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Foreword

Late in 1973 the (Swedish) Energy Forecasting Commission initiated
development of an econometric model at the Economic Research Institute
(EFI) at the Stockholm School of Economics to be used in forecasting
energy consumption. It became my privilege to carry out the project,
in cooperation with Clas Bergstrdm and Anders BjSrklund. Professor
Karl-G6ran Midler, at that time a member of the Commission, was to be
responsible for the project and to serve as adviser. A first version
of the Energy Forecasting Model (EFM) was completed in the spring of
1976. The present study, which is an outgrowth of the work with EFM
and wider in scope, uses EFM as a tool in analyzing energy pqlicy

issues.

When work on EFM was started in 1973 energy policy was not the
controversial subject it is today. The present-day debate has largely
focused on the pros and cons of nuclear power. The very considerable
public interest in this particular issue has led me to put a number

of nuclear power policy alternatives and the choice between them at

the center of analysis in this study. However, this does not necessarily
mean that I regard choice of technology in the power generating sector
as the only or most important energy policy issue in Sweden at the

present time.

I have expected that potential readers of this book have a wide variety
of professional backgrounds and are willing to allocate quite different
amounts of time on it. This poses a problem of presentation which has
been solved in two ways. First, in order to make the study self-contained
some material has been included, especially in Chapter 3, which is quite
well-known to economists, but presumably not to others. Second, presenta-
tion of EFM is kept entirely within Part II. Also, the model's data base
is presented in Part II, while the specific assumptions made in this
study are presented in Part III. Chapter 11 contains a summary of the

main results and conclusions arrived at in the study.

My work with this study has benefitted greatly from good advice and
critical comments by professors Karl G. Jungenfelt and Karl-Gdran Midler.
I am very grateful for their support and encourageﬁent. I also wish to

thank Tomas Restad and Olle Djerf as well as several other participants
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at seminars at the Stockholm School of Economics where a preliminary
version of this book was discussed. Needless to say I am solely

responsible for all remaining errors.

Clas Bergstrdm made extraordinary efforts when the simulations using

EFM were carried out. To him I am very grateful, as well as to Georg
Saros for research assistance Aduring various phases of the project. In
the preparation of Chapter 2 I benefitted from my work at the Secretariat
for future studies and cooperation there with Bo Diczfalusy and Harry

Flam.

I also want to express my gratitude to Margareta Blomberg and to Siv
Jonsson, Kerstin Niklasson and Monica Peijne who have typed the many
versions of this book. Julie Sundgvist has been faced with the arduous
task of correcting and simplifying my English. Language errors in the
final version of the text are results of my own last-minute changes.
Rune Castenfis and the staff of EFI and of the Stockholm School of

Economics provided support in many practical matters.

Financial support for this study has been given by Riksbankens
Jubileumsfond, which is gratefully acknowledged.

Finally, my debt to my wife Lena and daughter Malin is substantial.
They prévided me with an optimum mix of encouragement and disturbance
during the years when EFM practically was a member of our family.

Stockholm, February 1977

Lars Bergman
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PART I

THE BACKGROUND






1. INTRODUCTION

1.1 Goals_and Constraints in Swedish Energy policy

Since the turn of the century Swedish energy policy has been governed
by two basic ideas. One is that cheap energy is an important factor in
promoting economic growth. The other is that there are risks connected

with high dependence on foreign suppliers of energy.

These ideas have sometimes been in conflict with each other, sometimes
not. For instance, the utilization of Sweden's large water power re—
sources provided industries and households with cheap electricity. At
the same time dependence on imported fuels was reduced. On the other
hand, the transition from solid fuels to oil meant g transition from
relatively expensive to relatively cheap fuels, and also a transition

from domestic to imported fuels.

However, the concept of a coordinated "energy policy" is fairly recent
in the Swedish political sphere. The term was not used in official
statements until 1969.1/ At that time the Minister of Industry formu-—

lated the goals of Swedish energy policy in the following way:z/

"That sufficient amounts of energy, in forms which are adapted
to the demand for eénergy, are put at the disposal of the con-—
sumers with a minimum of social cost and due consideration to
the side—effects on preparedness, security, environment and
health."

The implication of this statement is that the most economically com-
petitive energy resources and energy transformation technologies

should be used as long as their side—effects were not too severe.

1/ Before that, issues related to the supply and demend of energy were
a matter of either "water power policy" or "fuel policy". The purpose
of the former was the rapid and efficient utilization of the country's
water power resources, while the latter aimed at reducing Sweden's de-
pendence on imported energy by replacing imported coal with domestic
fuels. See Lundgren (36).

2/ Wickman (52).



The term "due consideration", however, was never explicitly defined.
The same applies to trade-offs between the various side-effects. The
preferences of the politicians were nevertheless clearly revealed by
the actual post-war development of Swedish energy production and con-

sumptién.

The Swedish economy experienced a fairly high rate of GNP growth during
the first three post—war decades. The growth of Sweden's energy consump—
tion was even faster. This led to rapid expansion of the energy supply
system which, however, was by no means uniform. Cozl and domestic solid
fuels were replaced by imported oil and the output of electricity grew
faster than the total output of energy. Electricity generation capacity
was increased through investments in hydro power plants. Some figures
indicating how the Swedish energy supply system was restructured are
shown in Table 1.1. It should be noted that Table 1.1 only gives g

very brief survey of the development of the Swedish energy balance.
Chepter 2 is devoted to a more detailed description and analysis of
this development.

As can be seen in Table 1.1 the share of oil, eﬁtirely imported, in
the Swedish energy balance increased @ramatically during the 1950s

" and the 1960s. Moreover, the share of electricity in the total con-
sumption of secondary energy increased merkedly. On the basis of
Table 1.1 it seems as if Swedish energy policy was to & large extent
directed towards ensuring the supply of low—-cost energy without quan-
titative restrictions. The benefits from cheap oil seems to have been
considered more important than the risks associated with a continued
/ Further, the vast ex—

ploitation of water power resources can be regarded as a revealed pre-

and increased dependence on imported energy.1

ference for cheap electricity at the expense of environmental aspects.

1/ In fact, the original plans for investments in nuclear energy were based
on concern for Sweden's dependence on other countries with respect to
energy supply. However, the main point was that construction of heavy
water nuclear power plants would convert Swedish uranium deposits into
usable domestic energy resources without intermediate enrichment abroaed.
When this technology turned out to be considerably more expensive than
expected, the plans were reformulated and directed towards light water
reactors fueled with imported enriched uranium. This, again, indicates
a significant preference for cheap energy at the expense of other con-
siderations. .



_Table 1.1 The Swedish energy supply system, selected figures,
1950 and 1972.

1950 1972
Total consumption of energy, TWh 146 448
Share of (imported) oil in Sweden's
energy balance, % 29 75
Share of electricity in the con-
sumption of secondary energy 12 18
Share of domestic hydro power pro-—
duction in domestic electricity
generation, % 95 T5
Exploited water power resources in1/
relation to economically available
water power resources, % 21 78

Sources: Ds Fi 1967:8. Rapport rérande Sveriges energifdrsdrjning
1955-1985..

SOU 19T4:6k. Energi 1985-2000.

As exploitation of available water power increasedplanning for the
next era of Sweden's electricity production began. As in many other
countries nuclear power was expected to become an efficient technology
for producing cheap electricity. Accordingly vast nuclear power in-—
vestment plans were formulated.g/ Moreover the existing laws were
changed so as to permit electric heating and thereby increase the

3/

use of electricity.

1/ In SOU (62) the maximum amount of exploitable water power resources
in Sweden is estimated to be 200 TWh per annum. Of these, 85 TWh
were considered economical in 1972, but 15 TWh were reserved for
environmental reasons. In 1974, after the oil price increase, the
figures were revised and 95 TWh water power were considered eco-
nomical.

2/ See CDL (55).
3/ See Lundgren (36).



In the beginning of the 1970s the energy scene changed dramatically.
The founding of OPEC changed the structure of the international oil
market which culminated in the "oil crisis" of 1973-TL. Doubts about
the safety and profitability of nuclear power beceme increessingly
widespread. With such a large share of imported oil in her enérgy
balance and vast nuclear power investment plans, the preconditions
for Sweden's energy policy were changed and the energy policy became

e matter of prime political importance.

The problem now facing the energy policy makers can be split into

three sub-problems, nasmely:

i) a supply problem;
ii) a problem of national independence;

iii) an environmental problem.

That is, the "energy problem" still has the elements quoted above,
but the relative importance of the latter two sub—-problems is much
higher now than it was one or several decades ago.

-

In the spring of 1975 the former Swedish government presented the
general principles for a new energy policy.1/ One 6f the basic ideas
in the government's proposal is that the energy field is beset by a
number of imporiant uncertainties. This refers not only to nuclear
power technology in particular, but also to other supply options.

In addition it applies to the markets for oil ;nd nuclear fuel both

in terms of prices and supply relisbility.

Due to these circumstances it was not considered possible, or desi-
rable, to formulate a detailed long-term plan for the development
of Sweden's energy supply system. Instead, the emergy policy is

formulated on the explicit assumption that it will be revised as

soon as the results from e number of studies about energy supply

option and energy conservation possibilities, initiated in 1975,

become asvailable. The first revision is expected to take place in
1978.

1/ Regeringens proposition 1975:30, Energihushdlling m m.



As a consequence of this approach, the energy policy decisions made
today should put as few constraints as possible on the future set of
feasible energy policy strategies. This can be called the principle

of "freedom of action'.

-
~

In order to attain a high aégreé éf‘ﬁfreedom>of_action", energy policy
is aimed at reducing the rate of growth of energy consumption. Thus,
the official goal is that total consumption should grow by nc more than
2% per annum between 1973 and 1985 and that no growth at all should
occur after 1990.1/

to grow. Thus consumption of electricity is expected to increase by

2/

But the market share of electricity, is expected
approximately 6% per annum between 1973 and 1985.°' The realization
of these goals implies that the growth of oil consumption has to be
very limited.

However, according to the former government's proposal, both the attempts
to attain a high degree of freedom of action in the choice between energy
policy strategies, and the long term energy policy finally chosen are
subject to an important comstraint: neither of the policies should con—

flict with the realization of important social goals.

Examples of such goals, explicitly mentioned, include not only a safe
environment, national security and indepedence, but also high employ-
ment and continued economic development. The concept of "continued
economic developmenth refers to increased welfare and security for

3/

less-privileged groups.~’ Since there is no mention of reductions in
the material standard of other groups, this constraint can be inter-
preted as a requirement that energy policy should not be in marked
conflict with continued GNP growth. This requirement, in turn, can
be transformed into a constraint on supplied quantities and supply

prices of energy.

1/ The post-war average has been about 5% per annum.
2/ The post-war average has been about 7% per annum.

3/ Energihushdllning op.cit. p. 12.
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Neither of the constraints on energf policy is quantified in the govern-
ments proposal, nor are there any indications about the trade—offs be-
tween the different constraints. Bowever, the growth constraint is
fairly easy to quantify. Further, there are well established expecta-
tions about the rate of economic growth.1/ Thus, at least for the next
decade, an energy policy which is likely to lead to a negative rate of
economic growth is not feasible. In other words the economic growth con-
straint is likely to rule out many more energy supply options than the

environmental or national independence constraints.

To sum up, the purpose of the "new" energy policy is to maximize the
freedom to choose among different energy policy strategies subject
to environmental (including health and safety), national independence

and economic growth constraints.

To the extent that this interpretation of the "new" Swedish energy .
policy is valid, it points to an importent problem inherent in this
policy: What is the relation between a given economic growth constreint
and the degree of freedom to choose among presently existing eneréy
supply technologies? Will there be any degree of freedom in this choice
at a given positive rate of economic growth? Or can we choose any of
the known energy supply technologies and still maintain a positive

rate of economic growth?

The answers to these guestions will to & large extent determine the
possibilities of carrying out a "new" energy policy, that is,
an energy policy which is not primarily directed towards energy cost

minimization.

The relation between economic growth and the choice of energy policy

strategy depends primarily upon the following two sets of factors:

1) For instance, in the medium term projection by the Ministry of
Finance (SOU, (6L4)), various social reforms which have already
been decided are transformed into economic growth requirements.
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i) the differences between various energy supply options in

terms of the cost of the energy that is produced;

ii) the substitutability of different kinds of energy, of
energy end other factors of production and of energy

intensive and less energy intensive products.

Consider as an illustration a closed economy where, in the choice be-
tween two energy production technologies, the more expensive (in terms
of private costs) is chosen. This means that as compared to a case

where the other technology had been chosen, energy prices will be higher.
As a result, for all products where energy is a direct or an indirect
factor of production, the supply prices will increase, The prices of
energy intensive products will'increase most. This will tend to reduce
the demand for energy intensive products, which in turn will stimulate
the producers of energy intensive products to change their methods of

production in a less energy intensive direction.

The final result of the adjustment process i; that both final consump-~
tion patterns and the production methods have become less energy con—
suming. Further the general level of prices will be somewhat higher
than would have been the case if a cheaper energy production technology
had been used. In other words, since more resources are used for energy
production, less resources can be used for consumption. Finally, the

higher energy prices result in a lower level of energy consumption.

This illustration shows the strategic role of the above mentioned fac-
. tors in the relation between the choice of energy production technology
and the rate of economic growth. If the different supply options yield
approximately the same supply prices of energy, the choice of energy
production technology can be made without taking economic growth objec—
tives into consideration. The same applies if energy can easily (cheaply)
be replaced by other factors of production and energy intensive products

by less energy intensive products. However, if the differences between
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the alternatives, in terms of energy supply prices, are substantial
and/or energy can be replaced by other factors of production only with
great difficulty, the choice of energy supply technology is strategic

from an economic growth point of view.

1.2 The Purpose and Scope of the Study.

This study can be seen as a first step towards an analysis of diffe-
rent energy policy strategies from an economic growth point of view

and thereby a first attempt to analyze of the possibilities of imple-
menting a "new" energy policy in Sweden. The purpose of the study is

to evaluate the flexibility of present energy supply and demand patterns
in Sweden. Thus, We concentrate on an analysis of the substitutability
of different kinds of energy and of energy and other factors of produc-
tion. Another important aspect is the relation between specific energy

policy strategies and energy supply and demand patteras.

The time horizon of the study is the "medium term". This means that

the analysis is confined to a time period which is short enough to
exclude. the possibility that important new energy supply options will
become available. On the other hand, the time period is long enough

to permit a complete adjustment to changes in energy prices and various
energy policy measures. All kinds of structural problems connected with
unexpected changes in energy prices or energy policy are disregarded.
Further, by concentrating on presently existing energy supply options,
the long term relations between energy supply and economic growth are
more or less neglected. However, in Chapter 3 a brief stirvey of the

long term perspectives is made.

We noted above that the Swedish "energy problem" has three aspects:
the supply aspéct, the national independence aspect and the environ-

mental asﬁect. Even if none of these should be treated separately
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without due regard to the others, this study is almost entirely con-
fined to the supply aspect. The ratiocnale for this lies in our inter—
pretation of the prospects of the "new" Swedish energy policy; the
economic growth constraint is likely to be efficient in more cases than

the other constraints.

In the previous section it was proposed that the relation between the
choice among different energy policy strategies and the rate of eco-
nomic growth is to a large extent determined by two sets of factors:

i) the cost differences between various energy supply options;
ii) the substitutability of different kinds of energy, of
energy and other factors of production and of energy-inten-—

sive and less energy-intensive products.

All aspects of these issues obviously cannot be dealt with in a single

study. We therefore confine ourselves to the following three issues:

i) the cost differences between a number of alternative orga—
nizations, in terms of plant structure, in the electricity

and heat production sectors;

ii) the substitutability of different kinds of energy and of

energy and capital in the residential heating sector;

iii) the sensitivity of the composition of the final demand for
goods and services to energy price variations, and the

resulting changes in the demand for energy.

These specific problem areas were not chosen arbitrarily. Considering
the role of nuclear power in the Swedish energy policy controversy,

the first point cannot be avoided. Moreover, an analysis of the heating
sector requires a simultaneous analysis of the entire energy produc-

tion system.

Since space heating can be achieved with low temperature heat, all
kinds of energy can be utilized for heating purposes. The energy re-

quirements of a given building at given indoor and outdoor climatic
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conditions are determined to a large extent by the degree of insulation.
In other words, energy and capitsal are substitutes in this sector.
Accoréingly, the orgaenization of the residential heating sector has

a significant impact on both the size and the structure of the energy

supply sector as a whole.

The rationale behind the third point is explained in detail in Chapter
2, where it is shown that changes in the composition of the final de-
mand for goods and services have had an important impact on the growth

of energy consumption in Sweden.

1.3 The_Plan of the Study

The plan of the study is as follows. The post-war development of
Sweden's energy consumption is described and analyzed in Chapter 2.
The discussion is focused on the relation between Sweden's GNP and
her consumption of energy, that is, the energy intensity of Sweden's
GNP. The factors underlying the observed development of the energy
intensity of Sweden's GNP are identified and explanatory hypotheses

are proposed.

The present study primsrily deals with the development of energy con-
sumption patterns at given assumptions about the growth of the economy
and the prices of energy resources. In & more elaborate study the
growth of the economy, energy supply conditions and energy consump-
tion patterns should be regarded as interdependent phenomena. Thus,

a discussion about these interdependencies is needed as a background
for the present study. Chapter 3 is devoted to & brief discussion
about the factors behind the long-run development of the prices of
energy resources, and how changing energy prices affect the growth

of the economy.

This study is carried out primerily on the basis of a numerically
formulated model of the Swedish economy. The choice of model is mo-
tivated in Chapter 4. That chapter also contains a discussion of some
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theoretical aspects of the model. The empirical version of the house-

hold consumption demand model used in this study is discussed as well.

The model presented in Chaéfer L is constructed as a set of interre-
lated submodels. In Chapter 5, 6, and T the three submodels of parti-
cular interest for this study are discussed in greater detail. Thus,
Chapter 5 desls with a model of all sectors which produce non-energy
commodities (steel, paper, etc.) Chapter 6 treats a model of the
Swedish electricity and heat supply sector, while a model of the
Swedish residential heating sector is dealt with in Chapter 7.

Results from simulations with the model system are presented and
discussed in Chapters 8, 9 and 10. In Chapter 8 four alternative
strategies for the future nuclear power policy in Sweden are fofmu—
lated. Under the assumption of given demands for electricity and

heat the impact of each of these policy alternatives on the power and
heat production sector is analyzed. The attention is focused on the

choice of technology and the development of electricity and heat prices.

Chapter 9 deals with the results obtained from simulations using the
residential heating system model. It is shown how the profitability

of different residential heating options, and thus the total energy
demand for residential heating purposes, is affected by price varia-
tions for energy and energy conservation equipment. The allocation

of energy conservation investments between different kinds of residences
is also discussed. Moreover Chapter 9 deals with the impact on the re-
sidential heating sector of the above mentioned alternatives for the

future nuclear power policy in Sweden.

In Chapter 10 the attention is focused on the relation between the
composition of final consumer demand and the demand for energy. Thus,
in a first step the changes of commodity prices in response to assumed
changes of energy prices are estimated. By means of the model of the
household sector's demand for commodities, the estimated price-~changes

are transformed into changes of the quantities demanded. Then, by means
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of the model of the production sectors, the changes in final demand

for commodities are transformed into changes in the demand of energy.

Chapter 11 contains a summary of the main results of the study. In
eddition some conclusions about the flexibility of the energy con-
sumption patterns are drawn. It is also discussed how the approach
adopted in this study can be used in studies of other problems re-

lated to Sweden's energy policy than those analyzed in this study.
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The purpose of this chapter is to present and analyse the development of

Sweden's consumption of energy during the first two and a half post-war

decades. Section 2.1 deals with large aggregates such as GNP and total

energy consumption. In section 2.2 a brief comparison of Sweden and some

other industrialized countries with respect to the consumption of energy

is carried out. In section 2.3 the consumption of energy is assigned to

different components of GNP and in section 2.4 input-output analysis is

used for a
in Sweden.
hypotheses

Sweden.

Throughout

Thus it is

decomposition of the observed changes of energy consumption

The chapter ends with a discussicn about some explanstory

about the observed growth of the consumption of energy in

the consumption of energy is expressed in physical terms.

necessary to mention a few words about the problems of mea-—

surement in energy analysis.

1/

The discussion is confined to the diffe-

rence between the concepts "primary energy" and "secondary energy" and

the problems connected with the aggregations of different kinds of energy

sources

f

Imported petro-'

leum products

N
| 4 Petroleum gfoducts
7
1]
Crude oil \ Heat
] Refineries [~ Thermal >
plants
1
Water . J ..
I Hydro po- Electricity
wer plants
! | Gas pro- Gas >
duction Solid
Solid fuels / Y fuels

</

Con-
sumption
of
secon-
dary
energy

1/ See for instance Johansson - Ldnnroth, (31).




- 14 -

By means of the simple flow diagram above, the meaning of the concepts

"primery" and "secondary" energy used in this study can be clarified.

If the flow of energy is measured at point 1 we talk about "primary
energy", while we use the concept "secondary energy" when the measure-
ment is carried out at point 2. For a single country imported petroleum
products can be regarded as primary energy, but from a global point of

view petroleum products are always a kind of secondary energy.

The difference between primary and secondary energy is the conversion

losses in the energy sector. The problem is, however, that electricity
can be produced by means of different kinds of primary-energy, and the-
conversion losses in the electricity sector depends on the kind of pri-
mary energy used in the production process. Thus, at a given level and
composition of secondary energy consumption, the consumption of primary

energy can attain many different levels.

One way to circumvent this problem is to set the energy value of water
power and uranium equal to the thermal content of the<;mount of oil

that had been needed in order to produce the amount of electricity actu-
ally produced in hydro and nuclear power plants. In this way the consump-
tion of secondary energy will always be a constant fraction of the con-
sumption of primary energy, but the consﬁmption of primary energy will

be overestimated. This approach, however, has not been utilized in this
study. Thus, in the statistics presented in section 2.1 the changing

share of conversion losses reflects the changing composition of Swedens'

primary energy consumption.

All kinds of secondary (and primary) energy can be measured in a common
unit such as kWh. Thus, different kinds of secondary energy can, seemingly,
be aggregated. However, different kinds of energy very often represents
different qualities of energy. One kWh of electricity has many potentiel
uses such as for lighting, mechanical work and heating, while one kWh

20°C water has very few uses. Moreover, when one kWh of electricity is
used in a process, such as lighting, that process yields both light and

one kWh heat as output; energy can never be destroyed, only degraded.
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Thus, the laws of thermodynamics limit the substitutability of diffe-
rent kinds of energy. This means that the analysis should be carried
out in terms of "free energy" which is a concept that take the qua-
lity of the energy into account. Nevertheless, in this study the
discussion is carried out in terms of "energy" and the quality pro-

blem is diéregarded.

B T I _

2.1 The Increased Energy Intensity of Sweden's GNP

In 1950 the total consumption of primary energy in Sweden was 146 TWh.1/
Twenty-two years later, in 1972, the corresponding figure was LL8 TWh.
This means that the average annual growth of primary energy consumption
was 5.1% during this period. However, there were substantial yearly
variations in the growth rate of energy consumption. Most of these yearly
variations can be explained by climatic conditions; that is, the average

winter tempersture and the amount of rainfall.

The increase in primary energy consumption is, of course, to a large
extent a result of the growth of Sweden's GNP. However, the average
annual rate of GNP growth was only 3.6% during this period. It follows
that the average content of primary energy per unit of GNP grew between
1950 and 19723 see in Diagram 2.1.

Diagram 2.1 also reveals that the consumption of secondary energy grew
somewhat more slowly than the consumption of primary energy, although
still faster than the GNP. Thus, the increased energy intensity of
Sweden's GNP is only to some extent the result of greater losses in

the energy transformation sector. The small increase in energy trans-
formation losses that actually occurred can be explained by the enlarged
share of thermal power plants in total electricity generation. Another
explanation is the increased share of domestically refined products in

the total domestic supply of petroleum products.a/

1/ 1 mm = 103 gwh = 10° wwm = 102 kW

2/ Between 1965 and 1970 the share of domestically refined products in
the total supply of petroleum products rose from 21.2% to 39.2%.



- 16 -

Diagrem 2.1 GNP and the consumption of primary and secondary energy
in Sweden, 1950-1970. Millions (1968) of Sw Cr and TWh.

M Sw.Cr. TWh Primary
N energy
hooJ' econdary
energy
300
200 1

100 1

+

/

& " Iy 3
3 L] Ki N

1950 55 60 65 70

Sources: En beok om clja, Svenska Petroleum Institutet, Stockholm 19 .
S08, Industri 1950-73.
Statistisk Arsbok 1950-Tk.

In contrast to the increased energy intensity of Sweden's GNP, the
corresponding figure for industrial output has been declining during the
post-war period. This is shown in Diagram 2.2. The decline in the energy
intensity of Swedish industrial output has been accompained by an in-
crease in the share of industrial output in the GNP. As a result, the
share of industrial energy consumption in Sweden's energy balance has

/

been almost constant over a long period.1 Consequently, changes in

1/ The industrial share of total secondary energy consumption is slightly
more than 40%.
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industrial consumption of energy have not affected the energy intensity of

1/

Sweden's GNP upwards or downwards. That is, the increased energy intensity
of Sweden's GNP is due to greater energy consumption in non-industrial sec-

tors.

Diagram 2.2 Energy intensity of Sweden's GNP (g) and industrial
output (i), 1950-1970. kWh/(1968) Sw.Cr.

kWh A
Sw.Cr.
h-h
34 (i)

“””~\’/,,—/’"‘~” '

2Js N

v

1950 55 %0 &5 78

Sources: See Diagram 2.1.

1/ As can be seen in Diagram 2.2, industrial output is in general more
energy intensive than the GNP as a whole.
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The rapid growth of energy consumption has been accompanied by dramatic
changes of the market shares of various kinds of energy. The total con-
sumption of primary energy grew on an average of 5.1% annually, but the
corresponding figure for petroleum (crude oil and refined products) was
9.5%. Further, between 1950 and 1972 the growth of the total consumption
of secondary energy averaged U4.8% per annum, while the corresponding

/

The market shares of different kinds of secondary energy are shown in

figures were 8."{%1 for petroleum products and 6.7% for electricity.

Diagram 2.3.

Diagram 2.3 Shares of different kinds of secondary energy in the
Swedish energv market, 1950-1970. TWh

™Wh A
400 T
300
Petroleum products
200 7t
100 T M /—
‘-__‘\\\~._—--_.\~;::“__________ElectIIClty
Other kinds of energy
~N
7

1980 25 80 33 70

Sources: See Diagram 2.17.

1/ The difference between 9.5% and 8.7% per annum reflects the
increased share of losses in the energy transformation sector.
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2.2 A Comparison between the Development in Sweden and Other

Industrialized Nations

A comparison with other industrialized nations will provide the necessary
international context for continuing our discussion of the development

of the Swedish energy consumption; see Diagram 2.k,

Diagram 2.4 Trends in the ratio of energy comsumption to GNP,
11 selected countries, 1925-1965. KWh and 1965 Sw.Cr.

kWh
Sw.Cr. U.K.
L Belg.Lux,
353 U.s.
5,0T
4,57
Canada
Lo
3’5.-
3,0
2,571 France
Neth.
2,01
Japan
1,5+ Sweden
1 Switz.
1,0 Italy
USSR

1925 35 L5 5% 1965

Source: Darmstadter, J.: Energy in the World Economy, RfF, Baltimore and
London, 1971, p. T2. The diagram is plotted on the following
benchmarks: 1925, 29, 38, 50, 53, 55, 60, 63, 65. The figures
are converted from kg. coal equivalents and U.S. $.
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The diagram shows that the energy intensity of Sweden's GNP increased
sharply during the late 1920s, remained approximately stable between

1930 and 1950, and then started to increase again. It is also clear

from the diagram that, in terms of energy intensity of GNP, many in-
dustrialized countries have followed approximately the same path as
Sweden. However, there are also countries that have developed quite
differently in this respect. Thus, there does not seem to be any universal

"law" of increasing energy intensity of GNP.

Diagram 2.4 also reveals substantial differences between countries in

terms of the level of GNP energy intensity. These differences would have
been even more pronounced if some less developed countries had been in-
cluded in the comparison. However, the differences in terms of energy
intensity levels between the countries to a large extent depend on the
exchange rates which are used for the conversion of the national currencies
to U.S. dollars. For instance, in a study by Parent1/ where the exchange
rates prevailing in 1972 were used, Sweden and the U.S. had almost equal

energy intensity of GNP.

It can be seen in Diagram 2.4 that for the industrialized countries covered
by the diagram there is a tendency towards convergence in GNP energy inten-—
sity. This tendency towards international convergence of the energy inten—
sity of the GNP is not surprising. It is likely that a number of decades
ago the comparative advantages of different countries were to a large
extent determined by differences in natural resource endowments. The

energy intensity of a country's GNP used to be determined largely by the
amounts of energy needed to exploit the resources traded by the country

in question. As time passed the comparative advantages of the various
countries became more differentiated. Moreover, energy consumption for
space heating and passenger traffic grew rapidly in all industrialized
countries. During this process the production systems of these countries

became increasingly similar in terms of energy intensity.

We now turn to Diagram 2.5 which contains information about the income

elasticity of energy in some selected countries.

1/ See Parent, (43).
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Diagram 2.5 Energy — GNP elasticity coefficients, selected countries

and regions, 1950-1965
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Source: See Diagram 2.4

Upper figure = average annual % growth rate of energy consumption

Lewer figure = average annual % growth rate of GNP

The broken line in Diagram 2.5 indicates unity energy income elasticity.
Countries below the broken line have experienced a decrease in the energy
intensity of GNP during the post-war growth process, while the opposite

applies to the countries above the line.

Diagram 2.5 reveals substantial differences Detween countries in the GNP
elasticity of energy consumption. There is no obvious pattern in these
figures, For instance, both slow-growing and fast-growing as well as rich
and relatively poor countries can be found over and under the broken line.

This implies that there is no simple relationship between the level or the
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rate of growth of a country's GNP and the energy intensity of its GNP.

So, in order to understand and explain the post-war development of

energy consumption in Sweden, we cannot rely on any more or less uni-
versal law. Further, international comparisons indicate that the observed
relationship between energy consumption and GNP cannot be considered stable

enough to serve as a basis for long-term energy demand predictioms.

2.3 The Energy Intensity or Different GNP Components

The preceding surveys revealed that the energy intensity of Sweden's GNP
has increased since 1950. Further, although not unusual, such a develop-
ment path has not been followed by all industrialized countries. In this
section we again concentrate on Swedish developments and investigate
whether -the pattern, observed for GNP as a whole, holds for different
components of the GNP as well.

Table 2.1 shows the total (direct plus indireét1/) consumption of
primary energy incurred by the domestic production of goods and services
demanded for various purposes. The figures refer to the amounts of energy
allocated to domestic production of goods and services for private con-

2/

sumption, investment, etec. The table is based on input—-output statistics.
Since such statisties are not available for years prior to 1959, the whole

period, 1950-T2, could not be covered in this way.

1/ If the production of an arbitrary commodity, ceteris paribus, is in-
creased by one unit, there will be a direct increase in the demand
for energy and a number of other inputs. In order to produce these
other, non-energy inputs some additional energy consumption is re-
quired. This is the indirect demand for energy incurred by the in—
creased production of the arbitrary commodity in question.

2/ The calculations are based on the assumption that the import
content of each particular group of commodities is the same for
all kinds of final uses.
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Table 2.1 Use of primary enmergy for the production of goods and

services demanded by different aggregate demand categories,

selected years. TWh and percentage shares

;
Commodities pro- 1960 1965 1970
duced for TWh A T™Wh { 4 T™Wh g

1 }Private consumption| 99.1f 47.9 {146.3150.0 | 191.4| 43.6

2 | Central goverunment
consumption 9.1} WU | 12.51 4.3 18.51 L.

3 | Local government

consumption 10.1 .9 15.2} 5.2 22.51 5.1
4 [Total investments 32.9{ 15.9 42.9{14.6 57.6| 13.1
5 iExports 49.3} 23.9 | 68.7123.5 | 135.0} 30.8
6 | Inventory changes 6.3% 3.0 7.31 2.5 14.3] 3.2
7 | cwp { 206.7{100.0 |292.6]100.0| 438.5[100.0

Sources: The National Accounts, Industry and Trade statistics and

input-output statistics compiled for the Ministry of Finance.

Table 2.1 indicates that the allocation of Sweden's total energy con-
sumption to GNP components has been relatively stable over time. The
only exceptions are the marked changes in the relative shares allocated
to private consumption and exports between 1965 and 1970. These diver—
gencies are the result of variations in the energy intensity of the
different GNP components and the relative share of BNP of these com—

ponents.

Table 2.1 and the National Accounts can be used to calculate the average
"primary energy intensity'" of different parts of the Swedish production
system. The results of these calculations are presented in Table 2.2.
Note that the figures refer to the total (direct and indirect) energy
content of domestically produced commodity groups, each worth one Sw.Cr.
in 1968 prices and composed so as to be typical of the demand category

in question.
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dities for various purposes, selected years. KWh/1968 Sw.Cr.

Commodities pro- Average an-
duced for 1960 1965 1970 nual rate of
change. %

Private consumption 2.13 2.62 3.06 3.6
Central govermm. coms.| 1-17 1.21 1.70 3.7

Local government cons. 1.07 1.27 1.24 1.5

Total investments 1.94 1.85 2.16 1.1
Exports 3.58 3.53 4.70 2.7

GNP 2.20 L4,2.35 é.88 2.7

Sources: See Table 2.1,

Table 2.2 reveals that the energy intensity of all GNP components has
been increasing over time, although the rates of growth and levels of
energy intensity differ substantially. Thus, assuming a given commodity
composition for each of the GNP components, a reallocation of the domestic
use of resources from sectors producing goods and services for public con-
sumption and investment purposes to sectors producing for private con-

sumption and export would increase the energy intensity of the GNP.

The allocation of the GNP to various uses for some selected years is

shown in Teble 2.3.
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Table 2.3 Allocation of Sweden's GNP to various uses in 1960, 1965 and
1970, GNP measured in 1968 market prices. Percentage shares*

1960 1965 1870
Private consumption ko LT L
Central government consumption T T 6
Local govermment consumption T 8 10
Total investments (inel. inventory changes) 18 21 20
Exports : 19 17 +| 20

Source: The National Accounts, 1950-1970, SM'N 1971:99.

* The import content is assumed to be the same in all kinds of final uses.

The high energy intensity of Swedish exports reflects the predominance of
natural resource products, with a high consumption of energy per produced
unit, in the country's total exports.1/ Another factor is that there is
some Swedish export of energy. Domestic production of certain petroleum
products is greater than domestic consumption, so that some refined
petroleum products are exported. The substantial increase in the energy
intensity of Swedish exports between 1965 and 1970 is partly a result

of the growth of the Swedish petroleum refinery sector.

The low energy intensity of investment goods is probably a reflection
of Sweden's high level of industrialization. In a well-developed in-
dustrial economy there is a relatively low share of infrastructural
investments in total capital formation. Since the manufacturing of
capital goods generally does not require very much energy per produced
unit, capital formation on the average is not very energy intensive in

such an econocmy.

1/ The high energy intensity of Swedish exports indicates that the
energy intensity of Swedish production is higher than the corres-
ponding figure for Swedish consumption. In other words, it is likely
that Sweden is a net exporter of energy contained in commodities.
This hypothesis is confirmed by a recent study, SOU (63) pp. 51-128.
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As can be seen in Table 2.2, there are substantial differences in the
level of energy intensity between private and public consumption. These
figures should be interpreted with care. What they in fact indicate is
that tax-financed consumption in Sweden to a large extent consists of
basic services such as education, medical care, etc. Even if the con-
sumption of these services were not tax-financed, they would still be
consumed in large amounts. In such a case the average energy intensity
of household expenditures would be lower. Thus, the rapid increase in
the energy intensity of a typical private consumer commodity basket
can probably be explained to some extent by the increase in the share
of local government consumption in the GNP. This hypothesis is con-
sistent with the s}ow growth of the energy intensity of local govern-—
1

ment consumption.

However, still it seems reasonable to project that the consumption
of energy in Sweden would be greater if the public sector were smaller.
This is so if additional disposable household incomes to & large extent

were to be spent on cars, one-family houses, and electrical appliances,
while the public sector would spend additional resources on the produc-

tion of various services. The way additional real disposable incomes in
the household sector are allocated, to some extent depends on the way
the additionsal incomes are distributed among different socio—economic
groups in the society. The relation between energy consumption and the
distribution of disposable incomes between different income groups has
been studied by B. Diczfalusyz/. The study was carried out on a fairly
high level of aggregation. This fact can be the explanation to the some-
what surprising result that the average energy intensity of the expen-—
ditures on goods and services was approximastely the same for middle
and high income groups.

1/ See Table 2.3.

2/ See Diczfalusy, (16).
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2.4 A Decomposition of Observed Changes in Swedish Energy Consumption

So far, energy consumption in Sweden has been analyzed along two

dimensions:

i) the consumption of energy for different kinds (industrial and

non-industriel) of production;

ii) the consumption of energy in the production of goods and services

for various purposes (private consumption, etc.).

It appears that the increased energy intensity of Sweden's GNP is
essentially the result of changes in the non-industrial part of the
economy. However, these changés have probably been checked somewhat

by the growth of the public sector and the concomitant reduction in the

share of private consumption in the GNP.

We now proceed to an .analysis on a somewhat disaggregated level. This
will constitute an attempt to isolate the effects on total energy con-
sumption in Sweden of changes in production technology and in the com-—

position of final demand.

2.4.1 A Methodological Note

The empirical basis of the analysis carried out in the following sub—
section is a series of 23 x 23 input-output tables1) where the inter-
sectoral flows are measured in 1968 purchasers' prices. Unfortunately,
this input—-ocutput material is not very well-suited to our present purpose,
mainly because imports are treated in a very crude way. There is no
distinction between the consumption of imported and domestically pro—
duced goods of the same type. That is, there is no indication as to

where imports are used in the domestic production system. Consequently,

we have to assume that all importation of a given type of commodities is
carried out by the domestic production sector producing those commodities,
and that all domestic deliveries of commodities of a given type contain

imported and domestically produced units in fixed proportions.

1) The tables were compiled for the Ministry of Finance by the National
Central Bureau of Statistics.
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The usual input-output assumptions are also made. That is, production
processes are characterized by constant returns to scale and perfect
divisibility; each commodity is produced by one process only and each
process has a single output. Thus, we can identify commodities with

supply processes.

The following notations are used:

X. = domestic gross production of commodity j, J =1, 2, ..., 1

J
Mj = total imports of commodity J

Sj = total domestic supply of commodity j (thus Sj = Xj + Mj)
Fk = total use of resource k, k=1, 2, ..., m
uj = gshare of imports in the supply of commodity J

i3 = input of commodity i per supplied unit of commodity J
Ekj = input of resource k per supplied unit of commodity J

Y. = final demand for commodity j.

With obvious matrix notations we can write the following equilibrium
conditions:

S=a S5 +Y

M=yu -8 (1)

F=¢g+3

where o end uisnxn, e ismxn, SMand Yaren x 1 and F is m x 1,

Provided o is nonnegative and indecomposable with at least some positive

element and
n
Z ai. < 1
js Y

1)

for all j, ’ then (I-a) is a positive matrix and (1) can be written

1) If a is & semipositive indecomposeble square matrix it has among its
characteristic roots a dominant root, A*, real and nonnegative, such
that for all u > A*, uI-A is nonsingular and (uI--oz)-—1 is a positive
_square matrix. Moreover, if s is the smallest and S the largest column
sum (thet is s = mianaij and S = maijaij) then s < A* < 8, Thus, if

i
S <1 then 1 =yp > A*¥ and (I-a) 1 is positive. See Lancaster, (33).

The input-out tables used in this study satisfy these conditions.
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s = (I-a)" 'Y = AY
M= u(I-a)" 'Y = ny (2]
F = e(I-a)_1Y = eY

where, consequently, A and h is n x n and e is m x n.

It follows that hij is a measure of the total (direct and indirect])X

import of commodity i incurred by a domestically supplied unit of commodity j
Further, ekj
domestically supplied unit of commedity j.

is a measure of the total use of resource k incurred by a

Next we introduce a time superscript into the variables and use the last
equation of (2) to express the difference in the aggregate use of re-

sources AF. , k =1, 2, ..., m, between period t and period t+1. We then

3
2) K

get
AF = Fl - F0
= elyl - g0y0

= elyl - g0yl 4+ g0yl - £0y0

(el-e0)¥l + e0(yl-y0),

The volume, i.e. the market value at base year prices, of a given final

demand vector, Y, is

By means of this new variable, we define a hypothetical final demand vector

Y such that

i) y =yl
Y. ¢

ii) =l V3
y ¥

which means that Y has the same volume as Y! and the same composition

as YO0,

1) From the model formulation, it follows that hij is equal to the in-
direct use of imported commodities of type 1 whenever i # j.

2) Expression (3) is the same as the one derived by Reardon (46). Reardon

did not carry the decomposition any further, however.
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Now, the decomposition of AF, initiated in (3), can continue in the

following way:

F = (el-e0)Y! + e0(yl-y+y-v0)

(el-e0)¥l + e0(Yl-Y) + 0(y-¥0) ()

1]

SUP COMP VOL

where

SUP = the share of AF that can be attributed to changes in e (that

is ¢ and o)

COMP = the share of AF that can be attributed to changes in the com—

position of final demand

VOL = the share of AF that can be attributed to changes in the

volume of final demand.

Next we want to decompose SUP, the term (el-e0)Y!, the size of which is
determined by variations in € and o. The coefficients Ekj end aij reflect
the economy's technology. In addition both sets of coefficients depend

on the import share in the supply of various commodities. For our pur-
poses it would be interesting to distinguish the effect of changes in
domestic technology from changes in the share of imports in the supply of

various commodities.

On the basis of (2) the total import content of a comestically supplied

unit of commodity j can be determined by the sum of hij over i, i.e.
n
I B
i=1

We neglect the resource content of imports and define the n x n diagonsal

~

matrix n by n = (n..) where

id
g ; when s = J
1- ) h_.
A, s=1 °Y
Tlij -
when s # j.
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Then the m x n - matrix 7 = (ij) is defined by

~
T=¢g.,N

~

where the typical element 7 . can be written n . = e . * n0n..
7P kJ kJ kJ JJ

It follows that ij can be interpreted as the amount of resource k which

is used when one unit of commodity j is supplied by means of domestic pro-

duction. Alternatively w,_. can be interpreted as the global amount of

kj
resource k which is used when one wnit of commodity j is produced and

the same technology is used in all countries.

The decomposition of AF in (U4) can now be completed. It then becomes:

AF = (mlen0)yl + [(el-e0) - (n1-v0)]¥l + &0(¥l-y) + 0(y-¥0) (5)
TOT I/0 IMP COMP VOL
where
I/O = the share of AF that can be attributed to changes in domestic

technology

IMP

the share of AF that can be attributed to changes in the share

of imports in the domestic supply of different commodities.

The interpretation of the components I/0 and IMP is not quite straight-

forward, but can be clarified by a few simple examples.

Assume that an economy has only one sector producing one type of ocutput
by means of a single dcmestic resource, labor. The output ccmmodity is
also imported. Assume further that the total supply of the single
commodity is 100 units in both of two periods. This means that the
numerical value of the components COMP and VOL becomes zero. Using the

same symbols as above, we can construct the following four examples:
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Example A B C D
Period 1 0] 1 0 1 0 1
T
et 1,6] S 2 > 2 4
h 0.5 0.3 0.6] 0.4 0.6! 0.5 0.6| 0.6
t et
T = T L 10 b 10 5 10 > 10
1-h
T :
Y 100 100 {00 100 [100 100 1100 100
1 04,1
(e —e )Y -300 -3ko ~300 -200
1 Oyel
(m=-7")Y -600 -600 -500 - =500
1 o 1 1
[(e'-e®) = (n'-n®)]¥ 300 L 260 200 300
where
e¥ = total content of resources (labor) in one supplied unit of

the output commodity

n' = share of imports in one supplied unit of the output commodity

nt = total content of domestic resources (labor) in one domestical;y
produced unit of the output commodity

t = time index.

If we disregard the crucial fact that, in the long run, imports have to
be paid for by exports, the importation affects the domestic use of re-

sources (labor in the examples) in two ways.

First, by assumption, the domestic resource input coefficient of imports
is zero. This means that an increése in the import share of total supply
tends to reduce the average use of domestic resources per unit supplied.
Second, and still by assumption, efficiency variations in the utiliza-—
tion of a particular resource always stem from the domestic production
system. This, of course, is because the domestic resource input coeffi-
cient of imports does not change; it is always zero. Thus, if domestic
producers become more efficient, a positive import share in total supply

implies that actual resource savings become smaller than would have been
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the case if the total supply had been produced domestically. In the
opposite case, when domestic producers become less efficient, a positive

import share has a resource saving effect.

Examples A~-D demonstrate how the model works. In A the import share is
50% in both periods and domestic producers reduce the labor-input
coefficient from 10 to 4. Thus, if total supply had been produced do-
mestically, 600 units of labor would have been saved. Since half of
the supply is imported, the actual savings become 300 and the "loss"
due to the impossibility of increasing the resource efficiency of

imports is, accordingly, 300 units.

In example B the increase in domestic efficiency is the same as in A,

but in this case the share of imports increases from 50% to 60% between
period O and period 1. Again there is a "loss" since importation, in
contrast to domestic production, has not become more resource efficient.
This loss is reduced, however, by the fact that a larger share of domestic
supply has a zero input coefficient for domestic labor. Accordingly, the

actual savings of labor are greater in B than in A.

In C the domestic productivity increase is smaller than in A and B.

"costs" less to have an increasing import share. In D,

Accordingly, it
finally, the domestic productivity increase is the same as in‘C, but as
the import share is greater in D than in C, the "cost" of non-realized

efficiency gains is larger in D than in C.

To conclude this part of the analysis, the first component in (5), I/0,
is a measure of the change in the use of domestic resources that would
have occurred if the total supply had been produced domestically and
thus subject to domestic efficiency changes. The second term, IMP, is

a mirror of domestic efficiency changes. If domestic efficiency in-
creases, there is a "cost" for positive import shares, while imports
are "profitable" if domestic efficiency is reduced. The partial effect
of an increase in import shares is always a reduction in the domestic

use of resources.
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The results of an empirical AF-decomposition are presented in the following
subsection. The presentation is based on expression (5). It is important to
note that the results should not be given a causal interpretation. This is
because the different components identified by the method presented above
are not exogenously determined variables underlying the process of

economic growth. Instead they are endogenously determined by the interplay
of supply and demand on a greet number of markets. Thus, the results pre-
sented in the following subsection should only be given a descriptive

interpretation.

Further, the decomposition is not unique. This can be seen by consider-

ing the following figure:

A

\
7~
0 1 T
T T

The total difference between F° and F1 can be written as either

1 o]
= . + .
AF AY T, Y AT,

VOL I/0
or
- - o 1 -
AF = AY T, + Y Am,

VOL I/0

In the first case the shaded area in the figure is allocated to the
VOL component, while in the second case it is allocated to I/0.

As can be seen in (5), the chosen decomposition tends to overestimate
the numerical values of I/0 and IMP, while COMP and VOL are under-

estimated.
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It is also important to note that the relative importance of the diffe-
rent components depends to a large extent on the level of aggregation.
For instance, changes that on one level of aggregation are assigned to
changes in the input-output coefficients, might, after some disaggrega-

1/

tion, be assigned to changes in the composition of final demand.

2.4.2 Some Results

The empirical application of the method described above is based on
three 23 x 23 input—output tables (1960, 1965, 1970) where the flows are
measured in 1968 purchaser's prices. The tables were compiled by the
Central Bureau of Statistics at the request of the Ministry of Finance.

A distinction is made between five kinds of primary2 energy: crude oil,
refined petroleum products, coal, coke and water power. In addition to the
decomposition of changes in energy consumption, changes in the number of

hours worked are assigned to different components.

As a consequence of the way imports are treated in available input—out-—
put statistics, only a few sectors engage in direct consumption of pri-
mary energy. Thus, crude oil and coal are direct inputs only in the
"Mining and quarrying" sector. Refined petroleum products and coke

are direct inputs in "Petroleum refineries, manufacture of products made
from petroleum and coal" while water power is a direct input in the
"Electricity, gas and water" sector. It follows that the input of crude
0il in the refinery sector becomes an indirect input; it is contained

in deliveries from the "Mining and quarrying" sector.

The results of the decompositions are presented in Table 2.L4. The total
changes in the use of the different resources are assigned to the

following components:

1/ See Hglund (29) for a detailed analysis of the effects of aggrega-
tion in input-output models.

2/ The concept of "primary energy” is defined on p. 1kL.
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TOT = total change in the use of the resource in question during the

.period

SUP = share of TOT that can be assigned to the combined effect of

changes in domestic input~output coefficients and import shares

I/0 = hypothetical change in the use of the resource in question that
would have materialized if the total supply had been produced
domestically; see page 31

IMP = share of TOT that can be attributed to changes in the share of

imports in the domestic supply of different commodities

COMP = share of TOT that can be assigned to changes in the composition

of final demand

VOL = share of TOT that can be assigned to changes in the volume of

final demand at a given composition.

Observe that TOT = SUP + COMP + VOL, that is, I/0 + IMP = SUP.

The demand for goods and services by the public sector is included as
part of final demand in the input—output statistics. Thus, employment
in the I/O-sectors is not equal to employment in the economy as a
whole. In Table 4 the changes in the number of hours worked in the

public sector have been recorded in the column COMP.

Domestic refining increased rapidly between 1965 and 19T70. Since such
changes in the energy supply structure tend to disturb the results of
the decomposition, the period 1960 to 1970 is divided into two parts.
This partitioning of the 1960s is also appropriate from another point
of viewy 1970 was a very dry year and consequently the supply of water

power was lower than ususl.
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Table 2.4 A decomposition of observed changes in the consumption of

primary energy and the number of hours worked, 1960-65 and

1965-T0.
W] @] @] @ ) s

1960 - 1965 I/0f IMP SUP COMP VOL TOT
Imported crude oil (TWh) 3.31 -0.2 3.1 1.2 9.2 13.5
Imported petroleum
products (TWh) -0.8} 5.9 5.1 13.0 35.L 53.5
Imported coal (TWh) -4 4} 2.3 -2.1 0.k 3.4 1.7
Imported coke (TWh) -23.2| 15.2| -8.0 1.4 3.7 -2.9
Water power (TWh) 10.5] -1.3 9.2 0.7 10.1 20.0
Total primary energy (TWh)|-14.6| 21.9| 7.3 1 16.71 61.9 85.9
Hours worked {1.000 hours)|-237816L5 [-1733 99 1667 33
1965 - 1970 I/0f IMP SUP COMP VOL TOT
Imported crude oil (TWh) |150.6j=-T4.0f{ T76.6 4.0 11.0 91.6
Imported petroleum
products (TWh) t187.51175.2 1 -12.3 30.7 43.0 61.4
Imported coal (TWh) -6.8y 2.0} -k.8 1.2 3.3 -0.3
Imported coke (TWh) -21.3% 15.8] -5.5 1.7 2.4 -1k
Water power (TWh) -29.4} 4.k | -25.0 6.1 13.4 -5.5
Total primary energy
(Twh) -94,51123.6 | 29.1 3.7 1 T3.1 145.9
Hours worked (1.000 hours)+2116 {426 1690 163 1364 -163

The results in column I/0 in the 1965-70 part of Table 2.4 should be inter-—

preted with scme care. The restructuring of the oil supply in combination

with the scarcity of water power might have disturbed the results. However,

these disturbances are probably not severe enough to completely distort

the figures in column (1) of Table 2.4. Thus we can conclude that during
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the 1960s the Swedish production system as a whole became more efficient
both in terms of energy and labor. On the other hand, the positive fi-
gure for Water power in the first part of Table 2.4 indicates that there
was a significant transition from fuels to electricity in the produc-

tion system.

Column (4), COMP, in both halves of Table 2.4 indicates that the composi-
tion of final demand has changed in an energy-intensive direction. The
table also indicates that final demand in particular, has become more oil
and electricity intensive. This, as such, is not surprising, but the im-
pact of this change is indeed significant, especially during the latter

subperiod.

Although energy is a typical intermediate good, some energy deliveries
are recorded as final purchases of energy. The direct energy purchases
recorded as final demand are household purchases of fuels for residential
heating and private cars, household lighting expenditures and all public
energy purchases. Of these uses, energy consumption for space heating

purposes predominates in quantitative terms.

Accordingly., there are two kinds of changes in the composition of final
demand that can lead to an increase in the consumption of energy. The
first involves and increase in the relative share of energy intensive
products in total final demand. The second is an increase in the rela-
tive share of direcf purchases of energy in total final demand. The
latter kind of change seems to have prevailed in the Swedish post-war
growth process., This is consistent with our previous observation that
the share of industrial energy consumption in total energy consumption
has been fairly stable. Thus the share of expenditures on direct pur-
chases of energy grew from 2.7% in 1960 to 4.5% in 1970. This means that
the share of total energy consumption recorded as final energy purchases
rose from 50% in 1960 to 62% in 1970.

Column (5) in Table 2.4 indicates that the increased volume of final
demand has contributed positively to the growth of energy consumption
and employment. This, of course, is an obvious result. It shows that
the increased efficiency (in terms of production per hour worked) in
the utilization of human labor has only to a relatively minor extent
been used to shorten working hours (see columns I/O and TOT in Table
2.4). As a result, the production and consumption of material goods
and services have expanded, leading to an increase in the consumption

of energy.
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2.5 Some Tentative Conclusions about Underlying Factors

We are now left with two observations about the Swedish post-war growth
process. Changes in production methods have tended to reduce the energy
intensity of the GNP, while changes in the composition of the GNP have

worked in the opposite direction.

However, this is only the descriptive part of the story; so far no
explanation has been given as to why the developments observed actually
came about. Why did consumption patterns change as they did? Why did
the energy intensity of industrial output decline as slowly as it did?
These questions cannot be answered within the framework of this study,

but a few hypotheses can be presented.

A natural point of departure is the relative price trends which can be
seen in Diagram 2.6. It should also be noted that prior to 1973, Swedish
electricity tariffs were characterized by quantity discounts. Thus, the
marginal price of electricity was lower than the average price of elec-
tricity. The tariffs applied after 1973 to some extent have this fea-
ture as well, since there are certain fixed items in the tariff, but

quantity discounts are much less significant in the new tariffs.
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Diagram 2.6 ZEnergy prices and industrial wages in relation to
the GNP-deflator, 1950-TL (1950 = 100)
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An important price not shown in Diagram 2.6 is the user cost of capital. -

1/

However, on the basis of an sttempt by Bergstrdm ' to measure the user
cost of capital in the Swedish economy, the development of electricity
prices and the user cost of capital was fairly parallel between 1950

and 1970.2/

As can be seen in the diagram, real energy prices fell in relation to
real wages almost throughout the post—war period. This would be expected
to induce a substitution of energy for other factors of production and
consumer goods. Thus, on the basis of relative price trends, both pro-
duction methods and the composition of final demand should be expected
to change towards higher energy intensity. As noted above, this has not
been the case. However, this is not an anomaly but simply the result of
technical change.

The development of factor proportions in the Swedish mining .and manu-

facturing industry is shown in Table 2.5.

Table 2.5 Production and factor inputs in the Swedish mining and

menufacturing industry, 1955-1970. Yearly rates of growth.

Production |[Capital stock |Hours worked | Energy
1955 - 1960 5.2 4.8 0.2 3.1
1960 - 1965 T.b 5.5 0.6 L.3
1965 - 1970 4.9 h.2 -1.5 b1
1955 - 1970 5.9 L.8 -0.2 3.8/4.5 *

* Including waste products from the pulp industry.
Source: SOU 197h:65, Energy 1985-2000, Bilaga 3, table 17.

1/ See Bergstrdm (9 ).

2/ The following figures were obtained (1950 = 100) .
1955 1960 1965 1970

Petroleum products including taxes 114 124 127 147
Electricity (defined as in Diagram 2.6) 155 22k 192 195
User cost of capital ’ 160 125 180 260 (1968)
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This table is an indication of factor—saving technical progress in the
Swedish manufacturing industry; the rate of output growth has been faster
than the rate of input use growth. However, technology has become rela-
tively more capital and energy intensive and relatively less labor inten-
sive. That is, capital and energy have been substituted for labor and
thus reduced the impact of technical chenge on the average energy input
coefficient of the industrial sector. This implies that the observed
changes in factor proportions are consistent with the development of

relative factor prices.

However, this observation does not tell us anything about the impact of
falling energy prices on factor proportions. In other words, would higher

energy prices, ceteris paribus, have led to less energy intensive produc-

tion methods? This question can be discussed in conjunction with some
results from a study by Bjérklund.1/

Among other things, Bjdrklund studied the determination of electricity
end fuel intensities of value added in three industries: the paper and
pulp, stone and clay, and iron and steel industries. Some statistical
problems were encountered owing to the poor quality of energy price
data. Further, the "price of capital" was not included at all. The
results indicated a statistically significant impact of technical change
on the energy intensities studied., However, the prices of energy were
not significant throughout and in a few cases had the wrong signs. The
latter phenomenon, which also applied to the wage rate in a few cases,

could have been the result of the omitted "price of capital" variable.

Although Bjdrklund's results are uncertain, they indicate that falling
reel energy prices did not significantly affect the choice of factor
proportions in the industries studied. This is, after all, not surprising.
In fact, falling energy prices should not be expected to have g signifi-
cant effect on the choice of factor proportiocns in the production system

or on the composition of final demand.

1/ See Bjdrklund (12).
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This point becomes clear if we consider the ways in which energy is used.
Energy is alwsys an input in a production process. In some cases energy
is an input in an industrial production process e.g. producing material
goods. In other cases energy is an input in a household production pro-
cess e.g. producing hest, cold, light or mechanical work. This menas
that the demand for energy is always derived from the demand for the out-
put of these production processes and thus the price of energy is not an
independent varisble in people's or industry's demand functions. Conse—
quently, energy price variations are likely to affect the demand for
energy onlj if the share of energy cost in the price of the goods and
services demanded is signific;nt. At the post-war level of energy prices

1/

this has not been the case.

In accordence with this line of reasoning, it is likely that the choice
of technology in the industrial, trade,agriculture and public sectors

has been determined essentially by the cost of labor in relation to the
cost of capital equipment. Further, the increased energy intensity of
household consumption is probably the combined effect of disposable in-
come increases and high income elasticities for energy-consuming goods
and services such as housing, cars and electrical appliancesal. Consi-
dering the low level of energy prices in the early 1950s, a slight in-
_crease in real energy prices is not likely to have brought about markedly

3/

different developments in the demand for energy in Sweden.

This leads to the conclusion that during the first three post-war decades
energy prices were important only by being unimportant. At the low level
of energy prices, the demand for energy was determined essentially by

the relative prices of non-energy factors of production and by the growth
of incomes. The continuation of this pattern is highly dependent on the
long-run effect of the 1973-Th oil price increase and the long-run deve-
lopment of energy prices. The next chapter is addressed to the latter

issue.

1/ See Bergman (6) and Bergman-Bergstrém (7) and chapter 10.

2/ This conclusion is confirmed by a number of household demand studies;
see e.g. Lybeck (37).

3/ Cf. the relation between the development of the industrial workers'
wage rate and the consumer price index in Diagram 2.6, p. LO.
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3. LONG RUN ENERGY PRICES AND ECONOMIC GROWTH

One feature of the present study is that prices of energy resources like
0il, coal and uranium are regarded as exogsnous variables. As such this
is a reasonable approach; even though per capita consumption of energy

1/

Sweden is a small buyer on the markets for energy resources. For in-

is relatively high in Sweden as compared to most other countries

stance, oil accounts for more than 70% of Swedish energy consumption,
but still annual consumption of oil in Sweden is only about 1% of annual

global consumption.

However, since prices of energy resources are not determined within our
model, we have to make assumptions about their future development. This
is, indeed, not an easy task; most assumptions made in the study can be
based on information obtained from official predictions and other kinds
of published reports, but in the case of energy resource prices no such
material is available. There are several reasons for this situation:
the political role of oil, uncertainty about politicies towards nuclear
power in important energy consuming countries, uncertainty in terms of
time and cost for the development of alternative energy sources, etec.
Thus our assumptions about energy resource prices have the nature of

informed guesses.

Nevertheless it is possible to identify some critical factors behind

the long term development of energy resource prices. Such an_analysis

can be based on the "economic theory of exhaustible resources" origi-
nally developed by Hotelling.g/ The main purpose of this chapter is

to briefly discuss the economics of long term energy prices. In Sec-—

tion 3.1 the concept of '"energy transformation technology” is introduced.
Section 3.2 deals with the choices between such technologies and the
resulting development of energy prices under a number of simplifying
assumptions. The validity of the conclusions derived from this analysis

ig also discussed.

1/ See Bergman-Flam (10) p. 45-u48

2/ See Hotelling (26).



_)45_

Anocther feature of the present study is that the analysis of energy
price changes is confined to their impact on energy consumption patterns.
Thus, relations between energy prices and growth of GNP, consumption of
goods and services and other macroeconomic variables are more or less
neglected. However, in Secticn 4.4 these issues are briefly touched

upon.

3.1 Energy Resources and Energy Transformation Technologies.

Useful energy forms such as electricity, heat, mechanical work etc. can
be obtained from several energy sources. Direct solaer energy, stored
solar energy, geothermal energy and energy released from nuclear fission
and nuclear fusion are all examples of basic energy sources. To each
basic energy source a set of energy resources can be associated. For
instance, direct solar energy appears as water power, wind power and
direct solar radiation; stored solar emergy as various fossil fuels, wood,
ete. Further, Py means of uranium useful energy can be released through
nuclear fission. Thus, utilization of energy sources always involves

utilization of energy resources.

Energy resources can be transformed into useful energy by means of
capitel and labor. We can define an "energy transformation technology"
as a method, or way of using capital and labor, for transforming a
certain kind of energy resource into one unit of useful energy. Obvi-
ously,the supply of energy resources is related to the existence

of energy transformation technologies. Prior to the development of nu-
clear reactors uranium was not an energy resource, and if fusion re-
actors can be developed sea~water will become an energy resource. Thus,
the global supply of energy resources is related to the availability

of energy transformation technologies.

According to our definition each energy transformation technology is
based on a particular energy resource. Later on in this chapter we

will associate an energy transformation technology with energy resource
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deposits of a specified quality. The physical characteristics of the
energy resource deposits constrains'potential utilization of the energy
transformation technology in question. In the case of fossil fuels the
resource deposits are exhaustible, and in the case of water power and

other so called continous energy resource there is a maximum annual

supply.

However, the amount of energy resources that can be utilized by means

of existing energy transformation technologies is very large. In fact,
since energy sources such as direct solar energy and fusion energy can
be regarded as infinitely large, access to new energy transformation
technologies may make the supply of energy resources infinitely large.
Thus, within a reasonable time horizon (say 50-100 years) the "energy
problem" does not seem to be a problem of physical supply. To the extent
that there is a real "energy problem”" for the world as a whole, it is

an environmental problem and perhaps a cost problem; the more capital
and labor allocated to transforming energy resources into useful energy

the less can, ceteris paribus, be allocated to production of consumer

or capital goods.

The development of the global energy supply system can be regarded as

a sequence of transitions between energy transformation technologies.
The order of utilization of energy transformation technologies in this
sequence is  determined in a complex process where economic, political
and environmental factors interact. In the next section we will analyze
the outcome of this process within a very simplified framework. By means
of that analysis some strategic factors behind the development of energy

prices and energy resource prices can be identified.

3.2 The Determination of Long Run Energy Prices.

In the following discussion useful energy is regarded as a homogenous
commodity with specified quality. Alternatively we may say that quality
differences between a number of useful energy forms are disreagrded.

This is a reasonable simplification on this level of abstraction.

1/ This holds in particular for coal. See for instance Industrideparte-—
mentet (57), p. 106.
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Assume that there is one single market for energy. To be precise this
means that all energy consuming activities have the same geographical
location, and that the unit cost of utilizing each energy transformation
technology includes all relevant transportation and distribution costs.
Competitive conditions are assumed to prevail on the energy market;
there is a large number of potential profit maximizing suppliers and

a large number of buyers of energy. Each potential supplier of energy
has one specific energy transformation technology at his command but
several producers may have access