforces the notion that a strong converge in energy prices \washy
needed to democratize industrialization

The last decade of the Portuguese energy system has beeavinfpli
common European Energy Policy that aims to increase the sharecofatde
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energy in Europe in order to mitigate climate chande édnhergy policy goal
are aimed at attaining a renewable share of G0&ectricity consumption and
31% in final energy by 2020. This energy policy is ohthe most ambitious in
Europe Union, especially for a country that has the more economieavable
resources already fully exploitedf the path for a carbon-zero society is a
desirable goal in environmental terms, the questions on hiswpoblicy might
restrain or not economic growth should nevertheless be addresiederi
compliance goals for different state members can result in G@sgxe energy
bill for only some at the expense of others and losses imefiiieness
Portuguese economic growth has been practieaip during the last decade.
The general idea is that the economy is sick and faces innusnstactural
problems related, among other things, with a past model of devefddased
in low wages that is no longer valid. With difficulty iattracting foreign
investment and facing structural problems in the traditierpbrt sector, strong
subsidies to renewables need also to be measured against éffits ibat are
creating. And if the environmental benefits are noteworthy, it sebatsthe
leadership in renewable consumption is not fully accompabyejdb creation
Nor there is a strong development of domestic renewable techreoltgie
would allow Portugal to later reap the benefits from a considerable investimen
technologies that are still uneconomical in relation to conventionedgne

Even with the “help of a lost decade and strong investments in renewable
energy, Portugal can fail to comply with the climate target of a d¢¥ease in
CO, emissions by 2010-2012. This suggests that a diversificat the energy
mix might not be the only way, but should be complemented with weprents
in energy efficiency and measures of conservation.

The challenge seems huge to Portuguese economy. Most of thersoluti
that can guarantee a cleaner future are solutions that are aateitaive. For a
country with a high public debt and negative growth soméedd projects are
at a high risk to become financial unsustainable.
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Chapter 5

Energy intensity and the service
transition”

5.1 Introduction

Currently, strong concerns about the energy basis for our econ@ifeceav
in society exist due to the risks of global warming and i@ty increasing
costs of energy production. Thus, there is a hope that fetweegy demands
will be less thann the pastOne possible solution that could bring about this
less energy-intensive future, at least in theory, is thesition to a service
economy, because service production is generally less energy-degnémahn
industrial production in relation to the value that is created.

It is beyond dispute that employment in the service sectorntasased
drastically over the last several decades and that services make lipn's
share of GDP these days. However, this trend bears little remsrebio what
happensn actual production. Kand®f raised the concern that the transition to
a service economy was merely an illusion when it comes & wiatters for
energy: the real production structur€ander’s analysis confirmed this for
Sweders service economy production. Data of value added at the four-secto
level (industry, agriculture, services and transpogijemsed to demonstrate that
the real share of the service sector did not grow in the dong Further, the
share for transports grew slightlwhereasthe manufacturing sector share
declined.

This chapter expands the analysis to our set of countiresaim is, first,
to explore how the share of real service sector production develepgime
and, second, to determinevtich degree any decline of energy intensity can be
attributed to a (possible) service transition. For that, we udecamposition

"1 With Astrid Kander. The bulk of this chapter is identical to the one published gz
Economics, 70 (2), 271-28%ith the title “The modest environmental relief resulting from a transition

to the Service Economy . The present version excludes some redundant information which was
presented in the previous chapters, a Portuguese contextualization (see sectiod Safjyeaminor
revisions.

"2 Kander (2005).
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method, which separates energy intensity changes into structoamiges
(changes between sectors) and technological changes (changessedtors).
The analysis is mainly based in our dataset, but isegulestly widened by
including some of the giant emerging economies: India, BraziMedco. This
expansion is motivated because of the widespread concern ebeloping
countries today are taking over the role that England playeagithe first
industrial revolutiorof being the“factory of the world. Thus, any transition to
a service economy in the developed world may be duertew division of
labour on the global scale, accompanied by developing coumraekicing
energy-intense exports for the developed world. As Hermele séaysile we
live in the service economy our industrial goods are pred elsewheré”,
Because global warming is a truly global phenomensthe atmosphere knows
no national borders, there are no system gains from a servicgitna if this
logically cannot be generalised over the globe. We will not be tabtover the
trade issue in any depth here, but will look into the ecanatnuctures of the
emerging economies and their energy intensity p&thsee if we can find
indications that they are being used as the new factories of the world.

52 Previous research

Kander used the concept of Baursotost disease to explain why both
employment and the share of GDP in current prices have grown in Sweden sinc
the 1970%* whereas the share of real service production has not grown.
Furthermore, Kander discussed the environmental implicabbthese findings
on energy intensity (energy/GDP). Baumol used a simple two-sexidel of
the economy that included the technically progressive seaudiry) and the
stagnant sector (servicgS) In the technically progressive sector, labour time is
a means to achieve an end, so production can be rationalisecuippieg
workers with timesaving machines. In the stagnant sector, humans often
an indispensable part of the product itself, and labour pretyaannot rise as
fast as in the manufacturing sector. Productivity gains in the psigeesector
normally lead to an increase in industrial wages and, ecuestly, service
workers will also demand higher salaries even though tihedugtivity has not
risen to the same degree. The result is higher costs for servicectwodu
relative to manufacturing production. The higher costs in service produwuaitl

"3 Hermele (2002).
> Kander (2005).
"> Baumol (1967).
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be passed on to consumers, and prices of services will tend to increase compared
to manufactured goods. There iS@st diseasein the service sector, and if
people continue to buy services in roughly the same relativeir@s as they

buy manufactured goods, despite the relatively higher costdpymgnt will
logically have to shift over gradually from manufacturing to ises: Thusthe
service sector will employ an increasing share of the labour force and, over time,
services will become more expensive than industrial predu@he increased
employment, together with the increasing prices, createsuaioill that service
production increased its share of GDP in recent decades mord tnally

did. This fact becomes obvious from the evolution of the prabuction
structure, which did not exhibit any growth of services|eaist not in the
Swedish economiy’ .

Ever since William Baumol wrote his stimulating 1967 article, the accuracy
of his analysis regarding the stagnant nature of serviceugiiod has been
discussed. The doomsday prediction inferred from it was thadralh
productivity and growth rates would slow down substégtin the post-
industrial societies. It is now widely acknowledged that all services lag
behind manufacturing in labour productivity; it is onhose services that have
human time as an indispensable ingrediahiat we call personal servigdbat,
by necessity, lag. In reality, the service sector consists ofeasd mixture of
progressive and stagnant elements, so the generalisatiorsahates are
staghant and manufacturing industries are progressive cleatty rougf’’,
Broadberry points out that certain market services have hadphagluctivity
increases, and what determines the level of productivity ovdomigerun is the
“Industrialisation of services, which involves both producer services (services
provided to business) and the provision of some consumer seiwvieemore
mass-market fashidff. Large productivity increases have occurrespecially
in the areas of transport and telecommunications, wholesale aaill ret
distribution, and banking and finandéan Ark and PiatkowsRI® compare the
importance of ICT capital for productivity in manufacturing indestrin the
EU15 and former communist countries of East Europe. They findI@®&
capital contributes decisively to labour productivity, whicimdgps convergence.
Still, even with this industrialisation of services, a large fractb the sector
consists of personal services, such as health care, educatiom;askilcetc., so

>"® Kander (2005).

>""Baumol et al. (1985).
>"8 Broadberry (2006).
>¥Van Ark and Piatkowski (2004).
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there is normally some difference between the productivity developot the
service sector and that of the manufacturing sector.

All sensible researchers use sector values in constant pricgsp@sed to
current prices, when they calculate sectoral productivity. Thisne thbaccount
for price inflation within the sector, which has nothing do with actual
productivity. For some reason, scholars who calculate the impiastsuctural
shifts on energy intensity do not always use this methbodectly and
consequently produce skewed results, as seen in Figurevftich shows the
long term price development (price deflators) for some main seofotse
Swedish economy, as well as GDP.

The price for public and private services rise more than the priGD&f
does, whereas transport and communicasicm on average, more technically
progressive than GDP and even industry. Price deflators, sutite ames in
Figure 5.1, are used in national accounts to recalculate values in currentqrices
constant prices to measure the sectoral productivity developmentsiitiple
procedure for converting numbers in current values into reauption is to
divide the values in current prices by the proper sector pdttatar. Naturally,
dividing the values in current prices with such different priegatbrs, as we do
in Figure 5.1, means that sector shares in current pricemawhstant prices
will differ, as will their growth rates.

Figure 5.1 Price deflators for sectors and GDP in Sweden, 1910/12=100.
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The more rapid increase of service prices over other prices, as ghown
Figure 5.1is an illustration of what Baumol in 1967 called the ahsease of
services. Much discussion these days is devoted to the ¢dbgroper price
deflators and whether real service production is underrated dhe tway we
measure productivity in services, especially in public seryighsre most often
a zero productivity increase is assumed. It is not the inteofidhis paper to
engage in discussions of the quality of price deflators. If seswvere measured
differently, taking better account of their productivity increasentGDP would
have grown faster, and energy intensity would have dechneck, some of
which would be explained by the service transition. Howevet,rdaity is in
another world and far from our current situation. In this paperconfine our
argument and investigation to what impact the transitidhgservice economy
has the way it is measured in national accounts today.

Researchers sometimes overlook these different price developments for
sectors. For instance, Hamilton and Tutbfind that energy intensity decline
has taken place mainly in services and industry in the i @tates and within
services in the European Uniddlose scrutiny reveals that the value addgd
the sectors has been calculated in current prices, which exagdeeatieline
in the service sector and underestimates it in industry. The gestdt as
misleading as if energy/GDP aw calculated based on current prices, which
would showan immense decline over time due to inflation. Schafer also uses
GDP shares in current prices when he discusses structuraecta energy
use®’. He divides the world into 11 regions and finds thatttier period from
1971 to 1998, structural changes in the econamyaccompanied with energy
shifts. When economies move from agricultural to industitere is a shift in
the final energy use from the former to the latter. More surprisitgalso
finds that the shift to the service sector is accompaniea dhyft in final energy
use. There are two reasons for this finding in Safgistudy, and both of them
have to do with unconventional methods. One shortcomititatshe uses shares
of GDP in current prices to calculate energy intensity, a proeethat tends to
overrate the value of the service sector over time, and thus undesréport
values for service energy intensity in 1998. The other shomgpmsi that the
statistics he uses (International Energy Agency) do not eretyl separation of
energy for commercial transport (which constitutes part of GDPshadld be
allocated to services) and energy for household cars (thisalsenergy use,
which should not be allocated to the service sector). Instead, he esnallithis

*%0 Hamilton and Turton (2002).
*81 Schafer (2005).
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energy iho the service sector. Thereby, levels of energy intensity in seraree
inflated, perhaps equal to those of the manufacturing indughigh means that
if the energy for the household car fleet increases more than serviteiwa
in general, the overestimation of service sector energy use will gvewtime.
These flaws in his method distort the results of energgnsity of the service
sector in different directions, but mean that the service sectomiescguilty

of far more energy use than it really is, and therefore there @aviconmental
relief from the transition to the service economy in his stédthough such a
pessimistic conclusion is fairly accurate, as we will see latan tms paper, his
results have not been obtained in a convincing manner.

5.3 Theory and hypothesis

Up until the 1980s, energy was believed to have an ironhelationship
with GDP and there was no talk of decoupling, or any growaplzetween the
energy and GDP curves over time. The couple was tleeltiosstick together
over time. The view changed drastically in 198@h an article in Scientific
American by Reddy and Goldemberg that introduced long rtimass of
energy intensity (energy/GDP) for several countries, suggesthgl-ahaped
curve, or an inverted U-curve. According to this styliseplgrdatecomers in
the development process benefit from technical transference fhain
predecessors, so they peak at a lower point. This article seraetha®r input
to what later becae known as the environmental Kuznets curve. The idea
behind the inverted U-curve clearly related to structural change. During the
industrialisation phase, energy intensity would increase,afted a peak, the
curve would turn downwards, demonstrating the effect from tmsitran to a
service economyThe idea that industrial societies would eventually seenan
was presemd in Marxist theory, where it was viewed in the negative ternss of
collapse. However, Fourastiéintroduced the more modern and positive view
that declining industrial production would pave the way &new kind of
society based on increased service production.

In 1993, Panayotdt® labelled the inverted U-curve in environmental
relations as Environmental Kuznets Curve (EKC), after the famous Kuznets
curve for income and equality relatidfis He explicitly proposed that the

°%2 Fourastié (1949).
°83 panayotou (1993).
%4 Kuznets (1955).
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transition toa service economy was one of the main reasons for the declining
environmental impact of economic growth (see Figure 5.2)

The idea is quite intuitive; as a country industrialisessés more energy
and machines, and when it de-industrialises, the process isadyegsulting in
less energy use. Because of its intuitive character, this idea hasehotany
objections at least until Kander suggested that it was perhaps hasddlse
beliefs of how a service transition functidfis

This brings us to the issue of what drives a service transind of what it
consists. At the intermediate service production level (serviebasinputs of
firms), part of the transition is a statistical artifact, as manufactufinms
increasingly outsource some of their service production neultancy firma®,
Still, with the increasing complexity of goods, innovatiard asalue creation
take place more and more in the after-production stage, withpaitas
providing maintenance services to their customers. Thus, thexasisn to think
that some actual increase in producer service production pékes, which is
larger than the growth of manufacturing goods production p&t se

Figure5.2 Energy intensity and structural change
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When it comes to services for final demand by househdidse tare two
opposing forces. One demand side force is Badalv, suggesting that when
people climb up the income ladder, their basic needs, sudodsahd shelter,
mainly produced in the primary sector (agriculture), are met festond, they

°% Kander (2002); Kander (2005).
%% Petit (1986).
%" Perry (1990); Berggren et al. (2005).
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meet their less pressing needs, such as refrigerst@gisions and telephones,
produced in the secondary sector (manufacturing); lastgir least pressing
needs are met, such as opera visits, psychological therapy, etice®gt®
Another supply side force is Baunwlcost disease, which states that certain
services tend to price themselves otithe market and thus stimulates the DIY
(do-it-yourself) economy, where companies like IKEA/&@&und a niche by
concentrating on the technically progressive part of the propes&ding flat
parcels and leaving the final, time-consuming assertiblthe costumers to
complete. Engel’s law is only applicable in one country at a specific pamnt i
time and can neither be used to infer expenditure patterns betwegnasyunor
the consumption patterns over time for a coufitnBimply put, when a country
gets richer, this does not imply that everyone can affotdréoa cleaning lady
or a gardener because the wages of these jobs follow the geceraé growth
of the country.

Fourastié expressed these opposing forces as saturation omtnreddade
and technological progress on the supply dfdeKriiger® places large
emphasis on the theoretical insights provided by Fourastiéthen draws the
conclusion that‘'viewed against the empirical pattern of sectoral devetopm
these considerations imply that in the long run thengha of the demand
structure dominate the supply-side forcek is possible to say that these
researchers jumped to their conclusions, based on not paying attentiofett the
that sector development looks very different when viewed as shacagent or
constant prices. This possibility was addressed in 1878&erschuny, who
guestioned the view that modern society is entering a posstimal phase when
it comes to actual production, but from the expenditure side of indigtdtial

Theoretical discussions give reasons to be cautious in exgpégd grand
of a service transition in actual production terms. We thereforeogeofhe
following double hypotheses, which will be examined in our paper:

1) A service transition means that services have increased their share of total
employment and their share of GDP in current prices (see Figyre 5.3

°% After the German statistician Ernst Engel (1821-1896), not to be confuse&rnigithich Engels,
who collaborated with Marx.

*% Ingelstam (1997).

*0 Fourastié (1949).

1 Kriiger (2008).

92 Gerschuny (1978).
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2) A service transition does not mean that services have incrdesedhare
of GDP in constant prices (or not as much as employment or shares |
current prices) (see Figure 5.4

Figure 5.3 The transition in employment and current prices
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Figure 5.4 The transition in constant prices
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Our main hypothesis is that the service transition is nogesn it comes
to actual production in the economy, and that it does fiettathe energy
intensities of developed countries. This hypothesisaised on the theoretical
arguments above amoh the previous study results for Sweden, which confirmed
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our hypothesis in an empirical t&8t However, the results need not be as
general as we expect; Sweden may be unique with its relalemgle public
service sector and large fraction of persoiperson services. Therefore, there is
reason for investigating the issue across more countries.

5.4. Data

We present benchmarks on the share of employment and share of the
services in constant and current prices for 1950, 1971, d®®@005 to explore
our hypothesis of completely different evolutions of the servsector
depending omvhich indicator is used®* For all the developed countries, except
the United States of America, we use the newly updated HEMS November
2009 release for 32 industri&s In the case of the United States, we had to use
the EU KLEMS 2008, SIC version that covers the period fi@w0to 2005
because the EU KLEMS 2009 releas&AICS version only goes badio
1977°°. The reason why we prefer the EU KLENSother databases is tht
separats postal services & communications from commercial transporten t
service sector; these factors are very different from an environmental
perspective. The benchmarks for 1950 are obtained by linkengthKLEMS
database to the 10-sector database of the Groningen GrosviDesrelopment
Centre (GGDCY’”. For Portugal in 1970, EUKLEM 2009 values for the
employment share are linked with Pinhéifo Data for India, Mexico and
Brazil are based on the database in Timmer and de’riésr Asia and Latin
America, which covers the period frod950 to 2005 and comprises 10
sectors®

For the Divisia decomposition, the 32 sector data in 199S5taonnprices
for the 10 developed countries was reduced to 4 sectors fgedns 1971 and
2005 as follows: 1) Agriculture (includes forestry and fishing) Industry
(Mining and Quarry; Manufacturing, Public Utilities and Consiargt 3)

°9 Kander (2005).

%% There is detailed information at the sub-sectoral level in constant and quicestafter 1970 for
all the developed countries except for Japan, which starts in 1973.

°%® EU KLEMS (2009), O"Mahony and Timmer (2009)

% EU KLEMS, 2008; Timmer et al. (2007)

*7van Ark (1995)

*% pinheiro (1997)

9 Timmer and de Vries (2007)

6% Constant prices for the emerging economies are expressed in 1993-1994 rupees, 1993 pesos and
2000 reais. Thus, there is a little difference between the price-level yeaurfdeveloped countries
(all 1995 price level) and these countries. However, for the analysis we perform, this is irrelevant.
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Services (Wholesale, Retail Trade, Hotels and Restaurants; Financendasura
and Real Estate; Community, Social and Personal Services andnewer
Services; Post and Communications); and 4) Transportatiors. dikision
allows usto focus on the main issue of the paper: the effect from theticams
to the service economy, where commercial transportation should be edparat
from the rest of the service sector because of its different endemsiity. We
calculate real value added for the different sectoyemploying the Torngvist
aggregation procedure as described in the Data Sources and Magicado
section of the 60-industry datab&$eThis method has been shown to be the
most accurate for aggregating sectors and can differ subditaritom the
method of adding up the sum of value added at constant jfriceghe lowest
industry level to higher aggregates, particularly when industage different
growth rates. For Brazil, India and Mexico, we had to use thedessrate
method of aggregating the 10 sectors to 4 sectors based ¢antguges. Also,
due to insufficient sector detsjlTransport and Communication are grouped
together for these emerging economies. As a consequence, the f@sthie
emerging economies are somewhat less reliable than the resulthefor
developed countries, where we have used very careful and accurate methods.

Benchmarks for 1971 and 2005 energy consumption by end usieon
formal economy side include Agriculture, Industry, Services aochr@ercial
TransportationOn the household side, benchmarks for Residential and Personal
Transportation were constructéd The energy balances provided by the
International Energy Agency (IEA) contain data on final energysiusce 1960
for OECD countries and since 1971 for non-OECD countries. [2elpihg the
most complete and internatiohhalknown database on energy, it has the
disadvantage of reporting transportation only by modes \{ater, rail and
road) and not by end users. Energy for personal transpor{atiaimly cars)
should not be included in the commercial transport sectoaiuse individuals
are not immediately contributing to GDP as a consequence iofdifvng a
personal car, as opposed to taxi drivers.

The separation between private and commercial transportatahifficsiit
to carry out due to missing data on road transportation by ses.uThere is
generally better data available for 2005 than for 1971. Foeary benchmark
(1971), we find it reasonable to allocate all road gasolin@it@te consumers
(cars) and all road diesel fuel to commercial transportationk@jubecause at
that time diesel was not used frequently for private tranafon. We use actual

®1 GGDC (2006)
92 |EA (2008 a, b).
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data from Schipper on car fuel usage for the United States, Fraalge West
Germany, Sweden and the United Kingddin We assumed that for the
countries not included in this reference, i.e., the Netherlandsyugabrand
Spain, gasoline was a good proxy for personal transportatid®741. For the
2005 benchmark, we were able to getuch better allocation of energy to
sectors. There is actual data on fuel consumption by typeclitle: cars,
motorcycles, buses, light duty vehicles and trucks for a sét ait of our 8
European Countries (Portugal is the exception) for the period 830 to
2007%. We have used this data and treated car and motorcycle consuasption
part of personal transportation and allocated the remainingdusdmmercial
transport. We managed to fill in the gap for Portugal aithestimate of Seixas
and Alve§® on personal transportation for 2005 (U.S. Department of
Transportation, 2009). Fortunately, Japanese official energgtista separate
road energy consumption between different types of vehadefar back as
1953, so benchmarks for 1973 and 2005 could be obtaimedigth this
sourcé®. For the United Stateshe Bureau of Transportation Statistics also
reports information on fuel consumption by type of vehifte 2005
However, passenger cars and motorcycle energy consumption agootbt
proxies for personal consumption because in the US, apaogertion of SUVs
and light duty vehicles are used for personal use instead omeanal
transportation. The last household inquiry of fuel use datea 2001 and
indicates that personal fuel consumption represented ard@¥do8 the total
estimated fuel consumption for cars, motorcycles and othere2-aitire
vehicle§®, We use this percentage to estimate the total personal fuel
consumption in 2005.1t is harder to find information on persdmal use for
developing countries. Whereas for Brazil, gasoline and ethazmobnd are
believed to represent the personal transportation sectovesfatvell, energy
allocation is more difficult to perform for India, where the shareonfroercial
cars in the transport sector (taxis) is much higher. No attempthwasnade to
separate personal and commercial transportation in developing countries.
For early periods, IEA underestimates residential biomass cotisanip
Portugal, Spain and Italy. For Portugal we have used the essimpedduced in

%93 Schipper et al. (1993).

94 Odyssee (2009).

%% Seixas and Alves (2006).

%% EDMC (2009).

%7 U.S. Department of Transportation, Research and Innovative Technology AdministBatieau
of Transportation Statistics, 2009. National Transportation Statistics,

%8 E|A (2005).
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Chapter 2; for Italy we used the estimates of Malaffiinihe Odyssee database
traces biomass residential consumption for Spain back198D. We assumed
that the per capita firewood values were the same in 1971 and 1980.

5.5 Methods

In order to investigate the proximate reasons behind changasergy
intensity, divided into between-sector and within-sectangles, we employ the
decomposition method of LMDI (Logarithmic Mean Divisia Index) the
version described in Ang and Zhang and &hgThis method distinguishes
between structural factors (change in the shares of sectors, kempangy
intensities constant) and intensity factors (changes in sewtog\eintensities,
keeping the structure of economy unchanged). The LMDI has lmsshin a
large number of energy studies because of its attractive propedmsness of
interpretation, unity independence and perfect decompogitien leaving no

residual)®*! The elements in the decomposition schemesfellows:
E Final energy consumption 5+ E,)
E Energy consumption in economic sector i (Agriculture, Induystry

Transportation and Services)

Ex Energy consumption in non-economic sector k (Residential,
personal transportation)

Y Total value added (constant prices)

Yi Gross value added of sector i (constant prices)

I Final energy intensity (= E/Y)

l; Energy intensity of sector i (5/&))

S Share of sector i in total value added (=Yi/Y)

Dot Total energy intensity change

Dstr Change of | due to structural effect (between-sector changes)
Dint Change of | due to technological effect (within-sector changes)

%99 Malanima (2006 a)

®19 Ang and Zhang (2000), Ang (2005)
®L For a description of the properties of LMDI and comparisons with other methodse sgetious
reference and also Ang and Liu (2007) and Choi and Ang (2003).
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Dpcons Change of | due to personal consumption effect (non-economic
sector changes)

Dot 1"/1°, where T is the year of comparison (here 2005) and O is the

starting year (here 1971).

In the multiplicative version we decompose the total enenggnsity

change into structural effect, technological effect and personaucgtion
effects:

Dior = DstrDintDpcons

Dstr, Dint, and Qyconscan be computed as follows:

i o
Dy = exp z w;In (S—lo>]
L t
_ p
Dine = exp Z w;In <é>
A

b= n (B /B
pcons — €XP W ln YT/ yo
k

The weights of the economic and non-economic sectors i and k are
calculated in a similar fashion using the logarithmic mean ef éhergy
consumption of the sectors divided by total value addedemtimerator and
dividing it by the logarithmic mean of total energy intensiffeso that:

L Eiw Eity
YT Yo

Wik = L(IT,IO)

where the logarithmic mean weight function of two positive rensibis given
by: L(x,y) = (x —y)/In(x/y).

®12 Ang (2005).
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5.6. Developed countries and late-comers

As already seen in Chapter 3, the long-run development ofyeméegsity
in our sample of ten countries questions the stylized grdpReddy and
Goldemberf§™. Here, we present only the evolution of primary energy
intensities for the post-war period.

Figure 5.5 Energy intensities in 10 developed countries, 1950-2006
(7 year Moving Average), MJ/$1990
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Source: Includes Modern Energy and Combustible, Renewables and Waste. For Japan,
EDMC(2009). For remaining countries see Chapter 2.

The most eye-catching result is perhaps the strong convergerenergy
intensity for all these countries over this period. From a large narigt energy
intensities ranging from 25 to 5 MJ/dollar in 1950, mostintries end up at
levels of 6-8 MJ/dollar in 2006, with only the USA substaljtiabove the other
developed countries, at 10 MJ/dollar.

We find an accelerated decline in energy intensity around 19¢é0 e
service transition is assumed to have taken off. This strongeofarergy
intensity decline is discernible for Sweden, the Netherladdenany, Italy, and
France. For Spain and Portugal, latecomers to the industrialization grtoce
is more of a weak growth of energy intensity levels after 197GatVdre the
reasons for divergent patterns between late-comers and earlyrglches
countries? And inwhich degree is this energy intensity decline in the period

®13 Reddy and Goldemberg (1990)
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after 1970 caused by a transition to the service economy? Lesusifply
investigate the hypothesis that the real production structsradiashifted muac
in the direction of services.

Table 5.1 Service sector share (of GDP in current and constant prices, in
employment), 1950, 1971, 1990 and 2005

Services constant price:

Employment (%) Services current prices 1995
Countries 1950 1971 1990 2005 1950 1971 1990 2005 1950 1971 1990 2005
France 42 51 67 76 na. 57 69 77 68 64 71 73
Germany 34 45 59 72 na 50 61 70 56 53 62 69
Italy® 27 42 60 67 na. 53 64 71 71 66 66 69
Japaﬁ 31 46 58 68 44 52 59 69 55 60 61 66

Netherlands 50 60 72 79 n.a. 58 66 74 72 65 68 73
Portugal 27 41 48 59 na 61 62 73 na 58 64 69

Spain 33 42 59 65 na. 47 58 67 68 63 62 65
Sweden 39 56 69 75 na 60 66 71 64 64 68 63
UK 49 56 70 80 na. 53 63 76 63 59 65 73
USA 58 67 76 81 54 63 70 74 63 65 72 72

Notes:? 1951:° 1953 and 19731953.
Source: See Section 5.4.

Table 5.1 reports the service sector shares of employment andirGDP
current and constant 1995 pricédor the eight European countries, Japan, and
the US.

The double hypothesis we presented in Figures 5.4 and @kely, but
not entirely, confirmed. Unsurprisingly, the first part of thedtipesis— that the
service sector has grown since 1950 in its share of employandnts share of
GDP in current prices- is fully confirmed for all countries. Service sector
employment shares more than doubled between 1950 and 208&venal
countries (Germany, Italy, Japan, Portugal and Spain) and increased
substantially in the othergyo. Likewise, measured in current prices, the service
sector increased its share of GDP. The second part of the hypotigish is
more critical for our argument, and generally less known, is alsgelly

® The choice of price base year for the comparison will not affect the segrowah rates, though it
is true that the size of the sector shares will depend on the choice of haseweaxpress the share
of the service sector at the price level of 1950, when services wergelglatheaper than they are
today, the sector will be smaller than if we express the share at the peteofied095. What is
important for our argument is that the real growth rates of the effesubsectors will be the same
whether measured in 1950 or 1995 prices.
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confirmed, but not unambiguously. Half of the countries see either no increase at
all or no substantial increase in the share of services wkhasured in constant
prices. If we set the criterion for qualifying as a case of “substantial increase at

10 percentage points over the entire period 1950-2005, thefeuareountries
that qualify: Portugal, Japan, Germany, and the UK. In addition)8#enearly
gualifies (9%). In the Portuguese case, this shift is quitprassive in
comparative terms, given the late industrialization of the countritkéJather
countries about 1/3 of this shift can be explained by a mewé from
agriculture directly towards services. Nevertheless, an increagepafréentage
points is still not much compared to the increase in sergector shares in
current prices, where we find some examples of 30 percentage ipone@ses.
So it is apparent that the service transition, in real produtdons, has been
much less important than generally believed. Broadening tHgsanhaeyond
the Swedish case examined by Kafitfewe again find that a large part of the
service transition is a price illusion causgdBaumol’s disease.

To the degree that there still is some modest growth cfehace sector, it
is of interest to look into what part of the service sectsrdrawn. If it is the
sub-sector of commercial transportation, this growth nmatybming about any
decline in energy intensity whatsoever. It could even act iotther direction -
to increase energy intensity - because of the high energy igteokit
transportation. We have scrutinized the sub-sector grovitiinveervices, with
the careful separation of the value added of the postal anawaication sector
from the transportation sector (see Tabi®.5.

The separation between transport and communications show# tkat
mainly communications that has grown disproportionally faoBf6 of GDP i
1971 to 4-8% in 2005. The share of the commercial transportdior only
increases in France, Italy, and Spain. These results show thatigshsseme
reason to believe that the structural changes within theceesgctor act to drive
down energy intensities.

Another factor that seems to indicate a less energy interesiviees sector
is the reduction of the share of wholesale and retail trade, laniglsestaurants,
and public services, which all use buildings and heatinte gntensively, and
the increase of finance, where large quantities of money circulate wehngut
necessary equivalent energy consumption. After these initi@titen analyses
of structural change and the role of the service sector in real temsyn to
the results of the decomposition calculations. These calmutatllow us to
determine the role of structural change versus that of technicaeharthe

615 Kander (2005)
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energy intensity decline. However, this analysis can only be carriedt dioe
four-sector level of industry, agriculture, services, and trafspecause energy
use in the service sector is not reported at the sub-sector level in thestatis

Table 5.2 Service sector composition, shares of total output in constant,prices

in percent.
1971 2005
Whs
& Whs &
RT, RT,
H&R Trpt P&C Fin. PS H&R Trpt P&C  Fin. PS
(50- (60- (65- (75-  (50-  (60- (65-  (75-

55) 63) (64) 74) 99) 55) 63) (64) 74)  99)

France 20 5 1 37 37 17 6 5 40 31
Germany 25 5 3 30 37 18 5 4 41 31
ltaly 26 5 2 33 35 24 8 5 35 29
Japan 25 10 2 28 34 24 6 5 37 28
Netherl. 22 8 2 25 43 23 7 7 35 29
Portugal 43 7 2 26 22 25 5 6 33 30
Spain 31 6 1 25 37 26 7 5 31 31
Sweden 18 9 2 41 29 17 9 6 42 26
UK 24 8 3 27 38 20 7 8 38 27

USA 16 5 2 32 46 20 4 4 41 32

Whs- Wholesale, RT- Retail trade, H&R- Hotels and restaurants; Trpt- Transport , P&C- Post
and communications, Fin.- Finance, PS- Public Services

Notes: Numbers in parentheses correspond to13€v3 values.
Source: EUKLEMS (2008) and EUKLEMS (2009).

Table5.3 shows the data used for performing the LMDI decomposition for
the years 1971 and 2005: sector shares of Gross Value Added) (&M
energy consumption and relative sector energy intensities.

The most interesting result is the decreasing importance ofstiydu
compared to transport, both commercial and personal. Portugdfaseili in
this respect as the increases in transportation and servicemaeeeat the cost
of decreasing share of residential energy. The share of energerfeonal
consumption (residential energy and personal transportasiapite significant
in 2005, in the range of 29%-45%.
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Table5.3 Shares of GVA and energy consumption and sector energy intensities
1971-2005 for Western Europe, USA and Japan.

FRA GER ITA JAPP NED POR SPA SWE UK US
year Share of Total GVA in 1995 K prices (%)
1971 Agriculture 4 2 5 5 2 8 6 5 2 2
1971 Industry 32 45 30 34 32 34 31 31 39 33
1971 Services 61 50 62 54 60 54 60 59 54 62
1971 Transport 3 3 3 6 5 4 4 5 5 3

Shares of Total GVA in 1995 K prices (%)
2005 Agriculture 3 1 3 2 3 4 4 2 2 2
2005 Industry 24 29 27 32 24 27 30 35 26 26
2005 Services 68 66 64 62 68 65 61 58 67 69
2005 Transport 5 4 6 4 5 4 5 5 5 3
Share of Energy (%)
1971 Agriculture 2 1 2 1 1 5 5 2 1 1
1971 Industry 39 38 43 56 33 33 45 40 39 32
1971 Services 23 16 2 15 15 3 1 9 12 14
1971 Transport 7 8 10 9 9 16 18 8 12 13
1971 Residential 18 27 34 11 32 34 21 33 26 20
Pers.
1971 Transp. 10 10 10 8 10 9 10 9 10 20
1971 Pers.cons. 28 37 44 19 42 43 31 42 36 40
Share of Energy (%)
2005 Agriculture 2 1 2 1 8 3 3 2 1 1
2005 Industry 20 25 27 34 28 30 31 36 21 20
2005 Services 18 17 14 23 15 12 9 13 12 15
2005 Transport 16 12 22 9 17 20 28 12 21 20
2005 Residential 28 29 25 17 20 17 16 22 29 19
Pers.
2005 Transp. 15 15 10 16 13 18 13 13 16 25
2005 Pers.cons. 44 44 35 33 33 35 29 36 45 44
Energy intensity 100= Total for 1971
1971 Total 100 100 100 100 100 100 100 100 100 100
1971 Agriculture 45 50 48 27 32 62 89 32 72 84
1971 Industry 124 85 145 162 102 98 145 128 101 96
1971 Services 38 31 2 27 25 6 2 16 21 23
1971 Transport 233 299 279 153 172 397 504 162 250 433
Energy intensity 100= Total for 1971

2005 Total 63 53 76 61 62 104 107 49 58 45
2005 Agriculture 43 46 59 55 166 78 84 51 23 25
2005 Industry 54 46 74 65 71 117 111 52 49 35
2005 Services 16 14 17 23 13 19 16 11 11 10
2005 Transport 210 177 283 140 207 550 635 124 224 293

Source: See 5.4. Abbreviations : FRA-France, GER-Germany, ITA-ltaly, JAP-JdR8R,
The Netherlands, POR-Portugal, SPA-Spain, SWE-Sw&Hrs
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Most developed countries exhibit substantial decreasa$ein energy
intensity over the last three decades, with the excepfidtodugal and Spain.

The countries with the most drastic decline were the USA, Swealah
Germany (47%-55% decrease), followed by the UK, France, Japarthand
Netherlands with about a 40% reduction each. Italy had a moresindelcrease
in energy intensity of about 25%.

Table5.4 shows the results of the decomposition of energy intensity for ou
developed countries dataset. The results clearly show ligatinipact of
structural change was very small when compared with the technology effect, and
even the personal consumption effect. The direction of impact flom t
structural change is furthermore ambiguous. Structural changasi®gervices
tend to decrease energy intensity in 7 of our 10 cour(@¥sto 9%). Portugal
and the United Kingdom were the countries where structural fadtyredothe
largest role, whereas France saw only a 2% contribution. In some other countries
such as ltaly, Spain and Sweden, the structural factors workeeé wpposite
direction; making energy intensity increase by 3-4%.

These countries are where the Baumol effects were strongest, with a zero or
tiny increase in the real share of the service sector. In Italy and, Sytin
fairly smooth transitions to services, this effect was offgedrbincrease in the
transportation branch. This result confirms our hypoth#ds& the service
transition does not constitute a postulate for energy ityedscrease per se,
especially not if it is accompanied by an intensification of mencial
transportation.

The technology (within-sector) effect had the strongest impactnergy
intensity declines in all countries, with the exceptidnPortugal and Spain
Industry played this special role in all cases except fotuBal. The impact
from what happened in industry was 34% for overall energy imyeresluction
in Japan, 10% in the Netherlands and Spain and about 2Q@Be iremaining
countries.

The results from what happens within the service sector arevduah
mixed. Whereas internal changes within the service sector push down the energ
intensities of the United States, France, Germany or the Unitegtétm, the
opposite is true for Portugal, Spain and lItaly, where widleirvice sector
changes contribute an 8-11% increase in overall intenshys change could be
related with an increase in air conditioning in these warm desntAlso
interesting is the role of personal consumption for theimkcin energy
intensity. Whereas residential energy consumption contridotes decline in
energy intensity of about 10-15% in the majority of cdest personal
transportation grows significantly slower than GDP omlythe United States;
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however, it started at high levels. In the more advanced Eurcpeatries the
impact from private transportation tends to drive energyngity down,

although not much (-3% to -1%). In some countries, privatesp@tation
increases faster than GDP. In Portugal, Spain and Japan, thet pedssrof
contribution from personal transportation to the changenergy intensity are
+10%, + 4% and +3%, respectively. The different results point tosailge

saturation of final demand for transportation at higher levelscofme.

Table 5.4 Divisia decomposition 1971-2005 for Western Europe, USA and
Japan

FRA GER ITA JAP NED POR SPA SWE UK US
71/05 71/05 71/05 73/05 71/05 71/05 71/05 71/05 71/05 71/05

Agriculture
Intensity 1.00 100 100 101 105 101 1.00 1.01 0.99 0.98
Structure 099 1.00 099 098 101 097 098 099 1.00 1.00
I ndustry
Intensity 0.78 0.82 079 066 089 106 090 0.71 0.80 0.77
Structure 0.92 0.87 098 097 092 093 099 1.04 0.88 0.93
Services
Intensity 084 087 111 097 091 108 108 096 092 0.88
Structure 1.02 1.05 1.00 103 1.02 1.01 100 1.00 1.03 1.02
Transports
Intensity 0.99 0.95 100 099 1.02 106 1.05 097 0.98 0.94
Structure 1.04 1.03 1.08 096 1.00 099 106 1.01 1.03 1.00
Productive
Sector Total
Intensity 0.65 0.68 0.89 064 087 122 103 067 0.72 0.63
Structure 098 093 104 094 094 091 104 103 0.92 0.95
Sub Total 0.63 0.64 092 060 0.82 111 107 069 0.66 0.60
Pers. Cons.
Residental 099 085 084 099 078 086 096 073 0.89 0.84
Personaltr. 099 098 097 103 097 110 104 097 0.99 0.88
Total
Intensity 0.65 0.68 089 064 087 122 103 0.67 0.72 0.63
Structure 098 093 104 094 094 091 104 103 0.92 0.95
Pers.Cons. 099 0.83 082 1.02 0.76 094 100 0.71 0.88 0.75
Total impact 063 053 076 0.61 0.62 1.04 1.07 0.49 0.58 0.45

Note: A value of 1 implies no change; 1.1 a 10% contribution for increasing total final energy
intensity; 0.9 a 10% contribution for decrease on total final energy intensity.
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5.7. Why is Portugal different?

Unlike Spain or Italy, Portugal suffered some deindustrializatioriso
economy after the 1970s, which may well have contributechéo averall
productivity slowdown of the economy and recent economic gerere. The
special feature about Portugal is that it is a country witbnsive structural
shifts towards services that have not meant a decrease in emenmgity. It
shares with Spain the rise of personal transportation inarlit income, which
is a characteristic of late-comers. It also shares with Spain @gdait increase
of service sector energy intensities, which is a characteristicoathesrn
European countries. However, it is the only country where tndugnergy
intensity is increasing. Why is it so different from otherdp@&an countriesAs
the industrial sector is heterogeneous, with both low- agla-énergy intensity
branches, we need to be careful about giving all the credit todiegnral
innovation in industrialized countries. The level of aggliegatan mask
structural changes within the industry, i.e., the increase dfeligiranches in
early-industrialized countries. Mulder & Groot have decomposed maatifagt
energy productivity (GVA/energy, the inverse of energy intghéor 14 OECD
countrie§'® Intensity effects are in general much more important, but structural
factors also play a role. They find structural changes from irdnstael, non-
ferrous metals and non-metallic minerals towards higher value addelbvan
energy intensive industries such as machinery or transport egaipm
Interestingly, most of the energy productivity gains witthie sectors tend to be
concentrated in a small number of industries, especiallyamtachinery and
chemical sectof§’. These are some of the sectors which are credited with the
Third Industrial Revolution or knowledge economies.

In order to compare, Table 5.5 shows the changes in the struftthe
industrial sector, the sectoral energy intensities and a destropoof the
changes in energy intensity in the industrial sector (exafudne electricity
sector) for the period 1971-2006.

Industrial energy intensity increased by 35% from 1971 @62Wnlike
many industrialized countries, Portuguese industry was daednby light
industries in the early 1970s. Construction, textiles and faodprised more
than half of the industrial structure. Other non-metallic minefedsamics,

%1% Mulder and Groot (2004)
1" Mulder and Groot (2004)
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cement & glass) were the most energy intensive branch of the economy
followed by others and chemicals.

Table 5.5 Shares of GVA, energy intensities and LMDI decompositiothe
industrial sector, Portugal

1971- 1971 -
1971 2006 1971 2006 2006 2006
EY 100= Total
Sectors GVA 1995 K(%) 1971 Int.eff, Str. Eff.

Mining 1 2 77 155 1.01 1.01

Food, beverages and tobaccc 13 9 106 141 1.03 0.97

Textiles and Clothing 14 11 71 86 1.02 0.98

Wood, Cork 3 3 89 109 1.00 1.00

Pulp, paper and printing 6 7 91 397 1.19 1.02

Chemical, rubber and plastics 6 10 198 151 0.97 1.06

Other non metallic mineral 5 8 612 530 0.96 1.16
Basic metals and fabricated

metal 8 8 103 67 0.98 1.00

Machinery and electrical 8 10 14 42 1.02 1.00

Transport equipment 2 6 42 27 1.00 1.01

Others 5 4 328 110 0.92 0.99

Construction 30 23 6 29 1.05 0.99

Total 100 100 100 135 1.14 1.19

Source: Own elaboration from IEA (2008) for energy and EUKLEUMS (2009).

The 35-year period witnessed a movement from the most tradifeaciars
towards chemicals and non-metallic minerals. Even if some $igttors, such
as machinery and transport equipment, increased their share afeyetid so
at the cost of a decreasing share of construction, the lighteshibwdmdustry.
As a result, the impact of structural changes in industry wagiye Still,
structural changes were not the only explanation for the drdodards
increasing industrial energy intensity.

Technological effects within the industries also worked toease energy
intensities. Most of the changes can be observed in pufjer @& printing,
which may have been due to an increase of more energy intenshehdsa
(such as pulp). In other sectors, energy intensities eitlgdtlglincreased or
slightly declined, but there were no major energy intensitienéscas in other
industrialized countries.

The possible explanations for this are not necessarily exelusrst, some
technological convergence in the amount of capital per workérein/arious
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industries might have occurred, offsetting possible gairefficiency. Second,
Portuguese industry might have been unable to move toviigle added and
knowledge intensive products. This seems to have been thenatisaly in
sectors such as chemicals, rubber & plastics, characterized by @diveggity of
products, but also machinery & others, where the ICT producinotprses
normally included. This points to a probable difficultycireating the cluster of
industries which emerged from the Third Industrial Revolutidn last
possibility is that the technical energy efficiency of industpabcesses has
improved less in Portugal than in other developed countries.

5.8. Emerging economies

We saw that energy intensities did not significantlylidecfor Spain and
Portugal after 1970. On the contrary, Italy, which was earligisimdustrial
development, had a clear decline in energy intensity after. 196 leads us to
inquire whether developing countries of the world today amglas to the
European predecessors. Is the service transition a generalisexnenen also
taking place in developing countries? Or, are the developingreesiof today
taking on the role of being the factory of the world as Emtjlas during the
first industrial revolution? India is well known for specsatg in high-value
service production such as ICT services and the film tngdu8ollywood).
Does this show up in their energy intensity figures andtheir sector
composition of GDP? Are Brazil and Mexico playing a greaterasladustrial
manufacturers for the world markets?

A related question is whether the developing countrieseaqgriogging in
terms of energy intensity (peaking at lower values than théndldastrialisers),
as suggested by the stylised inverted U-shape graphs of Raddy
Goldember®. Stern sums up the environmental Kuznets curve studies by
saying that it is not higher income (different structure exhdnd) that will lead
to a downward trend of the curve, but rather the transfer of energieeffi
technology from the developed wotld The mere existence of leapfrogging at
the aggregate level of course does not explain the reasonssfdt thay be that
the developing countries are experiencing a faster transiboa service
economy, or that they receive technology from abroad, or that tnsehold
sector reduces its share of energy consumption as the economy grows.

®18 Reddy and Goldemberg (1990).
%19 Stern (2004)
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Figure 5.6 Energy intensity in Brazil, India and Mexico 1971-2006
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Figure 5.6 shows energy intensities for Brazil, India and Mefocd 971
through 2006. The most conspicuous feature of these giaptest they end up
at very similar levels to those of the more developed coun(riieto 10
MJ/dollar). So over time, there seems to be a strong convergemgebal
energy intensity. This does not support the idea that thelai®@ng countries
take over the role of being the factory of the world, and that deseloountries
lower their energy intensity by passing over the problems ofggnatensive
production to less developed countries.

Table 5.6 Service sector shares of Brazil, India and Mexico.

Employment (%) Services current prices Services K prices
1950 1971 1990 2005 1950 1971 1990 2005 1950 1971 1990 2005
Brazil 20 33 51 62 na. n.a. 60 54 43 51 60 55
India n.a. 16 21 22 23 29 38 50 23 29 39 51
Mexico 25 35 48 57 59 65 64 71 60 63 63 64
Note: Services in K prices 2000 price level for Brazil,1993 for India and Mexico.
Source: Timmer and de Vries (2007).
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The country that reduces its energy intensity the mdsidia, starting out
at the same levels as the United Kingdom and Germany in. B3dzil and
Mexico do not change their energy intensity much overgérsod, and in that
respect, they resemble Portugal and spai

Table 5.6 shows the service sector share for Brazil, India and Mexico. India
is the country standing out from the rest of the develoged developing
countries by showing a relatively modest service transitionterms of
employment, but a substantial transition both in curredt@nstant prices. The
only possible explanation for this is that labour produtiin Indian services
must have increased tremendously. Such an increase may be posdgitey ju
by the structure of the service sector, because Finance was thevadctine
most impressive growth from 5% to 17%At the same timeulpic services
declined from 38% to 28%. Finance is one example of industriatisedces
with high productivity, whereas public services consist maoflypersonto-
person services, which are less technically progressive in Baumol adkrgyi.
Thereby, India is the only country that seems completely unaffected by
Baumol’s cost disease. India also stands out in the importance of structural
changes away from Agriculture over to more of both Industry andcesr(see
Table 5.8.

Table 5.7 Service sector composition of Brazil, India and Mexico

1971 2005
Whs. Whs.
and Trpt. and Trpt.
retail and Public retail and Fin. Public

trade comm. Finance. services trade comm. (65- services
(50-55) (60-64) (65-74) (75-99) (50-55) (60-64) 74) (75-99)

Brazil 16 7 36 42 12 10 31 47
India 41 17 7 35 34 22 16 27
Mexico 41 11 5 43 37 23 8 32

Source: Timmer and de Vries (2007). Whs- wholesale; Trpt- Transport.

All three emerging economies exhibit a decline in the sharesafemtial
energy, which is very natural for growing economies, but onlyalsthrts from
extremely high shares in 1971 (59%). Brazil and India’s energy structures differ
from developed countries in the sense that both countries iacrtbas
industrial energy consumption. Mexico’s peculiarity is the decreasing share of
services in favour of transports and communication. Expressezbriatant
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national currencies, India shows the most significant decreasts ienergy
intensities (57%), followed by Brazil (21%) and Mexico (6%).

Table 5.8 Shares of GVA and energy consumption and sector energy irgensiti
1971-2005 for Brazil, India and Mexico

Brazil India Mexico
Share of Total GVA(%)
1971 2005 1971 2005 1971 2005
Agriculture 9 8 a7 21 10 6
Industry 38 36 23 29 27 30
Services 49 50 25 40 56 50
Transportatiof 3 5 5 11 7 15
Share of energy consumption (%)
1971 2005 1971 2005 1971 2005
Agriculture 9 5 1 4 4 3
Industry 29 42 24 31 37 28
Services 2 5 6 6 2 4
Transportatioh 23 33 10 11 33 47
Residential 36 14 59 48 24 18
Energy intensity 100 = Total for 1971
1971 2005 1971 2005 1971 2005
Total 100 79 100 43 100 94
Agriculture 92 48 2 9 35 50
Industry 76 93 106 46 138 88
Services 5 9 23 6 4 7
Transportation 687 487 207 44 480 304

Notes:® Includes CommunicationIncludes personal transportation

The results for India, Mexico and Brazil show both similarities and
differences to the results for the developed countries (see Taple 5.9

Technology effects contribute to a decline in energy intensityubliite
the developed countries, structural effects work to increaseyeimgensity in
all three emerging economies due to a move from agriculture to industgia
and Mexico, and due to an increase of the commercial transportation sedtor in al
countries. So, even though there is a strong service transatkong place in
India, this is accompanied by industrialisation, and thel@ynmpent does not
move from industry to services, but from agriculture to servigestty. This is
one kind of leapfrogging.
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Table5.9 Divisia decomposition for Brazil, India and Mexico

Brazil India Mexico
71/05 71/05 71/05
Agriculture
Intensity 0.96 1.03 1.01
Structure 0.99 0.98 0.98
I ndustry
Intensity 1.07 0.80 0.86
Structure 0.98 1.06 1.03
Services
Intensity 1.02 0.93 1.02
Structure 1.00 1.03 1.00
Transports
Intensity 0.91 0.85 0.83
Structure 1.14 1.09 1.36
Total Productive Sector
Intensity 0.95 0.64 0.74
Structure 1.10 1.17 1.37
Sub Total 1.05 0.75 1.02
Personal Consumption
Residential 0.75 0.57 0.93
Total
Intensity 0.95 0.64 0.74
Structure 1.10 1.17 1.37
Personal Consumption 0.75 0.57 0.93
Total impact 0.79 0.43 0.94

Source: Own calculations

The structural changes offset technology gains in Brazil andcelekut
not in India. However, it is not within the productive eomy that the main
energy intensity gains are achieved, but in the share of emetgg residential
sector. Moving from traditional fuels to modern fuels leadsotoe savings, ku
more importantly, the residential sector declines radically inisizelation to
the formal economy. This is also what took place in Eusgpee hundred years
ago.
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5.9 Concluding discussion

In conclusion, the service transition was far less impresaiveal terms
than is normally believed. Whereas employment and share of GDRrentcu
priceshaverisen by approximately 30% in recent decades, the increase in the
share for real service production is smaller. Over the last 50 yeamma6y, the
United States of Amerigahe United Kingdom, Japan, Portugal, India and
Brazil exhibied a rise in service sharéy some 10%; countries such as ltaly,
the Netherlands, France, Spain and Sweden show negligiblesesrea even
declining shares the service sector. The decomposition analysis showed that
due to the very modest service transition and the increakarg of commercial
transportation, structural shifts have not contributedlbatto the decline in
energy intensity that has taken place in recent decades & otime countries
such as lItaly, Spain and Sweden. In the remaining developed iesutire
structural changes toward the service sector have worked testhodecrease
energy intensity. Still, the impact from the transition to thevise economy is
always much smaller than from technical change

For emerging economies, we find that the technical change (vsitichor
changes) is the main driver for declines in energy intensity, iedgem
manufacturing. Emerging economies converge with developed cgintri
energy intensities, a fact which does not lend support to tienrtbat they play
the role of being the factory of the world, while the developedd lives in the
service economy. On the contrary, India shows a substantial sesivare
growth in real terms, which is not of the same cost-diseasgkds much of the
developed worlts service transition. Instead, it is the productive finarsgator
that grows, with India developing its industry and servicgoseat the same
time. The combined structural effect from these two movementsafueatal
service transition and industrialisation) does not actriee Indids energy
intensity down. Instead, it is the technology effect in manufaciuthat is
responsible for Indig rapid decline in energy intensity over the last decades,
together with declining shares for the residential séstmergy consumption.

For less-developed European economies, such as Portugapaimg there
used to be the same declining energy intensity effect fronstigthing, andca
declining shareof household energy as the economy grew, just as we find for
the emerging economies of today. Lately, however, there has been a period
where overall energy intensity actually increases as a result of saludtanges
towards transportation (both commercial and personal), stalathange within
the industry sector (in Portugal) and increasing demand fofocbnm the
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service sector (e.g., air conditioners and heating systemdl). thé/iemerging
economies pass through the same stage of development, oegdeayhfrog in
any way?

In addition to exploring these ideas further, there is thd teedeepen our
understanding of the role of services and transportation éarstnal energy
intensity in a more dynamic sense. Nowadays, only 10-20%seovice
production is directed to final demand, with the remainirgyesiof the sectdés
output being consumed as an intermediary input to the manufagturi
industry®®. How do servicesinputs contribute to declining energy intensities in
the industrial sector? Kander stresses a double environrbemniaficent impact
of microelectronics in manufacturing thus: 1) increasing efficiemtrob of
energy flow and waste through the use of process computdre praducin
process; and 2) inducing a structural change within thestindtowards lighter
branche¥’. However, the effects are not always unambiguous. One example is
the development of the just-time production system that, while boosting
industrial productivity and reducing the energy needs for g&grean decrease
the energetic efficiency of the transport sector through an incgessiance on
road transportation instead of other more environmentally fsiemaddes such
as railways. Also the DIY system, which is a natural consequeaican
entrepreneurial response to Bauimotost disease, has a similar effect on
personal transportation, which may not be very efficient fabnenvironmental
cost point of view. So, the full environmental effects fromgberice transition
need further study.

Policy makers need to be aware of what processes come Iyawithbut
policy measures being undertaken, and when there is a need for. &sten
when economic growth processes involve partial solutiordblemsijt is of
utmost importance for policy makers to have a sound undenstandl these
processes. In the case of the transition to a service economy, gvehimavn that
this process is not to be trusted when it comes to imgnéhvironmental
problems because it does not entail much change in theroghiction structure
of the economy i.e., it does not lead to much demateriaksatidgs own right.
What drives energy intensity down is mainly what takes plathin the
manufacturing sector, like the ICT revolution, and this shdugd further
encouraged by policy measures in order to stimulate the mudeehéelinking
of energy and growth, more so than has occurred in the pastst@y shows
that increasing needs of transportation (both personal and exmmath have a

620 0"Mahony (1999), Jespersen (1999)
621 Kander (2005)
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general and persistent negative impact on global energy efficidigy is
certainly an area where many improvements can be achieved by the
implementation of policies that promote the use of pubbogportation and
non-road modes. Emerging economies have an interesting ¢ealtere, as
successful urbanisation policies that concentrate lhangd working places
within a short distance of each other, and provide a goodcpwahsportation
network, could be one wayf leapfrogging.

Historically, there is an ongoing process of formal®matiof services
performed as unpaid household work. When such services bguanef the
formal economy, this means that the economy grows without changingin
real terms. Energy consumption might go up in the cases \hlerservices
require new buildings like day care centres. It is the peiG@erson services
that are most afflicted by Baumnislcost disease, which mainly increasssa
natural process of economic growth. However, when some ptrgmnson
services are priced out of the market, we enter the DIY economy, where
households do the time-consuming work tasks in their gpaeg and only buy
the services and products that are technically progressive harsd cheap.
Therefore, the modest service transition, partly consisting of ecengrowth
that takes place without much change in real production, moles activities
from the informal to the formal economy. Sometimes this is accompéayied
increased energy consumption, but sometimes Inotther words, a modest
transition to the service economy might be even more mofidsikind of
economic growth does not take place. However, it is includedational
accounts and our sole ambition in this paper is to anplygeerlywhich effects
the service transition actually has on energy consumption. And it is modest
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Chapter 6

Conclusions

This dissertation highlights the Portuguese long-niarirelationship®f
energy, economic growth and the environmenanrnternational comparative
context. The aimareto characterize long-run energy transitions from organic
to fossil fuels and the drivers €O, emission changes associated with those
shifts; to investigate the role that fossil fuels and rei@vanergy have had in
determining the pace and intensity of industrialization fossil-poor country;
and to understand how the relationship between energe@mbmic growth
changes with the transition from an industrial to a sergaciety. In order to
address these aims, this thesis compares an original dataderinguese
energy consumption, fossil-fuel related £&nissions and energy prices, foe th
period 1856-2006, with a long-run international energglige which includes
France, England & Wales, Germany, Italy, the Netherlands, Spain, Sweden,
Canada and the US.

The fulfillment of the aims allows us to conclude that Rprase energy
transition from traditional energy carriers towards fossil fuetsedectricity was
exceptionally late in comparison with early industrializersergy costs played
an important role in constraining industrial growth, alederminedPortugal’s
low energy intensive resource path. It only began to convergamnitistrialized
countries when that problem was solvéthe specificity of the low resource
intensity path implies that although Portugmtoday a post-industrial society,
energy and C®emissions are growing disproportionally fastean economic
growth. This is due to technological convergence and struathaaiges in the
industrial sector, the increase of private transportation andomeny levels of
comfort in the service sector.Hence, Portugal is faced with significant
challenges in a period when considerable reductions in carbgid&iemissions
need to be made in order to ensure sustainable growth.

The next sections contain a discussion of the main findings.
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6.1 Energy transitions: Portugal in comparative perspective

The long-run assessment of energy transitions in sevap&am countries
(France, England & Wales, Germany, Italy, the Netherlands, Portugal, Spain and
Sweden) and two New World countries (Canada and the US) poirlieth
common and distinct trends across pioneers and late-co@mrsnon patterns
show that in the long-run all countries transfedtheir energy systems froma
traditional energy basis towards fossil fuels, incredbeid share of electricity
andshfted to higler energy quantities.

However, the pace and intensity of energy transitions was aistin
countries followed different energy pathways at least until W\fdt I1. At one
extreme, pioneers and fossil-fuel rich countries had a type of\etransition
that involved a fast increase in energy quantities and ay ®sitch to coal. At
the other extreme, southern European countdeal-poor countrieshad no
major shift in the availability of energy per capitahad a high share of
traditional energy carriers and a huge coal gap in relatiorotihern Europe
Canada and the US. Portugal still differed from Spain andiflialye sense that
equivalent levels of energy consumption were not a result ofathe &vels of
modern energy. Portugal had half the level of coal and lems talf the
electricity consumption of the other two countries.

Oil significantly changed the pattern of energy transitions the southern
European countries switched to higher energy quantities characterization of
energy transitions in the three southern European economiesssiggstrong
inter-relationshipof oil, a rise in energy consumption per capita, a substantial
reduction of the share of traditional energy carriers and post-vearoetic
convergence. Since the 1970s, energy per capita has stabiliaédha high-
consuming countries, while it is still increasing in Italy, Spaith Rartugal.

This thesis compares the long-run relationship between enerdy an
economic growth (energy intensity) across countries, taking¢hd tand level
into account. The most accepted view in the literature, i.e Etlv@onmental
Kuznets Curve theory, predicts that long-run energy inemslit increase with
industrialization and decrease with the transition towards the ses®ator

Comparing the trend, it is found that Portuguese modern \ei@snsity
does not follow the typical inverted U-shaped or Environmédftainets Curve
(EKC) of early industrializers, but shows a continuous increaseaniireak in
trend during World War |. When traditional energy carriers arerpurated,
Portuguese energy intensity seems to have folloaveidverse pattern to what
the EKC theory predicts for modern energy intensities; it edsad with
industrialization and increased weakly with the transitiorh&dervice sector.

250



In relation to previous studies which incorporate trad#ie@mergy carriers, the
decline during the industrialization phase is not surpyisas various countries
exhibit this pattern. It is suggested that, in the Poktsg case, the decrease of
the share of household energy in relation to the formal rseofahe economy
might have been the most important factor accounting for the declmalyti
the long-run tendency of decline in the various countriendtdffset the fact
that periods of coupling could occur depending on thesnsity of
industrialization at each growth phase.

Comparing levels of modern energy intensitigds found that Portugal
followed a low resource intensive path, along with Spain daly, | never
reaching the high modern energy intensities of the remainingfreesi Despite
the long-run tendency for energy intensities to decline witnaditional energies
are included, Portuguese energy intensities were still suladha lower than
coal or wood-rich countries like Sweden, the US, Canada, Germdfaygtand
and Wales. In relation to the remaining countries, Portuguesgrun total
energy intensity coulthe alsoconsidered low by international standards during
the industrialization phase of the Portuguese economy, in the-19%H0s.

Despite the historical decoupling of energy and economic growdrgy
intensity forces were not strong enough to counterbalancecheasing needs
of energy as a result of population and economic growthveider, since the
early 1970s, energy decoupling forces have accelerated sublktamtrabny of
the countries that followed energy intensive paths, thudribating to the
stabilization of energy consumption.

In sum, the long-run study of energy transitions in severofgan
countries and two New World Countries suggests a strotegconnection
between natural resource endowments (especially,caly industrialization
and high historical levels of energy intensity as oppdseithe lack of energy
resources, late industrialization and low energy intensive pateouthern
economies. The convergence in energy intensities since #0s,18s a result of
sharp decreasing trends in early-industrializers and wea&aisiog trends in
Portugal, suggests that natural resources are no longer factorstinction
across nations.
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6.2 Natural Resources and Industrialization

In the mid-nineteenth century the prospects of industrialization cleady
distinct for those who had coal and for those vdib not Those who had
affordable coal and iron could emulate the intensive energgwpst of
pioneers; those who did not would have to find other viaysdustrialize. Of
those who lacked coal reserves, some managed to indmsiredme imported
coal, some used water or wood with advantage, and many leamfragge
hydropower, becoming emergent powers in the age of electricityottugal,
none of the alternatigevere enough to create a sustained growth pltfailed
to industrialize both in the age of coal and in the agelextricity, and missed
the advantages of both the First and Second Industrial Rewal To
understand why Portugal industrialized at such a low @awk)agged so much
relative to the leaders and other fossil-poor countries, we hagstigated how
energy costs and relative prices affected the industrial struattine different
eras

Until the late nineteenth century, imported coal arrivethatPortuguese
harbors at a cost 3.5 times more than at the pithead of @mdalved country.
Despite the international price gap, Portuguese harbor pit@sably had the
cheapest energy costs of the whole couatrthat time. But coal only brought
hopesof some industrialization to the urban areas of Oporto andhishin
other regionstransport costs made coal terribly expensive. Water and wood
were only second best alternatives, and much more expensivedalkat the
harbours. Hence, industrialization did not spread to othes pé the country
which represented a substantial difference in relation to somd-poss
countries. For example, in Sweden, the steam engine was justaagaaphous
to the urban areas as to the sawmill industry in the countryasde/ood could
be used with advantage, eliminating the dependence on water-fxess?

The lack of coal endowments and suitable iron reserves wamspantant
constraint. The scarcity of these two raw materials prevented attiplrau
effects in the economy that could have come from the existenceasly h
industries. Consequently, Portuguese industry was pushetd® a labour-
intensive type of industrialization with low chances of suseg¢the time. The
lack of a heavy industry was also an important difference inioeldab other
fossil-poor countries.

Despite the relatively high energy costs compato coal-endowed
countries, Portugal missed the advantages of the age of @tectri

%22 5chén (2010).
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Electrification was pogrthere was an excessive reliarmethermo-power, and
industrial electricity prices were 2-4 times higher than inogeain the mid-
1930s. In this thesis we investigate the reasons whyntientives to turn to
hydropower did not arise in Portugal with the same interastyn other coal-
poor countries.

Coal-poor countries with an early electrification had at least of the
following factors in common: tradition in water-power use amdlsor medium
water resources that could be used without any large capitatmesmsthe
existence of energy intensive industries that ensured a deoamower and the
capital that large investments would requireontend that in Portugal, due to
the absence of smaller-size resources and large needs of water reguieion
full exploitation of hydro-resources would have required daggnounts of
capital and guaranteed demand; these conditions were nenpiesarly2d”
century Portugal. The choiad light industrialization during the late nineteenth
century prevented any capital accumulation and implied lowdexedemand
for power. The thermo option was an understandable chaice ataptabléo
the size of demand, with lower capital requirements. This teahmhoice
while understandable, created a vicious circle of high enetiggspand poor
industrialization. Again, high energy prices kept all the stdes with large
energy costs oudf the industrial structure. This meant that most of the raw
materials were imported, and one of the problems of Portuguessrnaas
the absencef significant backward and forward linkages between the different
branches. On the eve of World War Il, Portugal was still onth@fmat
backward countries in Europe, incapabienodernizing its energy system.

Governmental policies intended to break the vicious circlegif Bnergy
prices. A certain amount of capital accumulated during World War liged
the state with the funds to invest in a vast electrificafdan. Hydropower
would act as the main driver of the economy by ensuring cheagyefor new
basic industries, manufacturing and households. This thesiesthd impact of
energy policieon the industrialization of the country. A national gatildams
initially constituted an obvious advantage over ce#gtricity prices declined
and converged with those in other European countries in mnsgrycategories
consumption responded to the price signals and energy dependas greatly
reduced, allowing for important savings in the payments balaite.
electrification of the country also saw the birth of a machinerpsecnsisting
of industries such as electric cables, transformers and hydrajlipneent
which had not existed before.

Still, hydropower failed to sustain the energy intensive industiasthe
state sought to promote most. Hyrsthe irregularity of hydropower limetl any
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attemptsto emulate a Scandinavian type of industrialization. Secondly, the
electricity policy intended to benefit a large number of coressnat the same
time, which compromised cheap electricity prices in the basicsinds.
Thirdly, hydropower had come too late to make a big difference. Oil was als
cheap, and soon became the fuel that could sustain theddérmzation of the
Portuguese energy system. It not only assured cheap energyiaddse the
needs of industrialization, it soon became the core elemertheofnew
development plans.

First with hydropower and later with oil, Portugal finall\anaged to catch
up with the European Core.

The energy factor has received less acknowledgnmenPortuguese
Economic History than it deservda.truth, Portugal has had growth facilitators
which were not present in the interwar period or before. The Eurquest-war
reconstruction represented an important stimulus; markets opgnaad the
large wage gap which arose from years of economic stagnation ldtk to
expansion of some traditional labour intensive exports sgchextiles and
clothing. But would industrialization have occurred withthe modernization
of the energy system and the sharp convergence in energy pii¢tes2hesis
argues that cheap energy was a necessary pre-condition for indusiraliza

In a wider frameworkthe analysis of the role of energy in boosting
industrialization in a comparative perspective allows us ton gsome
understanding of why some fossil-poor countries managedtstimalize and
others did not. Coal mattered a lot, but the history of European econawiit g
cannot be restricted to the statement of no coal, no industiiaiza
Industrialization was possible as long as other naturaluress could act as
catalysts for industrial growth. As a result of distingtiah factor endowments,
fossil-poor countries had different degrees of industriabmapotential. The
initial industrial structure of each country and the relative priok capital,
labour and energy produced different incentives for the adopfioenergy
technologiesThe abundance and quality of renewable energy resources largely
determined the relative success of industrialization based @enals natural
resources.
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6.3 Energy Intensity and the Service Transition

Energy intensity has been decreasing substantially in eatlystrialized
countries since the 1970s. In late-comers Portugal and Spaigy emensity is
now increasing, after a long-term decline. One of the hypothestes i@ this
thesisis whether the transition from an industrial towards a serviceetyoc
provided any relief for the environmeifitis found that if servicearemeasured
in constant prices, the transition is far less impresshan ts commonly
believed. While employment and the share of GDP rose by ard#dir8the
last three decades of the period covered here, the increasin@fsteakservice
production was much smaller in all the countries in tbdys An analysis of the
contribution of structural and technological factors shoved, tfor developed
countries, structural shifts towards the service sector weoelest, and
technological changes in manufacturing sector were the impsttant factors
Structural changes towards lighter industrial branches amdntpact of the
Third Industrial Revolution are proposed as reasons fantheessive decline in
al the developed economies.

In Portugal, most of the long-run growth in energy ocaiméhen the
transition towards the service sector weaisits way. What is interesting is that
Portugal is the country with a larger impact of structuraftstiowards the
service sector, but that did not bring any sort of emvitental relief The only
user category which is decoupling from economic growtiessdential energy,
due to a late transition from wood towards more efficient fgelsh as oil,
electricity and natural gas, and to a falling share of resalesiergy as a result
of economic growth in the formal sectors. Portugal shares withh Symane
elements typical of late-comers, such as the increase of petsamsdortation
in relation to economic growth. In this respect Spain amtugal are following
in the footsteps of early-comers. Portugal also shares with @pdiritaly an
increase of the service sector intensities. As most of the\emneihe service
sector is consumed by buildings, it is likely that seah European countries are
catching up in thermal comfort with the northern Economies.

What is specific for Portugal is the increase in indalsémergy intensities
compared to industrialized nations. There are various possiblensefy the
disparities in industrial energy intensities. In the first pldtatugal folloveda
low resource intensive path and sub-sectoral structural ebangre of a
different nature. For example, with the advent of globalizationstcoction,
textiles and food industries, lost weight in the Porasguindustrial structure
much more intensive branches such as pulp, chemicals and c&wueondly,
there are reasons to believe in some technological convergense axtustries
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in the various countries. As a result Portugal uses relativelye capital per
worker today than back in the 1970s. But this could aeok to decrease
energy intensity as a rise in productivity should be expeciibdtine adoption of
modern technology. A more concerning factor is that Portugudsstig has
probably not been able to move up in the value-added ckaiother developed
countries have done. In a time when knowledge is the rimmofactor of
production, producing low value-added products can beereely energy
inefficient and compromise the decoupling of energy from economwetigras

Portugal also losing the advantages of the Third IndustrialolReon

(knowledge intensive), after failing to industrialize during thestFindustrial

Revolution and a large part of the Second Industrial Revalyboth energy
intensivey

6.4. The drivers of historical fossil-fu€lO, emissions andche
transition towards a low carbon future

This thesis explores the drivers behind the long-run €@@issions across
countries by decomposing changes in €@missions into energy intensity,
population, income and energy mix changes. In the long-riugme and
population growth (scale effects) are the most important drifechanges in
CO, emissions. However, changes in the energy mix (fuel switchingalsme
quite important. At low levels of pollution per capita, thensiion from
traditional energies towards fossil fuels is a factor whichdnaat significance
for determining the rise of Cmissions. At high levels of pollution per capita,
substitution of natural gas for coal and oil and the estparof nuclear power
are also important forces, which, along with declines in enetgynsity, reduce
emissions in some early-industrializers.

The impact of energy policies in changing £énissions since 1990 has
been quite limited in relation to the negotiated Kyoto tirge most countries.
The contribution of energy savings and fuel switchinght® decline in CQ
emissions was smaller in the period 1990-2006 than i8-19%0, pointing to a
need to accelerate energy policies if the Kyoto commitments dre talfilled.
Late-comers such as Portugal and Spain seem to have moreltgliffeaching
the targets, as a result of historically low energy consumptdinspand low
intensive industrializatiohe different results of the fuel switching factor
across countries cannot be explained only in terms of successgigétion
policies. Countries with a large historical proportion of vegigle energy, no
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nuclear power or low coal usage can have more difficulties in reatheng
targets.

In Portugal, the effects of transition from biomass towards foasilks f
contributed to a rise in COemissions in the whole period, offsetting the
negative impact on CCemissions of inter-fossil fuel substitution and carbon-
free energy sourcesCO, emissions have been increasing disproportionally
faster in relation to economic growth in the last decadesrasult of increasing
energy intensities and a still ongoing transition away flmomass towards
fossil fuels

Portuguese environmental policies are a consequence ofritbarghip in
the European Union. As a result of a burden sharing agreeentigalis
committed to limiing the increase o€0, emissionsto 27% in relation tats
1990 levels, which is in practice a policy tunnel as Paitigynot expected to
reach the past per capita £@missionsof early-comer®¥®. An increase of
renewable energy is part of the package of environmentatigmliPortugal
agreed to maintain a forty percent share of renewable electricit9lid and
recently embraced an even more ambitious goal of 60% of renewaliteciyec
by 2020.

This dissertation does not discuss the present envirdahysliciesin as
much detail as the past energy development policies, butsptmnsome
bottlenecks which arise from the massive deployment of redevatergy.
Firstly, large increases in the capacity of wind-power and hydrepola not
mean proportional increases in electricity generation. Desp#egtbwth in
investment in renewable capacity, successive droughts have cansedhble
electricity to oscillate between 17% and 50% of the tatadigction. Secondly,
generous feedh-tariffs are presently affecting average electricity generation
costs, which can compromise competition with other countwéh less
stringent targets. Thirdly, the early adoption of renewable téohpaoes not
seem to have created a stronger renewable cluster which could efurdmee
growth. Will some of these bottlenecks disappear in the near future?

Excluding the environmental component, which is an ingmrelement of
present energy policies, it will be interesting to compaeefikure development
of these policies with the hydropower policy of the post-pexiod. The latter
promised much, but failed to reach the full potential in aopeof cheap oil
How will the renewable policies of today succeed in a perioéxpensive
fossil-fuels?

%23 The expression of policy tunnel is used by Munasinghe (1999).
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At the time of writing this conclusion, it seems that nafsthe European
countries will be able to meet the Kyoto requirements. Poralgalseems to be
on target. Unfortunately, and especially true in the Portuguese cagative
economic growth has been the best friend of the envirofifiefihe challenge
that remainss how tore-enter a period of convergence with the European core
without substantiallyincreasing energy needs, which are still far below the
European Union average.

6.5. Future research

This thesis argues that natural resource endowments deterthenetbde
of industrialization in each country and were among the neasans for the
past disparity of energy intensity pathways. Countries winidhstrialized early
on had a much more energy intensive industrialization asatheop growth was
biased towards the use of resources. Late-comers such agaRd®jpain, or
even ltaly, never reached the same intensity patterns as the pio8aeilar
results are produced by comparing the historical experience of pionghrs
other late-comers or developing countries. For example, Marcotullio & $thulz
contrasted the historidgl resource-intensive pathway of a pioneer, the US
(1850-2000), and 29 developing and new industrializechtoes (1960-2000).
At the time late-comers attained the same levels of develdpasethe US had
done, they used less energy per capita, polluted less antineml more
diversified forms of energy. This seems to confirm the idea ofdjRe&d
Goldemberff®, that developing countries would leapfrog the intensivessoép
their predecessors, benefiting from a more efficient and cleaner stiock
technology at the time of their industrialization. However, eifethere is
evidence that developing countriegChina included) follow less resource
intensive patterns than pioneers, many developing courdfiésday follow
more resource intensive patterns than for example Portugal, Spain wnd Ital

The study of energy structures from the production pdintesv does not
say much about the impact of the improvement of technologicalegitly on
reducing the energy needs of developing countiethe past, the production of
energy intensive goods was much more concentrated in a feowedd
countries than it is today.

%2> Marcotullio & Schulz (2007). The energy dataset used by the authors included modern energy
carriers and fuelwood
626 Reddy and Goldemberg (1990).
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Therefore, in order to ascertain whether developing countriesesse
energy today than pioneers in the past, we have to accouhefenergy that is
embodied in the external trade as well. The study of enénggtisres from the
point of view of consumption would provide a valuablsight into whether
technological efficiency has reduced the energy consumptionsneéd
developing countries.
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Appendix A

Aggregate Series, Portugal

Table A.1 Population, total and per capita energy consumption, GDP and
Energy Intensity, 1856-2006

_ Total energy  Per capita GDP Energy
Population  consumption consumption intensity
PJ GJ million 1990% MJ/1990%
1856 3,957,349 73 184 3,705 19.7
1857 3,986,231 73 18.2
1858 4,015,114 73 18.2
1859 4,043,997 74 184
1860 4,072,879 74 18.1
1861 4,101,762 74 18 3,903 18.9
1862 4,130,645 74 18
1863 4,159,527 75 18.1
1864 4,188,410 76 18.1
1865 4,213,303 76 18.1 4,229 18
1866 4,238,344 78 18.5 4,169 18.8
1867 4,263,533 78 18.3 4,230 18.5
1868 4,288,873 80 18.7 4,199 19.1
1869 4,314,363 79 18.2 4,205 18.7
1870 4,340,004 81 18.6 4,325 18.6
1871 4,365,798 80 18.3 4,120 194
1872 4,391,745 81 184 4,280 18.9
1873 4,417,847 84 18.9 4,373 19.1
1874 4,444,103 82 18.5 4,408 18.7
1875 4,470,516 84 18.7 4,453 18.8
1876 4,497,085 84 18.6 4,395 19.1
1877 4,523,813 85 18.8 4,494 19
1878 4,550,699 86 18.9 4,393 19.5
1879 4,590,330 86 18.8 4,442 19.5
1880 4,630,307 89 19.2 4,583 194
1881 4,670,631 89 19.2 4,726 18.9
1882 4,711,307 92 194 4,674 19.6
1883 4,752,337 92 194 4,684 19.7
1884 4,793,725 94 19.5 5,290 17.7
1885 4,835,473 93 19.2 5,096 18.2
1886 4,877,584 95 19.6 5,323 17.9
1887 4,920,062 97 19.8 5,624 17.3
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Total energy  Per capita Energy
Population consumption consumption GDP intensity
PJ GJ million 1990$ MJ/1990%

1888 4,962,910 99 19.9 5,581 17.7
1889 5,006,131 102 20.3 5,538 18.3
1890 5,049,729 103 20.3 5,656 18.1
1891 5,085,882 104 20.4 5,734 18.1
1892 5,122,294 103 20.2 5,829 17.7
1893 5,158,966 102 19.7 5,440 18.7
1894 5,195,902 105 20.3 5,538 19

1895 5,233,101 105 20 5,747 18.2
1896 5,270,567 105 20 5,813 18.1
1897 5,308,301 106 20 6,028 17.6
1898 5,346,305 110 20.5 6,548 16.7
1899 5,384,582 110 20.3 6,365 17.2
1900 5,423,132 111 20.5 6,406 17.4
1901 5,469,876 112 20.4 6,787 16.5
1902 5,517,022 115 20.8 6,932 16.6
1903 5,564,575 116 20.9 6,707 17.3
1904 5,612,538 119 21.2 6,788 175
1905 5,660,915 119 21 6,633 17.9
1906 5,709,708 123 215 6,533 18.8
1907 5,758,922 126 21.8 6,546 19.2
1908 5,808,560 127 21.9 7,016 18.1
1909 5,858,626 128 21.8 6,932 18.4
1910 5,909,123 130 22 6,879 18.9
1911 5,960,056 131 22 7,114 18.5
1912 5,968,116 135 22.5 7,236 18.6
1913 5,976,187 137 22.9 7,212 18.9
1914 5,984,269 134 22.3 7,266 18.4
1915 5,992,362 132 22 7,109 18.5
1916 6,000,466 130 21.6 7,153 18.2
1917 6,008,581 118 19.6 7,047 16.7
1918 6,016,706 116 19.2 6,320 18.3
1919 6,024,843 125 20.8 6,840 18.3
1920 6,032,991 127 211 7,166 17.7
1921 6,107,947 121 19.8 7,569 15.9
1922 6,183,835 129 20.9 8,481 15.2
1923 6,260,666 127 20.3 8,844 14.3
1924 6,338,451 133 20.9 8,523 15.6
1925 6,417,203 135 211 8,896 15.2
1926 6,496,933 135 20.8 8,840 15.3
1927 6,577,653 142 21.6 10,363 13.7
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_ Total energy  Per capita Energy
Population  consumption consumption GDP intensity
PJ GJ million 1990% MJ/1990%

1928 6,659,377 149 22.4 9,378 15.9
1929 6,742,116 149 22.1 10,382 14.4
1930 6,825,883 154 22.6 10,255 15

1931 6,910,616 153 22.1 10,778 14.2
1932 6,996,402 148 21.2 10,988 13.5
1933 7,083,252 156 22 11,719 13.3
1934 7,171,180 157 21.9 12,213 12.9
1935 7,260,200 161 22.1 11,576 13.9
1936 7,350,325 159 21.7 10,713 14.9
1937 7,441,589 171 23 12,490 13.7
1938 7,533,945 167 22.1 12,574 13.2
1939 7,627,468 173 22.7 12,743 13.6
1940 7,722,152 167 21.6 11,926 14

1941 7,791,221 169 21.7 13,022 13

1942 7,860,907 167 21.2 12,850 13

1943 7,931,217 173 21.8 13,695 12.6
1944 8,002,156 186 23.3 14,708 12.7
1945 8,073,729 183 22.6 13,915 13.1
1946 8,145,942 192 23.6 14,990 12.8
1947 8,218,801 208 25.3 16,224 12.8
1948 8,292,312 196 23.6 16,176 12.1
1949 8,366,480 199 23.7 16,400 12.1
1950 8,441,312 199 23.6 16,862 11.8
1951 8,481,440 201 23.7 18,128 11.1
1952 8,521,759 199 23.4 17,742 11.2
1953 8,562,270 208 24.3 19,299 10.8
1954 8,602,973 211 24.5 20,280 104
1955 8,643,870 220 25.4 20,869 10.5
1956 8,684,961 224 25.8 21,588 104
1957 8,726,248 228 26.1 22,551 10.1
1958 8,767,731 227 25.9 23,972 9.5
1959 8,809,411 232 26.3 24,924 9.3
1960 8,851,289 241 27.2 26,056 9.2
1961 8,822,616 251 28.5 26,807 9.4
1962 8,794,036 254 28.9 29,854 8.5
1963 8,765,548 261 29.8 30,841 8.5
1964 8,737,153 261 29.9 32,545 8

1965 8,708,850 273 31.3 35,629 7.7
1966 8,680,638 275 31.7 37,195 7.4
1967 8,652,518 288 33.3 38,605 7.5
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_ Total energy  Per capita Energy
Population  consumption consumption GDP intensity
PJ GJ million 1990% MJ/1990%

1968 8,624,489 294 34.1 40368 7.3
1969 8,596,551 313 36.4 41,399 7.6
1970 8,568,703 335 39.1 45,134 7.4
1971 8,689,199 346 39.8 50,325 6.9
1972 8,811,389 364 41.3 55,710 6.5
1973 8,935,297 386 43.2 58,626 6.6
1974 9,060,948 397 43.9 60,397 6.6
1975 9,188,366 418 45.5 56,882 7.3
1976 9,317,576 429 46 57,898 7.4
1977 9,448,602 437 46.3 62,151 7

1978 9,581,471 447 46.6 65,993 6.8
1979 9,716,209 471 48.5 70,340 6.7
1980 9,852,841 493 50 73,801 6.7
1981 9,853,810 507 51.5 75,850 6.7
1982 9,854,780 528 53.6 77,701 6.8
1983 9,855,750 538 54.6 78,966 6.8
1984 9,856,719 532 54 78,510 6.8
1985 9,857,689 531 53.9 79,917 6.6
1986 9,858,659 562 57 82,639 6.8
1987 9,859,629 586 59.4 88,952 6.6
1988 9,860,599 608 61.7 93,489 6.5
1989 9,861,570 688 69.7 99,730 6.9
1990 9,862,540 718 72.8 107,427 6.7
1991 9,863,510 742 75.2 112,120 6.6
1992 9,867,768 786 79.7 113,341 6.9
1993 9,885,593 774 78.3 111,025 7

1994 9,915,301 793 80 112,096 7.1
1995 9,938,671 837 84.2 116,897 7.2
1996 9,961,843 842 84.6 121,143 7

1997 9,994,621 893 89.4 126,210 7.1
1998 10,031,459 939 93.6 132,300 7.1
1999 10,079,090 1,013 100.5 137,341 7.4
2000 10,150,092 1,032 101.7 142,770 7.2
2001 10,329,340 1,035 100.2 145,636 7.1
2002 10,407,470 1,081 103.9 146,782 7.4
2003 10,474,685 1,053 100.5 145,636 7.2
2004 10,529,255 1,077 102.3 147,841 7.3
2005 10,569,592 1,100 104.1 148,905 7.4
2006 10,599,095 1,071 101 150,708 7.1
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Appendix B

Energy Carriers, Portugal

Table B.1 Energy consumption in Portugal 1856-2006

1 2 3 4 5 6 7 8 9
Food wWind
for Fire- & Natural Primary
men Animals wood Water Coal Oil Gas €lectricity Others Total
PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ
1856  13.7 12.9 41.8 0.9 3.6 73
1857 13.8 12.9 42.1 0.9 2.8 73
1858 13.9 13.0 41.7 0.9 3.3 73
1859 14.0 13.1 42.2 1.0 4.0 74
1860 14.1 13.2 42.2 1.0 3.2 74
1861 14.2 13.3 42.5 1.0 27 0.0 74
1862 14.3 134 42.9 1.0 28 0.0 74
1863 14.4 134 43.4 1.0 29 0.0 75
1864 145 135 43.5 1.0 3.0 0.0 76
1865 14.6 13.6 43.8 1.0 31 0.0 76
1866  14.7 13.7 44.2 1.0 48 0.0 78
1867 14.8 13.8 44.4 1.0 42 01 78
1868 14.9 13.9 44.5 1.0 57 0.1 80
1869 15.0 13.9 44.8 1.0 39 0.2 79
1870 15.0 14.0 45.2 1.0 52 0.2 81
1871 15.1 14.1 45.3 1.0 4.1 0.1 80
1872 152 14.1 45.9 1.0 45 0.1 81
1873 15.3 14.2 46.4 1.0 6.5 0.2 84
1874 154 14.2 46.6 1.0 48 0.2 82
1875 155 14.3 47.0 1.0 58 0.1 84
1876  15.6 14.3 47.0 1.0 57 0.2 84
1877 15.7 14.4 47.6 1.0 64 0.2 85
1878 15.8 14.4 47.6 1.0 6.7 0.2 86
1879 15.9 14.5 48.1 1.0 6.6 0.3 86
1880 16.1 145 48.3 1.0 84 0.3 89
1881 16.2 14.6 48.8 1.0 85 04 89
1882 164 14.6 49.5 1.0 9.7 03 92
1883 16.6 14.7 49.5 1.0 10.3 0.2 92
1884 16.7 14.7 49.8 1.0 11.0 04 94
1885 16.9 14.8 49.8 1.0 100 04 93
1886 17.1 14.8 50.9 1.0 112 04 95
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Food wind
for Fire- & Natural Primary
men Animals wood Water Coa Oil Gas €ectricity Others Total
PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ
1887 17.2 14.9 51.3 1.1 124 04 97
1888 17.4 14.9 51.8 11 13.2 05 99
1889 17.6 15.0 51.9 1.1 155 0.5 102
1890 17.8 15.0 51.9 11 16.3 05 103
1891 17.9 15.1 52.4 1.1 16.7 0.5 104
1892 18.0 15.1 52.6 1.2 158 0.6 103
1893 18.1 15.2 53.0 1.2 13.6 0.6 102
1894 18.2 15.2 53.6 1.2 16.6 0.6 0.001 105
1895 18.3 15.3 53.8 1.2 156 0.6 0.001 105
1896 184 15.3 54.0 1.3 156 0.6 0.001 105
1897 185 154 54.5 1.3 16.0 0.6 0.002 106
1898 18.6 154 54.9 1.3 186 0.6 0.002 110
1899  18.7 155 55.4 14 179 0.6 0.002 110
1900 18.9 15.5 55.8 1.3 19.1 0.6 0.002 111
1901 19.0 15.6 56.2 1.3 189 0.7 0.002 112
1902 19.2 15.6 57.1 1.3 209 0.6 0.003 115
1903 19.3 15.7 57.3 1.3 21.8 0.7 0.003 116
1904 195 15.7 57.9 1.3 239 0.6 0.004 119
1905 19.7 15.8 57.9 1.2 23.4 0.7 0.005 119
1906 19.8 15.9 58.3 1.2 26.6 0.7 0.007 123
1907 20.0 15.9 58.7 1.2 29.3 0.7 0.007 126
1908 20.1 15.9 59.3 1.2 29.7 0.7 0.008 127
1909 20.3 16.0 59.6 1.2 29.7 0.8 0.011 128
1910 205 16.0 60.2 1.2 30.7 1.1 0.011 130
1911 20.6 16.0 60.6 1.2 31.7 11 0.014 131
1912 20.6 16.0 61.1 1.2 34.7 0.8 0.016 135
1913 20.6 16.0 61.1 1.2 36.7 1.0 0.019 137
1914  20.6 16.0 62.0 1.2 332 0.7 0.022 134
1915 20.6 16.0 63.0 1.1 30.2 0.7 0.025 132
1916  20.6 16.0 64.4 1.1 26.7 1.0 0.026 130
1917 20.6 16.0 68.1 1.1 111 1.0 0.027 118
1918 20.6 16.0 70.9 11 6.9 0.3 0.028 116
1919 205 16.0 69.9 1.1 164 14 0.030 125
1920 205 16.0 71.3 1.1 164 1.7 0.037 127
1921 20.8 16.0 64.2 1.1 16.9 1.6 0.039 121
1922 21.0 16.0 63.9 11 251 1.9 0.081 129
1923 21.3 16.0 64.7 1.1 214 2.1 0.103 127
1924 21.6 16.0 65.8 11 25.7 2.3 0.119 133
1925 21.8 16.0 66.8 1.1 272 2.2 0.151 135
1926 22.1 16.0 67.5 1.1 252 2.7 0.173 135
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Food wind
for Fire- & Natural Primary
men Animals wood Water Coa Oil Gas €ectricity Others Total
PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ
1927 224 16.0 68.1 1.1 31.2 31 0.210 142
1928 22.6 16.0 70.3 11 343 43 0.260 149
1929 22.9 16.1 71.3 1.1 33.3 4.2 0.286 149
1930 23.2 16.1 72.0 11 36.7 4.9 0.347 154
1931 234 16.1 72.6 1.1 34.1 4.9 0.360 153
1932 237 16.1 73.4 1.1 29.0 4.9 0.392 148
1933 24.0 16.1 74.1 1.1 346 55 0.370 156
1934 24.2 16.1 74.1 1.1 34.7 6.5 0.390 157
1935 245 16.0 75.0 1.0 36.7 7.0 0.442 161
1936 24.8 16.0 76.4 1.0 33.8 6.8 0.499 159
1937 25.1 15.9 77.4 1.0 433 7.9 0.524 171
1938 254 15.8 78.2 1.0 375 8.2 0.474 167
1939 25.9 15.8 81.4 1.0 399 8.8 0.688 173
1940 26.4 15.7 84.6 0.9 289 93 0.671 167
1941  26.9 15.7 87.5 1.0 28.7 8.3 0.718 169
1942 27.3 15.7 94.6 1.0 249 2.7 0.812 167
1943 27.8 15.8 98.5 1.0 246 4.9 0.764 173
1944  28.2 15.8 1042 1.0 26.3 10.2 0.742 186
1945  28.7 15.8 1025 1.0 250 9.1 0.729 183
1946  29.2 15.8 102.7 1.0 26.8 15.8 1.173 192
1947  29.7 15.8 98.4 0.9 36.9 247 1.210 208
1948 30.1 15.9 88.3 1.0 32.3 26.9 1.306 196
1949  30.0 15.9 88.5 0.9 35.7 26.5 1.017 199
1950 32.3 15.9 88.3 0.9 30.7 29.6 1.609 199
1951 321 15.9 87.6 0.9 27.2 34.2 2.959 201
1952 30.6 15.9 87.4 0.9 22.6 375 4.338 199
1953 32.2 15.9 88.8 0.9 26.4 40.6 3.649 208
1954 324 16.0 89.4 0.9 22.2 446 5.307 211
1955 32.2 16.0 89.5 0.8 23.4 50.9 6.332 0.8 220
1956  33.3 15.6 90.1 0.8 23.6 52.7 7.465 0.8 224
1957 33.1 15.2 90.7 0.8 28.0 52.3 6.777 0.8 228
1958 31.9 14.8 90.0 0.8 24.0 554 9.160 0.7 227
1959 32.9 14.4 90.4 0.8 21.4 60.9 104 0.9 232
1960 34.2 13.9 91.7 0.8 21.6 66.1 11.3 1.0 241
1961 33.3 135 90.2 0.8 27.0 725 125 1.1 251
1962 344 13.1 89.3 0.8 254 773 12.9 1.1 254
1963 35.6 12.7 87.1 0.7 28.9 80.1 14.8 1.2 261
1964  33.7 12.3 86.5 0.7 28.2 829 15.3 15 261
1965 37.3 11.9 85.4 0.7 275 91.7 16.0 2.3 273
1966 36.4 11.5 83.8 0.6 30.0 91.3 19.2 2.7 275
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Food wind

for Fire- & Natural Primary

men Animals wood Water Coa Oil Gas €ectricity Others Total

PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ
1967 38.6 111 83.9 0.6 28.1 103.3 19.8 3.1 288
1968 39.0 10.7 83.5 0.5 25.3 112.7 19.2 3.5 294
1969 40.0 10.3 82.1 0.5 28.3 124.2 23.1 4.3 313
1970 39.3 9.9 80.8 0.5 26.0 153.1 21.1 4.7 335
1971 40.2 9.4 78.9 0.5 19.8 170.5 23.0 3.2 346
1972  40.6 9.0 78.0 0.5 175 191.0 25.9 15 364
1973 411 8.8 77.2 0.5 20.4 209.2 26.4 2.3 386
1974 426 8.6 76.6 0.4 16.1 222.6 28.6 1.9 397
1975 42.9 8.4 76.3 0.4 16.7 246.5 23.9 2.6 418
1976  43.2 8.1 75.2 0.4 16.4 259.1 23.8 2.5 429
1977 43.3 7.9 75.9 0.4 16.8 256.4 34.1 2.6 437
1978 415 7.7 75.0 0.4 18.1 263.1 38.3 2.5 447
1979 411 7.4 73.6 0.4 18.2 287.9 39.8 2.9 471
1980 41.9 7.3 73.4 0.4 17.7 313.4 35.7 3.1 493
1981 42.0 7.2 73.1 0.4 155 336.2 29.9 3.2 507
1982 425 7.1 73.8 0.1 13.5 352.0 35.8 3.6 528
1983 425 7.0 73.4 0.1 16.3 356.5 37.7 4.2 538
1984 431 6.8 72.7 0.1 17.8 349.1 38.2 4.1 532
1985 45.2 6.7 76.5 0.1 32.6 318.7 47.2 4.1 531
1986 47.4 6.6 76.6 0.1 60.8 328.6 37.6 4.4 562
1987 49.7 6.5 80.0 0.0 79.2 321.8 44.0 4.8 586
1988 49.9 6.4 79.7 0.0 87.4 326.6 52.9 5.0 608
1989 50.4 6.3 77.8 0.0 107.5 414.8 26.0 4.8 688
1990 51.9 5.9 77.9 0.0 115.6 413.6 33.6 19.7 718
1991 51.9 55 76.0 0.0 121.7 428.6 33.4 24.9 742
1992 52.2 5.2 75.3 0.0 123.5 482.0 23.1 24.7 786
1993 53.0 4.8 74.4 0.0 131.6 454.3 32.1 24.1 774
1994 53.6 4.5 72.9 0.0 139.3 455.9 41.9 25.1 793
1995 53.8 4.1 73.8 0.0 150.9 493.7 33.9 27.1 837
1996 54.2 3.7 74.8 0.0 143.6 4824 57.8 25.9 842
1997 52.7 3.4 75.5 0.0 147.1 5234 3.6 58.2 29.3 893
1998 55.3 3.0 75.0 0.8 135.3 563.1 29.3 48.5 29.0 939
1999 57.5 2.7 75.6 0.8 156.9 580.2 81.9 25.1 326 1013
2000 58.2 2.4 74.5 0.8 159.6 562.4 89.6 46.4 38,5 1032
2001 59.3 2.2 74.7 0.8 134.0 577.2 949 53.9 37.8 1035
2002 59.5 2.1 75.4 0.8 146.6 603.6 114.8 38.2 40.2 1081
2003 59.9 1.9 77.1 0.8 140.5 551.7 110.9 70.0 40.4 1053
2004 60.2 1.8 80.1 0.9 141.3 552.5 138.9 63.1 38.6 1077
2005 60.4 1.7 80.3 1.0 140.2 569.4 157.5 49.6 40.0 1100
2006 60.6 1.5 81.3 1.4 138.6 524.4 150.5 71.7 40.6 1071
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Table B.2 Animals, 1856-2006

Work Work Work Work Work

Cows Oxen Horses Mules Donk Cows Oxen Horses Mules Donk. Total

100 10° 10° 100 100 PJ  PJ PJ PJ PI] PJ
1856 127 283 63 46 115 1.0 6.8 1.8 1.1 21 129
1857 127 283 64 47 115 1.0 6.8 1.8 1.1 21 129
1858 126 283 64 48 116 1.0 6.9 1.8 1.2 22 13.0
1859 126 283 65 49 117 1.0 6.9 1.8 1.2 22 131
1860 126 283 65 50 117 10 6.9 1.9 1.2 22 132
1861 125 284 66 51 118 1.0 7.0 1.9 1.2 2.2 133
1862 125 284 66 52 118 10 7.0 1.9 1.3 22 134
1863 125 284 67 54 119 10 7.0 1.9 1.3 22 134
1864 124 284 67 55 120 10 7.0 1.9 1.3 22 135
1865 124 284 68 56 120 10 7.1 1.9 1.3 2.2 136
1866 124 284 68 57 121 10 71 1.9 1.4 22 137
1867 124 285 69 58 121 10 7.1 1.9 1.4 2.3 138
1868 123 285 69 59 122 10 7.2 2.0 1.4 23 13.9
1869 123 285 70 60 123 10 7.2 2.0 1.5 2.3 13.9
1870 123 285 70 61 123 1.0 7.2 2.0 1.5 23 14.0
1871 124 285 70 61 123 11 7.2 2.0 1.5 23 141
1872 126 285 70 61 124 11 7.3 2.0 1.5 23 141
1873 128 285 71 61 124 1.1 7.3 2.0 1.5 2.3 14.2
1874 129 285 71 61 124 11 7.3 2.0 1.5 23 14.2
1875 131 285 71 61 124 1.1 7.3 2.0 1.5 2.3 14.3
1876 132 285 71 61 124 11 74 2.0 1.5 23 143
1877 134 285 71 61 124 1.2 7.4 2.0 1.5 23 144
1878 135 285 72 61 125 12 74 2.0 1.5 23 144
1879 137 285 72 61 125 1.2 7.4 2.0 1.5 2.3 145
1880 139 285 72 61 125 12 75 2.0 1.5 23 145
1881 140 285 72 61 125 1.2 7.5 2.1 1.5 2.3 14.6
1882 142 285 72 61 125 12 75 2.1 1.5 23 146
1883 143 285 73 60 125 13 75 2.1 1.5 23 147
1884 145 285 73 60 126 13 7.6 2.1 1.5 23 147
1885 147 285 73 60 126 13 7.6 2.1 1.5 23 1438
1886 148 285 73 60 126 13 7.6 2.1 1.5 2.3 1438
1887 150 285 74 60 126 13 7.6 2.1 1.5 23 149
1888 151 285 74 60 126 14 7.7 2.1 1.5 23 14.9
1889 153 285 74 60 126 14 7.7 2.1 1.4 23 15.0
1890 155 285 74 60 126 14 7.7 2.1 1.4 23 15.0
1891 156 285 74 60 127 14 7.8 2.1 1.4 24 15.1
1892 158 285 75 60 127 14 7.8 2.1 1.4 24 151
1893 159 285 75 60 127 15 7.8 2.1 1.4 24 152
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Work Work Work Work Work
Cows Oxen Horses Mules Donk Cows Oxen Horses Mules Donk. Total

100 10 10° 100 100 PJ PJ PJ PJ PJ PJ

1894 161 285 75 60 127 15 7.8 2.1 1.4 24 152
1895 163 285 75 60 127 15 7.9 2.1 1.4 24 153
1896 164 285 75 60 127 15 7.9 2.1 14 24 153
1897 166 285 76 59 128 15 7.9 2.1 1.4 24 154
1898 167 285 76 59 128 16 7.9 2.2 1.4 24 154
1899 169 285 76 59 128 16 8.0 2.2 1.4 24 155
1900 171 285 76 59 128 1.6 8.0 2.2 14 24 155
1901 172 285 76 59 128 16 8.0 2.2 1.4 24 156
1902 174 285 77 59 128 16 8.0 2.2 14 24 15.6
1903 175 285 7 59 129 17 8.1 2.2 14 24 157
1904 177 285 77 59 129 1.7 81 2.2 14 24 157
1905 178 285 7 59 129 17 8.1 2.2 14 24 158
1906 180 285 77 59 129 1.7 81 2.2 14 24 159
1907 182 281 7 60 133 1.7 8.0 2.2 15 25 159
1908 184 277 77 62 137 18 7.9 2.2 15 26 159
1909 185 272 76 64 142 18 7.8 2.2 15 26 16.0
1910 187 268 76 65 146 18 7.7 2.2 1.6 27 16.0
1911 189 264 76 67 150 18 7.6 2.2 1.6 28 16.0
1912 191 259 76 69 154 18 75 2.1 1.7 29 16.0
1913 193 255 75 70 158 19 74 2.1 1.7 29 16.0
1914 195 251 75 72 162 19 7.2 2.1 1.7 3.0 16.0
1915 196 247 75 74 167 19 7.1 2.1 1.8 3.1 16.0
1916 198 242 74 75 1717 19 7.0 2.1 1.8 3.2 16.0
1917 200 238 74 77 175 19 69 2.1 1.9 3.2 16.0
1918 202 234 74 79 179 19 6.7 2.1 1.9 3.3 16.0
1919 204 229 73 80 183 20 6.6 2.1 1.9 34 16.0
1920 205 225 73 82 188 2.0 65 2.1 2.0 3.5 16.0
1921 207 221 73 84 192 20 64 2.1 2.0 3.6 16.0
1922 209 217 72 85 196 20 6.3 2.1 2.1 3.6 16.0
1923 211 212 72 87 200 20 6.1 2.1 2.1 3.7 16.0
1924 213 208 72 89 204 20 6.0 2.0 2.1 3.8 16.0
1925 214 204 72 90 209 21 59 2.0 2.2 39 16.0
1926 215 198 72 94 211 21 57 2.0 2.3 39 16.0
1927 216 193 73 97 214 21 56 2.1 2.4 40 16.0
1928 216 188 73 101 217 21 54 2.1 2.4 40 16.0
1929 217 183 74 104 220 21 53 2.1 2.5 41 161
1930 218 177 74 108 223 21 51 2.1 2.6 41 16.1
1931 218 172 75 111 225 21 50 2.1 2.7 42 161
1932 219 167 76 115 228 21 4.8 2.1 2.8 42 16.1
1933 220 162 76 118 231 21 47 2.2 29 43 161
1934 220 156 77 122 234 21 45 2.2 2.9 4.3 16.1
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Work Work

Work Work Work

Cows Oxen Horses Mules Donk Cows Oxen Horses Mules Donk. Total

100 10° 10° 100 100 PJ PJ PJ PJ Pl PJ
1935 224 156 76 122 230 22 45 22 29 43 16.0
1936 227 156 75 122 225 22 45 21 29 42 16.0
1937 230 156 75 122 221 22 45 21 30 41 159
1938 234 156 74 122 217 22 45 21 30 40 158
1939 237 156 73 123 213 23 45 21 30 39 158
1940 240 156 72 123 209 23 45 21 30 39 157
1941 240 157 72 123 208 23 45 20 30 39 157
1942 240 159 71 123 208 23 46 20 30 39 157
1943 240 160 70 124 207 23 46 20 30 38 158
1944 240 161 70 124 207 23 47 20 30 38 158
1945 240 163 69 124 206 23 47 20 30 38 158
1946 240 164 68 125 206 23 47 19 30 38 158
1947 240 166 68 125 205 23 48 19 30 38 158
1948 240 167 67 125 205 23 48 19 30 38 159
1949 240 168 67 126 204 23 49 19 30 38 159
1950 240 170 66 126 204 23 49 19 30 38 159
1951 240 171 65 126 203 23 49 19 30 38 159
1952 240 172 65 126 203 23 50 18 31 38 159
1953 240 174 64 127 202 23 50 18 31 38 159
1954 240 175 63 127 202 23 50 18 31 37 16.0
1955 240 176 63 127 201 23 51 18 31 37 160
1956 234 171 61 125 196 23 49 17 30 36 156
1957 229 167 59 123 190 22 48 1.7 30 35 152
1958 223 162 57 120 184 21 47 16 29 34 148
1959 218 157 55 118 178 21 45 16 29 33 144
1960 212 152 53 116 172 2.0 44 15 28 32 139
1961 207 147 51 113 167 20 43 15 27 31 135
1962 202 143 49 111 161 19 41 14 27 30 131
1963 196 138 47 109 155 19 40 13 26 29 127
1964 191 133 46 106 149 1.8 38 13 26 28 123
1965 185 128 44 104 143 1.8 3.7 1.2 25 27 119
1966 180 123 42 102 138 1.7 36 1.2 25 26 115
1967 174 118 40 100 132 1.7 34 11 24 24 111
1968 169 114 38 97 126 16 33 11 23 23 107
1969 163 109 36 95 120 1.6 31 1.0 23 22 103
1970 158 104 34 93 114 15 30 1.0 22 21 99
1971 153 99 32 90 109 15 29 09 22 20 94
1972 147 94 30 88 103 14 27 09 21 19 90
1973 142 92 30 8 103 14 27 08 21 19 88
1974 136 89 29 82 102 13 26 08 20 19 86
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Work Work Work Work Work
Cows Oxen Horses Mules Donk Cows Oxen Horses Mules Donk. Total

10° 10° 10° 166 100 PJ PJ PJ PJ PJ PJ

1975 131 87 28 79 102 13 25 0.8 1.9 19 84
1976 125 84 28 75 102 12 24 0.8 1.8 19 81
1977 120 82 27 72 101 1.2 24 0.8 1.7 19 79
1978 114 79 26 68 101 11 23 0.7 1.7 19 7.7
1979 109 77 25 65 101 10 22 0.7 1.6 19 74
1980 104 78 26 63 97 1.0 23 0.7 15 1.8 7.3
1981 98 80 26 60 93 09 23 0.8 15 1.7 7.2
1982 93 82 27 58 89 09 24 0.8 1.4 1.7 7.1
1983 87 83 28 55 86 08 24 0.8 13 16 7.0
1984 82 85 28 53 82 0.8 25 0.8 13 15 6.8
1985 76 87 29 51 78 0.7 25 0.8 1.2 15 6.7
1986 71 88 29 48 75 0.7 26 0.8 1.2 14 6.6
1987 65 90 30 46 71 06 26 0.8 11 1.3 6.5
1988 60 92 30 44 67 0.6 2.6 0.9 11 1.2 64
1989 54 93 31 41 63 05 27 0.9 1.0 12 6.3
1990 49 86 31 39 60 05 25 0.9 1.0 1.1 59
1991 44 79 31 37 57 04 23 0.9 0.9 11 55
1992 38 72 31 36 54 04 21 0.9 0.9 10 5.2
1993 33 65 31 34 51 03 19 0.9 0.8 1.0 438
1994 27 58 31 32 48 03 17 0.9 0.8 09 45
1995 22 51 31 30 45 0.2 15 0.9 0.7 08 41
1996 16 43 31 28 42 02 13 0.9 0.7 08 3.7
1997 11 36 31 26 39 01 1.0 0.9 0.6 07 34
1998 5 29 31 24 36 01 038 0.9 0.6 0.7 3.0
1999 0 22 31 22 33 0.0 0.6 0.9 0.5 06 27
2000 0 15 31 20 30 00 04 0.9 0.5 06 24
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TableB.3 Firewood

Firewood Firewood

urban rural Firewood Firewood Firewood Firewood

households households households industry transports  power Total

PJ PJ PJ PJ PJ PJ PJ

1856 3.2 37.6 40.8 1.0 0.0 0.0 41.8
1857 3.3 37.9 41.1 0.9 0.0 0.0 42.1
1858 2.6 38.1 40.8 0.9 0.0 0.0 41.7
1859 2.8 38.4 41.2 0.9 0.0 0.0 42.2
1860 2.6 38.7 41.3 0.9 0.0 0.0 42.2
1861 2.6 39.0 41.6 0.9 0.0 0.0 42.5
1862 2.8 39.2 42.0 0.9 0.0 0.0 42.9
1863 2.9 39.5 42.4 1.0 0.0 0.0 43.4
1864 2.7 39.8 42.5 1.0 0.0 0.0 43.5
1865 2.7 40.0 42.7 1.0 0.0 0.0 43.8
1866 2.9 40.2 43.1 1.1 0.0 0.0 44.2
1867 2.9 40.4 43.3 1.1 0.0 0.0 44.4
1868 2.8 40.7 43.5 1.1 0.0 0.0 44.5
1869 2.8 40.9 43.7 1.1 0.0 0.0 44.8
1870 2.8 41.1 43.9 1.2 0.0 0.0 45.2
1871 2.9 41.3 44.2 1.1 0.0 0.0 45.3
1872 3.1 41.5 44.6 1.3 0.0 0.0 45.9
1873 3.1 41.8 44.9 15 0.0 0.0 46.4
1874 3.2 42.0 45.2 15 0.0 0.0 46.6
1875 3.3 42.2 45.5 14 0.0 0.0 47.0
1876 3.2 42.4 45.6 1.3 0.0 0.0 47.0
1877 3.4 42.7 46.1 15 0.0 0.0 47.6
1878 3.3 42.9 46.2 15 0.0 0.0 47.6
1879 3.5 43.2 46.7 14 0.0 0.0 48.1
1880 3.5 43.4 47.0 14 0.0 0.0 48.3
1881 3.6 43.7 47.3 15 0.0 0.0 48.8
1882 3.9 44.0 47.9 1.6 0.0 0.0 49.5
1883 3.6 44.3 47.9 1.6 0.0 0.0 49.5
1884 3.7 44.6 48.2 1.6 0.0 0.0 49.8
1885 3.4 44.8 48.3 1.6 0.0 0.0 49.8
1886 3.9 45.1 49.1 1.9 0.0 0.0 50.9
1887 3.9 45.4 49.3 2.0 0.0 0.0 51.3
1888 4.1 45.7 49.8 2.0 0.0 0.0 51.8
1889 4.0 46.0 50.0 1.9 0.0 0.0 51.9
1890 3.5 46.3 49.7 2.2 0.0 0.0 51.9
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Firewood Firewood

urban rural Firewood Firewood Firewood Firewood

households households households industry transports  power Total

PJ PJ PJ PJ PJ PJ PJ

1891 3.8 46.5 50.4 2.0 0.0 0.0 52.4
1892 3.8 46.8 50.6 2.0 0.0 0.0 52.6
1893 3.8 47.1 50.9 2.1 0.0 0.0 53.0
1894 4.2 47.4 51.6 2.0 0.0 0.0 53.6
1895 4.0 47.7 51.7 2.1 0.0 0.0 53.8
1896 3.9 48.0 51.9 2.1 0.0 0.0 54.0
1897 3.9 48.2 52.2 2.4 0.0 0.0 54.5
1898 3.9 48.5 52.4 2.4 0.0 0.0 54.9
1899 4.0 48.8 52.9 2.5 0.0 0.0 55.4
1900 3.9 49.1 53.0 2.7 0.0 0.0 55.8
1901 4.2 49.4 53.6 2.6 0.0 0.0 56.2
1902 4.7 49.7 54.4 2.7 0.0 0.0 57.1
1903 4.5 49.9 54.4 2.9 0.0 0.0 57.3
1904 4.7 50.2 54.9 3.0 0.0 0.0 57.9
1905 4.6 50.5 55.1 2.8 0.0 0.0 57.9
1906 4.7 50.7 55.4 2.9 0.0 0.0 58.3
1907 4.6 51.0 55.6 3.1 0.0 0.0 58.7
1908 5.0 51.3 56.3 3.0 0.0 0.0 59.3
1909 51 51.5 56.6 3.0 0.0 0.0 59.6
1910 51 51.8 57.0 3.3 0.0 0.0 60.2
1911 5.2 52.1 57.3 3.4 0.0 0.0 60.6
1912 5.6 52.1 57.7 3.5 0.0 0.0 61.1
1913 55 52.1 57.5 3.6 0.0 0.0 61.1
1914 55 52.1 57.5 4.5 0.0 0.0 62.0
1915 5.6 52.0 57.7 5.4 0.0 0.0 63.0
1916 5.2 52.0 57.2 7.2 0.0 0.0 64.4
1917 6.8 52.0 58.8 8.9 0.0 0.4 68.1
1918 7.3 52.0 59.3 10.7 0.0 0.9 70.9
1919 10.5 52.0 62.5 7.2 0.0 0.2 69.9
1920 15.0 52.0 67.0 4.1 0.0 0.1 71.3
1921 7.3 52.5 59.8 4.4 0.0 0.1 64.2
1922 6.0 53.0 59.0 4.8 0.0 0.1 63.9
1923 6.4 53.6 59.9 4.7 0.0 0.1 64.7
1924 6.8 54.1 60.9 4.8 0.0 0.1 65.8
1925 7.2 54.6 61.8 4.8 0.0 0.2 66.8
1926 7.1 55.2 62.3 5.0 0.0 0.2 67.5
1927 7.0 55.7 62.7 5.1 0.0 0.3 68.1
1928 8.6 56.3 64.9 5.1 0.0 0.3 70.3
1929 8.5 56.8 65.3 5.6 0.0 0.3 71.3
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Firewood Firewood
urban

rural

Firewood Firewood Firewood Firewood

households households households industry transports  power Total
PJ PJ PJ PJ PJ PJ PJ

1930 8.7 57.4 66.1 55 0.0 0.4 72.0
1931 8.4 58.1 66.5 5.7 0.0 0.4 72.6
1932 8.4 58.8 67.2 5.7 0.0 0.4 73.4
1933 8.4 59.5 68.0 5.8 0.0 0.3 74.1
1934 8.0 60.2 68.3 5.4 0.0 0.5 74.1
1935 8.2 61.0 69.1 5.4 0.0 0.4 75.0
1936 8.3 61.7 70.0 6.0 0.0 0.4 76.4
1937 8.2 62.5 70.7 6.2 0.0 0.5 77.4
1938 8.2 63.2 715 6.2 0.0 0.5 78.2
1939 8.4 64.0 72.4 8.5 0.0 0.6 81.4
1940 8.3 64.8 73.0 10.7 0.0 0.8 84.6
1941 8.1 65.3 73.5 13.0 0.0 1.1 87.5
1942 8.0 65.9 73.9 15.2 4.0 15 94.6
1943 7.9 66.4 74.3 15.2 6.6 2.4 98.5
1944 7.8 67.0 74.7 16.0 111 2.3 104.2
1945 7.6 67.5 75.2 16.6 8.4 2.3 102.5
1946 7.5 68.1 75.6 16.2 9.2 1.7 102.7
1947 7.3 68.7 76.0 134 8.0 1.0 98.4
1948 7.2 69.3 76.4 10.5 0.4 1.0 88.3
1949 7.3 69.8 77.1 9.8 0.3 14 88.5
1950 7.4 70.4 77.8 9.6 0.1 0.9 88.3
1951 n.d. n.d. 77.9 9.1 0.0 0.5 87.6
1952 n.d. n.d. 78.1 8.9 0.0 0.4 87.4
1953 n.d. n.d. 78.3 10.1 0.0 0.4 88.8
1954 n.d. n.d. 78.5 104 0.0 0.5 89.4
1955 n.d. n.d. 78.6 104 0.0 0.4 89.5
1956 n.d. n.d. 78.8 11.0 0.0 0.3 90.1
1957 n.d n.d 79.0 114 0.0 0.3 90.7
1958 n.d n.d 79.2 10.6 0.0 0.3 90.0
1959 n.d n.d 79.3 10.9 0.0 0.2 90.4
1960 n.d n.d 79.5 12.0 0.0 0.1 91.7
1961 n.d n.d 78.0 12.0 0.0 0.1 90.2
1962 n.d n.d 76.5 12.7 0.0 0.2 89.3
1963 n.d n.d 75.0 12.0 0.0 0.1 87.1
1964 n.d n.d 73.5 12.9 0.0 0.1 86.5
1965 n.d n.d 72.0 13.2 0.0 0.2 85.4
1966 n.d n.d 70.5 13.2 0.0 0.1 83.8
1967 n.d n.d 69.0 14.8 0.0 0.1 83.9
1968 n.d n.d 67.6 15.9 0.0 0.1 83.5
1969 n.d n.d 66.1 15.9 0.0 0.1 82.1
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Firewood Firewood

urban rural Firewood Firewood Firewood Firewood

households households households industry transports  power Total

PJ PJ PJ PJ PJ PJ PJ

1971 n.d n.d 64.3 14.3 0.0 0.2 78.9
1972 n.d n.d 64.0 14.0 0.0 0.0 78.0
1973 n.d n.d 63.6 134 0.0 0.2 77.2
1974 n.d n.d 63.2 134 0.0 0.0 76.7
1975 n.d n.d 62.8 13.2 0.0 0.3 76.3
1976 n.d n.d 62.3 12.9 0.0 0.0 75.2
1977 n.d n.d 61.8 13.9 0.0 0.1 75.9
1978 n.d n.d 61.3 13.6 0.0 0.0 75.0
1979 n.d n.d 60.8 12.6 0.0 0.3 73.6
1980 n.d n.d 60.2 12.8 0.0 0.3 73.4
1981 n.d n.d 59.6 13.2 0.0 0.4 73.1
1982 n.d n.d 58.9 14.5 0.0 0.4 73.8
1983 n.d n.d 58.3 14.7 0.0 0.4 73.4
1984 n.d n.d 57.7 14.7 0.0 0.3 72.7
1985 n.d n.d 57.0 19.1 0.0 0.4 76.5
1986 n.d n.d 56.4 19.2 0.0 1.0 76.6
1987 n.d n.d 55.7 23.3 0.0 1.0 80.0
1988 n.d n.d 55.1 23.6 0.0 1.0 79.7
1989 n.d n.d 54.4 22.5 0.0 0.9 77.8
1990 n.d n.d 53.8 19.8 0.0 4.2 77.9
1991 n.d n.d 51.4 19.8 0.0 4.8 76.0
1992 n.d n.d 49.8 19.3 0.0 6.1 75.3
1993 n.d n.d 48.5 18.9 0.0 7.0 74.4
1994 n.d n.d 48.0 18.7 0.0 6.3 72.9
1995 n.d n.d 48.1 18.8 0.0 6.9 73.8
1996 n.d n.d 48.2 20.0 0.0 6.6 74.8
1997 n.d n.d 48.4 20.1 0.0 7.0 75.5
1998 n.d n.d 47.9 20.3 0.0 6.8 75.0
1999 n.d n.d 47.3 21.1 0.0 7.1 75.6
2000 n.d n.d 47.1 21.3 0.0 6.1 74.5
2001 n.d n.d 47.3 22.5 0.0 4.9 74.7
2002 n.d n.d 47.3 21.3 0.0 6.8 75.4
2003 n.d n.d 48.2 22.5 0.0 6.4 77.1
2004 n.d n.d 48.5 22.8 0.0 8.8 80.1
2005 n.d n.d 48.8 23.3 0.0 8.3 80.3
2006 n.d n.d 48.6 23.7 0.0 9.0 81.3
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Table B.4 Wind and water; solar and geothermal heat

Wind &

wind: Wind: Wind & Water:

sailing fishery  Water: Industrial Geothermal

ships boats Cereal mills  Mills Solar heat heat Total

PJ PJ PJ PJ PJ PJ PJ

1856 0.173 0.063 0.531 0.14 0.907
1857 0.184 0.064 0.535 0.14 0.922
1858 0.194 0.064 0.538 0.14 0.937
1859 0.204 0.065 0.542 0.14 0.951
1860 0.215 0.066 0.546 0.14 0.966
1861 0.225 0.066 0.549 0.14 0.981
1862 0.235 0.067 0.553 0.14 0.996
1863 0.246 0.068 0.557 0.14 1.01
1864 0.256 0.068 0.56 0.14 1.025
1865 0.253 0.069 0.564 0.14 1.026
1866 0.25 0.07 0.568 0.14 1.027
1867 0.247  0.07 0.571 0.14 1.029
1868 0.244 0.071 0.575 0.14 1.03
1869 0.241 0.072 0.579 0.14 1.031
1870 0.237 0.072 0.582 0.14 1.032
1871 0.234 0.073 0.586 0.14 1.034
1872 0.231 0.074 0.59 0.14 1.035
1873 0.228 0.074 0.593 0.14 1.036
1874 0.225 0.075 0.597 0.14 1.037
1875 0.222 0.076 0.601 0.14 1.038
1876 0.219 0.076 0.604 0.14 1.04
1877 0.216 0.077 0.608 0.14 1.041
1878 0.212 0.078 0.612 0.14 1.042
1879 0.209 0.078 0.615 0.14 1.043
1880 0.206 0.079 0.619 0.14 1.044
1881 0.198 0.08 0.623 0.14 1.041
1882 0.191 0.08 0.626 0.14 1.038
1883 0.183 0.081 0.63 0.14 1.034
1884 0.175 0.082 0.634 0.14 1.031
1885 0.181 0.083 0.637 0.14 1.041
1886 0.184 0.083 0.641 0.14 1.049
1887 0.193 0.084 0.645 0.14 1.062
1888 0.202 0.085 0.648 0.14 1.075
1889 0.212 0.085 0.652 0.14 1.089
1890 0.221  0.089 0.656 0.14 1.105
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Wind &

wind: Wind: Wind & Water:

sailing fishery  Water: Industrial Geothermal

ships boats Cereal mills  Mills Solar heat heat Total

PJ PJ PJ PJ PJ PJ PJ

1891 0.248 0.093 0.654 0.138 1.133
1892 0.275 0.097 0.653 0.136 1.162
1893 0.303 0.1 0.652 0.135 1.19
1894 0.33 0.104 0.651 0.133 1.218
1895 0.358 0.108 0.649 0.131 1.246
1896 0.385 0.112 0.648 0.129 1.274
1897 0.413 0.111 0.647 0.127 1.298
1898 0.44 0.119 0.646 0.125 1.33
1899 0.468 0.118 0.645 0.123 1.354
1900 0.453 0.114 0.643 0.121 1.331
1901 0.439 0.118 0.641 0.12 1.317
1902 0.424 0.14 0.638 0.118 1.32
1903 041 0.131 0.636 0.116 1.292
1904 0.386 0.138 0.633 0.114 1.272
1905 0.363 0.13 0.631 0.112 1.236
1906 0.353 0.134 0.628 0.11 1.226
1907 0.343 0.13 0.626 0.108 1.207
1908 0.334 0.13 0.623 0.106 1.193
1909 0.324 0.177 0.621 0.105 1.226
1910 0.314 0.181 0.618 0.103 1.216
1911 0.304 0.212 0.615 0.101 1.232
1912 0.294 0.212 0.611 0.099 1.215
1913 0.284 0.209 0.606 0.097 1.196
1914 0.274 0.208 0.602 0.095 1.179
1915 0.264 0.172 0.597 0.093 1.127
1916 0.268 0.177 0.592 0.091 1.128
1917 0.271 0.132 0.588 0.09 1.08
1918 0.274 0.136 0.583 0.09 1.084
1919 0.277 0.152 0.579 0.092 1.1
1920 0.281 0.153 0.574 0.091 1.099
1921 0.284 0.15 0.569 0.092 1.094
1922 0.287 0.176 0.565 0.092 1.119
1923 0.29 0.166 0.56 0.092 1.109
1924 0.293 0.178 0.555 0.093 1.119
1925 0.297 0.15 0.551 0.093 1.09
1926 0.3 0.169 0.546 0.094 1.109
1927 0.303 0.163 0.542 0.094 1.102
1928 0.346 0.143 0.537 0.094 1.12
1929 0.326 0.172 0.532 0.094 1.124
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Wind &

Wind: Wind: Wind Water:

sailing fishery &Water:  Industrial Geothermal

ships boats Cereal mills  Mills Solar heat heat Total

PJ PJ PJ PJ PJ PJ PJ

1930 0.327 0.145 0.528 0.095 1.095
1931 0.332 0.172 0.536 0.095 1.135
1932 0.312 0.127 0.544 0.095 1.077
1933 0.31 0.118 0.552 0.095 1.074
1934 0.308 0.121 0.56 0.095 1.084
1935 0.234 0.115 0.568 0.096 1.013
1936 0.232 0.128 0.576 0.098 1.033
1937 0.186 0.128 0.584 0.099 0.996
1938 0.14 0.137 0.592 0.1 0.968
1939 0.135 0.122 0.6 0.101 0.957
1940 0.129 0.107 0.607 0.102 0.946
1941 0.124 0.112 0.612 0.103 0.952
1942 0.119 0.114 0.616 0.104 0.953
1943 0.114 0.123 0.62 0.106 0.962
1944 0.109 0.122 0.624 0.107 0.961
1945 0.103 0.118 0.629 0.108 0.958
1946 0.098 0.117 0.633 0.109 0.957
1947 0.052 0.112 0.637 0.11 0.911
1948 0.084 0.114 0.641 0.111 0.951
1949 0.051 0.11 0.646 0.113 0.919
1950 0.043 0.114 0.65 0.114 0.92
1951 0.04 0.11 0.645 0.114 0.908
1952 0.035 0.108 0.639 0.115 0.896
1953 0.008 0.103 0.634 0.115 0.861
1954 0.006 0.104 0.629 0.115 0.854
1955 0.006 0.103 0.623 0.116 0.848
1956 0.008 0.101 0.618 0.116 0.844
1957 0.006 0.097 0.613 0.117 0.832
1958 0.001 0.093 0.607 0.116 0.817
1959 0.001 0.093 0.602 0.113 0.809
1960 0.001 0.092 0.597 0.11 0.8
1961 0.001 0.094 0.578 0.107 0.781
1962 0.001 0.093 0.56 0.104 0.758
1963 0.001 0.091 0.541 0.101 0.735
1964 0.001 0.093 0.523 0.098 0.715
1965 0.001 0.092 0.504 0.093 0.69
1966 0.001 0.089 0.486 0.576
1967 0.001 0.089 0.467 0.557
1968 0.001 0.085 0.449 0.535
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Wind &

Wind: Wind: Wind Water:
sailing fishery &Water:  Industrial Geothermal
ships boats Cereal mills  Mills Solar heat heat Total
PJ PJ PJ PJ PJ PJ PJ

1971 0.081 0.402 0.483
1972 0.075 0.392 0.467
1973 0.073 0.382 0.455
1974 0.069 0.372 0.44
1975 0.064 0.362 0.426
1976 0.061 0.351 0.412
1977 0.062 0.341 0.404
1978 0.063 0.331 0.394
1979 0.065 0.321 0.386
1980 0.066 0.311 0.377
1981 0.061 0.301 0.362
1982 0.066 0.066
1983 0.064 0.064
1984 0.066 0.066
1985 0.064 0.064
1986 0.062 0.062
1987 0.041 0.041
1988 0.039 0.039
1989 0.036 0.036
1990 0.032 0.032
1991 0.028 0.028
1992 0.026 0.026
1993 0.023 0.023
1994 0.013 0.013
1995 0.012 0.012
1996 0.011 0.011
1997 0.011 0.011
1998 0.01 0.703 0.042 0.756
1999 0.01 0.724 0.042 0.776
2000 0.01 0.745 0.042 0.797
2001 0.766 0.042 0.808
2002 0.787 0.042 0.829
2003 0.808 0.042 0.85
2004 0.846 0.042 0.888
2005 0.917 0.042 0.959
2006 0.963 0.419 1.382
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TableB.5 Coal

Foreign
navigation, Stock
Production Imports exports  Net imports variation Total
PJ PJ PJ PJ PJ PJ

1856 0.23 3.56 0.22 3.33 n.a. 3.56
1857 0.23 2.58 0.00 2.58 n.a. 2.81
1858 0.23 3.09 0.00 3.09 n.a. 3.32
1859 0.23 3.79 0.00 3.79 n.a. 4.02
1860 0.22 3.00 0.00 3.00 n.a. 3.22
1861 0.20 2.65 0.11 2.54 n.a. 2.74
1862 0.19 2.80 0.17 2.63 n.a. 2.81
1863 0.19 2.95 0.23 2.72 n.a. 2.91
1864 0.19 3.09 0.29 2.81 n.a. 3.00
1865 0.19 3.24 0.35 2.90 n.a. 3.09
1866 0.19 4.86 0.29 4.57 n.a. 477
1867 0.19 4.27 0.30 3.97 n.a. 4.17
1868 0.20 5.78 0.30 5.48 n.a. 5.69
1869 0.20 4.18 0.50 3.68 n.a. 3.89
1870 0.21 5.48 0.50 4.99 n.a. 5.20
1871 0.18 4.88 0.94 3.94 n.a. 4.11
1872 0.19 5.29 0.98 4.31 n.a. 4.50
1873 0.21 7.63 1.30 6.33 n.a. 6.54
1874 0.20 5.44 0.85 4.59 n.a. 4.79
1875 0.21 6.63 1.06 5.57 n.a. 5.78
1876 0.27 6.38 0.90 5.48 n.a. 5.75
1877 0.22 7.00 0.84 6.15 n.a. 6.37
1878 0.22 6.68 0.17 6.51 n.a. 6.73
1879 0.41 7.42 1.26 6.16 n.a. 6.57
1880 0.24 9.31 1.11 8.20 n.a. 8.44
1881 0.28 9.57 1.38 8.19 n.a. 8.47
1882 0.28 11.31 1.87 9.44 n.a. 9.71
1883 0.31 11.86 1.88 9.97 n.a. 10.28
1884 0.21 12.70 1.93 10.77 n.a. 10.98
1885 0.26 11.74 1.97 9.77 n.a. 10.03
1886 0.28 12.95 2.07 10.88 n.a. 11.16
1887 0.31 14.05 1.91 12.13 n.a. 12.44
1888 0.33 15.15 2.29 12.86 n.a. 13.18
1889 0.26 17.88 2.61 15.27 n.a. 15.52
1890 0.29 18.39 2.37 16.03 n.a. 16.31
1891 0.30 18.79 2.35 16.44 n.a. 16.74
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Foreign

navigation, Stock
Production Imports exports  Net imports variation Total
PJ PJ PJ PJ PJ PJ

1892 0.29 18.06 2.50 15.56 n.a. 15.85
1893 0.39 15.80 2.58 13.22 n.a. 13.61
1894 0.37 18.77 2.53 16.24 n.a. 16.61
1895 0.33 18.07 2.85 15.22 n.a. 15.55
1896 0.29 18.37 3.07 15.30 n.a. 15.59
1897 0.30 19.41 3.71 15.70 n.a. 16.00
1898 0.39 22.22 3.99 18.23 n.a. 18.61
1899 0.38 22.71 5.17 17.54 n.a. 17.92
1900 0.41 26.12 7.44 18.68 n.a. 19.10
1901 0.28 25.50 6.93 18.57 n.a. 18.85
1902 0.29 28.35 7.79 20.56 n.a. 20.85
1903 0.22 27.38 5.78 21.60 n.a. 21.81
1904 0.22 28.85 5.18 23.68 n.a. 23.90
1905 0.19 28.01 4.80 23.21 n.a. 23.40
1906 0.09 31.79 5.28 26.51 n.a. 26.60
1907 0.11 34.76 5.61 29.15 n.a. 29.26
1908 0.10 34.74 5.12 29.61 n.a. 29.71
1909 0.15 35.21 5.69 29.53 n.a. 29.68
1910 0.14 35.93 5.38 30.55 n.a. 30.69
1911 0.18 34.60 3.05 31.55 n.a. 31.73
1912 0.26 40.23 5.77 34.45 n.a. 34.72
1913 0.43 40.75 4.51 36.24 n.a. 36.67
1914 0.51 35.46 2.74 32.72 n.a. 33.22
1915 1.14 31.37 2.30 29.07 n.a. 30.20
1916 2.60 27.83 3.71 24.12 n.a. 26.72
1917 3.53 11.79 4.19 7.60 n.a. 11.13
1918 3.41 6.30 2.85 3.45 n.a. 6.86
1919 2.54 19.12 5.21 13.91 n.a. 16.45
1920 3.10 17.86 4.61 13.25 n.a. 16.35
1921 2.91 19.17 5.15 14.02 n.a. 16.92
1922 2.43 27.36 4.72 22.64 n.a. 25.08
1923 2.76 23.24 4.56 18.69 n.a. 21.45
1924 2.47 27.57 4.34 23.23 n.a. 25.70
1925 2.41 29.23 4.45 24.78 n.a. 27.20
1926 3.99 25.98 4.76 21.22 n.a. 25.21
1927 3.51 31.96 4.31 27.64 n.a. 31.16
1928 3.92 34.14 3.76 30.38 n.a. 34.30
1929 3.89 33.57 4.19 29.38 n.a. 33.27
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Foreign

navigation, Stock
Production Imports exports  Net imports variation Total
PJ PJ PJ PJ PJ PJ

1930 4.24 36.19 3.75 32.44 n.a. 36.68
1931 3.90 32.51 2.26 30.25 n.a. 34.15
1932 3.57 26.83 1.38 25.44 n.a. 29.01
1933 3.72 32.44 1.54 30.91 n.a. 34.63
1934 3.77 32.67 1.74 30.93 n.a. 34.70
1935 4.10 34.25 1.67 32.58 n.a. 36.68
1936 4.05 32.17 2.43 29.73 n.a. 33.78
1937 4.90 42.08 3.67 38.41 n.a. 43.31
1938 5.60 34.54 2.65 31.88 n.a. 37.48
1939 5.63 36.83 2.56 34.27 n.a. 39.90
1940 7.43 23.58 2.11 21.47 n.a. 28.90
1941 8.91 21.03 1.28 19.75 n.a. 28.66
1942 10.41 15.15 0.69 14.45 n.a. 24.87
1943 8.57 16.52 0.49 16.03 n.a. 24.60
1944 9.22 17.91 0.83 17.08 n.a. 26.30
1945 10.33 15.27 0.64 14.63 n.a. 24.95
1946 8.98 18.62 0.84 17.78 n.a. 26.75
1947 8.21 29.23 0.55 28.68 n.a. 36.89
1948 8.42 24.55 0.65 23.91 n.a. 32.33
1949 9.59 26.62 0.49 26.12 n.a. 35.71
1950 8.80 22.14 0.25 21.89 n.a. 30.69
1951 8.62 18.79 0.22 18.57 n.a. 27.19
1952 8.91 13.75 0.10 13.65 n.a. 22.56
1953 9.44 16.99 0.07 16.92 n.a. 26.36
1954 8.54 13.71 0.08 13.63 n.a. 22.17
1955 8.45 14.97 0.07 14.90 n.a. 23.36
1956 9.61 14.06 0.07 13.99 n.a. 23.60
1957 11.72 16.33 0.07 16.26 n.a. 27.98
1958 12.43 11.68 0.06 11.62 n.a. 24.04
1959 11.79 9.68 0.05 9.62 n.a. 21.42
1960 10.15 11.43 0.01 11.42 n.a. 21.57
1961 10.79 16.35 0.09 16.26 n.a. 27.05
1962 9.58 15.85 0.05 15.80 n.a. 25.38
1963 9.59 19.30 0.03 19.27 n.a. 28.86
1964 9.36 18.80 0.01 18.80 n.a. 28.16
1965 8.88 18.62 0.01 18.61 n.a. 27.49
1966 8.09 21.91 0.00 21.90 n.a. 29.99
1967 8.27 19.80 0.00 19.80 n.a. 28.06
1968 7.34 17.95 0.01 17.95 n.a. 25.29
1969 8.61 19.69 0.00 19.69 n.a. 28.30

283



Foreign

navigation, Stock
Production Imports exports  Net imports variation Total
PJ PJ PJ PJ PJ PJ
1970 4.65 21.33 0.02 21.32 n.a. 25.97
1971 4.34 11.73 0.00 11.73 -3.73 19.81
1972 4.87 14.76 0.00 14.76 2.15 17.47
1973 3.79 13.68 0.00 13.68 -2.93 20.40
1974 3.95 12.15 0.00 12.15 -0.01 16.11
1975 3.80 12.52 0.00 12.52 -0.35 16.67
1976 3.32 12.42 0.00 12.42 -0.65 16.39
1977 3.35 14.47 0.00 14.47 1.03 16.79
1978 3.09 15.15 0.00 15.15 0.15 18.10
1979 3.07 14.13 0.00 14.13 -0.97 18.18
1980 3.05 14.31 0.00 14.31 -0.32 17.67
1981 3.15 10.65 0.00 10.65 -1.68 15.49
1982 3.07 11.18 0.00 11.18 0.72 13.53
1983 3.18 15.34 0.00 15.34 2.19 16.33
1984 3.33 17.10 0.00 17.10 2.60 17.83
1985 4.07 43.88 0.00 43.88 15.38 32.56
1986 4.05 54.79 0.00 54.79 -1.95 60.79
1987 4.47 78.53 0.00 78.53 3.79 79.22
1988 3.95 80.50 0.00 80.50 -2.95 87.39
1989 4.43 97.82 0.00 97.82 -5.25 107.50
1990 4.83 125.54 0.22 125.32 14.48 115.57
1991 4.64 114.74 0.56 114.18 -3.10 121.68
1992 3.79 120.08 0.81 119.26 -0.79 123.49
1993 3.39 128.60 0.38 128.22 -0.12 131.56
1994 2.53 135.15 0.24 134.91 -2.01 139.35
1995 0.00 161.71 1.45 160.27 8.76 150.88
1996 0.00 141.93 0.96 140.97 -3.07 143.63
1997 0.00 156.43 1.30 155.14 7.52 147.06
1998 0.00 139.05 1.56 137.49 1.51 135.32
1999 0.00 159.00 1.57 157.43 -0.13 156.89
2000 0.00 166.51 1.57 164.94 4.61 159.65
2001 0.00 123.87 0.00 123.87 -10.15 134.02
2002 0.00 146.46 0.00 146.46 -0.10 146.56
2003 0.00 140.16 0.00 140.16 -0.31 140.47
2004 0.00 134.53 0.00 134.53 -6.78 141.31
2005 0.00 135.05 0.00 135.05 -5.16 140.21
2006 0.00 146.45 0.12 146.34 7.69 138.60
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B.6 Oil (energy uses)

Gasail

Crude Feed- Kero- Gas Diesdl Gasoil Fud Petrol

Oil stocks sene olines Jet Fud oil Diesd oil coke LPG Total

PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ
1861 0.0 0.0
1862 0.0 0.0
1863 0.0 0.0
1864 0.0 0.0
1865 0.0 0.0
1866 0.0 0.0
1867 0.1 0.1
1868 0.1 0.1
1869 0.2 0.2
1870 0.2 0.2
1871 0.1 0.1
1872 0.1 0.1
1873 0.2 0.2
1874 0.2 0.2
1875 0.1 0.1
1876 0.2 0.2
1877 0.2 0.2
1878 0.2 0.2
1879 0.3 0.3
1880 0.3 0.3
1881 0.4 0.4
1882 0.3 0.3
1883 0.2 0.2
1884 0.4 0.4
1885 0.4 0.4
1886 0.4 0.4
1887 0.4 0.4
1888 0.5 0.5
1889 0.5 0.5
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Gasoil

Crude Feed- Kero- Gas Diesdd Gasoil Fud Petrol

Oil stocks sene olines Jets Fued oil Diesd il coke LPG Tota

PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ
1890 0.5 0.5
1891 0.5 0.5
1892 0.6 0.6
1893 0.6 0.6
1894 0.6 0.6
1895 0.6 0.6
1896 0.6 0.6
1897 0.6 0.6
1898 0.6 0.6
1899 0.6 0.6
1900 0.6 0.6
1901 0.7 0.7
1902 0.6 0.6
1903 0.7 0.7
1904 0.6 0.6
1905 0.7 0.7
1906 0.7 0.7
1907 0.7 0.7
1908 0.7 0.7
1909 0.8 0.8
1910 1.1 1.1
1911 1.1 1.1
1912 0.8 0.8
1913 1.0 1.0
1914 0.7 0.7
1915 0.7 0.7
1916 0.7 0.3 1.0
1917 0.8 0.3 1.0
1918 0.3 01 0.3
1919 1.0 04 0.0 1.4
1920 0.8 04 0.5 1.7
1921 0.7 04 0.5 1.6
1922 09 05 0.4 1.9
1923 09 04 0.9 2.1
1924 09 05 1.0 2.3
1925 1.1 0.6 0.5 2.2
1926 1.3 09 0.5 2.7
1927 1.3 1.2 0.5 3.1
1928 1.7 1.8 0.9 4.3
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Ke- Gasoil

Crude Feed- ro- Gas Diesd Gasoil Fud Petrol

Oil stocks sene olines Jets Fud oil diesd oil coke LPG Total

PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ
1929 1.5 1.8 0.9 4.2
1930 1.8 2.1 1.0 4.9
1931 1.8 2.1 1.0 4.9
1932 1.8 2.1 1.0 4.9
1933 2.1 2.3 1.2 5.5
1934 2.6 2.6 1.3 6.5
1935 2.3 3.1 1.6 7.0
1936 2.2 3.0 1.6 6.8
1937 2.2 3.3 2.4 7.9
1938 2.2 3.3 2.7 8.2
1939 2.2 3.3 3.4 0.0 8.8
1940 4.9 1.0 1.6 1.8 0.0 9.3
1941 4.6 0.6 1.5 1.5 0.0 8.3
1942 0.9 0.8 0.6 0.4 0.0 2.7
1943 0.0 0.8 1.4 2.7 0.0 4.9
1944 4.4 1.2 1.7 2.9 0.0 10.2
1945 1.2 1.5 2.0 4.4 0.0 9.1
1946 4.3 2.0 2.8 6.7 0.0 15.8
1947 11.1 1.9 3.2 8.4 0.0 247
1948 12.5 25 3.8 8.1 0.0 269
1949 11.8 2.2 3.6 9.0 0.0 26.5
1950 11.9 2.3 2.8 12.5 0.0 296
1951 14.8 2.8 3.5 13.0 0.0 34.2
1952 20.0 2.7 2.3 12.4 0.1 375
1953 5.6 51 58 0.1 239 0.1 40.6
1954 31.0 2.0 -0.4 0.1 11.7 0.1 44.6
1955 37.7 1.8 -23 0.0 13.6 0.1 509
1956 40.6 1.8 -23 0.0 12.5 0.0 527
1957 39.2 1.3 -16 0.0 13.5 0.0 523
1958 46.6 05 -39 0.0 12.1 0.0 554
1959 51.6 0.1 -3.0 0.0 12.2 0.0 609
1960 53.7 0.8 -3.2 0.0 14.3 0.5 0.1 66.1
1961 55.6 -0.7 -25 0.0 19.0 0.6 05 725
1962 55.1 05 -11 00 212 11.2 100 0.7 09 773
1963 59.6 1.1 -12 -03 211 11.8 9.3 0.6 1.3 80.1
1964 62.4 0.1 -03 -28 203 11.2 9.1 0.4 2.8 829
1965 65.5 0.5 21 -42 236 122 11.3 0.0 42 917
1966 66.9 0.8 24 56 218 109 109 0.0 50 91.3
1967 69.4 0.7 47 -6.3 273 143 13.0 0.0 7.4 103.3
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Ke-

Crude Feed- ro- Gas Gasoil  Fuel

Oil stocks sene olines Jets diesd oil Petrol coke LPG Total

PJ PJ PJ PJ PJ PJ PJ PJ PJ PJ
1968 68 02 78 -48 173 15.9 0.0 79 113
1969 79 0.2 118 -42 154 13.2 0.1 8.7 124
1970 145 5.1 08 -20 7.6 -3.4 0.0 10.1 153
1971 154 20 -39 13 -34 4,5 5.2 0.0 10.3 170
1972 170 05 -39 35 -28 3.8 8.6 0.0 115 191
1973 164 24 -32 7.7 -0.9 9.8 16.2 0.0 12.9 209
1974 224 36 -04 -07 -15 -32 -10.4 0.0 11.7 223
1975 221 1.8 00 24 -41 -05 13.1 0.0 12.6 246
1976 228 -07 02 -05 -6.2 3.0 20.9 0.0 14.6 259
1977 226 25 0.2 05 -7.8 5.9 14.1 0.0 14.8 256
1978 255 -156 01 -0.8 -54 104 34 0.0 15.6 263
1979 330 -13 -20 -127 -90 -95 -22.8 0.0 149 288
1980 303 1.6 -0.2 -100 -95 1.4 13.8 0.0 13.4 313
1981 323 28 -01 -151 -152 -2.0 30.5 0.0 12.6 336
1982 315 -23 -03 -33 -93 7.8 29.3 0.0 146 352
1983 322 5.0 0.1 -20 -121 -86 39.0 0.0 13.3 356
1984 294 -01 01 12 -153 41 50.5 0.0 14.1 349
1985 270 115 02 06 -138 1.9 345 0.0 13.7 319
1986 317 3.5 01 -51 -185 -10.1 29.0 0.0 13.2 329
1987 288 45 01 22 -141 125 12.2 0.0 16.7 322
1988 300 294 0.1 -100 -171 9.0 2.7 0.0 17.8 327
1989 388 204 00 -125 -19.3 -16.6 394 0.0 15.9 415
1990 407 338 0.0 -146 -28.1 -16.2 12.2 0.0 20.0 414
1991 373 146 0.1 52 -21.0 16.3 26.1 0.0 24.6 429
1992 439 293 -01 -75 -248 5.0 26.2 0.0 25.0 482
1993 417 321 04 52 -182 -156 4.3 0.0 28.7 454
1994 527 271 -01 -23.6 -342 -495 -174 0.0 26.8 456
1995 494 434 00 -384 -31.7 -33.6 26.6 3.1 30.7 494
1996 449 439 041 -27.7 -25.1 -12.0 123 4.8 37.3 482
1997 477 638 00 -388 -29.1 -11.6 15.7 10.0 36.6 523
1998 512 406 -0.1 -34.2 -27.8 -13.3 447 15.2 26.2 563
1999 482 423 0.1 -254 -225 3.0 45.4 20.6 34.8 580
2000 432 358 0.2 -93 -146 451 21.7 16.5 34.8 562
2001 458 395 0.2 -272 -84 288 33.8 21.1 31.1 577
2002 426 621 0.2 -209 -3.3 227 57.8 26.2 33.1 604
2003 462 518 0.2 -329 -11.3 214 10.0 24.5 25.9 552
2004 461 451 01 -28.7 -141 38.1 -4.4 28.9 26.8 553
2005 481 43.2 00 -31.3 -149 244 10.8 33.5 22.6 569
2006 494 708 0.1 -48.8 -159 10.8 -39.8 321 21.4 524
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TableB. 7 Oil (non-energy uses)

Crude Total

il (non non-

energy energy

uses) Naphtha Asphalts Lubricants Paraffins Solvents Propylen  uses

PJ PJ PJ PJ PJ PJ PJ PJ

1892 0.056 0.056
1893 0.055 0.055
1894 0.052 0.052
1895 0.072 0.007 0.079
1896 0.078 0.003 0.081
1897 0.082 0.004 0.086
1898 0.071 0.017 0.088
1899 0.097 0.006 0.102
1900 0.108 0.008 0.116
1901 0.099 0.019 0.118
1902 0.107 0.013 0.12
1903 0.147 0.015 0.163
1904 0.111 0.02 0.131
1905 0.171 0.022 0.193
1906 0.186 0.016 0.202
1907 0.21 0.004 0.213
1908 0.165 0.017 0.182
1909 0.176 0.012 0.187
1910 0.175 0.022 0.196
1911 0.237 0.013 0.25
1912 0.286 0.012 0.298
1913 0.274 0.018 0.292
1914 0.289 0.014 0.304
1915 0.27 0.039 0.309
1916 0.372 0.012 0.384
1917 0.257 0.016 0.273
1918 0.097 0.03 0.127
1919 0.447 0.013 0.46
1920 0.322 0.049 0.371
1921 0.153 0.009 0.162
1922 0.329 0.015 0.345
1923 0.401 0.055 0.456
1924 0.302 0.022 0.324
1925 0.327 0.018 0.345
1926 0.366 0.048 0.415
1927 0.469 0.047 0.516
1928 0.784 0.046 0.831
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Crude Total

oil (non non-

ener gy energy

uses) Naphtha Asphalts Lubricants Paraffins Solvents Propylen  uses

PJ PJ PJ PJ PJ PJ PJ PJ

1931 0.22 0.64 0.04 0.90
1932 0.14 0.60 0.03 0.78
1933 0.10 0.76 0.05 0.91
1934 0.09 0.77 0.04 0.90
1935 0.28 1.05 0.06 1.39
1936 0.14 0.73 0.04 0.91
1937 0.04 0.69 0.04 0.77
1938 0.02 0.57 0.05 0.63
1939 0.07 0.63 0.05 0.75
1940 0.00 0.33 0.00 0.33
1941 0.00 0.09 0.03 0.12
1942 0.00 0.07 0.01 0.08
1943 0.00 0.24 0.03 0.27
1944 0.00 0.28 0.01 0.29
1945 0.00 0.31 0.03 0.35
1946 0.00 0.59 0.08 0.67
1947 0.00 0.65 0.04 0.69
1948 0.00 0.85 0.08 0.93
1949 0.00 0.57 0.08 0.65
1950 0.00 0.48 0.06 0.55
1951 0.01 0.87 0.09 0.96
1952 0.01 0.68 0.06 0.74
1953 0.01 0.59 0.06 0.65
1954 0.01 0.71 0.08 0.80
1955 0.02 0.79 0.09 0.90
1956 0.05 0.02 0.98 0.09 1.14
1957 0.05 0.03 0.05 0.11 0.22
1958 1.97 0.04 0.01 0.09 2.11
1959 0.55 0.03 1.04 0.09 1.71
1960 0.68 0.00 0.63 0.05 0.12 1.49
1961 0.63 0.00 0.79 0.06 0.15 1.62
1962 0.77 0.00 0.93 0.05 0.12 1.88
1963 4.74 0.00 0.78 0.06 0.12 5.71
1964 6.12 0.00 1.13 0.07 0.16 7.47
1965 6.48 0.00 1.038 0.08 0.14 7.72
1966 6.39 0.00 1.68 0.08 0.15 8.30
1967 7.40 0.00 1.43 0.09 0.22 9.13
1968 7.35 0.00 1.27 0.09 0.17 8.87
1969 11.12 0.00 1.59 0.10 0.16 12.96
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Crude Total

oil (non non-

ener gy energy

uses) Naphtha Asphalts Lubricants Paraffins Solvents Propylen  uses

PJ PJ PJ PJ PJ PJ PJ PJ

1970 1470  -0.97 1.92 0.11 0.28 16.03
1971 15.70 0.63 1.89 -0.46 0.10 0.54 18.40
1972 14.71 2.33 1.78 -0.98 -0.03 0.70 18.51
1973 13.07 4.01 1.79 -0.68 0.03 0.94 19.16
1974 17.10 0.01 1.54 -0.89 -0.12 0.72 18.35
1975 16.12  -0.21 131 0.12 -0.13 0.74 17.95
1976 14.97 0.64 1.60 -0.20 -0.01 0.91 17.91
1977 17.94 0.31 2.28 -0.12 -0.05 1.00 21.36
1978 18.88  -1.61 3.02 0.57 -0.03 0.98 21.81
1979 19.40 -1.40 1.63 1.08 -0.03 1.18 21.87
1980 15.48 3.75 0.45 1.13 0.03 1.02 21.86
1981 10.41 6.62 2.15 0.35 -0.12 0.90 20.31
1982 9.24 24.66 2.43 0.58 -0.06 -1.44 35.42
1983 18.01  11.25 1.68 0.01 -0.08 -2.38 28.49
1984 18.12  16.78 2.32 0.47 0.01 -1.24 36.46
1985 33.13 5.08 1.51 -0.39 -0.01 0.55 39.87
1986 3941 16.74 2.48 -0.60 -0.07 0.22 58.19
1987 32.69 19.71 3.17 -0.35 0.03 0.19 55.44
1988 39.79  26.45 6.11 -0.26 -0.04 -0.10 71.94
1989 43.18  26.37 6.87 -0.40 0.03 0.18 76.22
1990 42.63 28.10 7.04 -0.16 0.05 -0.16 0.00 77.50
1991 37.14 1569 11.79 -0.42 -0.02 -0.12 0.00 64.06
1992 42.20 16.88 9.70 -0.54 0.04 0.20 0.00 68.48
1993 4401 1484 10.88 -1.31 0.07 -0.26 0.00 68.23
1994 53.03  14.07 7.81 -1.63 -0.05 -0.03 0.00 73.20
1995 57.38  16.29 8.97 -1.43 0.02 -0.21 -3.26 77.77
1996 53.14 9.49 8.77 -0.55 -0.06 -0.04 -2.77 67.99
1997 50.21 21.71  13.02 1.26 0.02 -0.43 -4.45 81.33
1998 65.69 16.12 12.22 0.46 -0.15 -0.41 -2.41 91.53
1999 70.16  15.13 9.74 -0.80 -0.14 -1.01 -3.71 89.37
2000 66.84 17.20 11.56 -1.43 -0.25 -1.24 -3.24 89.44
2001 72.82 1.68 15.18 -0.62 -0.27 -0.54 -4.01 84.24
2002 78.31 2.27 10.98 -2.78 -0.43 -0.81 -3.78 83.76
2003 78.26 6.70 8.03 -1.19 -0.32 -0.97 -3.40 87.12
2004 81.63 9.31 7.80 -2.26 -0.31 -1.00 -2.44 92.72
2005 80.17 8.29 12.81 -1.69 -0.17 -1.14 -2.99 95.29
2006 72.04 5.86 7.66 -2.41 -0.28 -1.05 -3.14 78.68

Note: non-energy uses of oil are not included in the totals
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Table B.8 Electricity

Geo, Primary"
eolic, Elec- Thermo®
Hydro solar Imports Exports tricity Thermo® Total efficiency
D @) ©) 4) 5 (6) (7 )
GWh GWh GWh GWh GWh GWh GWh %
1894 0.2 0.2 n.a.
1895 0.3 0.3 n.a.
1896 0.3 0.3 n.a.
1897 0.4 0.4 n.a.
1898 0.5 0.5 n.a.
1899 05 0.5 n.a.
1900 0.6 0.6 n.a.
1901 0.6 0.6 n.a.
1902 0.8 0.8 n.a.
1903 0.8 0.8 n.a.
1904 1.2 1.2 n.a.

! Primary electricity (5) = Hydro Production (1)+ Geo, wind, photovoltaic production (2)+ Imports (3)
—Exports (4). From 1971-1989 geo production is included in hydro production.

2 Thermoelectricity is a secondary form of energy aresdot appear on primary energy consumption
figures. Column 6 represents the produced electricity by mean of fuels andamparable with
column 1.Termoelectricity in primary equivalents can be deducted from 1931 dividing column 6
(Thermo) by column 8 (thermo efficiency). Some estimations were performeaefgetiod prior to
official statistics. For 1918 thermo figures were estimated with basis on cptisnnfigures for
Lisbon (CRGE,1918) ( (transformed in production figures assuming 15% of losses inigsamsm
and Oporto production figures (SMGEP,1918). The installed power of the &vocmmpanies in the
country represented 79% of the power installed in public service in 1918, and was assuitined that
production proportion was the same. For 1923 | assumed 1385 hours of use for the power iimstalle
the public service (Revista Obras Publicas e Minas, 1923), equal to the one reporte2P7 by
official statistics (DGSE, 1927). On 1927 autoproduction of electricity was &0%e electricity
produced by the public service. The same proportion was assumed to 1918 and 1923. Benchmark
years were connected assuming a constant rate of growth. Until 1969 data reportslamdVain
Portugal.

® Data on thermo power efficiency is reported here for 1931-2006.For 1931-1970 effisi¢akgn
from Madureira and Teives (2005) and reports on efficiency in conventional coail @ogver plants
(excluding firewood and residuals). For 1971- 1989 data is taken from energy balancedsid all
and electricity are included in order to determine efficiency. After 199@geeffy is taken from all the
fuels consumed for producing all thermo power other than used for cogeneratioesufilhe
differences are not significant due to the small portion of non-conventional @tgctrDividing
hydro, geo, photovoltaic production in this appendix by thermo-efficiency allows-pydduction to

be expressed in terms of fuel equivalents. For earlier dates than 1931 lower efficieece® be
applied, i.e, in 1917 the efficiency of the Lisbon plant was around 5% (CRGE,1917) angl 18-
1920 Oporto plant had efficiencies of 3-4% (SMEGP,1918-1920).
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Geo, Primary
ealic, Elec- Thermo
Hydro solar Imports Exports tricity Thermo  Total efficiency
1) 2 ©) (4) ) (6) (7) C)
GWh GWh GWh GWh GWh GWh GWh %
1905 1.3 13 n.a.
1906 19 19 n.a.
1907 2.0 2.0 n.a.
1908 2.3 2.3 n.a.
1909 3.0 3.0 n.a.
1910 3.1 3.1 n.a.
1911 3.9 3.9 n.a.
1912 45 4.5 n.a.
1913 5.2 5.2 n.a.
1914 6.1 6.1 n.a.
1915 7.0 7.0 n.a.
1916 7.2 7.2 n.a.
1917 7.6 7.6 n.a.
1918 7.7 7.7 23.7 31.4
1919 8.2 8.2 28.3 36.5
1920 10.3 10.3 33.8 44.0
1921 10.9 10.9 40.3 51.1
1922 22.6 22.6 48.1 70.7
1923  28.7 28.7 57.3 86.0
1924  33.1 33.1 70.7 103.7
1925 41.8 41.8 87.1 128.9
1926 48.2 48.2 107.3 155.5
1927 58.2 0.1 58.3 132.3 190.6
1928 723 0.0 72.3 148.8 221.1
1929 79.3 0.0 79.3 167.0 246.3
1930 96.4 0.0 96.4 170.7 267.1
1931 100.0 0.0 100.0 174.9 274.9 12
1932 108.9 0.0 108.9 183.4 292.3 13
1933 102.8 0.0 102.8 204.5 307.3 13
1934 108.2 0.0 108.2 222.2 330.4 14
1935 1225 0.2 122.6 239.2 361.8 14
1936 138.4 0.2 138.6 238.1 376.7 14
1937 145.4 0.2 145.7 267.1 412.7 15
1938 131.5 0.2 131.8 299.6 431.4 16
1939 190.7 0.3 191.0 264.8 455.8 16
1940 186.0 0.3 186.3 281.3 467.6 15
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Geo, Primary
eolic, Elec- Thermo
Hydro solar Imports Exports tricity Thermo  Total efficiency

1) @ 0 (4) ©) (6) (7) C)

GWh GWh GWh GWh GWh GWh GWh %

1941 199.2 0.3 199.5 288.1 487.6 14
1942 225.3 0.4 225.6 248.4 474.1 14
1943 211.8 0.3 212.2 272.4 484.6 14
1944  205.7 0.3 206.0 306.1 512.1 13
1945 202.1 0.2 202.3 349.9 552.3 14
1946 325.3 0.3 325.6 321.7 647.3 14
1947 335.8 0.3 336.1 394.2 730.3 15
1948 362.5 0.3 362.8 457.2 820.0 15
1949 282.0 04 282.4 560.6 843.0 16
1950 446.4 0.4 446.9 504.8 951.7 16
1951 821.3 0.6 821.9 230.5 1052.4 16
1952 1203.9 0.7 1204.7 147.7 13524 17
1953 1011.6 1.7 1013.3 380.7 1394.0 18
1954 1473.3 0.6 1473.9 207.8  1681.7 17
1955 1750.8 7.8 1758.6 164.7  1923.3 17
1956 2063.2 10.1 2073.3 140.3 2213.6 17
1957 1868.7 13.4 1882.1 328.1 2210.2 14
1958 2539.3 4.7 2544.0 158.2  2702.1 14
1959 2897.2 0.8 2898.0 130.2  3028.2 15
1960 3139.7 0.8 3140.5 158.6  3299.2 15
1961 3457.3 10.8 3468.1 189.2  3657.3 18
1962 3548.7 26.9 3575.5 3219 38974 20
1963 4043.1 55.2 4098.3 300.1 4398.4 20
1964 4261.2 43.2 55.0 4249.3 5404  4789.7 21
1965 4023.0 441.8 11.1 4453.7 651.6 5105.4 22
1966 5355.8 3.5 145 5344.7 285.1 5629.8 16
1967 5550.2 26.9 80.8 5496.3 4395 5935.8 19
1968 5269.6 91.4 25.2 5335.8 998.0 6333.9 24
1969 6385.2 57.7 34.7 6408.1 511.9 6920.0 21
1970 5853.5 60.7 43.2 5871.1 1634.3 7505.4 27
1971 6206.6 204.8 26.5 6384.9 1726.2 8111.1 28
1972 7151.3 150.5 111.7 7190.2 1753.4 8943.6 32
1973 7353.9 67.5 78.2 7343.3 2467.3 9810.6 32
1974 7888.2 339.0 295.2 79320 2857.1 10789.2 34
1975 6436.8 465.7 266.5 6636.0 4290.9 10927.0 34
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Geo, Primary
ealic, Elec- Thermo

Hydro solar Imports Exports tricity Thermo Total efficiency

D @) 3) (4) ©) (6) (7) )

GWh GWh GWh GWh GWh GWh GWh %
1976 4887.4 1845.3 120.5 6612.1 5258.4 11870.5 35
1977 10009.9 381.7 927.3 9464.3 3808.5 13272.9 37
1978 10864.9 871.6 1089.5 10647.0 3788.1 14435.1 35
1979 112515 931.2 11339 11048.8 4901.7 15950.5 36
1980 8072.1 0.7 2346.0 5184 9900.4 7190.6 17091.0 37
1981 5094.7 0.3 3344.8 139.8 8300.0 8804.5 17104.5 37
1982 6982.1 0.0 3369.4 400.3 9951.3 84359 18387.1 37
1983 8131.2 0.3 23729 265 10477.9 10026.9 20504.8 39
1984 9882.0 3.1 2077.0 1365.0 10597.1 9602.2 20199.3 40
1985 10848.7 4.1 3529.7 1283.9 13098.6 8260.0 21358.6 38
1986 8543.1 2.0 2873.9 988.7 10430.2 11814.4 22244.6 38
1987 9186 14 3699.0 675.0 12211.4 10949.0 23160.4 37
1988 12303 3417.1 1027.0 14693.1 10185.0 24878.1 38
1989 6049 2436 1270 7215 19727.0 26942.0 38
1990 9302 5 1733 1696 9344 19195.6 28539.6 38
1991 9176 6 1712 1620 9274 20649.7 29923.7 39
1992 5074 9 2538 1197 6424 24951.1 31375.1 40
1993 8737 15 2077 1902 8927 22443.2 31370.2 39
1994 10702 51 2257 1369 11641 20658.8 32299.8 38
1995 8454 59 2655 1741 9427 24740.6 34167.6 38
1996 14857 71 4116 3005 16039 19582.7 35621.7 37
1997 13175 90 5376 2477 16164 20827.5 36991.5 37
1998 13054 148 3974 3700 13476 25736.4 39212.4 37
1999 7631 204 3628 4488 6975 35385.9 42360.9 40
2000 11715 249 4698 3767 12895 31737 44632 41
2001 14375 362 3741 3502 14976 31772 46748 42
2002 8257 460 5329 3430 10616 37334 47950 42
2003 16054 589 5898 3104 19437 30209 49646 41
2004 10147 903 8612 2131 17531 34048 51579 44
2005 5118 1847 9626 2802 13789 38859 52648 41
2006 11467 3015 8624 3183 19923 34559 54482 42
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TableB.9 Others

Sulphiteliquor and bleachs Urban Solid Wastes Biogas Total

PJ PJ PJ PJ

1955 0.796 0.796
1956 0.835 0.835
1957 0.81 0.81

1958 0.651 0.651
1959 0.858 0.858
1960 0.961 0.961
1961 1.12 1.12

1962 1.137 1.137
1963 1.231 1.231
1964 1.474 1.474
1965 2.308 2.308
1966 2.699 2.699
1967 3.089 3.089
1968 3.499 3.499
1969 4.257 4.257
1970 4.743 4.743
1971 3.219 3.219
1972 1.529 1.529
1973 2.251 2.251
1974 1.888 1.888
1975 2.567 2.567
1976 2.517 2.517
1977 2.582 2.582
1978 2.536 2.536
1979 2.876 2.876
1980 3.119 3.119
1981 3.216 3.216
1982 3.641 3.641
1983 4.225 4.225
1984 4.08 4.08
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Sulphiteliquor and bleachs Urban Solid Wastes Biogas Total

PJ PJ PJ PJ

1985 4.1 4.1
1986 4.44 4.44
1987 4.799 4.799
1988 5.029 5.029
1989 4.836 4.836
1990 19.731 0 0 19.731
1991 24.927 0 0 24.927
1992 24.686 0 0 24.686
1993 24.106 0 0 24.106
1994 25.11 0 0 25.11
1995 27.142 0 0 27.142
1996 25.927 0 0 25.927
1997 29.266 0 0 29.266
1998 28.976 0 0 28.976
1999 30.191 2.384 0.017 32.592
2000 31.129 7.296 0.057 38.483
2001 30.477 7.309 0.051 37.836
2002 32.536 7.633 0.053 40.223
2003 32.38 7.927 0.049 40.356
2004 30.62 7.921 0.079 38.62
2005 30.905 8.667 0.45 40.021
2006 31.81 8.404 0.411 40.624
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Appendix C

CO; emissions from fossil fuels, Portugal

Table C.1 CO, emissions from fossil fuels 1856-2006

CO, fossil CO, CO; CO,
fuels coal ail natural gas CO,
thousand thousand thousand thousand  per capita

tonnes tonnes tonnes tonnes ton

1856 338 338 0 0.1
1857 266 266 0 0.1
1858 315 315 0 0.1
1859 381 381 0 0.1
1860 305 305 0 0.1
1861 260 260 0 0.1
1862 267 267 0 0.1
1863 276 276 0 0.1
1864 285 285 0 0.1
1865 295 293 2 0.1
1866 455 452 3 0.1
1867 399 395 4 0.1
1868 544 539 6 0.1
1869 379 369 11 0.1
1870 504 492 12 0.1
1871 398 389 9 0.1
1872 436 426 10 0.1
1873 631 620 12 0.1
1874 467 454 14 0.1
1875 557 548 9 0.1
1876 556 545 12 0.1
1877 619 603 16 0.1
1878 655 638 18 0.1
1879 645 623 22 0.1
1880 821 799 22 0.2
1881 828 802 26 0.2
1882 944 920 24 0.2
1883 991 974 17 0.2
1884 1,069 1,039 30 0.2
1885 978 949 29 0.2
1886 1,086 1,056 30 0.2
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CO, fossil CO, CO, CO,
fuels coal ail natural gas CO,
thousand thousand thousand thousand  per capita

tonnes tonnes tonnes tonnes ton

1887 1,209 1,178 31 0.2
1888 1,281 1,248 33 0.3
1889 1,504 1,469 35 0.3
1890 1,583 1,544 38 0.3
1891 1,624 1,585 39 0.3
1892 1,545 1,500 45 0.3
1893 1,332 1,289 43 0.3
1894 1,619 1,572 46 0.3
1895 1,515 1,472 43 0.3
1896 1,517 1,476 41 0.3
1897 1,560 1,515 45 0.3
1898 1,807 1,762 44 0.3
1899 1,743 1,696 46 0.3
1900 1,851 1,808 43 0.3
1901 1,835 1,784 51 0.3
1902 2,020 1,974 47 0.4
1903 2,117 2,064 53 0.4
1904 2,307 2,262 45 0.4
1905 2,263 2,215 49 0.4
1906 2,567 2,517 50 0.4
1907 2,822 2,768 53 0.5
1908 2,865 2,811 53 0.5
1909 2,863 2,808 54 0.5
1910 2,982 2,904 78 0.5
1911 3,080 3,002 78 0.5
1912 3,344 3,285 59 0.6
1913 3,540 3,471 70 0.6
1914 3,196 3,145 51 0.5
1915 2,911 2,861 50 0.5
1916 2,608 2,537 71 0.4
1917 1,139 1,066 73 0.2
1918 686 661 25 0.1
1919 1,665 1,565 100 0.3
1920 1,682 1,559 123 0.3
1921 1,726 1,612 115 0.3
1922 2,514 2,381 133 0.4
1923 2,194 2,039 155 0.4
1924 2,610 2,440 170 0.4
1925 2,741 2,582 160 0.4
1926 2,593 2,400 193 0.4
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CO, fossil CO, CO, CO,
fuels coal ail natural gas CO,
thousand thousand thousand thousand  per capita

tonnes tonnes tonnes tonnes ton

1927 3,181 2,960 221 0.5
1928 3,566 3,259 307 0.5
1929 3,464 3,162 302 0.5
1930 3,832 3,486 347 0.6
1931 3,595 3,245 351 0.5
1932 3,105 2,758 348 0.4
1933 3,685 3,290 396 0.5
1934 3,758 3,296 462 0.5
1935 3,984 3,485 500 0.5
1936 3,700 3,211 489 0.5
1937 4,682 4,115 567 0.6
1938 4,159 3,567 592 0.6
1939 4,432 3,796 636 0.6
1940 3,438 2,762 676 0.4
1941 3,346 2,745 602 0.4
1942 2,584 2,391 193 0.3
1943 2,714 2,359 355 0.3
1944 3,270 2,522 748 0.4
1945 3,065 2,399 666 0.4
1946 3,726 2,564 1,162 0.5
1947 5,337 3,520 1,817 0.6
1948 5,065 3,089 1,976 0.6
1949 5,367 3,414 1,953 0.6
1950 5,122 2,936 2,186 0.6
1951 5,126 2,604 2,522 0.6
1952 4,936 2,168 2,769 0.6
1953 5,534 2,529 3,005 0.6
1954 5,425 2,129 3,296 0.6
1955 6,004 2,241 3,763 0.7
1956 6,162 2,268 3,895 0.7
1957 6,559 2,690 3,869 0.8
1958 6,425 2,321 4,104 0.7
1959 6,571 2,070 4,501 0.7
1960 6,978 2,078 4,900 0.8
1961 7,979 2,598 5,381 0.9
1962 8,168 2,436 5,733 0.9
1963 8,693 2,766 5,927 1.0
1964 8,807 2,698 6,109 1.0
1965 9,367 2,634 6,733 1.1
1966 9,564 2,867 6,697 1.1
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CO, fossil CO, CO, CO,
fuels coal ail natural gas CO,
thousand thousand thousand thousand  per capita

tonnes tonnes tonnes tonnes ton

1967 10,236 2,685 7,551 1.2
1968 10,654 2,420 8,234 1.2
1969 11,752 2,709 9,043 1.4
1970 13,593 2,474 11,119 1.6
1971 14,365 1,890 12,475 1.7
1972 15,599 1,671 13,928 1.8
1973 17,259 1,944 15,315 1.9
1974 17,794 1,539 16,255 2.0
1975 19,629 1,591 18,038 2.1
1976 20,489 1,563 18,927 2.2
1977 20,384 1,601 18,783 2.2
1978 20,455 1,724 18,731 2.1
1979 22,617 1,731 20,886 2.3
1980 24,680 1,683 22,997 2.5
1981 26,280 1,477 24,803 2.7
1982 27,035 1,291 25,745 2.7
1983 27,871 1,556 26,315 2.8
1984 27,373 1,699 25,674 2.8
1985 26,796 3,096 23,700 2.7
1986 29,977 5,765 24,212 3.0
1987 31,131 7,510 23,621 3.2
1988 32,914 8,282 24,632 3.3
1989 41,224 10,186 31,038 4.2
1990 42,150 10,960 31,190 4.3
1991 43,296 11,551 31,745 4.4
1992 47,789 11,729 36,059 4.8
1993 46,378 12,474 33,905 4.7
1994 47,134 13,201 33,933 4.8
1995 51,777 14,332 37,445 5.2
1996 50,145 13,626 36,519 5.0
1997 54,452 13,965 40,284 203 5.4
1998 57,408 12,864 42,900 1,643 5.7
1999 63,735 14,905 44,237 4,593 6.3
2000 62,690 15,166 42,496 5,027 6.2
2001 61,950 12,678 43,947 5,325 6.0
2002 66,985 13,864 46,678 6,443 6.4
2003 61,990 13,288 42,480 6,221 5.9
2004 63,571 13,368 42,414 7,790 6.0
2005 65,932 13,264 43,834 8,834 6.2
2006 62,676 13,116 41,117 8,443 5.9
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Appendix D

Energy Prices, Portugal

Table D.1 Energy prices, Escudos /GJ, Portud@56-1980

Domesti r Fir Fir . -
Coal oCoilSt ° COui:je wooed Wo;;l Firewood Ci:rc])zlrl
Imports  Pithead Imports Lisbon Porto Industrial  Lisbon
Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ

1856 0.168 0.229 0.239 0.262
1857 0.151 0.230 0.286 0.309
1858 0.130 0.230 0.276 0.313
1859 0.121 0.242 0.296 0.311
1860 0.116 0.225 0.305 0.321
1861 0.152 0.236 0.305 0.345
1862 0.235 0.305 0.373
1863 0.267 0.288 0.430
1864 0.273 0.360 0.456
1865 0.144 0.280 0.394 0.474
1866 0.136 0.271 0.398 0.463
1867 0.165 0.264 0.398 0.436
1868 0.168 0.280 0.578 0.426
1869 0.153 0.237 0.659 0.434
1870 0.174 0.307 0.321 0.460
1871 0.175 0.301 0.452 0.452
1872 0.181 0.302 0.540 0.451
1873 0.198 0.310 0.549 0.454
1874 0.325 0.636 0.468
1875 0.196 0.243 0.607 0.468
1876 0.189 0.256 0.445
1877 0.216 0.256 0.420 0.468
1878 0.161 0.279 0.414 0.468
1879 0.161 0.279 0.352 0.468
1880 0.160 0.279 0.393 0.468
1881 0.137 0.245 0.342 0.468
1882 0.138 0.247 0.321 0.468
1883 0.138 0.245 0.334 0.468
1884 0.140 0.245 0.337 0.468
1885 0.133 0.418 0.337 0.499
1886 0.131 0.418 0.342 0.499
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Domestic  Crude Fire- Fire- Char-
Coal Coal Qil wood wood Firewood coal
Imports  Pithead Imports Lisbon Porto Industrial Lisbon
Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ
1887 0.327 0.340 0.522
1888 0.119 0.342 0.522
1889 0.125 0.352 0.522
1893 0.118 0.194 0.366 0.477
1894 0.117 0.195 0.398 0.477
1895 0.112 0.164 0.398 0.477
1896 0.108 0.203 0.477 0.477
1897 0.106 0.229 0.477 0.477
1898 0.143 0.194 0.480 0.477
1899 0.154 0.150 0.517 0.477
1900 0.223 0.100 0.517 0.477
1901 0.213 0.109 0.589 0.477
1902 0.177 0.115 0.597 0.477
1903 0.162 0.101 0.597 0.477
1904 0.150 0.101 0.477
1905 0.138 0.097 0.477
1906 0.127 0.124 0.477
1907 0.137 0.185 0.477
1908 0.136 0.193 0.477
1909 0.129 0.204 0.477
1910 0.130 0.200 0.477
1911 0.128 0.251 0.477
1912 0.142 0.235 0.477
1913 0.152 0.214 0.477
1914 0.155 0.189 0.715
1915 0.295 0.212 1.730
1916 0.781 0.413 2.422
1917 1.493 0.515 3.114
1918 2.312 0.668 3.461
1919 1.347 0.919 7.613
1920 4.001 1.280 7.959
1921 3.597 1.686 9.343
1922 3.254 2.605
1923 6.153 3.993 11.5
1924 6.910 5.041 15.7
1925 4.748 5.230 16.1
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Domestic  Crude Fire- Fire- . Char-
Coal Coal Oil wood wood Firewood coal

Imports  Pithead Imports Lisbon Porto Industrial Lisbon
Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ

1926 5.466 4.025 23.209
1927 4.696 3.139 24.248
1928 4.372 2.356
1929 4.255 2.561
1930 4.182 2.709
1931 4.098 2.690
1932 4.142 2.405
1933 3.832 2.000
1934 4.072 1.717
1935 4.136 1.580
1936 4.256 1.575
1937 5.038 1.426

1938 5.147 1.660 20.784
1939 5.400 2.211 20.784
1940 9.537 3.468 14.8 21.477
1941 12.423 4.852 22.9 22.516
1942 14.785 7.356 28.2 25.288
1943 19.807 8.299 30.830
1944 21.545 8.539 13.8 33.948
1945 20.917 6.966 33.0 16.7 36.373
1946 18.569 6.498 31.3 20.3 38.105
1947 17.728 6.249 14.7 39.4 38.105
1948 16.510 6.426 19.2 37.3 47.111
1949 15.279 6.726 194 33.1 53.693
1950 13.703 7.079 17.3 16.3 47.804
1951 16.699 7.163 20.1 16.0 46.072
1952 18.434 6.878 18.4 15.9 48.497
1953 16.551 6.778 15.6 36.7 48.497
1954 15.924 6.860 15.4 16.0 48.497
1955 16.552 7.071 15.8 15.2 48.497
1956 19.219 7.003 17.6 15.1 48.843
1957 19.396 6.964 22.1 14.6 51.961
1958 17.372 7.240 15.6 13.9 51.961
1959 15.839 7.462 15.0 14.2 51.961
1960 14.312 7.689 15.0 30.2 51.961
1961 15.38 7.740 15.0 13.9 51.961
1962 15.953 8.828 14.8 12.6 51.961
1963 16.796 10.177 14.6 12.9 51.961
1964 17.053 11.161 14.6 12.9 51.961
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Domesgtic  Crude Fire- Fire- Char-
Coal Coal Qil wood wood Firewood coal
Imports Pithead Imports Lisbon Porto Industrial Lisbon
Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ Esc/GJ

1965 17.864 11.363 14.2 12.8 51.961
1966 17.888 11.305 14.3 13.0 51.961
1967 19.548 11.512 15.9 12.1 51.961
1968 17.014 13.129 16.4 10.8 51.961
1969 19.937 13.614 16.0 111 51.961
1970 24.986 13.943 17.3 11.9 55.425
1971 42.519 11.422 16.8 135 62.353
1972 30.389 11.301 15.3 13.6 62.353
1973 24.559 15.053 175 14.6 86.602
1974 50.036 22.960 48.2 17.5 98.033
1975 64.268 35.410 55.2 20.3 121.242
1976 71.542 45.398 70.1 26.1
1977 88.552 56.564 93.6 80.6
1978 113.753 69.260 107.3 34.7
1979 114.474 90.959 160.0 41.4
1980 161.406 124.147 290.7 49.4

Sources: Coal imports my compilation from INE, Comércio Externo, several issuessiiiogoal

pithead prices, own construction from several sources: INE, Anuério Estaf@sti@890 to 1900,

1911 to 1914, 1938 and 1940 to 47; INE, Estatisticas Industriais, several issues, for 1947 to 1967. For
years 1901 to 1910 and 1915 to 1937 and 1939 see Direccédo Geral de Minas e Servicos Geologicos,
Reparticdo de Minas, Boletim de Minas, 1928, 1930 and 1939. For 1968 to 1980 sewdedisod®

Minas, several issues. Crude Oil, my compilation from INE, Comércio Extermerasdssues.
Firewood for Lisbon 1856-1888 is from Mappa Estatistico... (1854/1855 to 1865-1866); Eatatdsti
Alfandega for 1866-67 to 1888-1889. Firewood for Oporto 1856 to 1903 is derived from Pinheiro
(1983). Industrial firewood is constructed from INE, Estatisticas Industsevgral issues. Charcoal

for Lisbon is derived from taxation data: same sources as firewood from 1856 to 18B8eMdi da
Fazenda, Consumo em Lisboa... 1891-1907; Ministério da Fazenda,.. Consumo e real de 4gua: Lisboa
e Porto (1908-1922) and from 1923 to 1975 is taken from INE, Anuéario Estatistico, several issues.

305



Appendix E

International database

This appendix presents some of the basic indicators which were used in
Chapter 3 for analyzing energy transitions.

Table E.1 Canada, basic indicators, selected years

Firewood
Natural Primary &
Coal Oil Gas glectricity Muscle Water Others

PJ PJ PJ PJ PJ PJ PJ
1871 24 1 60 179
1913 796 27 23 5 119 3.6 173
1938 678 258 38 86 119 8.0 186
1950 1150 659 80 181 202 10.1 105
1973 639 3018 1561 707 115 327
1990 1003 2730 2150 1338 129 341
2006 1183 3097 3192 1576 131 491

Total Energy Energy
Energy GDP Population Intensity per capita CO» CO;
million million  per capita,

PJ  $1990 thousands MJ/$1990 GJ tonnes ton

1871 264 6669 3801 40 69 2 1
1913 1147 34916 7852 33 146 79 10

1938 1474 52060 11452 28 129 85 7
1950 2387 102164 14011 23 170 162 12
1973 6376 312176 22560 20 283 369 16
1990 7690 524475 27791 15 277 416 15
2006 9671 814835 33099 12 292 518 16

Sources: Steward (1978) 1871-1960, IEA (2008a) for 1960-2008. Mitchell (2007) for
muscle power and Maddison (2008) for GDP. Primary electricity converted to its heat
content.CO, emissions own calculations.
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Table E.2 England & Wales, basic indicators, selected years

Fire-
Water, \vood
solar
Natural  Primary & geo &
Coal Oil Gas electricity Muscle heat Others
PJ PJ PJ PJ PJ PJ PJ
1800 370 75 12 20
1870 2699 1 133
1913 5647 58 211
1938 5208 300 150
1950 5928 528 180
1973 3841 3887 1059 105 197
1990 3118 2892 1947 273 159 0 24
2006 1941 2952 3402 304 190 1 149
Total Energy  Energy
Energy GDP Population Intensity per capita CO; COs
per
million million capita,
PJ $1990 thousands MJ/$1990 GJ tonnes ton
1800 478 16935 9201 28 52 35 4
1870 2834 90945 21696 31 131 255 12
1913 5916 216297 36411 27 162 538 15
1938 5659 295270 41277 19 137 515 12
1950 6636 320152 43553 21 152 600 14
1973 9089 600241 49241 15 185 708 14
1990 8414 847121 50638 10 166 616 12
2006 8940 1237885 53129 7 168 591 11

Sources: Energy carriers from Warde (2007), oil figures revised by the author. Primary
electricity recalculated by its heat conte®©, emissions own calculations.
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Table E.3 France, basic indicators, selected years

Water,
solar Fire-
& wood
Natural Primary geo &
Coal Oil Gas glectricity Muscle heat Others
PJ PJ PJ PJ PJ PJ PJ
1820 32 0 0 0 194 322
1870 547 1 0 0 276 240
1913 1862 5 0 0 318 180
1938 1989 333 0 39 314 180
1950 1796 453 9 60 273 267
1973 1224 4545 505 177 260 0 410
1990 835 3176 1010 1337 245 5 484
2006 547 3263 1590 1781 261 6 506
Energy
Total Energy per
Energy GDP Population Intensity  capita CO; CO,
per
million million capita,
PJ $1990 thousands MJ/$1990 GJ tonnes ton
1820 547 35468 30250 15 18 3 0
1870 1064 72100 36870 15 29 52 1
1913 2366 144489 39771 16 59 177 4
1938 2855 187402 41960 15 68 213 5
1950 2859 220492 41836 13 68 204 5
1973 7121 683965 52118 10 137 a77 9
1990 7093 1026491 56735 7 125 369 6
2006 7955 1380352 60876 6 131 380 6

Sources: Energy carriers from Gales and Warde (unpublished) and IEA (1960-2006) in
order to deduct non-energy uses of oil and natural gas. Primary electricity calculated by
its heat content. GDP and population figures from Maddison (20@3)emissions

own calculations.
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Table E.4 Germany, basic indicators, selected years

Water, Fire-

Coal solar wood
& Natural  Primary & geo &
Peat Oil Gas electricity Muscle heat Others
PJ PJ PJ PJ PJ PJ PJ
1870 845 4 0 263 11 243
1913 5821 50 0 452 9 173
1938 6513 24 1 29 397 106
1950 5449 137 4 35 363 106
1973 5741 6170 1167 141 333 0 105
1990 5346 4440 2208 622 331 1 201
2006 3433 4220 3237 737 343 18 676
Energy
Total Energy per
Energy GDP Population Intensity capita CO; CO,
per
million million  capita,
PJ $1990 thousands MJ/$1990 GJ tonnes  ton
1870 1366 72149 40805 19 33 80 1
1913 6504 237332 66978 27 97 554 8
1938 7070 342351 68558 21 103 618 9
1950 6094 265354 68375 23 89 526 8
1973 13657 944755 78950 14 173 1061 13
1990 13149 1264438 79380 10 166 955 12
2006 12665 1647840 82422 8 154 816 10

Sources: Gales, Kander and Warde, unpublished. IEA (1960-2006) in order to deduct
non-energy uses of oil and natural gas. Primary electricity calculated by itohestt.
GDP and population figures from Maddison (203}, emissions own calculations.
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Table E.5 Italy, basic indicators, selected years

water
wind Fire-
solar wood
Natural  Primary & &
Coal Oil Gas electricity Muscle geoheat Others
PJ PJ PJ PJ PJ PJ PJ
1870 32 2 0 190 5 228
1913 348 10 0 7 308 2 182
1938 411 101 1 54 305 1 183
1950 315 215 17 83 314 1 192
1973 427 3484 598 164 310 0 188
1990 661 3186 1562 263 300 9 186
2006 691 3027 2857 326 302 10 202
Energy
Total Energy per
Energy GDP Population Intensity capita CO; CO;
per
million million  capita,
PJ $1990 thousands MJ/$1990 GJ tonres ton
1870 457 43526 27390 10 17 3 0.1
1913 858 96856 36275 9 24 34 1
1938 1056 148676 43154 7 24 46 1
1950 1138 170190 46768 7 24 47 1
1973 5172 578953 53882 9 96 329 6
1990 6166 939038 57746 7 107 384 7

2006 7415 1169690 58259 6 127 448 8

Sources Malanima (2006) and IEA (2008a) (1973,1990 and 2006) in order to deduct
non-energy uses of oil and natural gas. Primary electricity recalculated by its heat
content.CO, emissions own calculations.
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Table E.6 Netherlands, basic indicators, selected years

Wind, Fire
solar  wood,
& Peat
Natural  Primary geo &
Coal Oil Gas electricity Muscle heat Others
PJ PJ PJ PJ PJ PJ PJ
1800 4 0 0 15 9 18
1870 54 1 0 26 10 39
1913 320 7 0 42 6 15
1938 405 77 0 51 1 13
1950 469 94 2 0 54 1 8
1973 107 696 1326 -1 55 0 3
1990 384 457 1433 46 60 0 49
2006 361 644 1594 100 66 1 303
Energy
Total Energy per
Energy GDP Population Intensity capita CO; CO;
per
million million capita,
PJ $1990 thousands MJ/$1990 GJ tonnes  ton
1800 46 3791 2112 12 22 0 0.2
1870 130 9560 3610 14 36 5 1
1913 390 24349 6184 16 63 31 5
1938 547 44486 8685 12 63 44 5
1950 628 60642 10114 10 62 51 5
1973 2186 175791 13439 12 163 135 10
1990 2430 258094 14952 9 163 150 10
2006 3070 385709 16510 8 186 171 10

Sources Database from Ben Gales in Gales et al., IEA (2008a) for ZUO6.
emissions own calculations.
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Table E.7 Spain, basic indicators, selected years

water Fire-
solar wood

Natural Primary & geo &
Coal Oil Gas electricity Muscle heat  Others
PJ PJ PJ PJ PJ PJ PJ
1870 32 1 143 10 124
1913 236 2 1 133 32 105
1935 239 34 12 193 41 113
1950 365 76 18 199 89
1973 414 1470 43 97 213 102
1990 795 1722 192 90 196 173
2006 793 2661 1280 166 214 3 219
Energy
Total Energy per
Energy GDP Population Intensity capita CO; COs
per
million million  capita,
PJ $1990 thousands MJ/$1990 GJ tonnes  ton
1870 310 19556 16060 16 19 3 0.2
1913 509 41653 20340 12 25 22 1
1935 632 63482 24726 10 26 25 1
1950 747 61429 27976 12 27 40 1
1973 2340 266896 34858 9 67 149 4
1990 3168 474366 39102 7 81 212 5
2006 5336 762373 41324 7 129 342 8

Sources: Rubio (2005), revised firewood series. |IEA (2008a) to deduct non-energy uses
of oil and natural gas (1973, 1990 and 2006). Firewood was revised for the years 1973,
1990 and 2006 taking into account the values of Odyssee (2009) for residential
firewood consumption in Spain (1980-2006). GDP and population figures from
Maddison (2008)CO, emissions own calculations.
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Table E.8 Sweden, basic indicators, selected years

Fire-
wood,
Natural  Primary solar & Peat &
Coal Oil Gas electricity Muscle geo heat Others
PJ PJ PJ PJ PJ PJ PJ
1800 0 0 22 88
1870 13 0 0 36 104
1913 166 7 4 46 140
1938 239 51 22 39 121
1950 222 146 52 33 121
1973 77 977 226 33 132
1990 122 521 24 503 35 0.1 254
2006 110 512 37 491 36 0.2 384
Energy
Total Energy per
Energy GDP Population Intensity capita CO, CO,
per
million million  capita,
PJ $1990 thousands MJ/$1990 GJ tonnes ton
1800 111 1367 2336 81 47 22 0
1870 153 4553 2585 34 59 1 0.3
1913 363 14016 4169 26 87 16 3
1938 473 26449 5639 18 84 26 4
1950 574 41964 6310 14 91 32 4
1973 1446 107685 7042 13 205 79 10
1990 1458 151452 8144 10 179 51 6
2006 1570 213177 8591 7 183 50 6

Sources: Kander (2002) and IEA (2008a) for 2000-2006. GDP figures from Krantz and
Schon (2007)CO, emissions own calculations.
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Table E.9 US, basic indicators, selected years

Fire-
Solar wood
Natural  Primary & geo &
Coal Oil Gas electricity Muscle  heat Others
PJ PJ PJ PJ PJ PJ PJ
1870 1106 12 0 620 3052
1913 15025 1280 654 37 1544 1813
1938 10507 7058 2425 132 1238 1449
1950 13028 14049 6297 370 979 1648
1973 13678 33633 21542 1340 841 1613
1990 20233 30856 17767 3286 993 14 2888
2006 23747 37314 20614 4222 1185 92 3546
Energy
Total Popula-  Energy per
Energy GDP tion Intensity  capita CO; CO,
per
million million  capita,
PJ $1990 thousands MJ/$1990 GJ tonnes  ton
1870 4790 98374 40241 49 119 105 2.6
1913 20353 517383 97606 39 209 1552 16
1938 22051 799357 130476 28 169 1647 13
1950 36370 1455916 152271 25 239 2615 17
1973 72647 3536622 211909 21 343 3816 18
1990 76038 5803200 250132 13 304 4235 17
2006 90721 9266364 298444 10 304 5052 17

Sources: Schurr and Netschert (1960), EIA (2009) and IEA (1960-2006) for deducting
non-energy uses. US Department of Commerce (1975) and Mitchell (2007) to take
account for animal power. GDP from Maddison (2008). Primary electricity recalculated
by its heat content.
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