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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 Bergstr6m and Anders Bj6rklund. Professor

Karl-GOran Maler, 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 pOlicy

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-GOran Maler.

I am very grateful for their support and encouragement. 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 Bergstrom 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 during 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 Sundqvist 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 Castenas and the staff of EFl 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 provided me with an optimum nux of encouragement and disturbance

during the years when EFM practically was a member of our family.

Stockholm, February 1977

Lars Bergman



- III -

CON TEN T S

PART I THE BACKGROUND

CHAPTER 1, INTRODUCTION

1.1

1.2

1.3

Goals and Constraints in Swedish Energy policy

The Purpose and Scope of the Study

The Plan of the Study

8

10

CHAPTER 2, ENERGY IN POST-WAR SWEDEN: HISTORICAL DEVELOPMENT 13

CHAPTER 3, LONG RUN ENERGY PRICES AND ECONOMIC GROWTH

2. 1

2.2

2.3

2.4

2.3. 1

2.4.2

2.5

3. 1

3.2

3.2. 1

3.2.2

3.2.3

3.3

The Increased Energy Intensity of Sweden's GNP

A Comparison between the Development in Sweden and Other

Industrialized Nations

The Energy Intensity of Different GNP Components

A Decomposition of Observed Changes in Swedish Energy

Consumption

A Methodological Note

Some Results

Some Tentative Conclusions about Underlying Factors

Energy Resources and Energy Transformation Technologies

The Determination of Long Run Energy Prices

One Energy Transformation Technology

Several Energy Transformation Technologies

Some Remarks on Long Run Energy Prices

Economic Growth with Rising Energy Resource Prices

15

19

22

27

27

35

39

44

45
46

48

52

55



PART 11 THE MODEL

- IV -

59

CHAPTER 4, SOME THEORETICAL AND E..\1PIRICAL ASPECTS OF THE COMPLETE

MODEL SYSTEM 60

4. 1

4. 1• 1

4.1.2

4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

4.3

4.3. 1

4.3.2

4.3.3
4.4
4.5
4.5. 1

4.5.2

4.5.3

The Complete Model

The General Structure of the Energy Forecasting Model

Motivation for the Choice of Model Structure

The Supply Model

The Supply Model and its Relation to Economic Theory

The Terminal Conditions

Decomposition of the Supply 'Model into Submodels

The Treatment of Foreign Trade

Some General Remarks about the Properties of the Supply

Model

The Demand Model

Introduction

The Rotterdam Model

The Empirical Version of the Demand Model

Solution of the Model

How the Model is Used in this Particular Study

The General Approach

The Treatment of Foregin Trade

A Behaviour Assumption

60

60

64

70
70
81

83

85

90

91

91

94

98

103

104·

104

105
106

CHAPTER 5, THE NON-ENERGY COMMODITY SUPPLY MODEL 111

5.1 Units of Measurement 112

5.2 The Input-Output Coefficients (a.. ) 112
~J

5.3 The Capacity Expansion Coefficients (A .. ) 113
~J

5.4 The Labor Input Coefficients and the Wage Rate 114

5.5 The Treatment of Taxes, Customs and Duties 114

5.6 The Treatment of Imports in Certain Sectors 115

5.7 The Unit Time Period 116

5.8 The Commodities of the Model 117

5.9 Equations and Inequalities of the Non-energy Commodity

Supply SUbmodel 121

APPENDIX 1 129



- v -

CHAPTER 6, THE ELECTRICITY AND HEAT SUPPLY SUBMODEL

6.1 Special Features of Electricity Demand and Supply and

Their Implications for Capacity Measurement

6.2 The Processes Covered by the Model

6.3 The Equa.tions and Inequalities of the Model

6.4 Some Remarks about the Properties of the Model

6.5 The Empirical Basis of the Model

APPENDIX 2

CHAPTER 7, THE RESIDENTIAL HEATING SERVICES SUPPLY MODEL

146

152

156

166

167

168

172

7.1 The Model 174

7.2 The Empirical Version of the Model 179

7.3 A Few Comments About the Empirical Version of the Model 182

APPENDIX 3 184

PART III THE RESULTS 197

CHAPTER 8, THE POLICY ALTERNATIVES AND THEIR IMPLICATIONS FOR

THE PRODUCTION OF ELECTRICITY AND HEAT

8. 1

8. 1 • 1

8. 1.2

8. 1.3

8.1.4

8.2

8.2. 1

8.2.2

The Underlying Assumptions

Demand

Fuel Price Assumptions

Assumptions regarding Power Plant Availability and Invest­

ment Costs

The Rate of Interest

Nuclear Power Policy, Capacity Expansion and Utilization

in the Electricity and Heat Sector

Capacity Expansion

The Production of Electricity and Heat

198

200

201

204

204

207

208

208

213



8.3

8.3.1

8.3.2

8.3.3

8.3.4

8.4

8.5

- VI -

Effects on the Rest of the Economy

Electricity and Heat Prices

Investments in Electricity and Heat Production Equipment

Oil Consumption

Environmental Effects

Electricity Prices and the Shape of the Load Curve

Some Conclusions

214

215

218

220

221

222

227

CHAPTER 9, THE RESIDENTIAL HEATING SECTOR 229

9.1 The Optimum Choice of Fuel and Capital Intensity in the

Swedish Residential Heating Sector 230

9.1.1 A Partial Analysis of the Residential Heating Sector 231

9.1.2 Energy Production or Energy Conservation 233

9.2 The Effect of Rising Energy Prices 238

9.3 The Sensitivity of the Solutions with Respect to Interest

Rate Variations 241

9.4 Allocation of Investment Resources between Energy Produc-

tion and Energy Conservation 242

9.5 Some Conclusions 244

APPENDIX 4 247

CHAPTER 10, OIL PRICES, ENERGY POLICY AND THE DERIVED DEMAND

FOR ENERGY 256

10. 1

10.2

10.3

10.3. 1

10.3.2

10.4

10.4.1

10.4.2

10.5

10.6

10.7

10.8

Methodology

The Reference Path

The Elasticity of Commodity Prices with respect to

Energy Prices

A Methodological Note

The Estimated Elasticities

The Elasticity of Consumer Commodity Demand with respect

to Energy Prices

The Application of the Demand Model

The Results

The Flexibility of the Derived Demand for Energy

Energy Policy, Crude Oil Prices and Secondary Energy Prices

The Nuclear Power Policy Alternatives and the Demand for

Energy

Some Conclusions

257

261

265

265

266

272

272

274

276

279

282

285



- VII -

CHAPTER 11, SUMMARY AND CONCLUSIONS

11.1

11.2

11.3

Methodology

A Summary of the Main Results and Conclusions

Some Topics for Future Research in the Field of Energy

Policy

290

292

294

311

REFERENCES 316





PAR T I

THE B A C K G R 0 U N D





- 1 -

1. INTRODUCTION

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 depe?dence on foreign suppliers of energy.

These ideas have sometimes been in conflict with each other, sometimes

not. For instance, the utilization of Sweden I 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 a 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: 2/

"That s~ficient amounts of energy, in forms which are adapted
to the demand for energy, 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 demand 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 I s de­
pendence on imported energy by replacing imported coal with domestic
fuels. See Lundgren (36).

2/ Wickman (52).
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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

s~tion.

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. Coal 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

indicati.?g how the Swedish energy supply system was restructured are

shown in Table 1.1. It should be noted that Table 1.1 onJ.y gives a

very brief survey of the development of the Swedish energy balance.

Chapter 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, entirely imported, in

the Swedish energy balance increased dramatically during the 1950s

and the 1960s. Moreover, the share of electricity in the total con­

sumption of secondary energy increased markedly. On the basis of

Table 1.1 it seems as if Swedish energy policy was to a large extent

dir.ected 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

and increased dependence on imported energy. 1/ Further, the vast ex­

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

ference for cheap electricity at the expense of environmental aspects.

1/ In fact, the original plans for investmen:ts 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 abroad.
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.
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Tab~e 1. 1 ~Swedish enerSl~~ly system, se~e~ed f'i~s,

12.2Land..121g.

1950 1972

Total consumption of' energy, TWh 146 448

Share of' (imported) oi~ 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 75

Exploited water power resources in1/
relation to economic~ available
water power resources, % 21 78

Sources: Ds Fi 1967: 8. Rapport rerande Sveriges energiforsorjning

1955-1985.

SOU 1974:64. Energi 1985-2000.

As exploitation of a.vailable water power increasedp~anning 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 e~ectricity. Accordingly va.st nuclear power in­

vestment plans were formulated. 2/ Moreover the existing laws were

changed so as to permit electric heating and thereby increase the

use of e~ectricity.3/

1/ In SOU (62) the maximum amount of exploitable water power resources
in s;eden 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 oi~ price increase, the
figures were revised and 95 TWh water power were considered eco­
nomical.

2/ See CDL (55).

3/ See Lundgren (36).
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In the beginning of the 1970s the energy scene changed dramaticaJ.ly.

The founding of OPEC changed the structure of the internationaJ. oil

market which culminated in the "oil crisis" of 1973-74. Doubts about

the safety and profitability of nuclear power became increasingly

widespread. With such a large share of imported oil in her energy

balance and vast nuclear power investment plans, the preconditions

for Sweden's energy policy were changed and the energy policy became

a matter of prime politicaJ. importance.

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

three SUb-problems, namely:

i) a supply problem;

~i) a problem of nationaJ. independence;

iii) an environmentaJ. problem.

That is, the "energy problem" still has the elements quoted above,

but the relative importance of the latter t~o sUb-problems is much

higher now than it was one or severaJ.· decades ago.

In the spring of 1975 the former Swedish government presented the

generaJ. principles for a new energy policy. 1/ One ;f the basic ideas

in the government t s proposaJ. is that the energy field is beset by a

number of important 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 and nuclear fuel both

in terms of prices and supply reliability.

Due to these circumstances it was not considered possible, or desi­

rable, to formulate a detailed long-term plan for the development

of Sweden t s energy supply system. Instead, the energy policy is

.formulated on the explicit assumption that it will be revised as

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

option and energy conservation possibilities, initiated in 1975,

become available. The first revision is expected to take place in

1978.

1/ Regeringens proposition 1975:30, EnergihushSlling m m.
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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 degree of "freedom of. action" ~ energy policy

is aimed at reducing the rate of growth of energy consumption. Thus,

the official goal is that total cons1JJ1lPtion should grow by no more than

2% per annum between 1973 and 1985 and that no growth at all should

occur after 1990. 1/ But the market share of electricity, is expected

to grow. Thus cons1JJ1lPtion of electricity is expected to increase by

approximate.ly 6% per annum between 1973 and 1985. 2/ 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 final.ly chosen are

subject to an important constraint: neither of the policies should con­

flict with the realiza.tion 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 development" refers to increased welfare and security for

less-privileged grou~s.31 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.

11 The post-war average has been about 5% per annum.

21 The post-war average has been about 7% per annum.

3/ Energihush!llning op.cit. p. 12.
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Neither of the constraints on energy policy is quantified in the govern­

ments proposal, nor are there any indications about the trade-offs be­

tween the different constraints. However, 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 enviromnental (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 important problem inherent in this

policy: What is the relation between a given economic growth constraint

and the degree o.f freedom to choose among presently existing energy

supply technologies'1 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 questions will to a 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, (64)), 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 ot' the cos't of the energy' that is produced;

ii) the sUbstitutability of different kinds of energy, of.

energy and other factors of produc'tion and of energy

intensive and less energy intensive products.

Consider as an illustration a closed econOlll:Y" 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 produc:t~which in turn will stimula'te

the producers of energy in'tensive products to change their methods of

produc'tion in a less energy intensive direction.

The final result of the adjustment process is that both final consump­

'tion pa'tterns and the production methods have become less energy con­

suming. Further the general level of prices will be somewha't 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 s'trategic 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 sup:ply options yield

approximately the same su:pply prices of energy, the choice of energy

production technology can be made without taking economic growth objec­

tives into consideration. The same ap:plies 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.

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 patterns.

The time horizon of the study ~s 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 sUrvey of the

long term perspectives is made.

We noted above that the Swedish "energy problem" has three aspects:

the supply aspect, the national independence aspect and the environ­

mental aspect. Even if none of these should be treated separately
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without due regard to the others, this study is a.lmost entirely con­

fined to the supply aspect. The rationale 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;

if) the sUbstitutability of different kinds of energy, of

energy and other factors of production and of energy-inten­

sive and less energy-intensive produqts.

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 ot plant structure, in the electricity

and heat production sector;

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 s.ervices 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 w;,th 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 capital are sUbstitutes in this sector.

Accordingly, the organization 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 Th~Pl~ of the S'tudy

The plan of the study' is as follows. The post-war deve"iopment 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. T'.ne factors underlying the observed development of the energy

intensity of Sweden's GNP are identified and explanatory hypotheses

are proposed.

The present study' primarily 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 a 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 a 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 primarily on the basis of a numerically

formula.ted model of the Swedish economy. The choice of model is mo­

tivated in Chapter 4. That chapter also contains a discussion of some



- 11 -

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 Chapter 4 is constructed as a set of interre­

lated submodels. In Chapter 5, 6, and 7 the three submodels of parti­

cular interest for this study are discussed in greater detail. Thus,

Chapter 5 deals 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 formu­

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

addition 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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2. ENERGY IN POST-WAR Sw"EDEN: HISTORICAL DEVELOPMENT

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 decomposition of the observed changes of energy consumption

in Sweden. The chapter ends with a discussion about some explanatory

hypotheses about the observed growth of the consumption of energy in

Sweden.

Throughout the consumption of energy is expressed in physical terms.

Thus it is 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 ener-gy" a.."ld

the problems connected with the aggregations of different kinds of energy

sources

t

Imported petro- I

leum products I
\. ,,

Petroleum productsI '-
I Con-Crude oil H t r
I

Refineries
I, Thermal "_e~ sumption

I
,

plants
,

of
i- I

I secon-
It I daryWater .

Hydro po- r Electricity I energy
1 wer plants 1I Gas pro- Gas .... r....

duction ~
I +Sol~d

,
1Solio. fuels I ..... fuels I

I I

iI. .o
1/ See for instance Johansson - Lonnroth, (31).
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By means of the simple flow diagram above, the meaning of the concepts

"primary" 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 energyl! wen 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 priJnar.1"~ener.gy-•.~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 amount of oil

that had been needed in order to produce 1,;he 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 consumption 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 t

primary energy consumption.

All. kinds of secondary (and primary) energy can be measured in a common

unit such as k'Wh. Thus, different kinds of secondary energy can, seemingly,

be aggregated. However, diff.erent kinds of energy very often represents

different qualities of energy. One kWh of electricity has many potenti~

uses such as for lighting, mechanical work and heating, while one kWh

200 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 disregarded.

2.1 ~~£!!!!~~~Intens~tz of Sweden's GNP

In 1950 the total consumption of pri.ma.ry energy in Sweden was 146 TWh. 1/

Twenty-two years .later, in 1972, the corresponding figure was 448 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

wint er temperature 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 1972; see in Diagrwn 2.1.

Diagrwn 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. 2/

1/ 1 TWh = 103 GWh = 106 MWh = 109 kWh

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%.
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Diagram 2.1 GNP and the consumution of primary and seconda....7 energy

in Sweden, 1950-1970. Millions (1968) of Sw Cr and TWh.

H Sw. Cr. TWh

400

300

200·

100

1950 55 60 65 70

Primary
energy

Sources: En bok om olja, Svenska Petroleum Institutet, Stockholm 19

SOS, Industri 1950-73.

Statistisk Arsbok 1950-74.

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

Sweden's GNP upwards or downwards. 1/ 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
Sw .Cr.

4

3

2

1

(i)

( g)

1950 55 60 7

Sources: See Diagram 2.1.

1/ As can be seen in Diagram 2.2, industrial output ~s 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 4.8% per annum, while the corresponding

figures were 8.7%1/ for petroleum products and 6.7% for electricity.

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

Diagram 2.3.

Diagram 2.3 Shares of different kinds of secondary energy ~n the

Swedish energy market, 1950-1970. TWh

TWh

400

300

200

100 -

Petroleum products

"-=.... ~-... .--------El-e-c-t-.r_i_c-i-t
y
----

Other kinds of energy

19 0 5 6 65 70

Sources: See Diagram 2.1.

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 ~_£~~~~~~~-E~tw~~g_~~~_~~!~~~E~~~~_~g_~~~~~~_~~_Q~~~!

Industrialized Nations

A comparison 'Hith other industrialized nations will provide the necessary

international context for continuing our discussion of the development

of the Swedish energy consumption; see Diagram 2.4.

Diagram 2.4 Trends in the ratio of energy consumption to GNP.

11 selected countries. 1925-1965. KWh and 1965 Sw.Cr.

1925 19655535

/-
~- .~ .......-.~ /----_.----............ ~--- ~~._--

~_.- --- /\
.""...,.. ----.. .. . ........ ;;:_.

,............... ;::.-:..t... __• .1 ,...-_.,,,.... ......~-.--
/- ­,

Canada

Neth.

Japan

Sweden

France

Switz.
Italy

USSR

U.K.
Belg.Lux.

U.S.

1,5

1,0

4,5

5,0

3,0

2,5

2,0

3,5

kWh
Sw .Cr.

5,5

Source: Darmstadter, J.: Energy in the World Economy, RfF, Baltimore and
London, 1971, p. 72. 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 ~n­

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 Parent 1/ 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 lncome

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

Lower 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 between countries ~n the G~~

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 unl­

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 predictions.

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 indirect1/) consumption of

primary energy incurred by the domestic production of goods and serVlces

demanded for various purposes. The figures refer to the amounts of energy

allocated to domestic production of goods and services for private con­

sumption, investment, etc. 2/ The table is based on input-output statistics.

Since such statistics are not available for years prior to 1959, the whole

period, 1950-72, 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 parti cular group of commoditi es is the same for
all kinds of final uses.
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Table 2.1 Use of primary ener€y for the production of goods and

services demanded by different aggregate demand categories,

selected years. TW1a and nercentage shares

Commodities pro- 1960 1965 1970
duced for TWh % TWh % TWh %

1 Private consumption 99; 1 47.9 j 146.3 50.0 191. 4 43.6,.
2 Central government

consumption 9. 1 4.4 12.5! 4.3 18.5 4. 1,
I

3 !LOCal goyernment
!
I

consumpt~on 10. 1 4.9 I 5.2 22.5 5. 115.2 1
I

4 Total investments 32·9 15.9 42.9 14.6 57.6 13. 1

5 !Exports 49. 31 23.9 68.7
1
23.5 135.0 30.8

! r---
6- Inventory changes 6.3\ 3.0 7.3 2.5 14.3 3.2

i

7 GNP 206.7 100.0 292.6 100.0 438.5 10.0.0

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 I 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

"primarJ 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.

~n 1968 prices and composed so as to be typical of the demand categorJ

~n question.
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Table 2.2 Average primary energy content of domestically produced commo­

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 governm. cons. 1.17 I 1. 21 1. 70 3.7
t

Local government I
1.24cons.

~:.~L~:"~
1.5

- --"-'"
Total investments 1.94 1. 85 2.16 1.1

._~-- ~--.'- ...........,......-....,;--

Exports 3.58 3.53 4.70 2.7

I I
~J"___r_.. w •• "_

GNP I 2.20 2.35 2.88 2.7I

I I I

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 Table 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 1970

Private consumption 49 47 44
Central govermnent consumption 7 7 6
Local govermnent consumption 7 8 10
Total investments (incl. 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 intensi ty of Swedish exports reflects the predominance of

natural resource products, with a high consumption of energy per produced

uni.t, in the country's total exports. 1/ Another factor is that there is

some Swedish export of energy. Domestic prod~ction 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 renection

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 gooqs generally does not require very much energy per produced

unit, capital formation on the average is not very energy intensive in

such an economy.

1/ The high energy intensity of SwediSh exports indica.tes that the
energy intensity of Swedish production is higher than the corres­
'Ponding figure for SwediSh .,£2B.sum:ption. 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, §.Q![ (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 ~n large amounts. In such a case the average energy intensity

of hous ehold 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 ~s con­

sistent with the slow growth of the energy intensity of local govern-
. 1/ment consumpt~on.

However, still it seems reasonable to project that the consumption

of energy in Sweden would be greater if the public sector were smaller.

This ~s so if additional disposable household incomes to a 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 additional 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 grou~s has

been studied by B. DiCZfalUSy2/. 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 approximately the same for middle

and high income groups.

1/ See Table 2.3.

2/ See Diczfalusy, (16).
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g.:.~__~_!2~2.2~12.2~i:!io~.2f Observed Changes in Swedish Energy Consumption

So far, energy consumption ~n Sweden has been analyzed along two

dimensions:

i} the conaumption of energy for different kinds (industrial and

non-industrial) of production;

ii} the consumption of energy in the production ~f 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 changes 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 att~pt to isolate the effects on total energy con­

sumption in Sweden of changes in production technology and in the com­

position of final demand.

The empirical basis of the analysis carried out in the following sub­

section is a series of 23 x 23 input-output tables 1) where the inter­

sectoral flows are measured in 1968 purchasers' prices. Unfortunately,

this input-output 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. Conse~uently,

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, ... , n
J

M. = total imports of commodity j
J

s. = total domestic supply of commodity J (thus s. = x. + M.)
J J J J

Fk = total use of resource k, k = 1, 2, ... , m

l-l. = share of imports in the supply of commodity j
J

a .. = input of commodity i per supplied unit of commodity J
~J

e:kj = input of resource k per supplied unit of commodity j

Y. = final demand for commodity j.
J

With obvious matrix notations we can write the following equilibrium

condi tions :

~
= a • S + Y

= l-l · S (1)

= e: · S

where a and II ~s n x n, e: is m x n, S M and Y are n x 1 andF ~s m x 1.

Provided a is nonnegative and indecomposable with at least some positive

element and

n

I
i=l

a.. < 1
~J

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

1) If a is a semipositive indecomposable square matrix it has among its

characteristic roots a dominant root, A*, real and nonnegative, such

that for all II > A*, llI-A is nonsingular and (l-lI-a)-l is a positive

square matrix. Moreover, if s is the smallest and S the largest column

sum (that is s = min.la .. and S = max.la .. ) then s < A* < S. Thus, if
J. ~J J. ~J

S < 1 then 1 = l.l > A*~ and (1-0.)-1 is ~ositive. See Lancaster, (33).

The input-out tables used in this study satisfy these conditions.
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-1
S = (I-Cl! y - AY

-1
(2}M = ].l(I-Cl) Y - hY

-1
F = d I-Cl) Y - eY

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

It follows that h.. is a measure of the total (direct and indirect 111
~J

import of commodity i incurred by a domestically supplied unit of commodity J

Further, ekj is a measure of the total use of resource k incurred by a

domestically supplied unit of commodity j.

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 ~Fk' k = 1,2, ... , m, between period t and period t+1. We then

get: 2 )

~F = Fl - FO

= elyl eOyO
(3)

= elyl - eOyl + eOyl - eOyO

= (eLeO )yl + eO(yLyO).

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

demand vector, y, is

n
y = I Y.•

j=1 J

By means of this
y such that

new variable, we define a hypothetical final demand vector

i) y = yl

Y. y9
ii) ~ = -.J.

y yO
'v'j

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

as yO.

2)

From the model formulation, it follows that h .. is equal to the in-
~J

direct use of imported commodities of type i whenever i 1 j.

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 ~F, initiated in (3), can continue ~n the

following way:

A A

F = (e1-eO)yl + eO(yl_y+y_yO)
A A= (e1-eO)yl + eO(yl_y) + eO(y-yO) (4)

where

SUP COMP VOL

SUP = the share of ~F that can be attributed to changes ~n e (that

is E: and ex)

COMP = the share of ~F that can be attributed to changes in the com­

position of final demand

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

volume of final demand.

Next we want to decompose SUP, the term (e1-eO)yl, the size of which is

determined by variations in E: and a. The coefficients E:
k

. and a .. reflect
J ~J

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 h .. over i, i.e.
~J

n

I
i=1

h ..•
~J

We neglect the resource content of imports and define the n x n diagonal
" A

matrix n by n = (n .. ) where
~J

(
!

! n
I 1 - I h

=) s=1
sj

n· .
~J I

I
! 0
~
l

l.

when s = j

when s :f. j.
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Then the m x n - matrix ~ = (~kj) is defined by

where the typi cal element ~k' can be written ~k' = ek · • n..
J J J JJ

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

is used when one unit of commodity j is supplied by means of domesti c pro­

duction. Alternatively ~kj can be interpreted as the global amount of

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

the same technology is used in all countries.

The decomposition of ~F in (4) can now be completed. It then becomes:

TOT I/O IMP COMP VOL

where

I/O =the share of 6.F that can be attributed to changes in domestic

technology

I}~ =the share of ~F that can be attributed to changes in the share

of imports in the domestic supply of different commodities.

The interpretation of the components I/O 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 output

by means of' a single domestic resource, labor. The output commodity is

uso 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 0
e"T,; 2 5 1,6 5 2 5 2 4
h"t 0·5 0.5 0.6 0.1: 0.6: o. c 0.6 0.6
t t I Ie

4 411" =-- 10 10 5 10 5 10
1-ht

f

yt f
100 100 hOO 100 100 100 100 100

~
:-_~

(e 1_eO )y1 -300 -340 -300 -200

(1I"1_1I"0)y1 -600 -600 -500 ' -500

G 1 0 (71" 1_1I"0)J Y1(e -e ) - 300 260 200 300

where

et = total content of resources (labor) in one supplied unit of

the output commodity

ht = share of imports in one supplied unit of the output. commodi ty

t
71" = total content of domestic resources (labor) in one domestically

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 wa;ys.

First, by assumption, the domestic resource input coefficient of imports

is zero. This means that an increase 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 alwa;ys 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 ~s

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 i~possibility of increasing the resource efficiency of

imports is, accordingly, 300 units.

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

but in this case the share of imports increases from 50% to 60% between

period 0 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 ~s smaller than in A and B.

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

finally, the domestic productivity increase is the same as in C, but as

the import share ~s greater in D than in C, the "cost" of non-realized

efficiency gains ~s larger in D than in C.

To conclude this part of the analysis, the first component in (5), I/O,

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 positi ve 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 ~-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 interpl~

of supply and demand on a great number of markets. Thus, the results pre­

sented in the following subsection should only be given a descriptive

interpretation.

Further, the decomposition is not ~que. This can be seen by consider­

ing the following figure:

Y

o
'11'

1
'IT

·0 1 ' 'thThe total difference between F and F can be wr~tten as e~ er

1 0
AF = AY • 'IT + Y • A'IT

,~-~ _"'/... 'J
"-.r-' ...

VOL I/O

or

o 1
AF = AY • '11' + LY • A'II'../
~~l

VOL I/O

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/O.

As can be seen in (5), the chosen decomposition tends to overestimate

the numerical values of I/O 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

tion, be assigned to changes in the composition of final demand. 1/

The empirical application of the method dea::ribed 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 ~n the number of

hours worked- are assigned to different components.

As a consequence of the wa;y 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 powe! is a direct input in the

"Electricity, gas and water" sector. It follows that the input of crude

oil 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 ~able 2.4. The total

changes in the use of the different resources are assigned to the

following components:

1/ See Hoglund (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. 14.
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TOT = total change ~n the use of the resource ~n 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/O = 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/O + 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 1970. 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 view; 1970 was a very dry year and consequently the supply of water

power was lower than usual.
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Table 2.4 ~_~~~~~E~~!~!~~_~f_~~~~EY~~£E~~~~i~~he_~~~~~E~i~~_~f

~Eim~~_~~~~_~~_~E~_~~E~E_~f_E~~~~~E~~~~_12§g:§2_~d

12§2:Ig.

(1) (2 ) (3) (4 ) (5) (3)+(4)+(5)

1960 - 1965 I/O IMP SUP COMP VOL TOT

Imported crude oil (TWh) 3.3 -0.2 3. 1 1.2 9.2 13.5

Imported petroleum
products (TWh) -0.8 5.9 5. 1 13.0 35.4 53.5

Imported coal (TWh) -4.4 2.3 -2.1 0.4 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 I 16.71 61.9 85.9
I- ~,.........,

11667Hours worked (1.000 hours) -2378 645 -1733 99 33

1965 - 1970 I/O IMP SUP COMP VOL TOT

Imported crude oil (TWh) 150.6 -74.0 76.6 4.0 11.0 91.6

Imported petroleum
I

175. 2 1-12.3product s (TWh ) 187.5 30.7 43.0 61.4

Imported coal (TWh) -6.8 2.0 -4.8 1.2 3.3 -0.3

Imported coke (TWh) -21.3 15.8 -5.5 1.7 2.4 -1.4

Water power (TWh) -29.4 4.4 -25.0 6. 1 13.4 -5.5

Total primary energy
(TWh) -94.5 123.6 29.1 , 43.7 73.1 145.9

Hours worked (1.000 hours) 2116 426 ~1690 , 163 ~364 -163 I

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

preted with some 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 tr~~sition 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 ~s 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 direct 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 snows 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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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 ~n 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 ~~!~_~!~E~~_~~~_~~~~~~!~~_~~~~~_~~_!~~~~~9~_~~

~~~_9~:~~!~~~9E~_1222:1~_i1222_:_2222

1950 55 60 65 70 1975

_________ = Petroleum products including taxes

....•..... = Coal (polish coal, 62.5% big pieces and 37.5% small

pieces)

---------- = Electricity (industrial tariff, taxes excluded; 20 kV~

0.5 MW and 1.5 GWh/year)

_e_e_e_e_. = Industrial workers' wage rate.

Sources: Svenska Petroleum Institutet, The National Accounts.
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.An important price not shown in Diagram 2.6 is the user cost of capital.

However, on the basis of' an attempt by BergstrOmi / 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 me~ods 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 E~ducti2n and factor !n-Eyts !!! ,the Sweg.il!h mi!l-inIL~9:

manufacturing i!!£.ustffi 1955-1212. Yea.rly..!~es of growth.

Production Capital stock Hours worked Energy

1955 - 1960 5.2 4.8 0.2 3.1

1960 - 1965 7.4 5.5 0.6 4.3

1965 - 1970 4.9 4.2 -1.5 4.1

1955 - 1970 5.9 4.8 -0.2 3.8/4.5 *

* Including ,waste products from the pulp industry.

Source: SOU 1974:65, Energy 1985-2000, Bilaga 3, table 17.

1/ See BergstrOm (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) 155 224 192 195
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 change 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 ~aribus, have led to less energy intensive produc­

tion methods? This question can be discussed in conjunction with som~

results from a study by Bjorklund. 1/

Among other things, Bjorklund studied the determination of electricity

and fuel intensities of value added in three industries: the paper ~~d

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 Bjorklund's results are uncertain, they indicate that falling

real energy prices did not significantly affect the choice of factor

proportions in the industries studied. This is, after all, not surpri~ing.

In fact, falling energy prices should not be expected to have a signifi­

cant effect on the cho{ce of factor proportions in the production system

or on the composition of final demand.

1/ See Bjorklund (12).
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This point becomes clear if we consider the Wa;y"S in which energy is used.

Energy is alwa;y"s 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. prod,ucing heat, COld, light or mechanical work. This menas

that the demand for energy is alwa;y"s derived from the demand for the out­

put of these production processes and thus the price of energy is not an

independent variable in people's or industry's demand functions. Conse­

quently, energy price variations are likely to affect the demand for

energy only if the share of energy cost in the price of the goods and

services demanded is significant. At the post-war level of energy prices

this has not been the case. 1/

In accordance 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 apPliances2/. Consi­

dering the low level of energy prices in the early 1950s, a slight in­

crease in real energy pr~ces is not likely to have brought about markedly

different developments in the demand for energy in Sweden. 3/

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 errect of the 1973-74 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-Bergstram (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. 40.
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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

oil, coal and uranium are regarded as exogenous variables. As such this

is a reasonable approach; even though per capita consumption of energy

is relatively high in Sweden as compared to most other countries 1/

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

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, etc.

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. 2/ 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

is also discussed.

1/ See Bergman-Flam (10) p. 45-48

2/ See Rotelling (26).
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Another 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 Section 4.4 these issues are briefly touched

upon.

Useful energy forms such as electricity, heat, mechanical work etc. can

be obtained from several energy sources. Direct solar 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 energy as various fossil fuels, wood,

etc. Further, by means of uranium useful energy can be released through
~

nuclear fission4 Thus, utilization of energy sources always involves

utilization of energy resources.

Energy resources can be transformed into useful energy by means of

capital 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 ~s

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.

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 suppl~er of energy

has one specific energy transformation technology at his command but

several producers may have access to the same type of technology. The

demand shedule for energy is constant over time and perfectly known by

all potential suppliers. The demand shedule is such that at a specific

positive price the quantity demanded is zero. Since the consumption of

energy can never be zero when there is some economic activity, the maxi­

mum price can be thought of as the price at which high quality energy

is entirely replaced by low quality energy. There is a perfect capital

market where funds can be borrowed and lended at a constant rate of

interest. The prices of non-energy commodities and factors of produc­

tion are assumed to be (almost) independent of energy prices.

~e assume that each energy transf?rmation technology is based on energy

resource deposits of a certain quality, for instance coal on a ceratin

depth etc. All energy transformation technologies are assumed to be

based on an exhaustible resource deposit. The unit cost of utilizing

an energy transformation technology is assumed to be constant and thus

independent of the accumulated production of energy with that technology.

We disregard the situation of the individual firm, and focus on the

group of producers utilizing a specific energy transformation technology.

Given these assumptions we will analyze the equilibrium prices of energy

resources over a finite time period". 1/ The terminal point in time can

be thought of as a date when a new energy transformation technology

based on an energy resource in practically unlimited supply, and with

lower utilization cost than each existing technology, becomes available.

1/ To a large extent the discussion ~s based on Herfindahl (23) and
Solow (49).
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The following symbols are used:

P(t) = price of energy in period t;

Cj = cost per unit of output produced 'by means of energy trans­

formation technology j;

r =rate of interest;

T = terminal point in time.

The difference P(t) - Cj is the royalty in period t on the type of

energy resource utilized by energy transformation technology j. Ob­

viously the royalty can be regarded as the price of the resource be­

fore extraction.

To begin with, consider a situation where there ~s only one single

energy transformation technology, denoted "a". Utilization of this

energy transformation technology implies exploitation of the energy

resource deposits on which it is based. If each year during the period

of exploitation is to have some production, no year can be more attrac­

tive to an owner of a deposit than another. If some years were more

attractive the profit maximizing producers would shift production from

less attractive to more attractive years. Thus, in equilibrium the

present value of the royalty at different points in time must be the

same. That is:

must hold for all pairs of t* and t**.

This equilibrium condition implies that the royalty of the energy re­

source must rise at a relative rate equal to the rate of interest.

Energy resources can be regarded as capital assets, Which, in equi­

librium, must increase in value at the same relative rate as other

assets.
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From (1) the development oyer time of P(t) can be determined. To see

this t let t* and t** in (1) be zero and t respectively. We then get

p(O) - C = {p(t) - c }-r t
a a

which can be written

Thus t in equilibrium the price of energy also r~ses oyer timet but at

a lower rate than r. The rate of incrase of p(t)t howeyer t does approach

r as a limit as p(t) becomes large in relation to C •a

Aboye we assumed that there is a positive price at which the quantity

demanded is zero. Let that price be P. In equilibrium the level of P(O)

is such that P is reached at the terminal point in time t and at that

date the last units of the energy resource are used up. If the initial

pri.ce is lo"V{er the resource would be exhausted before the terminal point

in time. Then prices t and thus profits, could be incrased without leaving

some part of the resource unexploited. If t on the other hand t the initial

price is too high t the maximum price would be reached before the terminal

point in time t and part of the resource would remain unexploited. This

situation is not consistent with profit maximization; some producers could

increase their profits by selling at lower prices.

Thus for the equilibrium pr~ce path it holds that

P = P(T) = {P(O) - c } e rT + Ca a

and that the energy resource deposits are exhausted exactly at the

terminal point in time. That iS t the equilibrium energy price path

is determined by the shape of the demand function t the available

amount of the energy resource t the length of the exploitation period

and the cost of utilizing the energy transformation technology.
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In (2') it can easily be seen that the longer the exploitation period,

ceteris paribus, the lower is the initial price. As T goes to infinity,

P(O) approaches C . That is, an energy resource has a positive royalty
a

only if it is exhaustible. This means that if energy is supplied by

means of energy transformation technologies based on ener~J resources

in abundant supply, the equilibrium energy price is close to the

marginal cost of util~zing the energy transformation technology in

question. In the limiting case where energy supply is based on con­

tinous energy sources like direct solar ener~J, the equilibrium energy

price is constant over time and equal to the marginal cost of produc­

tion (provided the yearly capacity of the continous energy sources is

large enough).

3.2.2 Severad-En~Transformation Techno!s:gies

Next we consider a situation where several energy transformation

technologies are available. To begin with we retain the assumption

that all energy transformation tech.'101ogies are b.ased on exhaustible

energy resources, and focus on the order in which the technologies

are utilized under certainty and competitive conditions.

In accordance with the discussion above, the equilibrium royalties

on exhaustible energy resources rise at the rate of interest.

Further, the price of energy must be the same no matter what source

is used. Suppose energy transformation technologies a and b both are

being utilized at the initial point in time. At t=t* it would then

be necessary that

But (3} implies that (Cb-Ca }ert* = Cb - Ca' which is true only if

Cb = Ca when r is positive. Thus, if the operating ccsts of two energy

transformation technologies differ, both 'Hill not be simultaneously

utilized in equilibrium. This means that the transition between energy

transformation technologies occurs at specific points in tine.
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Suppose that energy transformation b is utilized between the initial

point in time until t=t', and that technology a is utilized from t=t'

until t=t". Further, assume that Ca < Cb' The present value at the

initial point in time of the royalty in t=t' on the energy resource

on which technology a is based is {p(t') - C }e-rt '. But if
a

technology a is utilized at the initial point in time the royalty would
-rt'

be p(ol - Ca = [{P(t'~ - Cb}e + Cb] - Ca' Since, by assumption,

Cb - Ca > {Cb-Cale-
Tt

when r is positive it holds that
-ft' -rt'

[{p(t'l - Cb}e + Cb] - Ca > {p(t') - Ca}e . This means that

in equilibrium the more efficient technology a is utilized before

the less efficient technology b. In fact, this is intuitively obvious;

any price high enough to keep technology b in business would tempt

those possessing technology a to enter and invest the proceeds in any

asset paying the market rate of interest.

We conclude that under conditions assumed here the most efficient

energy transformation technology will be used first. Within the

utilization period of each technology the royalty of the energy

resource on which the technology is based rises at the rate of

interest. The price of energy rises at a lower rate which gradu­

ally increases toward the rate of interest but never reaches it.

At each point of transition between energy transformation techno­

logies the rate of price increase shifts to a lower level and

then starts increasing toward the rate of interest again.

The situation is only slightly changed by the existence of energy

transformation technologies like hydro power, wind power etc., that

is technologies where the accumulated production over time is un­

limited, but where there is a maximum yearly production of energy.

We can call this a continous energy trans formation technology.

Once a technology of this kind is installed, the marginal cost of

utilizing it is practically zero. Thus, from the other producers'

point of view, the installation of, for instance, a hydro power

plant, can be regarded as an inward parallell shift of the demand

for energy. Ceteris paribUS, the price of energy at each point in

time will be lower when a continous technology is installed. 1/

1/ In terms of (2') a reduction of P must be accompained by a re­

duction of p( 0).
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At the date of the exploitation decision the capital value of a con­

tinous energy resource is equal to the present value of all future

1 h ""al " 1 1/ .revenues ess t e ~n~t~ ~nvestment out ay. The cap~tal value can

be regarded as a royalty on the energy resource. If the roaylty is

positive at the given interest rate and the equilibirum energy price

path, the continous energy transformation technology is installed

at the initial point in time. Otherwise it is not installed at all

before the terminal point in time.

The theory presented in this section is extremely simplified. 2 / Yet,

it points to a number of important factors behind the long run deve­

lopment of energy prices. Under conditions of certainty and competi­

tion the basic factors seem to be:

i) the available quantities of exhaustible energy resources

at different extraction cost levels;

ii) the availability and cost of using various energy transforma­

tion technologies;

iii) the price-elasticity of energy demand;

iv) the expectations about the date for a major technological
.. . 3/breakthrough ~n the f~eld of energy productlon.

First we will discuss the development of energy prices In a case

where all the assumptions made in the analysis above hold. Then

we will briefly discuss the validity of the conclusions arrived

at.

At the present time low-cost oil is the major energy resource In the

global energy system. 4/ It seems to be a common view that the supplies

1/ Provided there are no operating costs.

2/ A thorough treatment of the economic theory of exhaustible resources
can be found in Herfindahl-Kneese (24).

3/ In our analysis these expectations were replaced by perfect know­
ledge about the data at which a new energy transformation technology
with lower costs than existing technologies becomes available.

4/ About 47% of global energy consumption 1971. The figures for coal and
natural gas are 33% and 17,5% respectively. See Energihushallning (61 ),
Bilaga 1, p. 11.
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of low-cost oil will be exhausted before any major technological break­

through occurs in the field of energy production. Of course, such a

prediction is subject to great uncertainty; new oil fields may be

found, demand may grow at a slower rate than expected, et c. However,

to the extent that the prediction is correct, we should expect a tran­

sition from low-cost oil to costlier energy resources.

Accepting the results from the analysis in the preceeding sections

as a valid description of the real world, data about the availability

of various energy resources and the cost of utilizing known energy

transformation technologies would enable us to estimate the long run

development of energy prices. Such an analysis has been carried out by W.D.

Nordhaus 1/, who used a linear optimization model to simu;Late a cost­

minimizing se~uence of transitions between known energy transformation

technologies. The statistical basis for the study consisted of estima-

tes about remaining reserves of different kinds of energy resources,

and the cost of using various energy transformation technologies.

In Nordhaus' study the demand for energy was divided into five diffe­

rent categories2 / which were assumed to be growing over time and

completely price inelastic. On the other hand, there existed a wide

range of substitution possibilities between various kinds of energy.

The breeder reactor was designated as "backstop technology", that is,

a technology based on an energy resource in practically unlimited

supply.

According to Nordhaus' results an efficient plan for the future D.S.

energy supply system implies that breeder reactors (the backstop

technology) would be used for electricity generation from the year

20203/ and onwards. After 2120 all kinds of energy demand would be

satisfied by means of production in breeder reactors. Between 1970

and 2120 there was an .increase in the calculated price of energy

delivered to all five demand categories. The rate of price increase

was generally higher during the subperiod 1970 to 2010 than during

!h~_~~EP~~i~~_gQ1Q_!~_glgQ~ _
1/ See Nordhaus (40)
2/ Electricity generation, industrial heat, residential heat, substitu­

table transportation, and non-substitutable transportation.
3/ It is interesting to note that in Nordhaus' optimal path light water

reactors (conventional nuclear plants) are not introduced until the
year 2000.
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However, the rates of calculated energy price increases were not sub­

stantial. The price of electricity was calculated to grow by 1.1% per

annum between 1970 and 2010, while the corresponding figure for energy

for transportation purposes was 3.5%. Since the rate of interest was

set equal to 10% the royalty would grow at that rate also. For semi­

processed energy resources such as crude oil and gasoline, transported

to Europe, the calculated rate of price increase was 4.6% and 3.5%
respectively.

These figures should, of course, be interpreted with great care. For

instance, if breeder reactors are not allowed for security reasons

some other, and presumably costlier, backstop tecrillology must be in­

cluded in Nordhaus' model. In such a case the entire price path for

each kind of energy would be affected. The same applies to the case

where new energy transformation technologies such as the fusion reactor

or technologies based on direct solar energy are developed within the

time horizon of Nordhaus' study. Moreover, it cannot be ruled out

that gradual improvements of energy transformation tec~~ologies

serve to reduce, partly or fully, the increase in the relative price

of energy resources.

Thus, even within the extremely simplified framework of Nordhaus'

study, the results are very uncertain. The main uncertainty, however,

~s related to a basic assumption underlying Nordhaus' study as well

as the analysis presented in the preceding sections, namely the assump­

tion that the future is perfectly anticipated by all economic agents.

The approach implies that at the initial point in time there is a set

of markets where energy can be bought for delivery at any future point

~n time. Obviously such a set of markets does not exist in the real

world.

When the assumption about the existence of a complete set of future

markets is dropped, the markets for current deliveries of energy re­

sources may become unstable. Suppose, for instance, that the royalty

on a certain kind of energy resource rises faster than the market
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value of other assets. The owners of energy resources of this kind then

have incentives to reduce the rate of exploitation. Thus, current supply

is reduced and the current royalty is futher increased. In the opposite

case, where the royalty rises more slowly than the value of other assets,

the owners of energy resources have incentives to deplete their deposits

as rapidly as possible in order to avoid future capital losses. As a

consequence, however, the current royalty is fu-~her decreased. How­

ever, if there is a group of speculators with correct expectations

about the future their activities may stabilize energy resource markets.

This discussion suggests that actual energy resource prices are likely

to sUbstantially differ from the prices consistent with equilibrium

on a complete set of future markets. Moreover, according to the theory

discussed in the preceding sections, such equilibrium prices rise

smoothly over time. That may not be the case when there are no future

markets. In fact, it cannot be ruled out that energy resource prices

decrease, at least for some time, in the future in spite of the tran­

sition to high-cost deposits.

However, in the empirical part of this study the assumption is that

real energy resource prices will increase in the future. The rates

of increase are assumed to be 3% per annum. After the discussion in

this chapter it should be obvious that the realism of that assump­

tion is very difficult to evaluate.

3. 3 ~~2~c_S!!~~~wit!L~is~~_~~!~;L Re~~~!~~!~~~~.

In this study we focus on the impact of changing energy prices on energy

consumption patterns. However, there are also other effects. For instance,

if the cost of imported energy resources rise, more capital and labor

must, ceteris paribUS, be employed in producing export and import com­

peting goods. ConsequentlY,relatively less production factors can be

employed pro~ucing consumer goods and services or investment goods.
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The purpose of this section is to briefly indicate the relative impor­

tance of this aspect of higher energy cost. Since imported oil is the

dominating energy resource used in Sweden the discussion can be confined

to the impact of rising costs for imported oil on the growth of material

(non-oil) consumption in Sweden. Thus we will simply analyze to what

extent rising prices of imported oil aff'ect Sweden's terms of' trade, and

to what extent a given terms of' trade deterioration af'f'ects the growth

of material (non-oil) consumption in the country.

To begin with we derive a simple formula, using the following symbols:

P'M =value of total imports;

P ·E =value of imported energy resources;e

P'M = value of non-oil imports.y Y

The import volumes M, E and My are all expressed in constant, base-year

prices. The price variables P, Pe and Pi represent the price of total

imports, oil imports, and non-oil imports respectively, in relation

to an index of export prices. The variable P is the inverse of the

country's terms of trade.

Definitionally it holds that

P·M = P • E + P ·Me y y

or
P 'E P ·M

P = _e_ + Y Y
M M

On the assumption that changes in the world market prices of oil

affect imported and exported non-energy commodities to the same

extent, differentiation of (1) with respect to Pe yields

ap = 1 {E(P ) + P dE }
ape M e e dPe
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which means that the change in relative import prJ.ces becomes

dP = 1 {E(P ) + P dE} dP
M e edP ee

Multiplication of (2) . 1 d of terms yieldsWJ.th P an rearrangement

dP P'E
+dE

P dPe {1 ~ } e=P P'M dPe E Pe

where the second term within the brackets simply is the price

elasticity of the demand for imported oil.

As can be seen in (3) a change in oil prices J.n relation to export

prices does not affect the country's terms of trade if the demand for

oil has a price eleaticity of unity. If demand is inelastic an oil price

increase tends to deteriorate the terms of trade, while the opposite

holds when demand is elastic.

The price elasticity of the demand for oil reflects the total effect

of a number of substitution mechanisms in the economy; higher oil

prices induce producers in the energy sector as well as other sectors

to change their methods of production t and higher prices of oil inten­

sive products induce consumers to change their patterns of consump­

tion. In general a reduction in oil consumption can, ceteris paribus,

be attained only by increasing the use of some other factors of produc­

tion. Thus, even in a case where an oil price increase does not affect

the country's terms of trade, less capital and labor may be available

for production of consumer goods and services.

For illustrative puposes we can make a few calculations by means of

(3). The term (p -E) : (P·M) in (3) represents the value of oil im-
e

ports in relation to the value of total imports. In 1975 the numerical

value of this fraction was about 0.15. Thus, if the price elasticity

of oil demand is zero, a 7% increase of oil prices leads to a 1% de­

terioration in the terms of trade.
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In a study by T. Restad1/ the impact on the growth of the consumption

of goods and serrices of a 2% annual deterioration in Sweden's terms

of trade between 1980 and 2000 was estimated. The result was that the

annual growth of consumption of goods and sercices was reduced from 3%

to 2%. The growth of exports increased from 3.0 - 3.3% to 4.6 - 4.7%
per annum. According to our calculation above a 2% annual terms of

trade deterioration roughly corresponds to a 14% annual increase in

real oil prices, provided the price elasticity of oil demand is zero.

These results indicate that the growth of the economy mainly is deter­

mined by other factors than oil (or energy) prices. With this back­

ground it seems reasonable to confine the analysis of the effects of

changing energy prices to their impact on energy consumption patterns.

With this discussion we leave the macroeconomic growth issues as well

as the determination of energy resource prices. The rest of this study

is devoted to an analysis of the relation between the size and struc­

ture of the SwediSh consumption of energy and a couple of strategies

for the nuclear power policy in Sweden. The emphasis is on the

substitutability of energy and other factors of production. We will

identify different SUbstitution mechanisms and tr.r to estimate the

contribution of these substitution mechanisms to the total flexibility

of Sweden's demand for energy.

1/ See Restad (47)
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4. SOME THEORETICAL AND EMPIRICAL ASPECTS OF THE COMPLETE MODEL

SYSTEM

The model of the Swedish economy used in this study was originally

developed at the re~uest of the Energy Forecasting Commission. 1
) It

is intended as a tool for predicting.energy demand. In this study the

model is referred to as the "Energy Forecasting Model" (EFM).2) However,

this terminology is somewhat misleading; the EFM is not a single model,

but rather a system of models.

The purpose of this chapter is to descibe the gen~ral structure of the

EFM and to discuss some theoretical and empirical aspects of the model

system. We also indicate how the model is used in this particular study.

The next three chapters each deal with a particular submodel of the EFM.

The so-called "Final Commodity Supply Submodel fl is described in Chapter

5. Then the electricity and heat supply submodel is developed in

Chapter 6 and the residential heating services supply model in Chapter 7.

The first section of this chapter contains a very brief description of

the modelling approach represented by the ETI1. The supply model is dis­

cussed in some detail in Section 4.2 and the demand model is dealt with

in Section 4.3. The problems associated with solution of the complete

model are dealt with in Section 4.4. The use of the EFM in this

particular study is indicated in Section 4.5.

4.1 The Co~lete Model

The EFM repr~sents a general e~uilibrium approach to energy modelling

in the' sense that there is interaction between a number of markets in

the model-economy. One important aspect of the EFM is that energy is

2)

In the middle of 1974 the Energy Forecasting Commission became
part of the Energy Department at the National Industrial Board.

The ETI~ is described in detail in Bergman et al. (8).
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treated as an intermediate good, the demand for which is derived from

the demand for final goods and services. Another important aspect of

the EFM is that the mathematical structure of the supply model differs

radically from that of the demand model.

The supply model consists of a set of linear activity models which can

be linked to each other. The various submodels cover different sectors

In the private production system of the Swedish economy. Three of the

submodels are based on engineering data and one on input-output data.

Mathematically the supply submodels are formulated as cost minimization

linear programming models. This means that for each set of exogenously

determined final demand for the outputs of the production sectors, the

supply model determines a set of cost minimizing production and in­

vestment activities. A set of supply (shadow) prices for the different

commodities is associated with each optimal solution to the supply model.

The demand model comprises a private and a pUblic demand model. Public

demand is determined by a simple transformation of development in the

public sector into demand for the outputs of the private production

sector. This means that in the EFM, pUblic demand is exogenously de­

termined and thus inelastic with respect to price variations.

The private demand model consists of a set of simultaneously estimated

non-linear demand functions where commodity prices and the level of

real expenditures appear as explanatory variables. The parameters of

the private demand model are estimated on the basis of time series data

on prices, expenditures and demanded quantities.

The complete system of models can be visualized as follows:
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A1

A2

A3

A

Supply
of final
commodi­
ties

B 1)

Demand
~ for final

commodi­
ties

Al = The

A2 = The

A3 = The

A4 = The

Exogenous variables: Energy policy, technical change,
world market prices, etc.

non-energ'J commodity supply submodel

residential heating services supply submodel

electricity and hot water supply submodel

refined petroleum products supply submode12 )

1/ Developed by Bjorklund.

2/ Developed by Bergstrom.
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Each submodel In the set which comprises the supply model can either

be used alone or be linked to one or all of the other supply submodels.

The supply model can be regarded as a multi-period input-output model

where some sectors have been given extensive treatment. Submodels

A2 - A4 are the elaborated parts of the model, while A1 is what remalns

of the input-output model. An obvious development of the model would

be to replace additional input-output vectors in A1 by submodels.

The supply submodels can easily be linked to each other simply because

they all have the same mathematical structure; when two supply submodels

are linked together the size of the linear programming problem lncreases,

but is still a linear programming problem. Thus, the existence of

solutions to the supply model can easily be proved. However, since

the mathematical structure of the supply and demand models are quite

different, the existence, uniqueness and stability of solutions to the

complete model are not self-evident. As indicated In the above diagram,

some sort of market clearing mechanism is required to bring about

equality between supply and demand on all markets of the model economy.

The treatment of this problem in the present study is discussed in

Section 4.4.

There are three kinds of energy policy parameters in the model:

l. the set of available energy transformation technologies can

be changed;

ll. taxes can be levied on different kinds of energy;

lll. the maximum supply of different kinds of energy can be

constrained.

The demand for energy, as determined by the moael, is influenced by

assumptions about the world market prices of energy and other commo­

dities as well as assumptions about the input-output relations in the

production system.



4. I .2

- 64 -

Motivation for the Choice of Model Structure

The general idea underlying the EFM is that it should be a model of the

entire Swedish economy based on an input-output framework. Both of

these features facilitate the coordination of energy predictions with

medium and long-term predictions as to the general development of the

Swedish economy made by the Ministry of Finance. 1)

Another important point of departure was that in order for energy demand

predictions to aid In the formulation of energy policy strategies, these

predictions should be based on explicit ener~J policy assumptions and

important exogenous variables such as the world market price of oil.

Given these very general goals, the model can be constructed In many

different ways. The final model choice involves two steps. The first

is to determine which parts of the economy should be treated extensively.

The second lS to choose a type of model which is appropriate in terms of

the lssues to be studied. The actual choices regarding these two steps

in the development of the EFM were briefly described ln the preceding

section. These choices will now be motivated.

The power and heat and the refinery sectors were given elaborate treat­

ment in the model simply because the choice of a strategy for future

energy policy is likely to have a direct impact on the development in

these sectors. Access to these two submodels enables us to study the

substitutability of different kinds of primary energy, including

different kinds of crude oil, at a given level and composition of

secondary energy demand. This makes it possible to evaluate the impact

of different energy policy measures on the prices of secondary energy.

At the Ministry of Finance, two qualitatively different macro­
economic multisectoral growth models are used for medium
(5 years) and long-term predictions about the development of
the Swedish economy. Both of these models can be regarded as
elaborated input-output models. See SOU (66), SOU (67)
and Restad (47).
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In general capital and/or labor can be ,substituted fur secondary energy

in the production of goods and services. From an energy policy point

of view, the substitutability of different factors of production is

particularly important in sectors where a large share of the energy

supply is consumed. This means that in studying the Swedish energy

situatIon, the most important sectors are residential heating, paper

and pulp transportation and iron and steel. 1) Due to the resource

constraint, however, residential heating was the only sector given

elaborate treatment in the EFM.

The decision to deal extensively with the household demand for final

non-energy goods and services in Efl1 was based on the observation that

there are substantial variations in the total energy used to produce

different goods and services. 2 ) Consequently, the composition of the

final demand for goods and services is an important determinant of the

demand for energy. This conclusion is supported by the results of our

analysis in Chapter 2.

However, the findings ~n Chapter 2 indicated that the postwar develop­

ment of energy prices did not have any significant effect on the com­

position of final demand. Thus, it could be argued that an extensive

household demand model is not necessary in a model such as the EFM;

the development of final demand is important from an energy point of

view, but the choice of a strategy for energy policy is not likely

to significantly affect the composition of final demand. On the other

hand, it was pointed out that if the relative prices of energy rise,

the price elasticity of energy demand is also likely to increase.

Thus, we cannot rule out the possibility that rising energy prices will

have an impact on the composition of the final demand for goods and

serv~ces. Moreover, the choice of a strategy for energy policy ~ill

2)

Approximately 30 %of the total consumption of secondary energy
in Sweden can be assigned to the residential heating sector,
about 17 %to the paper and pulp industry and about 8 %to the
basic metal industry.

This was clearly indicated ~n Bergman & Bergstrom (7).
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certainly have an effect on the development of energy pr1ces. According­

ly it became obvious that at least part of the final demand for goods

and services should be an endogenous part of the E~~.

The process of choosing the mathematical structure of the different

parts of the EFM was based on the following considerations. In the

case of the demand for final goods and services, the model was inten­

ded to incorporate the past behavior of households in response to

price and real income variations. This consideration calls for an

econometric approach. Moreover, since the demand for a particular·

commodity is not independent of the consumption of other commodities,

it is desirable that the demand model consists of one demand equation

for each of the commodities demanded by the households, and that all

demand equations should be estimated simultaneously. A number of de­

mand models have these features and the choice between them is discussed

briefly in Section 4.3.

In the case of the supply model, three ma1n approaches were contemplated:

1. A model where all input-output coefficients are endogenously

determined. The model developed by Hudson and Jorgenson 1)

for the Energy Policy Project of the Ford Foundation represents

an example of this approach.

11. An elaborated input-output model where the labor and capital

input coefficients are determined by means of sectoral pro­

duction functions and neoclassical profit maximization assump-
. T . J 2)t10ns. he mult1sectoral growth model developed by ohansen

represents an example of this approach.

iii. An input-output model which is extended by means of additional

processes (input-output vectors) in some or all sectors, and

See Hudson & Jorgenson (28).

See Johansen (30). A quite similar approach was adopted by
Restad in his work for the Ministry of Finance. See Restad (47).
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thus transformed into a linear activity model. The model
1 ) .

developed by Thoss represents an example of thls approach.

It has already been indicated that we chose the third approach. The

main reasons for this choice are as follows.

The first approach, exemplified by the Hudson & Jorgenson model, lS

indeed quite elegant from a theoretical point of view. A change In

relative factor prices leads to changes in factor proportions, and the

predicted changes in factor proportions are consistent with past be­

havior. From the point of view of the E~1 project, however there are

several drawbacks connected with the Hudson & Jorgenson approach.

Since the estimation problems increase markedly as the Slze of the

model increases, the number of sectors and commodities in a model of

this type has to be kept small. Only eleven different kinds of commo­

dities, nine production sectors and four kinds of production factors

were incorporated in the Hudson & Jorgenson model. Four of the commo­

dities were energy commodities. For the same reason, some separability

assumptions had to be imposed. Thus, the input-output coefficients in

the Hudson & Jorgenson model are determined in two steps. First the

relative input proportions of capital, labor, an aggregated input denoted

"materials" and an aggregated energy commodity are determined. Then

the composition of the aggregated materials and energy inputs is de­

termined in separate submodels. This procedure represents a simpli­

fication that is difficult to evaluate. In any case all of the sectors

included in the projections carried out by the Swedish Ministry of

Finance cannot be dealt with separately using the approach represented

by the Hudson & Jorgenson model. 2 )

See Thoss, (51).

There are 24 sectors In the medium-term model and 15 In the
long-term model.
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Another problem inherent in the Hudson & Jorgenson approach 1S that

the input-output coefficients are determined as the partial derivatives

of the price-possibility frontier. In order to estimate the para­

meters of the price-possibility frontier access to accurate price data

is needed. Since such data for Sweden are not readily available no

attempt was made to apply the Hudson & Jorgenson approach.

The second model approach, represented by the Johansen model, does not

require any sophisticated estimation techniques. The number of sectors

to which it is applied can be increased with very few complications.

However, the Johansen approach is not well suited when different sectors

are to be treated on different levels of aggregation. For this reason

the Johansen approach was not chosen 1n the EFM project.

In the third approach, the linear activity model, both the number of

sectors and the number of available technologies can be varied in

accordance with the availability of data. Thus, with this approach

both engineering and input-output data can be utilized within the same

framework.

As indicated above, the linear activity approach was chosen for the

supply side of the EFM. This choice is motivated primarily by the

ease with which particular technologies can be incorporated into or

deleted from the model. Of course we could have used various kinds

of models for different parts of the production system. But this would

have augmented the problems connected with linking different parts of

the complete model system. Thus, the same modelling approach was applied

for the entire production system.

Before proceeding with a description of the EFM, a few general remarks

about its features are needed. The basic feature of the EF~1 is that

the rate of interest, the wage rate and the productivity of labor are

exogenously determined variables in the model while the composition

of the final consumption of goods and services is endogenously deter­

mined in the model. This means that economic growth in the EFM is the

result of exogenously determined labor productivity increases. However,

in an elaborated model of economic growth, the factor prices, produc-
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tivity of labor and composition of final consumption of goods and

services are interdependent endogenous variables.

Thus, the approach adopted here is very uns0phisticated, but it can

easily be defended. In order to determine factor prices endogenously

in a model, the technological possibilities to substitute different

factors of production for each other should be reasonably well in­

corporated in the model. This is not the case for the EFM. As was

mentioned above a few sectors oniy is given an elaborate treat-

ment in the model. It is quite clear that such a partial description

of the economy's set of available technologies is likely to severly

bias the estimates of the factor prices if these were endogenous in

the model.

However, this observation does not solve the problem. Since factor

prices and the productivity of labor are interdependent, the exogenous

assumptions about these variables must be consistent with each other.

This 1S potentially a very difficult problem, but 1n this particular

case we can take advantage of the studies carried out by the Ministry

of Finance, especially by T. Rest~d.1) Thus, estimates of the develop­

ment of factor prices, labor productivity and final consumption of

goods and services can be obtained from Restad's studies and used as
. ..' th EFM 2)1nputs for slIDulat10ns uS1ng e •

This means that a prediction about the development of the Swedish

economy is the point of departure for the present study.

This basic assumption about the development of the economy is called

the "reference path". Then the EFM is used to simulate the growth of

energy consumption along the reference path, and how these energy con­

sumption patterns are changed as a result of energy policy measures.

1)

2)
See T. Restad, (47).

When the input data used 1n this study was collected, Restad's
study was not finished. In Chapter 10 more is said about how
Restad's figures were used in this study.
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4.2 The Supply Model

We begin the description of the supply model with a very general formula­

tion of the model in subsection 4.2.1. The similarities between this

supply model and a complete general equilibrium model are also discussed.

The problems connected with the stock of capital remaining at the termi­

nal point in time are discussed in subsection 4.2.2. Then, in 4.2.3,

it is shown how the supply model can be decomposed into a number of

sUbmodels. The treatment of foreign trade is described in 4.2.4.

Some general remarks about the properties of the supply model are made

in 4.2.5.

~~~_§~ER~l_~~~~~_~~~_~!~_~~~~!~~~_!~_~~~~~~~~_~~~~~l

The supply model is based on the assumption that there is a certain

amount of productive capacity in the production sectors at the initial

point in time. The final demand for each kind of cQmmodity ~s exo­

genously determined for each period between the initial and terminal

points in time. Each kind of commodity can be produced by means of

other commodities, capital and labor, combined ~n a finite number of

different proportions. All feasible combinations of production factors

which yield an output a're denoted "production processes".

"Capital" in this context refers to d:l.fferent combinations of commodi­

ties produced at least one period earlier. Thus, labor and the stock

of capital existing at the initial point in time are the only primary

factors of production in the model. Since the utilization of the stock

of capital that exists at the initial point in time does not require

any use of resources, labor is the only real production cost. As was

mentioned above the wage rate is exogenously determined.

The supply model is solved by means of the assumption that producers

minimize the present value of the costs connected with satisfying the

exogenously determined final demands between the initial and terminal

points in time. This means that the criterion function has two elements.

The first is direct labor costs resulting from productive activities

during the different periods. The second is the present value of the

stock of useable capital existing at the terminal point in time.
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The value assigned to one unit of capital in a given sector at the

terminal point in time obviously has a considerable effect on the

model solution. This problem will be dealt with below. We now focus

our attention on the interpretation of an optimal sOlution to the

supply model.

We begin with a general formulation of the supply model. Two obser­

vations should be made at the outset. First, the model contains one

variable which lS redundant at this stage of the exposition, R,(t),
J

utilization during period t of the remaining share of the capacity in

process j that existed at the initial point in time. The way this

variable is utilized in our study will be shown in Section 4.2.5. The

inclusion of the variable R,(t) implies that a distinction is made
J

between capital existing at the initial point in time and endogenously

accumulated capital. Second, "capital"is measured by its capacity to

produce output. Thus, one unit of "capital" in sector j represents the

amount of capital goods that can be used to construct sufficient capacity

to produce one unit of output in sector j. It should also be noted

that when an investment decision is made during period t, the new capa-
" '1...· -. 1 1), h d 1Clty lS aval aule In perlod t+. Thls means t at no en ogenous y

accumulated capital is available in the first period.

The model is formulated as follows. Let l denote a commodity and j

a supply process. Assume that there are n commodities and m supply

processes and that m ) n. Assume further that a supply process, for

either intermediate or final goods, has only one output and uses at

least one input. The following symbols are used.

t

r

C. (t)
l

= period index (t runs from 1 to T)

= interest rate

= final consumption of commodity l during period t

In the electricity and heat production sector, the construction
lag is two periods for some plants, and in the residential hea­
ting sector there is no construction lag. In order to save sym­
bols, however, the construction lag is assumed to be one period
in all sectors in the general formulation of the supply model.



X. (t)
J

b ..
~J

MC.(t)
J

K. (t)
J

K. (0)
J

R. (t)
J'

<5.
J

a ..
~J

A••
~J

n. (t)
J

1jJ. (T)
J
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= activity level of process j during period t

=output of commodity i when process j is utilized at unit

level

= capacity addition to process j

=endogenously accumulated capacity stock of process j ~n

period t, measured in output

= initial stock of capacity, measured ~n output, in process j

=utilization of the initial capacity stock of type j during

period t; measured in output

= rate of depreciation of the capacity stock of process j

= input for immediate use of commodity i in process j when

this process is utilized at unit level

= amount of commodity i required when the capacity of ~rocess

j is increased by one unit

= input of labor in process J when this process ~s utilized

at unit level

= employment in period t

= wage rate during period t

= factor by which one unit of capacity in sector j at the

terminal point in time is valued at the initial point in

time.

.. -----The symbols above can be class~f~eClas follows:

Endo~nous variables

X.(t), tlK.(t), K.(t), R.(t), N(t).
J J . J J

Exo~nous variables 1 )

C.(t), K.(O), n.(t), w(t), 1jJ.(T).
~ J J J

Parameters 1)

a .. , A•. , b .. , r, <5
J
.•

~J ~J ~J

See note 1 on next page.
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The function ~(t) is defined as

In the following, endogenous variables are written on the left-hand

side and exogenous variables on the right-hand side of the equations.

The symbols in parenthesis on the extreme right-hand side of the

constraints denote the dual variables associated with the correspon­

ding constraint. The model then becomes:

Ob.iective f'unction to be minimized

T
F(T) = I

t=1

m
~(t) w(t) N(t) - L

j= 1
1jJ.(t) K.(T).

J J

Commodity balances

m
L (b.. - a.. ) X. ( t) -

. 1 J.J J. J JJ=

Capacity constraints

m
L

j=1
A•• tIK.(t) > C. (t);

J.J J J.

R. ( t) + K. (t) - X. (t) > 0 ;
J J J

Use of labor

N(t) -
m
I

j=1
n.(t) x.(t) > 0 ;

J J
Vt [a( t)} .

Resource constraints

-R.(t) > -(l-o.)t K.(O) ;
J J J

Vj, t

The distinction between "exogenous variables" and "parameters" is
not obvious. In this study "exogenous variables" are dated
variables determined outside the model, while "parameters" are
constants.

The variables ~K.(t) are not defined for t = T. The reason
for this is discRssed in section 4.2.2.
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Intertemporal links

Non-negativity constraints

t

I
T=1

t-T
(1-0 .) 6K . ( -r-1) - K. ( t) = 0

J J J
yj,t=2•.. ,T

[ K j (t)J •

XJ.(t), KJ.(t), 6K.(t), R.(t), N(t) > 0
J J - for all j and t.

It should be noted that there is no constraint on total employment.

However, when the empirical version of the model is utilized, the

vectors C(t) = (C 1(t), ••• , Cn(t)) are chosen so that the demand for

labor by the production sectors is compatible with the estimated supply

of labor in the different periods.

In a situation of general economic equilibrium the price system has

the following properties:

i. If commodity h ~s the (only) output of process q, the price

of commodity h ~s less than or equal to the marginal cost of

utilizing process q, and there is equality if process 'q is

utilized ~n equilibrium.

ii. The cost of one unit of additional capacity in process q ~s

less than or equal to the present value of all future operating

surpluses obtained from that capacity, and there is equality

if investments in process q are carried out in an equilibrium

solution.

We now investigate whether a price system with these properties can be

associated with an optimal solution to the supply model of the EFM.

If this can be acco~plished, the price system can be regarded as a

system of supply prices, conditioned by the model structure and the

values of the parameters and exogenous variables of the model. Obviously

it is interesting to study how such a price system is affected by various

energy policy measures.
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Prices are treated on the basis of a dual for.mulation of the supply

model. This for.mulation becomes: 1)

Objective function to be maximized

T

= L
t=l

{
n

L
i=l

1T.(t) C.(t) -
1. 1.

m

L
j=1

t
y . (t) (1-0.) K. (0) L

J J J

Constraints

n
[1] [Xj(tnI 1T. (t) (b ..-a.. ) - aCt) n.(t) - 8.(t) < 0 ;

i=1 1. J.J J.J J J-

n T
(1-0.) ,-t-lL 'IT. (t) A.• + L K.(-r) < 0 [21 [ilK. (t) ]

i=1 J. J.J ,=t+l J J J

to when l<t<T [3] ; [K.(t)]
J

8. (t) - K.(t)
J

J <_IjJ. (T) [4J [K. (T)]when t=T
- J J

aCt) ~ $(t) wet) ; [;] ; [N(t)}

8.(t) - y.(t) ~o [6J ; [Rj (t)] •
J J

In order to demonstrate the properties of the supply model, we assume

that the final demand for all commodities is positive and that it grows

over time. We confine the discussion to period t* where 1 < t* < T.

Commodity h is assumed to be the only output commodity of process q.

That is,

1 when J. = h

o when i +h.

On the basis of these assumptions we will derive an expression for the

price of commodity h in period t*. Consider a case where process q is

utilized during period t* in an optimal solution (X (t*) > 0). This
q

The primal variables corresponding to the dual constraints are
written to the extreme right of each constraint.
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means that [1J must be an equality for t = t* and j = q.1) Since the

remaining share of the initial capacity of process q is freely available

R (t*) is positive whenever X (t*) is positive. Consequently [6J must
q "' q

be an equality for t = t and j = q.

In any realistic case n (t*) > o. When both X (t*) and n (t*) are
q q q

positive, N(t*) also has to be positive. Accordingly [5] must be an

equality for t = t* in an optimal solution to the supply model.

Thus, from the assumption that Xq(t~) > 0) we get

~ n ~ ~~) ~\- ~
'11" (t ) = 2 '11". (t ) a. + \j>(t ) w(t n (t ) + Y (t )
h i=1 ~ ~q q q

[3' ]

Next we define P.(t) = ~(t)-1·'lI".(t) for all i, t. Given this defini-
~ ~

tion, how should the variables P.(t) be interpreted? In order to
~

answer this question, 'lI"h(t~) is replaced by ~(t*) Ph(t*) in [lJ
M •• ( *)-1
ult~ply~ng by ~ t we get:

The following discussion is based on the equilibrium theorem for linear
programming; see Lancaster (33), p. 33. Let the primal formulation of
a linear programming problem be

min Cx
s.t A:x:~ b

x~O

where A is a matrix and C, x and b are vectors. The corresponding dual
problem then becomes

max: yob
s.t y.A ~ C

y~O

According to the equilibrium theorem it then holds that if x*, y* are
feasible for the primal and dual, they are optimal" if and only if

(1) y~ =0 whenever ~ a .. x~ > b.
~ j J.J J J.

(2 ) x~ = 0 whenever ~ a. . y:lf < c. ,
J . J.J J. J th

h . h kth ., J.. . th kt at J.s, t e varJ.able J.n one program J.S zero wnenever e con-
straint in the other program is ineffective.
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n
L

i=1

.= -1 * 1)
P. (t*) a. + w(t*) n (t*) + cjJ(t=) • Y (t ).

l lq q q

. ( *)-1 ( *) . .Thus, If we regard cjJ t . y t as the operatlng surplus per unlt
q

of output In process q during period t*, Ph(t~) can be interpreted as

the price of commodity h in period t*. Accordingly ~h(t*) can be

regarded as the present value, evalutated at the initial point In time,

of the price of commodity h In period t~. Moreover, since the model is

linear~ the right-hand side of [1~ can be interpreted as the marginal

cost of commodity h in period t*. This means that for each optimal

solution to the supply model, there is a corresponding system of

marginal cost determined commodity prices. We take advantage of this

property in applications of the model.

We continue our discussion Df the properties of the model by investi­

gating the relation between the dual variables K.(t) and y.(t). The
J J

latter indicates the marginal value of an additional unit of initial

capacity In process j. The variable K.(t) represents the marginal
J

value of an additional unit of capacity in process q constructed some

time between the initial point in time and period t-1. In accordance

with [3'J, Yj(t) is less than or equal to Kj(t) for all t < T and for

all j. It thus holds for j=q and t=t~ < T.

1 )
If there is joint production in process q, we can derive the

following expreSSlon In the same way as we derived [1'~

n
L P. (t*) a. + w(t*) n (t*)

i=1 l lq q
n *L P. (t ). b. =

i=1 l lq
+ cjJ(t*)-1. y (t*).

q

[1" 'J
If the variables P.(t~) are interpreted in the same way as

l

above, [1" ~ implies that process q is utilized in period

t* In an optimal solution to the model if the marginal revenue

lS equal to the marginal cost of utilizing the process.
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It follows from the equilibrium. theorem of linear programming that [3 ~

is an equality for j=q and t=t* only if K (t*) is positive. However,
q

K (t*) can be positive only if ~K (t) is ~ositive for some t < t*. When-q q:'
ever this is the case, K (t) is positive for all t>t*.1) Thus, once

q
the need for capacity in process q is larger than the remaining share

of the initial capacity, the marginal value of initial' capacity becomes

equal to the marginal value of newly constructed capacity.

When M( (t**) is positive, there is equality in [21 for j=q and
** q . ** [ ] .t=t and in [3 ' ] for J=q and t>t • Moreover, 2 for J=q

and t=t** and [3 1J for j=q and t>t** contain the variable Kq(t).

**constraint l2} for j=q and t=t

Now, consider a solution where ~K (t**) is posi tive. The dual
q

then becomes

n M*L 'If. (t ) A. =
i=1 ~ ~q

or, since ** ** **)'If.(t ) =4J(t ) P.(t ,
~. ~

n T **-1
I P.(t**) A. = l. 4J(t**)-1 K (T) (1-0 )T-t

~ ~q q q
i=1 **

\.. J T=t +1 \ If""
.J \ r

"T

I II III

[2 1J

**
The term denoted I above expresses the pr~ce, ~n period t of one

unit of capacity in process q. The term III indicates the share of some

part of capacity, constructed in period t**, that remains in each
**of the periods between t and T.

Capacity is subject to depreciation by a constant annual rate.
Thus some part of capacity is never completely scrapped.
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The investment in process q in period t** made y (t) equal to K (t)
q q

for all t~ < t < T. In the terminal period, y (T) is equal to the
q .

sum of K (T) and ~ (T), where ~ (T) is the value of the capacity stock
q q q

in process q that remains at the end of the terminal period. However,

when we interpreted [1' 'J above, 4> (t) -1 y q (t) was regarded as the

operating surplus per unit of output in process q in period t. If

we use this interpretation of 4>(t)-1 y (t) and take the discussion

above into account, [2 'J indicates thaf whenever an investment in

process q is carried out, the present value of all future gross profits

obtained from the additional capacity are equal to the price of that

capacity.

By interpreting 4>-1 y (t) in this way, an optimal solution to the supply
" q

model is consistent with a situation of general economic equilibrium;

it holds for all processes that the marginal revenue (the price of the

output commodity) is less than or equal to the marginal cost of uti­

lizing the process in question, and these magnitudes are equal when­

ever the process is utilized in an optimal solution. Further, the

marginal cost of an investment is less than or equal to the marginal

revenue of the investment (the present value of future operating sur­

pluses), and these magnitudes are equal for each investment that is

actually carried out. Thus, although the formulation of the supply

model represents a substantial simplification of a complete general

equilibrium model, the propositions about the nature of the price

system, derived from general equilibrium theory, are reproduced by the

supply model.

In a steady state, the operating surplus obtained from a"unit of

capacity should correspond to a rate of profit that is equal to the

interest rate. Next we investigate whether this condition is fulfilled

by the present model." First, we define:

P • ( t) - 4>( t )-1 K. ( t )
J J

and

n

1:
i=1

P. (t)A..
1. l.J
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and substitute these expressions in [2 'J. We then get

T

L
**'t'=t +1

Consider a case where the numerical values of the model's parameters

and exogenous variables do not differ between periods .. It then

holds that PKq(t) and Pq(t) also remain constant over time. We

recall that

cl> ( t ) = (Hr) - ( t-1)•

We then get:

T

LP =Kq
+E+E

't'=t +1

Next, if the number of periods is extended to infinity, we can write

P (1-0 )q q

(1+r)2
+

2P (1-0 )
q q

( Hr) 3
+ •••

which is an infinite geometrical progression where the constant term

is P / ( Hr) and the quotient is ~ 1-0) / ( Hr). It then follows thatq

P ,
P =...:...s.... <::> P - (r+8 )PKKq r+8 - q - q q.

q

Thus, when the exogenous conditions of each of the.model periods are

identical, the optimal solution to the model can be interpreted as a

steady state economic equilibrium. In such an equilibrium, a scarcity

rent, y.(t), is assigned to each unit of the remaining initial capacity
J .

in process j which is fully utilized. Whenever new investments are

made in process j, the scarcity rent assigned to the initial capacity

becomes equal to the sum of interest and depreciation on new capacity.

We can now conclude that the formulation of the supply model is such

that an optimal solution to it is consistent with conventional general

equilibrium theory. The basic difference between the supply model and

a complete general equilibrium model is that the final demand for goods

and services is exogenously determined.
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The Terminal Conditions

The EFM was developed for analysis of an arbitrarily chosen finite

time period. Regardless of the length of the time period chosen,

some useable capacity will always remain In the production sectors at

the terminal point in time. If no value at all is assigned to this

capacity, the economic lifetime of a unit of capacity will be shorter,

the later the investment is carried out. Accordingly the solutions to

the supply model will be biased and the supply prices determined by the

model will tend to increase over time. The solution for a particular

period t* will be affected by a change in the number of periods from

T to T+1.

However, the distortions are more pronounced in the later periods of

the model as compared to the earlier ones. This problem can, in prac­

tice, be circumvented by extending the number of periods. For instance,

if we are interested in a model solution for T periods, it is solved for

T+N periods where N is a large positive integer.

A special case of this method involves making the last period consider­

ably longer than the other periods. But this means that a number of

identical periods, or a period of constant growth in all sectors, are

assumed to follow after the terminal point in time. In other words,

the economy is assumed to adjust itself to a situation of uniform growth

from the last period and onwards.

In practice it is very expensive to apply the first variant of this

method In a large model. Thus, the latter variant has to be applied

In one way or another. This can, in priciple, be carried out in two

ways.

One method is to make explicit assumptions about the level and composl­

tion of the final consumption of goods and serVlces at the terminal

point in time as well as the future uniform rate of growth of that con­

sumption. If the capital-output ratios and the composition of the

capital stock in each sector are exogenously determined and constant

over time, such assumptions can be transformed into capital stock

requirements for all production sectors at the terminal point in time.
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However, in an elaborated model where there are several alternative

technologies available in the production sectors this approach is not

well suited. The reason for this is that the relation between the growth

of the final consumption of goods and services and the size of the termi­

nal stocks of capital in the production sectors depends on the choice

between the alternative technologies in the different sectors. Thus,

the terminal capital stock requirements cannot be determined without

introducing a bias in the choice between available technologies.

Another approach is to attach values to the terminal stocks of capital.

This approach was adopted in the present study. Thus, it is assumed

that all prices in the economy remain constant for the indefinite future

after the terminal point in time. This means that there is a constant

annual operating surplus from each unit of remaining capacity after

the terminal point in time. In the preceding sUbsection it was shown

that the steady state operating surplus of process j capacity, p.,
J

could be written

p. = (r + 0.) P
K

.,
J J J

where r lS the interest rate, o. the rate of physical depreciation and
J

PKj the steady state price of one unit of process j capacity.

As a consequence of these assumptions, the terminal capacity valuation

factors, 1jJ. (T), become
J .

1jJ. (T) =
J

<Xl

1:
,=T+1

1)-, ,-T
( Hr) -p • ( 1-8 . )

J J

There are two interrelated problems connected with this approach. The

first concerns the determination of the steady state prices of capital

goods, PKj . In order to estimate these prices a more sophisticated model

of the economy is needed. However, such a model is not available, and

Since 0 < 8. < 1, this expression has a finite value whenever
J

r > O.
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thus some approximate method must be adopted. In this study the

capital goods prices prevailing at the initial point in time was

used as estimates of the steady state capital goods prices.

The second problem concerns the investments in the last period before

the terminal point in time. Since we have assumed that the productive

capacity created by these investments will be available immediately

after the terminal point in time, the amount of such investments will

be entirely determined by the terminal valuations factors, ~.(T). In
J

combination with the linearity of the supply model, this makes the

investment activity in the last period extremely sensitive to the

numerical values of the valuation factors. Obviously both the amount

and the sectoral composition of investments are likely to be inconsistent

with the assumed uniform future growth of the final consumption of goods

and services.

In order to avoid these problems the investments In the last period are

not endogenously determined. Instead the demand for capital goods

associated with the assumed growth of the final consumption of goods

and services lS calculated. Then the calculated demand for capital

goods in the last period is added to the final demand for the output

of the capital goods producing sectors.

This way of treating the terminal capacity problem is not satisfactory.

However, In order to avoid distortions created by the terminal condi­

tions the model is solved for five five-year periods in all simulations,

but the results obtained for the fifth period are disregarded. The

same applies in most cases for the results obtained for the fourth

period.

As indicated in the introduction to this chapter, the supply model is

constructed as a set of submodels. The submodels can either be used

as separate models or be linked to each other in different combinations.

One of these combinations constitutes the "complete" supply model.
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The procedure involved in lir~ing the different supply submodels causes to

particular problems. Assume that the commodities i = 1,2, ... , k are

produced 1.n a set of processes that is denoted H, while the commodi-

ties l = k + 1 , ... , n are produced by a set of processes denoted S.

Further, let P. (t) denote the price of commodity 1. 1.n period t.
l

Given these assumptions the economy can be partitioned into an H seg­

ment and an S segment. Let L.hS(t) represent the activity level of
1

process that delivers commodity i from the H segment of the economy

to the Ssegment during period t. The value of the purchases of

S commodities will appear in the cost function of the H segment, and

the deliveries of H commodities to the S segment of the economy Hill

appear as an additional, exogenously determined, final demand for H

commodities. The decomposed model can then be '~itten:

The H segment:

T
mln F(T) = I:

t=1

n
I:

i=k+1
~.(T)K.(T)

J J

I:
jtH

(b ..-a . .'X.(t) -
lJ 1.J J

L:
jEH

A.. 6K.(t)
1.J J

> C.(t)
1.

1. = 1, 2, ... ,k; "It

i:
jEH

-a ..
lJ

X.(t) ­
J

I:
jEH

> C.(t)
1.

1. = k+1, ... , n;

R.(t) + K.(t) - X.(t) > 0
J J J

>I
~r· (t) - In. (t ) X . ( t ) > 0

jEH J J

...
-R.(t) > -( 1-0.) "K.(O)

J J J

jEH; V't

;vt

jE-H; lit

t

2-
,=1

(1-0.)t-'6K.(c-1) - K.(t) = 0
J J J

jEH; lit
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The S segment:

T
IIlJ.n F(T) = I

t=1

k
~(t){w(t)NS(t) + L

i=1
P. (t) L~1 t )} -
~ ~

I
jES

1jJ.(T)K.(T)
J J

I
jfS

- a ..
~J

x.(t) - I A.. .6.K. (t) + L~s (t) > C. (t)
J jES ~J J ~ ~

~ = 1, 2, ... , k; 'V t

L
jES

(b ..-a.. )X.(t)
~J ~J J

> C. (t) + t.~t)
~ ~

~ = k+1, .. , n; 'It

R.(t) + K.(t) - X.(t) > 0
J J J

jfs; 'v/t

;Yt

-R.(t)
J

> -(1-o.)~.(O)
- J J

jES; .., t

( 1- cS • ) t- TbK . (T-1) - K. ( t) = 0
J .. J J-

jES; lit

It can easi1Y be checked that all L~s(t) and L~h(t) disapnear from the
~ ~ ~

constraints vhen the Hand S models are added to each other rov by rov.

Thus, the activity levels of these variables viII be zero in an optimal

solution to the aggregated model. Moreover, vhenever the vage rate ~s

positive no excess labor viII be employed. In an optimal solution, the

sum NH(t) + NS(t) is identical to the variable N(t) in the original

formulation of the supply model. Thus, the aggregated Hand S model

is identical to the original supply model.

4.2.4

The Svedish economy is small and open. Many Svedish production sectors

are exposed to foreign·competition and the cost of production in Sweden

has a limited influence on world market prices; Swedish producers are

more or less price-takers. These conditions imply that foreign trade

can easily be incorporated into the model. We simply designate one

commodity as "foreign currency" and introduce a number of export and
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import processes. An export process uses a domestic product as

input and yields foreign currency as output, while import processes
. d" 1) 2)use currency as ~nput an y~eld fore~gn goods as output.

The purpose of this subsection ~s to show how the general formulation

of the supply model is changed when foreign trade is incorporated

into the model. We also discuss the conditions under which a co~~odity

~s exported or imported, and both imported and produced domestically.

As before, the analysis is based on the equilibrium theorem of linear

programming.

The following additional notations are introduced:

M. (t)
1

z. (t)
1

= world market price of commodity ~ ln period t

= number of imported units of commodity ~ ln period t

= number of exported units of commodity 1 ln period t

d. = foreign transportation costs when one unit of
1

commodity i is exported

c 1(t) = an exogenously determined target current acco~~t
n+

surplus

Using these symbols, the primal formulation of the model should be

enlarged with the following commodity balance:

n
\' [p~(t) - d.l Z.(t) -
l.. 1 1" ~

i=1
> 'it; [dt)J.

This inequality remalns unchanged when it ~s multiplied by the factor

~(t), defined in the same way as above.

In addition, all other commodity balances should include the net

import and export of the commodity in question; that is

2)

It goes without saying that no labor or capital serVlces are
used in trade processes.

This approach is the same as that used by Werin (52).
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M.(t) - Z.(t) ;
~ ~

'Vi, t.

.Uter these additions the dual formulation of the supply model

becomes:

ma.x G(T) =

subject to

T n
I {I 1T.(t) c.(t) + e:(t) ~(t) c 1(t)-

t=1 i=1 ~ ~ n+

m
.I Y

J
' ( t ) ( 1-0

J
. )t K

J
. ( o)} ,

j=1

n
I 1T.(t)(b ..-a .. ) - a(t) n.(t) - 13.(t) < 0 ; [1a] ; [x.(t)]

i= 1 ~ ~J ~J J J J

- 1T.(t) + Ht) !P:'(t) - d.1 e:.(t) < 0 [1bJ ; [z.(t)]
~ ~ J. J. ~

1T.(t) - ~(t) p~ e:.(t) < 0 ; [1 c] ; [M. (t)]
~ J. ~ ~

n T T-t-1
- 11T·(t) A.. + I K.(T)(1-O.) < 0 ; [2J ; [llK. (t)]

. 1 J. ~J T=t+1 J J J
~= f 0 when

1 < t < T ; [31 ; [K. (t)J
J

B.(t) - K.(t)
[4J [K.(T)]J J <"-$. (T) when t = T ;

- J J

a(t) ~ ~(t) w(t) ; [5J [N(t) ]

13.(t) - y.(t) < 0 ; [6J ; [Rj(t)] .
J J

Thus, introduction of foreign trade in the primal model affects the

objective function of the dual model. Two inequalities concerning

the relation between domestic and world market prices are also added.

In order to analyze the properties of this enlarged model, we assume that

Zh(t*) is positive in an optimal solution. Then [lb] for i = h, t = t*

is a..'1 equality, which means that

11" (t*) = ~(t*) [pw(t*) - d-J e: (t*)
h h n h •
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As was shown above, however, ~h(t*) can be interpreted as the

present value, at the initial point ln time, of the domestic price

of commodity h ln period t*. Thus, we obtain

or

<jl(t*) = [7J

If [7J is inserted into [1c] for i ='h, t = t* we get, provided

sh( t*) # 0,

which is a strict ineauality whenever ~ > O. Thus, whenever t~ere are
- n

transportation costs, a commodity which is exported in an optimal solu-

tion will not be imported in that solution. In the same way it can be

shown that a commodity which is imported will not be exported. ~ore­

over, if it holds that

commodity h will be neither imported nor exported ln period t*.

Thus, when foreign trade is included in the supply model, the set of

commodities is partitioned into three suogroups: exported, imuorted

and non-traded commodities. The divi~ing line between the suogroups

is determined by the dual variable corresponding to the current acco~~t

constraint.

If two optimal solutions to the supply model, which differ only with

respect to the wage rate, w(t), are compared, the dual variable

corresponding to the current account constraint, E(t), is positively

related to the wage rate; if the latter is reduced, the former becomes

lower.
1

) Thus, the dual variable E(t) can be interpreted as the exchange

1 )
See note 1 on next page.
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rate2 ) between the domestic and foreign currencies under given assump­

tions about world market prices, domestic costs and the predetermined

current account surplus (deficit).

Next we investigate the conditions under which a particular commodity,

h, will be imported as well as domestically produced in &~ optimal

solution to the supply model. It follows from the discussion above

that if commodity h is imported in period t* in an optimal solution,

then the domestic price of that commodity will be equal to the world

market price of commodity h times the exchange rate. That is,

As before, we assume that commodity h is the (only) output from

process q. Now we also assume that q is the only process where

commodity h is an output. From [la] we then get

n
E(t*)pw(t*) - I P. (t*)a. - ~(t*')n (t*) < B (t*); [1a IJ; [x (t*)].

h i=1 ~ ~q q - q q

Utilization of process q in period t* implies equality in [1 a3.
Since B (t*) is a non-negative variable, X (t*) cannot be positive

q q
when the left-hand side of ~a~ is negative. If the short-run

marginal cost of utilizing process q exceeds the world market deter­

mined price of commodity h, then this commodity will not be imported

and domestically produced simultaneously. However, this would occur

if the left-hand side of [:a~ is positive. Then the difference

between the price and the marginal cost of commodity h in period t*

will determine the scarcity rent earned by existing capacity in

2)

To see this, consider 0a], [lOJ, [1 c] and [5J above, and assume
that we have an optimal solution to the model. Then, assume that
w(t*) is reduced and the model solved again. In the new solution
~(t*) will be lower than before. Accordingly all ~.(t*) will be
lower. Then, for all i where Z.(t*) was positive i5 the previous
solution, constraint Db] will~be violated unless E* is reduced
in relation to the previous solution.

Expressed in the domestic currency unit.
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1) . . d *process q durlng perlo t . If this scarcity rent is sufficiently

large, the capacity in process q will be increased and commodity h

will not be imported, ceteris paribus, in period t* + 1.

4.2.5 Some General Remarks about the Properties of the SUDply Model

The formulation of the supply model implies a number of assumptions

about the supply system. In addition to the assumption about opti­

mization behavior, the following points should be noted:

l. the final demand for goods and services is perfectly
. ." 2)antlclpated oy the producers;

ll. there is only one labor market;

lll. all relations in the model are linear.

As a result of the first assumption, there is no risk or uncertainty

In the model economy. The third assumption implies that there are no

indivisibilities or economles of scale. Market imperfections cannot

prevail under these conditions and thus the rate of profit should be

the same and equal to the exogenously determined rate of interest In

all sectors in long-run equilibrium.

In spite of the substantial profit differentials between production

sectors in the real world, this property of the model does not ne­

cessarily make it less realistic. The supply model is designed for
.. . . 1 . 3)analyzlng the lmpact of changes In the set of avallable techno ogles,

1 )

2)
See [6J above and recall that Xj(t) > 0 implies Rj(t) > O.

Moreover, it is completely inelastic with respect to price
and income variations.

A change in a world market price can be conceived of as a
change in the coefficients of the corresponding import and
export processes.
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resulting from the implementation of different energy policy measures,

on the consumption of energy and the prices of final goods. The

critical assumption, then, is that the contemplated energy policy

measures should not affect the factors underlying the observed profit

differentials between sectors. If this assumption 1S realistic, it

is a useful simplification of the analysis in that risk and uncertainty

are assumed away as are the factors governing the observed deviations

from perfect market conditions.

The assumption that there is only one labor market in the model economy

means that the composition of the labor force is the same in all

sectors. 1
) This is certainly not the case 1n the real world. However,

the current composition of the labor force 1n the different sectors of

the economy is transitory, and could change substantially during a

10 - 20 year period, which is the time horizon of this study. It

therefore seems reasonable not to distinguish different kinds of labor.

However, the linearity assumption is critical. There are significant

indivisibilities in the electricity and heat production sector as well

as in the residential heating sector. These circumstances in combina­

tion of the detailed treatment given to these sectors in the EFM call

for some other approach than linear programming, for instance integer

programming. However, the solution costs for integer programming

models are significantly higher than the solution costs for linear

programming models. For this reason the linear programming approach

was chosen in spite of its implicit unrealistic assumptions about

the technology in the above mentioned sectors.

4.3

4.3.1

The Demand Model

Introduction

As mentioned in Section 4.1, part of the final demand in the EFM is

determined exogenously. Another part, the private demand for final

Alternatively it can be interpreted as a situation with
complete wage equalization between different kinds of labor.
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consumer goods and services, 1S determined endogenously. In accor­

dance with conventional economic theory this demand, at glven pre­

ference functions, should be determined by individuals' incomes and

the relative prices of the commodities. A number of restrictions on

the commodity demand functions can be derived on the basis of consumer

theory.1) These restrictions can, 1n principle, be used to reduce

the number of parameters to be estimated in empirical demand analysis.

However, empirical demand analysis always involves aggregation Slnce

it generally concerns the demand for certain groups of commodities

by certain groups of individuals. Moreover, there is usually some

aggregation over time and space as well. But the most important prob­

lem arises as a result of aggregation over individuals.

The restrictions derived from consumer theory concern the individual

demand functions. They are valid for collective demand functions if

the preference functions of individuals are

1. identical and

11 homothetic.

If these conditions are fulfilled the distribution of-purchasing power

has no impact on the market demand for goods and services. Consequently,

demand is entirely determined by per capita incomes and relative prices.

Obviously very strong assw~ptions have to be made before the theorems

of microeconomic demand theory can be applied in aggregate empirical

demand analysis. Nevertheless, these theorems are utilized in one way

or another in most applications involving so-called "systems

These restrictions are called the aggregation restriction, the
homogeneity restriction and the sYmmetry restriction. The first
states that total expendit~res should add up to total income.
The second implies that demand is invariant to proportional
changes in nominal income and commodity prices. The implication
of the sYmmetry restriction is that the elasticity of the com­
pensated demand for commodity i with respect to the price of
commodity j is equal to the elasticity of the compensated
demand for commodity j with respect to the price of commodity 1.
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. . ,,1) Th' dslmultaneous of demand equatlons . lS proce ure lS not necessa-

rily serious, however. For instance, the aggregation restriction

(the sum of all expenditures equals income) should hold for collective

demand functions. The sYmmetry restrictions, on the other hand, do not

hold in this respect.

The linear expenditure system developed by Stone2 ) is based on an

explicit collective utility function. The indirect addilog model,

developed by Houthakker3 ), is based on an explicit indirect collective

utility function. Both of these models satisfy all the restrictions

that can be derived from demand theory, but, as we noted above, the

collective utility functions underlying the models exist only under

very special assumptions.

The system of double logaritmic functions 4) is not derived from an

explicit utility function. However, the theorems derived from consumer

theory can be used as restrictions on the parameters in order to re­

duce the number of parameters to be estimated. This means that the

restrictions can be imposed on the basis of a goodness of fit criterion.

The same applies to a very recent development In this field, the model

derived by Christensen, Jorgenson & Lau. 5) This model is based on a

local second-order approximation of a non-specified utility function.

The main disadvantage of the former model is that all income elastici­

ties are forced to unity when the aggregation restriction is imposed.

In the case of the Christensen, Jorgensen & Lau model, the main draw­

back concerns estimation problems.

1 )
A survey of this field is included in Powell (45).
Chapter VIII in Bergman et al. (8).
See Stone (48).

See Houthakker (27).

See Dahlman-Klevmarken (14).

See Christensen, Jorgenson & Lau (13).

See also
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The demand model chosen for the EFM is the so-called Rotterdam model,

developed by Theil. 1) The application of this model was carried out

by Bjorklund. 2 ) The choice was mainly based on the results of a study

by Parks 3 ) where the performance of several different demand models

were compared. Although Parks' results were somewhat inconclusive,

they were in favor of the Rotterdam model.

There are two verSlons of the Rotterdam model, the relative price

version and the absolute prlce version. The former is directly based

on the Slutsky equation, which requlres the existence of a collec­

tive utility function with the same properties as those assumed in

individual utility functions. As indicated above, this is not the

case unless very special assumptions are satisfied.

The absolute prlce verSlon of the Rotterdam model is not based on any

explicit utility function, but the restrictions derived from demand

theory can be imposed in order to reduce the number of freee para­

meters. The restrictions can be imposed on the basis of a goodness

of fit criterion. The absolute price version of the Rotterdam model

lS described below and the empirical version of the private demand

model is presented in Section 4.3.3.

4.3.2 The Rotterdam Model

The following symbols are used In the private demand model:

C. = private demand for commodity l = 1,2, ... , n
l

P. = prlce of commodity i = 1,2, ... , n
l

m = total private expenditures on goods and services;

n
thus m = Z

i=1
P. ·C.

l l

w. = share of total expenditures allocated to purchases of
l

commodity l; thus w. =
l

P. C.
l l

m

1)

2)
See Theil (50).
This choice is motivated by Bjorklund In Chapter VIII of Bergman
et al. (8).

See Parks (44).
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Further, real income ~s denoted m and defined as the level of utility

that can be attained at given money income and commodity prices. The

demand for commodity ~ ~s wTitten

It is assumed that no saving takes place.

Differentation of the demand equation above yields

ac~

dC. =--~ -am
~ am +

n

I
j=l

ac'!' 1)
--~ dP.
ap. J

J

If [lJ ~s multiplied by w./C. we obtain
~ ~

a(p.c~) n p.P. (le'!'
Wi d(log Ci ) = -a....;;~;;....",;;~- d(log ;) + L~ ap~ d(log P

J
')

j=l J

Next we define

a(P . c'!')
~ ~

~. = and
~ a~

'IT ••
~J

P.P. ac'!'
= --!...J.. ~

m • ap. '
J

which mean that [2J can be written

w. d(log C.)
~ ~

n
= ~. d(log;) + I 'IT •• d(log P.)

~ j=l ~J J

The term d(log m) is derived in as follows. Assume that all pr~ces and

the money income change infinitensimally. The change in real income

then becomes

ac :*'
~

Observe that am -
pr~ces.

ac~
~ since partial derivatives imply constant

a;).



- 96 -

n
dm = dm - I Ck-dPk ,

k=1

which cah be 'Nritten

n
d(log m) = d(log m) - I wk-d(log P

k
).

k=1

If [4} is inserted in [3J 'He obtain

1-1.
~d(log C.) =

~
[d(log m) -

'H'
~

n n rr ..
I Wk d(log Pk )] + I w~J d(log P

J
.).

k=1 j=1 ~

Thus the change in the demand for commodity ~ lS determined by the

share of total expenditures spent on commodity i, the change in

nominal income and the change in prices of all final consumer goods

and services.

Let e. denote the income elasticity of commodity i and E!. the cam-
l ~J

pensated price elasticity of commodity i with respect to the price

of commodity J.

The aggregation restriction implies that expenditures on all commo­

dities add up to the total income. In formal terms this becomes

n
L 'ir. e. =

i=1 ~ ~

n
I w. E~. = 0 for all J = 1,2, ... , n.

i=1 J. ~J

From the definitions of j.l. and 'IT •• we obtain
J. J.J

n n P.C. ac./c. n
I I ~ ~ J. l I'H. e. = -- • = ].I. =

i=1 ~ ~ i=1 m am/m i=1 ~

n n P.C. ac'!'/c. n
I 'H.· E~ . = I J. 1. ~ J. I 0-- • = IT •• = ;

i=1 J. J.J i=1 m ap ./P.
i=1 1.J

J J

[6J

j=1,2, ... , n. [7J
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The homogeneity restrictions imply that the demand equations are

homogenous of degree zero. That is, a proportional change in all

prices and nominal income leaves the demand for goods and services

unaffected. In formal terms this becomes

n
I Er

J
· = 0 for all ~ = 1,2, ••• , n.

j=1 ...

From the definition of 'IT •• we obtain
~J

n n aC'!'/c. n
I E'!'. I ~ ~ L 0 1,2, .•. , [8]= = 'IT •• = ; ~ = n

~J ap ./P. ~J
.

j=1 j=1 J J j=1

The sYmmetry restriction, finally, implies that the compensated cross­

price effect of the different equations is sYmmetric; that is

ac'!' ac'!'
~ = --slap. ap ..
J ~

From the definition of 'IT •• , it follows that if the sYmmetry restric­
~J

tion is satisfied,it holds that

'IT •• = 11" ••
~J J~

for i, j = 1,2, .•. , n

There are n+n2 free parameters in [5J. However, there are at most

n aggregation, n homogeneity and ±(n-1)n sJ~etry restrictions. 'Thus,

if all of the restrictions are imposed the number of free parameters

is reduced to -21(n+2)(n-1 ). The estimated parameters ~. and 11" •• can
~ ~J

easily be transformed into income and compensated price elasticities

in the following way:

m
P. C.
~ ~

m
. ~i = P. C.

~ ~

a(p. C.)
~ ~

am =' e .
~

11" •• P. P. ac~
~J m ~ ~ ~

E~.•= . -- =P. C. P. C. m ap. ~J
~ ~ ~ ~ J

Since the parameters ~. and 11" •• are constants, it follows that both
~ ~J

the income and compensated price elasticities are variabie.
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4.3.3

In practice the demand model has to be formulated in terms of finite

changes. Thus, if we define

DP. (t) = log P. (t) - log P.(t-1)
~ ~ ~

Dm(t) = log m(t) - log m(t-1)

DC. (t) = log C. (t) - log C.(t-1)
~ ~ ~

w. (t) +- w. (t-1 )
w~(t ) ~ ~

=
~ 2

the stochastic specification of the model becomes

',r!(t) DC.(t) = a.(t) + ].t. [Dm(t) -
~ ~ ~ ~

n

L
i=l

w'!' (t) DP. (t )] +
~ ~

n
+ L

j=1
1T.. DP. (t) + E:. ( t) ;
~J J ~

~ = 1,2, ... ,. [lOJ

Three points should be noted ~n regard to this formulation. First,

when the model is formulated ~n finite changes, the coefficients 1T ••
~J

can no longer be interpreted as compensated price effects. Instead

they express the response of consumers, in terms of their demand for

commodity i, when the price of commodity j and their nomimal incomes

are changed simultaneously so that the initial commodity basked can

be bought at the new price. when infinitesimal changes are considered,

this is equivalent to a compensation that allows the consumers to

remain on the initial utility level.

Second, when Go] is used for forecasting purposes, the weighted average

w~(t) has to be replaced by w.(t-1). The bias introduced in this way
~ J.

depends on the sensit~vity of the value shares to price and income

variations.

Third, an additional term, Ct
i
(t), has been included in [1 ~. This

term represents the reallocation of private expenditures which is in­

dependent of changes in prices and income. The aggregation restric­

tion requires that the price and income-independent terms, s~~ed over

the demand equations, add up to zero.
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There are ten different final consumer commodities in the EFH. How­

ever, in order to simplify the linking of the supply and demand

models of the EFM, the demand for one of the ten consumer goods ­

housing - is exogenously determined.
1

) Thus, the private demand

mOdel allocates the total current household expenditures among nine

different commodity groups.

The elimination of housing from the demand model is questionable on

theoretical grounds; it implies that the demand for housing is quite

independent of economic variables. However, when housing was included

in the demand model it turned out that very few of the observed

variations in the demand for housing could be explained by price and
. .. 2)
lncome-varlatlons.

This result lS not surprising, considering the market imperfections

and various kinds of subsidies which characterize the market for

housing. Thus, although questionable on theoretical grounds, the

results obtained from the EB~ are not likely to be distorted by treating

the demand for housing exogenously.

Different restrictions were imposed in the estimation procedure. 3 )

The aggregation and homogeneity restrictions, as well as zero re­

strictions on individual cross-nrice terms (n .. ) were imposed. The
~ lJ

zero restrictions were imposed on n .. 's with very low t-values.
lJ

1 )
The demand for housing appears in two places in the E~4. First,
there is demand for unheated apartments. This commodity is
delivered from the "non-energy commodity supply model". A1
on p. 62. Second, there is demand for heat and light
for these apartments. These services are delivered from the
residential heating services supply model, A2 on p. 62.

-2
The R obtained was very low.

The problems encountered in estimating the demand model are
discussed in Bergman et al. (8), pp. 271 - 283.



- 100 -

The results of the final round of estimations are listed in Table 4:1.

At that stage the aggregation and homogeneity restrictions had been

imposed along with 35 zero restrictions. It can be seen in the table

that not all of the estimated parameters differ significantly from

zero at the 10 %level. Moreover, 0he R2 values are not particularly

high.

From an analytical point of Vlew it lS convenient to transform the

estimated parameters into elasticities. This was done by means of

price and expenditure data for 1973. The results are shown in Table 4:2.

The most surprlslng results, of course, are the positive own prlce

elasticities for food and clothing and the negative income elasticity

for cultural goods and serVlces. However, the latter two results are

not significant at the 10 %level. Moreover, there is a positive trend

in the demand for cultural goods and services.

The positive own prlceelasticity of the demand for clothing, however,

is significant and has a very high numerical value. This seems quite

implausible, although it is similar to the result obtained by Dahlman &
1)

Klevmarken in their application of the double logarithmic model.

As in all studies of this kind, data problems were encountered. The

prlce indices used in the estimations were obtained by dividing the

value of the observed consumtion of a given group of commodities,

measured in current prices, by the same magnitude measured in constant

prlces. Thus, the higher the constant prices, the lower the resulting

price estimate.

For a commOdity group such as clothing, where style and fashion seem

to be more important than quality in a measureable sense, it is tempting

to aSSlli~e that a measure of consumption is particularly difficult to

See Dahlman & Klevmarken 14),



Table 4: 1. The estimated parameters'of the private demand model

Tot. Price Price Price Price Price Price Price Price Price Inter-
~expo food drink , Clothing cultural hygiene travel leisure furniture others cept D/W

Food 0.157** 0.0343 0.0692** -0.107** 0 0 0 0 0.0777* -0.0747 -0.0012 0.460 2.72
(0.0460) (0.0231) (0.0229) (0.0368 0 0 0 0 (0.0391) (0.0486) (0.0013)

Drink 0.109** 0.0223 -0.0669** 0 0 0 0.0342 -0.0262 0 0.0366 0.0007 0.763 1.35
(0.0256) (0.0196) (0.0145) 0 0 0 (0.0210) (0.0152 0 (0.0323) (0.0008)

ClothingO.212** 0 -0.0915** 0.127** -0.0169 0 0.172** 0.0129 -0.108* -0.0961 0.0017 0.619 2.40
(0.0687) 0 (0.0292 ) (0.0541) (0.0200) 0 (0.0440) (0.0330)( O. 0581) (0.0617) . (0.0019)

Culture -0.0087 0 -0.0200* 0.0238* -0.0013 0 0.0236* 0 -0.0261* 0 0.0012 0.198 1.67
(0.0173) 0 (0.0078) (0.0129) (0.0063) 0 (0.0099 ) 0 (0.0147) 0 (0.0004)

Hygiene 0.0316** 0 0.0066* 0 0 -0.0135* 0 0 0.0068 0 -0.0003 0.337 1.33 .....
(0.0098) 0 (0.0037) 0 0 (0.0060) 0 0 (0.0059) 0 (0.0002) 0.....

Travel 0.252** 0 0.0342* -0.0764* 0.0182 0 -0.152** 0.0728* 0.104* 0 0 0.696 1. 91
(0.0357) 0 (0.0196) (0.0327) (0.0187) 0 (0.0314) (0.0295)(0.0364 0 0

Leisure 0.0280 -0.0566* 0.0220 0.063'~* 0 -0.0263 0.0426* -0.0451* 0 0 0.0031**0.312 2.17
(0.0307) (0.0188) (0.0164) (0.0222) 0 (0.0172 ) (0.0241) (0.0204) 0 0 (0.0009 )

Furni- 0.162** 0 0.0463** -0.0601* 0 0.0398* -0.0757** 0 -0.0233 0.0730* -0.0038**0.798 2.38
ture (0.0248) 0 (0.0126) (0.0257 ) 0 (0.0150) (0.0221) 0 (0.0212) (0.0274) (0.0009)

Others 0.0638* 0 0 0.0290 0 0 -0.0445 -0.0143 -0.0314 0.0612* 0 0.239 1.77
(0.0360) 0 0 (0.0302) 0 0 (0.0287) (0.0240)(0.0341 ) (0.0297) 0 ,..

* = significant at the 10 % level, **= significant at the 1 %level.

Homogeneity, ap;gregatf;;~ -a~ci j-5--zero r~~trictions ~ere-impo~'eci-In the estTmat:lon. '.0 t- __ .0·.0___



Table 4:2. Income and_compensated price elasticities computed by means of 1973 data

Price I Price Price Price Price. Price Price Price PriceIncome
food drink clothing cultural hygiene travel leisure furniture others Intercept

Food 0.55 + 0.12 + 0.24 - 0.37 - - - - + 0.27 - 0.26 neg

Drink 1. 04 + 0.21 - 0.64 - - - + 0.33 - 0.25 - + 0.35 pos.

Clothing 2.21 - - 0.95 + 1.32 - 0.18 - + 1.79 + 0.13 - 1. 13 - 1.0 pos.

Cultural - 0.15 - + 0.36 + O.ld - 0.02 - + 0.42 - + 0.47 - pos.

Hygiene 1.3 r

( - + 0.29 - - .:.... 0.59 - + 0.30 - neg.

Travel 1. 77 - + 0.24 - 0.54 + 0.13 - -_1.91. + 0.51 + 0.73 - - 0
rv

Leisure 0.41 - 0.83 + 0.32 + 0.93 - - 0.39 + 0.63 - 0.66 - - pos.

Furniture 2. 16 - + 0.62 - 0.80 - + 0.53 - 1.01 - - 0.31 + 0.97 neg.

Others 0.43 - - + o. 19 - - - 0.30 - 0.10 + 0.21 - 0.41
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construct in constant prices. Thus, the development ef real clothing

consumption might have been underestimated and, accordingly, the

development of the price of clothing overestimated. This may provide

a partial explanation to the positive own price elasticity of clothing.

4.4 Solution of the Model

It was shown in Section 4.2.3 that the process of linking the different

supply submodels of the EFM did not cause any particular solution pro­

blems; it was merely a question of the size of the linear programming

problem. On the other hand, there lS no such straightforward procedure

for linking the complete supply model and the demand model.

The linking of the supply and the demand models involves two problems,

The first concerns the definition of commodities in the model, while

the second concerns the interaction between the supply and demand

models.

The available input-output statistics are based on the so called SNI­

classification1) of the production sectors, while the consumer goods

and services are classified in accordance with SNA. 2 ) This means that

in order to link the supply and demand models, a transformation between

the SNI and the SNA classifications has to be established. In the EFM

this is accomplished by the introduction of "dummy commodities", that­

is, commodities that are defined as linear combinations of a number

of other commodities in the model. Thus, each of the nine consumer

commodities for which the demand lS endogenously determined is de­

fined as a linear combination of production sector outputs.

When dealing with the interaction between the supply and demand models,

the critical point is not the mere existence, unlqueness and stability

of a solution to the complete model. In addition the solution should

be reached after a very small number of iterations; otherwise the

1) Svensk Naringslivsindelning.

2) Standard National Accounts.
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solution costs might be too high. The difficulty of the solution prob­

lem basically concerns the slopes of the supply and demand curves of

the commodities of the model. In some special cases, however, a solu­

tion to the complete model can easily be arrived at. For instance, if

the supply prices for all commodities are independent of the demand for

the commodities in question, all commodity markets can be cleared in two

steps.1)

This condition is not fulfilled by the En1; there is more than one scarce

factor of production and thus relative commodity prices depend on the

size and composition of the final demand. However, the simulations

using the supply part of the EFM showed that the supply prices of

consumer commoditites are almost unaffected by variations in the growth

and composition of final demand. 2) These observations have led to the

conclusion that at the present stage of development no endogenous market

clearing mechanism is needed in the EFM, provided that it is used for

simulation of different growth paths of the economy.3)

4.5 How the Model lS Used In this Particular Study

It is important to note that the EFM was not developed in order to carry

out this particular study. The present study to a large extent relies

on the EFM, but only a few of all kinds of simulations that can be

carried out have in fact been carried out. The purpose of this section

is to briefly indicate how the EFM has been utilized in this study.

The General Approach
-------------~~-----

The empirical part of this study lS based on a long-term projection

about the development of the Swedish economy carried out by the Ministry

1 )

3 )

Since relative prices are entirely cost determined in this case,
the equilibrium price system can be determined in the first
step. Then this price system is inserted into the demand model
in order to determine the equilibrium quantities.

The main reasons behind this is that there is only one kind of
production process in most sectors, and that the prices of con­
sumer co~~odities are not very sensitive to energy price changes.

Chapter 10 contains a description of how the supply and demand
models are linked in practice.
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of Finance. 1) The long-term projection yields estimates concerning

the development of employment, labor productivlty, final demand, exports,

imports, etc. These estimates can be used as exogenous variables in

the EFM. This long-term projection is transformed by means of the EFM,

into a reference development path for the consumption of energy and the

prlces of energy and non-energy commodities. It is then possible to

study how the implementation of various energy policy measures are lik­

ly to make the development of the economy deviate from the reference

path. These calculations enable us to draw certain conclusions about

the sensitivity of the economy, in various respects, to different energy

policy measures and, in particular, about the sensitivity of the demand

for energy.

Four of the five submodels in the -EFM were used in the calculations.

The refinery sector model was omitted because only two kinds of energy

policy measures are studied, namely energy taxation and direct regula­

tion of the maximum number and type of nuclear power plants in the power

sector. The decision to neglect the refinery sector is also related to

the treatment of foreign trade, which is discussed in the next section.

The foreign trade sector of the Swedish economy lS large; more than

20 per cent of the GNP is exported. Many of the most important export

sectors (paper and pulp, iron and steel, mining) are very energy inten­

Slve. It cannot be ruled out that access to cheap domestic energy

(hydro power) has contributed significantly to the creation and maln­

tenance of Sweden's comparative advantages in the production of the

above mentioned raw materials.

Needless to say, the impact of a contemplated energy policy measure on

the cost of production in the exporting sectors is an important aspect.

However, the competitiveness of the Swedish export sectors depends on

the development of their production costs in relation to that develop-

1 )
This long-term projection lS outlined In some detail In Chapter
10.
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ment 2n other countries, expressed in a common currency. It is obviously

very difficult to make a reasonable ~~ess as to how the development of

these cost relations is likely to be affected by ener~J policy strate­

gies that differ between countries. The same applies to the impact of

2ncreases 2n crude oil prices on international production cost relations.

For these reasons, foreign trade in non-energy commodities is exogenously

determined in all the calculations carried out in this study. The

assumptions made about the development of Sweden's foreign trade are

based on the Ministry of Finance long-term projection mentioned above.

Thus, the ener5J policy measures covered here are entirely domestic.

The analysis of the impact of these measures en the competitiveness of

the exporting sectors is confined to a discussion of the effects on

domestic production costs.

4.5.3

The power sector is at the center of this analysis; considerable atten­

tion is focused on the impac~ of the choice of technology in the power

sector on the rest of the economy. ~~e power sector affects the rest

of the economy partly through its purchases of inputs and partly by the

prices of its outputs. In order to evaluate the impact of the choice of

technology on different energy policy measures the model has to reflect

the pricing behavior of power producers.

Swedish power producers cooperate closely and the prlclng principles

of the State Power Board have a significant influence'on electricity

pricing in Sweden. The basic principles underlying the high-voltage
- ~ D B d 1 ) +'';-electricity tariffs employed by the ;:;tate ~ower . oar are una"

2.

22.

the tariffs should reflect the long-run marginal cost' of

production;

the tariffs should result in revenues large enough to yield

a predetermined rate of profit on invested capital.

These principles are described In some detail 2n Chapter 8.
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These principles imply that the Swedish high-voltage electricity prices

basically are determined by the cost of additional electricity genera­

tion capacity. This procedure is reasonable from a social efficiency

point of view if the additional capacity actually lS needed. However, if

demand falls short of capacity, the prices should be lower than the

long-run marginal cost; from a social efficiency point of view, existing

capacity should be used as soon as the marginal revenue which can be

earned from that capacity is greater than the marginal cost of utilizing

it. This means that socially efficient prices should reflect short run

marginal costs of production whenever demand falls short of capacity.

If demand tends to exceed capacity, the price should be increased so

that all excess demand lS eliminated. Investments should be made only

when the price is high enough to cover the cost of additional capacity.

The pricing principles applied by the power producers of the model

economy are consistent with these rules.

Since there is some excess capacity in the Swedish power sector at the
. 1) . f .present tlme, we are obvlously con ronted wlth a complex problem.

Should we investigate the most efficient uses of the economy's resources

or should we try to simulate the behavior of the power producers? In

the first case the calculated prices of electricity would be very low

during an initial period, and the model economy's demand for energy

would increase, particularly in the residential heating sector where

the substitutability of different resources is modelled in detail. In

the second case, the calculated prices would reflect the full cost of

new capacity and excess capacity would probably persist for a few

periods.

The choice between these approaches obviously depends on the purpose

of the study and the extent to which power producers are likely to

apply the above pricing principles in a situation of excess supply.

In this study an attempt is made to simulate the behavior of the power

producers.

1 ) See p. 211.



This has been accomplished In the following way. For each kind of

capacity1) existing at the initial point In time a !leost of using

capital,,2) in sector j, p/ t) is defined as

p.(t) = (r + 8.) PK.(O),
J J J

where

r = interest rate

= rate of depreciation of the capacity In sector J

process j at the initial point

cost of one unit of capacity, mea.sured in output, 1.n
. .....1.n ,,1.me.

Obviously the p.(t) defined here are the sane as those used to define
J

the terminal valuation factors ~.(T); see p. 82. The peyiod index in
J

p.(t) is included in order to m~~e it possible to set
J

fO for 1 < .... < T"--
Pj(t) >

0 for .... > m
"- .l. ,

that is, to transform the supply model into a pure optimization model.

By applying this special assumption and using the same s~~bols as be­

fore; the general formulation of the supply model becomes

T
min F(T) = L

t=1

subject to

m
~(t) {w(t) N(t) + I

j=1
p (t) R.(t)}

J J

:n

I
j=1

·~.(T) K.(T)
J J

m
I

j=1
(b .. -a .. )X.(t) ­

1.J 1.J J

m
I

j=1
A.. i.\K. (t) > C. (t )

lJ J 1.
Vi, t

R.(t) + K.(t) - X.(t)
J J, J

> 0 Vj, t

1 )

2)

This assump~lon was also applied to the sectoys of the
energy commodity supply sab-model".

This terminolo~J was used by Johansen (30).

"non-
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N(t) - L

j=1
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n.(t) X.(t)
J J

> 0 Vt

- R.(t) > - (1-<5.)t K.(O)
J - J J

Vj, t ; [y.(t)]
J

t

L
T=1

( 1-0 . )t-T t.K. ( ,-1) -K. (t )
J J J

= 0 Vj, t

X.(t), K.(t), liK.(t) , R.(t), N(t) > 0
J J J J - .

; Vj, t.

The corresponding dual formulation of the model then becomes:

T n m
max G(T) = L {L 'IT. (t) c. (t) - L Y . (t )( 1-<5 . )t K. ( 0 ) }

t=1 i=1 1 1 j=1 J J J

subject to

n

iI
1

7ri(t)(bij-aij) - a(t)nj(t) - Sj(t) ~ 0., [1J [x. (t)J
J

n
- L

i=1
7r.(t) A.. +

1 1J

T
I

,=1+1
K • (, )( 1-p . )T-t-1

J J ~ 0

{< 0
for 1 ~ t < T [3J [K.(t)]S.(t) - K.(t) - J

J J <4. (T) for t =T ; [4] ; [K. (T)]~ J J

a( t) ~ cp(t) w(t) [5J [N(d]

S.(t) - y.(t) < ep(t) P.(t) [6] ; [Rj(t)] •J J - J
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The effect of the behavor asslli'Uptior. lS seen in the criterion f;.mction

of the primal formulation and in constraint [6J in the dual fOl~ulation.

To demonstrate how the supply model works In this case, we ass'~e that

commodity h, which is produced by process q only, is demanded in period

1. In accordance with the equilibriun theorem of linear progr2~ing1)

we then get equality in [2J, [5Jand [6Jfor J = q and t = 1. :'1oreover,

aSSllime that the existing capacity In process q is not fully utilized.

This means that y (1) lS zero.
q

Substitution for J = q and t =

eQ1..ation ay <p ( 1) yields

n

In [1 ~ and division of all te~s In that

P, (1) =
11.

I:
i=l

P.(l) a. + w(l). n (1) + P (1)
l lq q q

-1
_ Q(t) ·Tr.(t).

l

~hus, although there is excess capacity In process q, the n~ice of the

output comnoJ.ity is equal to the long-run marginal cost of that commo­

dity.

See p. 76.
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5. THE NON-ENERGY COM1IIODITY SU??LY >IODEL

The model introduced in chapter depicts that ~art of the economy

which purchases energy and labor frOTIl the outside ar:d deli'rers final

goods and services for investment or consumption In the household,

pUblic, energy and residential heating sectors. It is a very straight-

forward application of the general formulation of the supply model

presented in t~e pre~eeding chapter. T~ere aye four differences'

between the t~o model fo~ula~ions.

?i~st, the model 9rese~Ged here contains only one domestic prodac~ion

process In each sector. Each co~odi~y is the output of only one pro-

duction 9rocess ~~d there lS only one ~i~d of outyU~ in each ?rocess.

In other ",.ro::::-ds, the model simply a ~ultiperiod input-ou~~ut ~od~l.

Second, In addition to labor, different ~inds of ener6J a~e tre~ted

~ -'- ' 1 • 1) ",., 1 ' ,as prlmary r ac LJors or proCl.tc-clon. 'lDlS l!leanS t 1B.""C S econc.ar:/ energy

prlces are exogenously determined and that the cost of energy ~~pears

in the criterion function of this model.

Third, in order for the model to calculate the comwodi~J prlc~s a~

purchasers r -\.rall~es, indirect -taxes, 3'.1"85 idies and ,:iu"": ies L13.'Ie ~o ~:Je

included. This me~n5 tnat a few ~erns Nil~ hale to ce added ~o the

criterion function of ~he model.

Fourth, In order to 1:.eep the

within manageable size, the unit time period has been set eQual to

five years. This in turn will affect the for:nulation diSCC1J.rl'G

function ~(t) and the treatment of investments.

1 )

or on the supply of energy.
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We now turn to a brief discussion of the par~meters, cOITuuodities, etc.

of the non-energy co~~cdity s~pply illodel.

5.1 Units of ~easurement

( ,.,., 3 \:2nergy CO!Il.t:loo.ities are meas'lred In :physical units ton") ~', kHh;,

while non-energy corr~odities aye measured in 1968 purc~aseTs' pri~es.

Labor lS measured in man-hours. T~e numerai~e of all prlces in the

model lS the 1968 level of consumer goods prices.

5.2 The =n~ut-OutD~t Coefficients

~te input-c~tput coe:ii~ie~~s r~~Yesen~ing the flow of interilledia~e

inputs between the produ2tion sectors are obtained frcn ~he ~~inistry of

Finance. T~e fig~res are based on i~put-o~tput statistics for the

year 1968. The u~it of measurenent is that amount of a given co~~odity

which was wor~h one million S~.Cr. in 1968 purchaser's prices. The

future development of the input-output coefficients has been projected

at the Minist~y of Finance a~d the values obtaine~ for 1980 ~ave been

used in the long-term projection. Since our exogenous ass~~ptions

about variables such as do~estic final demand, foreign t~ade and

labo~ product~vity are oot~ined frolli the Minist~y af ?in2n~e proJec-

tion the 1980 input-output coefficients have been used in this study

as well; cf. Table A.5:2.

The ccef=~cie~ts of ~he ma~rlX that transforms ~ne production sector

outp'~t,s into conSll..":ler gcoG..s ar:a seT"rices "tvleye calcul2.~ed by· Bjorklur:d

for the Energy ?orec5.sting 1'.1odel (E?I'-'1) project. The figures refer to

1968 and are not extrapolated as : ~ ""p.' +are ~ne coeILlClenvS discussed above.

This means that there is an inconsistency in the data base of the

I:lodel. HO"vle~~ier, a-vailable data did not allow preparation of trans-

formation matrices of this kind for other years than 1968; cf. Table

A.l : 1 .

The e~eygy ~nput coefficients were ~alculated by Bergstrom :or the

~hese figu~es refer ~o :971 and are expressed in physical

units per unit of output. Unfor0unately, the develcpment of the
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energy input coefficients could not be extrapolated to 1980. The

main reason for this is that ener5J input coefficients for ~he pro­

duction sectors included in the present model are not readily available

from official energy statistics. Thus, the preparation of the ener~J

input coefficients in the model's data base lS a time-cons~~ing ¥ork,

Which, due to the time-limit of the E~1-project, could not be ex-

tended to cover more than a single year. The e~ergy input coefficients

used in the simulations discussed in Chapter 10 are sho'NU In Table

A.5:3.

c::: .,
/.-! Canaci t'! Exnansion

• v
Coef::icien-ss

These coeffi~ients which reDrese~~ the ~~OQ~t 0f ~crr~odity l that is

reQuired vhen the capacity of sector j is to be i~creased by one ~~it

were estimated in the E~1 project. ~~e two ty?es of data needed for

the calculation ~re ~he narginal cayital output ratios for ~h~

different sectors and date about the composition of the gross invest-

ments in each sector.

Figures on marginal input-output coefficie~ts are not available and

in the same way data aOQut the marginal capital output ratios are

very difficult ~o obtain. Thus, average values have to 8e useQ.

These figures are eLdoge~ously deteYJiined in the long-terw projecGion

model 'J.sed by :he i.iinistry" of ?ina;lce, b1~t the figures ·rrere not

a"TJ"ailable earl.:,r eno1...1.gh to oe inco~:por2.t2d into the first "Tfersion. 0:

the :2FYl. Instead ~he ca9ital outyut ~a~io estiillates published ay ~he

Nation~l Ce~tYal 3ur~au of S~atis~ics ~ere used.

The matrix which defines the co~position of the gross ihvestments In

the dif~erent sectors frora YIinistry of Fins.nce. Th~

figures refer to 1968 ana na've not bee~ published. 'The projected

in SOU (66).

If a . . renresents the 3na~e of real in'rest~ent goods purchases In
lJ

sector :J that are delivered from sector
. .
l 2.Da i../" the capi-sa: outDut

ratio of secto~ j, the cO'2fficie:1ts ~~ ..
lJ

ere def ned ay



, =
r~..
lJ

(J • •• V ••
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'The figures calc·...:.lated lD t~is -v12:y :~~,,'e lis-::,ed =:-D Table ,A.1: 5.

5.4 The Labor In~ut Ccef=icie~ts a~d the Wc£e Rate

T~e labor input coefficients were calculated in the fcllowing way.

The figures for 1975 were used as the stcrti~g point. T11ese figures

were then adjusted, for each sector, on the basis of the Minis~ry of

Finance projection of the growth lTI ou::put per ill2.!l-hcl..:r bet~.{een 1975

and 2000.

The ¥age ra~es used ~eprese~t an average ~age pey worked hc~r III the

economy outside the pUblic sector. T~e point of depart~Ye lS the

1975 ~eal ~age ~ate1) (18.25 S~.C~./hou~). ~his wage rate ~hen grows

a0 ~he s&~e rc~e 2S tne average o~t?ut pey worked hour in the non-

puolic secto~ of the economy.

5.5 :l:.e ?reatmer-:.t of Te.xes, Cl.lstCL!.ssud Duties

prices, that is, prices actually paid by ~he house~olds. This rneans

that the price of a co~~odity should be t~e SUTIl of ?roQuction costs,

districu~ion costs ~nd indirec~ t~xes. In ~he s~~e way ~he ~rices of

inpcrted cOITilnodities sho~lQ ~nclud~ customs 2~d import duties. ~c

accomplish 0his, i~di~e2t t~xes, customs aLa d~ties are i~cluded ~n

the objective function of the model. w~en t~:es snd duties a~pear

only in the objective function, t~ey do not represent any use of re-

sources but will always be included in the calculated prices of the

cOIDlllodi"cies.

expressed lr.

Thus~ in this Nay the
2)

~urc~cserts values. '

c21c~1?ted cO~liodity prices e..re

1 )

2)

That is, the 1975 Hage ~2~e ex~~esseQ In ~he 1968 level of
conSQ~er goods prices.

The treatment of taxes ana du~ies In 0his study lS the same
as in Werin(52).
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In the illo~el the unit indirect ~ax, less subsidies, on co~~c~ity i

lS ;., -r..lhere ne-s
l

subsidy i~plies ;~...
< o. Si~ilarly, import processes

delivering CG~~odity i may be 3ubject to a unit custom er impor~

duty, ;~ ~ 0, ~hile export processes exporting comwodity i may receive
~

a unit export subsidy, ;~ < o. This ~ay of treating t~(es, customs

and duties implies that the objective function ~ill contain te~s

1 )
such as:

[ ~. b .. X.(t) = net corr~~odity ~~(es on cOillffiodity
l lJ J

J

= customs 0:: ll:1.::JO~-:: dl1-:ies on .::omnodi tj'"

'7
,..~

c,.
l

= eXDort .. ,

'20Inrr~oG.~ -:y

5.6 The Treatmen~ of Imnorts .~ Cer~ain Sectors

It lS uSl~Eil to m.a.....~e a d.is~inction bet'..reen ;:::e donestic ?r0ductio::1

sectors which are exposed to foreig~ competi~ion ani ~he ~est of :he

production system. Of course this disti~ction is 3cmeHh~t G~tificial

and particular production sectors ~ill ce~~ainly be reclassified as a

result of technical change ~nd c~~Dging ~orld m~rket pric~s.

in the EF:1 the prOdtlction sectors -::i -:h~~ oelr:)ng to the K-seg:nent of

the economy, which is exposed ~0 :or~ig~ ~cmyeti~icn, or to ~h~ s-
segment N~ic~ is net.

of prOduction sectors belonging to the S-segJen~ of ~he eCQ~owy. Ln

the EF~/f these impo~ts a~e treated as complern.':::nta::--y· imports, t:--J.2.t lS

The importation of t~ese co~~oditi~s is ass~~ej to 82 D~Q0or~ional

to the g~OS3 production i~ tje correspondi~g produc~i2~ sec~ors of the

j is utilized at UGit le7el.
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5.1 The Unit Tine Period·

The :lnit period of time in ~he moael is fi "'l"2 years. =:~ the unit perie>d

had been shorter, the size of the ~odel would ~a7e been large~ and,

accordi~giy, the solution costs highey. length of " • t ,.

"0ne UTIll:. "GlIDe

period iI:plies s.n 8,SSlJ.ITlption of constant acti",ii ty levels -within the

~iYe-yea; periods, while the mcdel encoge~ously determines changes

t is used to denote five-year periods and the index T to denote indi-

vidual years. T~us, the discount factor ef the objective function

becomes

5
{ L

7=1

- ( "'-1 \
( 1.J..'" I \' j ,

'-,- I J.

That is, "he costs ~. .
O:i: lrlnUl.S lTI i~dividual years within iive-ye~r

periods are first discoU:."rJ.teC: to the begin:lir:g of the fi"\re-y-eaY period

and then discounted to the present. The length of "he prediction

neriod can be parametrically changed between one ana five five-yea~

periods. The initial year is 1975, so that in the model

Period t Ti;ne interval

1976 - 1980

2

3
\
!.l

5

1981

l ,",QI'
';IuO

1991

1996

- 1985

1990

- 1995

2000

Due to the assumption of co~stsnt cctivity levels within the five-year

periods, capacity additions take place only between these periods.

So as not to distort the solutions of the model it is assQ~ed that one

fifth of the ir:.\restnents take ple..ce during each of the fi "re individual

years within -'-'ltile periods.
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5.8 The Commodities of the Model

Altogether there are 54 different cO~Modities in the model. ~any of

these are "dW;iillY commodities". Some commodities a~year on differe~t

levels of aggregation in different pa~ts of model. ?o~ irlstance,

the commodity ""Sesources for investments In the electricity and heat
11 • , • •sector appears as a slngle aggregated COmmOQlty In the non-energy

commodity supply model, ~here i~ is produced. In the electrici~y and

heat submodel, however, this co~~odity is disaggregated into tHo

cbw~odities, one for investments in nuclear plants and one for invest-

ments in non-nuclear plants.

The co~~odities 0: t~e ~cdel ca~ oe 6rQuyed ~n t~e followi~g ~~J:

Commodity n~~cer

- 10

Kind of ca~~odity

Consumer goods

1 - 10 Final co~.odi~ies

defined in accoriance

pri "\ra"te conswupticrrl :purposes,

T-': ~~[] + ....... e C"l'J,'\ 1) mc'hes?
~.1... 'J.J, VJ..J. ul.! ...'"1... _Jo_ ....

commodities are linear c:Jmbinations of

11

11 - 32

33 - 38

39 - 43

44

11 - 32 and L6 - 54.

Other ~on-eneY2Y fiDal goods

?inal co~~odi~ies, ,roducible within the ecarrcmy,

defined in accoriance '.ii -ch the SNI. 2) C:JmTIodi ties

11 - 24 are tr~ded on aL i~teTna~ionally 8asis.

Final goods, not producible ~ithin ~he 2~onomy,

defined in aC~0rda~ce with ~~e s~r~.

D'...U"'iJl!lY cOD1rnodi ties used for investm.ent er C'-lrren-c

purposes in the electri2ity, petrole~~ refining ~nd

residential ~eating sectors.

Foreign currency.

45 Residential he~~i~g

46 Energy co~~odities.

1) 2) and 3) See p. 121.



Commodity classification
nl"lPI....

'J'able 5: 1. Commodities and supply optjons

No.l Commodities

(dwruny conuTJodi ties)

SNA

2)

SNI LV 1 )

x

x

x

x

x

x

r
Deli vered
from sub­
model

T
I

'7

8

9

10

lctivities

·,ture

Jds and serVlces

_ serVlces

x

x

x

x

CD

11 Forestry and logging

12 Mining and quarrylng

13 Imports - manufacture of competing food

14 Manufacture or beverages and tobacco

15 rrextile, wearing apparel and leather industries

16 Manufacture of wood, wood products, paper prod.

1'7 Printing and pUblishing

113 Manufacture of rubber products

I I I I
I I Al

I12 2 x x I I
20 3

I
x

I I
x

3) 5 x x

313,31 1[ 6 x x
I32 '7 x x

I33 ,31[1 13 x x

3112 9 x I I x

355 10 I x I I x

1) ClassificatLon used in the Ministry of Finance projections.
2) See page 121.
3) 3113, 311)1, 3115,3119, 3121, 31~



'I'alJle ): 1 COil tin ued

x

x

x

proeluc LS anci I 1351 ,352 11

I 1

356 I x

.tries and 3'7 111
I , I I x

38 . /. 15
.;. 38J.1 (

I I x

3841 16

!
x

I39 17 x23

I .Commodity classificati on ,Supply options in the model Deli vered
. . nwnber _ One dome- Several do- from

No Commoch tll::S ~ ] . .

I . , , stl,C pro- mestIc pro- Import sub-
------~-. 1-~.r:~..-. -~~~- ...__~t_J I~s:~·~-· cesses model I, -~.. ., ... I f I

f 19 Manufacture or cherrllcaJs, chemlcal
I plastic products
I
I 20 Iron, steel and ferr'o-alloys illdu~I Inon-ferrous metal industries 1

I 21 IIvJanufacture of fabricated metal products, I
, I' machinery, equil?ment, electrica.~ machinery,

,I apparatus, alJpllanCes and supplIes

22 !ShipbUilding and repairing
1 . . , .
: Other manufa('turIng lndustrIes

2 11

25

26

27

28

29

30

, 31
!I 3:)

I
I

Output of dOlile> ti c production sectors not ex­
, posed to l'ort,ign cowpetition

(, Agriculture, hunting and fishing

Manllf'actun~ 01' protected food

!Ivlanuracture of non-metallic mineral productsI '

!Construction

I .f \.Jholesale and retaIl trade
I
j'I'ransport, storage and communication
I

I Letti~g or d\{e~li,ngs and use of ol-mer ­
!occupIed U\-Ie.Ulngs

IULller pr i vaU; service~:i
IWater anei electri.cit.y di~;tributioll ~JerVlCes
I

11 , )3 I 1 I x

1) 11 I x,
1

36 13 I x

50 19 x

61,62 20 I x

71 , '(2 2! I x

83101 22

I
I x

I
2) 22 I x

~Jart of Ipart. of' I x
110 IH

x
\()

Non-competi ti vei.mport:3 to domest.ic orod. sectors

33 IAgriculture, hunting and fishing

I 3). 11vlanuJ'ucLure of' prot.ected fool]

IL35 Mallufacture of non~metallic lIIjneral products I I 1

1

J
36 \olllolesale and retall tl'ade I.---- _..._._.._----------------_.... ----------_.__.• ..~--- -----~--~._--_._- -----........_--

I A 1

:! '
-~--_:~~

1) :~111, 311~, 3116, :)1n, 3118; 2) 63,81,82,83102,83103,832,833, 9 prlV.



I\)
o

~
lITITnodity classification ;3upply options in the model
unber

One dome- Several do- Delivered
sbc pro- mestic pro- Import from sub-SNA SNI LV cess cesses model

! x

x

x

X I

I I

I x AI

1 x

I
x

x

A2

Part of 18 A3
I• -"-I

x

I Al
I

i 12 x

12 x

12 x Ml

12 x

Part of 18 x Al
-

Conunodi ties

Table 5:1 continued

.Resources for investments in the petroleum

j
refining sector

Resources for use in the residential heating

Isector

Foreign currency

Residential heating

No.

It )+

37 ITra.nsport, storage and communication

38 10ther private services not classified elsewhere

Other dummy commodities

39 iResources for immediate use in the electricity
and hot water sector

)~O IHesources for investments in the electricity and
heat sector 1)

III IHesources for irrmlediate use in the petroleum
refining sector 1)

Energy commodities

46 IElectricity

In Hot vlater

)~8 Uranium

49 Coal

50 Crude oil 1)

51 Gasoline

52 Light fuel oil

53 Heavy fuel oil

113

42

45

~_J~":::__,_..__...__~ .._.. ~ .._.. -_-11__

1) DisaggregaLed into different cormllodi ties in some parts of the model.
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As stated above, the non-enersJ commodities are measured in 1968

h I' , '1 1'", ~"'."su-"ed' ., p' 3 ....purc,asers prlces wnl~e energy ~ ~~_~ _ 1n KNn, ill or ~on,

is measured in man-hours. All of the cc~~odities in the model are

listed in Table 5:1 along with the corresponding supply options and

indications as to the supply submodel from which they are supplied.

COffi."nodi ty

1 •

2.

3.

4.

5.

6.

7.

8.

9.

10.

SNA-classification

11000, 71320, 71360

12000, 13000, 1hOOO

21110, 21120, 22100, 22200, 32200 (~"'..,.+- of)\ ::~- '--,

72300, 72lJ.OO, 73100, 73200, 73300, 56200

45200, 51200, 81100, 31210, 31220

61 100, 62100, 62200, 62300, 63000

41 140 , 52000, 61200, 62100, 62200, 7! 100 , 712;0, 71220,

71230, 71240, 71310, 71330, 71340, 71350, 71400, 72100,

72200, 82100, 82200

41110, 41120, 41130, 42100, h3100, 44100, 451'10, 7 ' 250

46000, 64000, 82300, 33000, 85000, 86100, 86300, 87000,

88000, 89000, 91COO

31 10O, 31200, 31300, 31 hOC, 32100, 322DO, 32300

5.9 a::..d tte ~Ton-ene:::;r~I~ >4L CO!:.:.I1l0 cl i '::l

~e are no~ ready to present ~he equatio~s a~d inequali~ies of the

non-energy cOT~odity supply suoillodel. We begin bj d~:i~ing the variaol~s

and para."":leters of the rnodel.

1 \
I

2)
Standard iTational Acc8un~s.

Svensk N~ringslivsi~~el~irrg.

ComInodi+~:1 45 neiler aIJ9~9¥rs eX3.Jli-~it~;l l:1 the mcdel; it. is a
catch-all for the de~~~d co~straints of the ~~3i~e~~i~l he~~in~

suppl:/ submodel.
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Endogenous variables

z. (t )
l

L.(-c)
l

" (, ):'l. \ t
l

K. (t)
J

6K. (t)
j

h;(t,)

"
F

>r (+ \H vi

Exogenous variables

c~ (t )

real exports of co~~odi~y i; 1 = 11, 12, ... , 23

activity level of prod~ction process J

delive~y process for cGn~odity i; i = h6,h7,51 ,52,53

real imports of cO:Gilllodity· l; l = 11,12, ... ,23,33, ... ,

38,48,49, ... , 53

producti'le cayaci t:l of prOdtlction sector J, measured

in real outp~t

increase in the nTcductive capacity of secto~ j

utilization of t~e ini~ial capiGcl s00ck of ~J~e J

during period t; ~easured in ~eal output

employmen~ lD 0he final commoQity su?ply sector during

period t.

private final consumption of cOll~odity l duying period

t. i = 1,2, ... ,10
1

)

G. (t)
l

public consumption corr~odity l or the use of COIT~odity

i for construction; i = 11,12, ... , 32

target net flow

during period t

~ ~ .01 !Orelgn currency on current account

~e~l co~s~~ption oy investment .... ~ • J... •• , ,

01 corr~OQ~~Y 1 lD 0ne

? *r +)
• \ v

l

electrici~y, pet~oleum refining or reside~~ial hea0ing

sectors; i = 39, ... , 43

world-market price of commodity l

? (t)
l

domestic Drlce of commodity

. \
I J

2)

C1n (t) is the ~rivate demand for dwellings. This demand is the
sum of rents and inputed rents only and the cost for residential
heating is excluded.

Observe that this exogenous variable of this submodel lS an
endogenous delivery ~rocess of some other sUbmodel.

All exogenously determined prices are asswned to include co~~odity

taxes.



n. (t)
J

w(t)

p . (t)
J

( 1-6 . ) t
J

r

ep(t,r),

K. (0)
J

!~(-t,r,p .)
J

- 123 -

amount of laoor, r~quired when process J 1S utilized

at unit level, measured in man-hours

real T~age ~ate

cost of using capit~l In se~to~ J

amount of initial producti'ie capacity of t::,rpe J

remaining in period t, measured in real output

interest rate

discount factors.

Pe..r.ame:'e~s

a ..
lJ

m..
lJ

amount of cc~~odi~y i reaui~ed ¥hen ?rOd~C0ion process

j is utilized at unit le7el

,~ount of non-competitive imyorts of cc~~odi~y l

required ~hen productio~ process j is utilized at

unit level

amount of COIT@odity ., ~equired In """ ........ rlO"Y"
V..J.. ...... '"-_ to l.ncrease

b ..
1"<J

the productive capacity of process j by one unit

measured in real OUtPl~t

s~o~~t of commodity i produced ~he~ Jroduction prcce3s

j is'utilized at unit level

r3:ce O::L""' capital deprecia·t:'cr. lrl process J

foreign transpor~~tion 2~3~ far c~~uodity ~

6.
J

d.
1

;.
1

net of per unit subsidy" u .. .:.
, ..CCc.nlCG.1T,y 1; net

subsidy implies ;. < 0
1

per unit import duty on cOnlmodity i;

per unit expol"-S subsidy on

m
C" > 0
"i

COTI1.~odity 1; ;~
l

< O.

the process icdex, belongs to one o~ the se~s defined belo~.

processes ha\re a. cCf:"~~odi ty index. The 3~rJl-ool t :n.eaDS "belong to the S2'S I?
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i :::: 1 ,2, , 10

l :::: 11 ) 12 , , 23

1. :::: 24,25, , 32,54

l :::: 1 1 12, 32,5hI , ,
:::: 39,40, , 43

Processes ~roduc~ corr~cdi~y
. 1 )

, I ..,,~ -I- +-.ciovavlon

j E- t:

j E: 'r
!\.

j ~ S

j E- r2 :::: K U S

j E D

The set ~ ~hus contains the processes produci~g goods ~~d serVlces for

final cO~swllption in the household sector~ All these ~rocesses are

aggreg2..te ~rGduc~iGn sec-:or ou-::;:,u-cs ir.:to cons:l2Iler §;oods and se:,~vices.

The se~ K contains the p~oduction sec~ors ~ha~ are exposed to foreig~

conpetition ~hile the set S contains :~e rest of the dC5es~ic D~oduction

se~tors outside ~he public sector. 'rhu.s, n, ~ne
• ~ '7un::.on 0:;:: .:\. and S

contains all dcmestic production .3ectors outside the pub2-ic sec~or.

The se"": D, finally, contains the "d-:';L:1L:Y processes tI ,-/;hicn e..ggregate

product-ion secto~ outputs, e:1erg:f 8..:1rJ. la-bar into inpi~ts u::=ed in the

electricity and heat, refinery 2nd residential nea~ing sectors.

The follc":,,,"ing sets of COr.1TI18dities 2.r2 2.150 defined:

6- = {i l 11 12, 32,54}, ,

s = {i l :::: 46,47 ,51 ,52,53}

,~ = ! ~ l :::: 1 1 1 " 23,33, 32,49}l-'- , I c:. , , ,

39 - h3) since Ghese aye line~r CC~ti~2tio~s
~ , .0: ~~e CO~~OQl~~eS 11 - 32

and 46 -

imports"

Ivloreover, the

- 38) are nu;;,

co:rr.m:odi ti es c~aracte::i ze,j. 2,5 Ti 2onplemen-car:v'"

sccord~ngly, produced within the economy.

It fol~o~s that the set 5 csntains all commodities on whic~ t~xes are

levied. F~rther~ the set 2 conteins 3econd~ry e~eygy produced outside

the non-enel"gy COIn-.t."nodi ty supply ::lodel 2nd t!1e set. J\ c0nt.a~ns imported

goods.

wi th reS;Ject, -:0 the cOLstraints, exogenous variables a!"e ~..lri tten on t~e

rig~t-hand side ~nd endogenous vaYiables on the l~=t-hand side. Except

for r151
- -!

these constraints hold for all t.

The co~cdity lis~ can be found on p. 118.
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Objective function to be. ~inimized

T
F(Tj = L

t=i
~(t) {w(t) ~F(t) + L

jE it
p .(t) E.(t) +

J J
P.(t) L.(t) +

l l

+ ~. b .. X.(t) +
l lJ J

1jJ.(T) K.(T)
J J

~~ M. (t) +
l l

23
I

i= i i

'7

C' Z.(t)}
1. 1.

where
~
L

,=i

(i+~)-('-1 )"
\. J

1/J • (T) =
J I

1'=5-T+i

-,
( i +r)

The first term ·,.ri thin the brackets of the ooj ecti ,,:re function is tota2-

labor costs in the econcmy outside t~e public sector. T2e second

term is ~ consequence of our tre~t~ent of initial stock of ca~it~1;1)

it reflects the cost of using the initial stock of capital. The third

term ~2flects the total cost of deliveries from the energy 3~ctor. r~e

next te~m repYesenta total indire~t taxes paid by t~e domestic produc-

tion sectors. The fif0h term within the orackets represents 2US~OffiS

and duties on im.yorted goods and ser1ric2s, T,.[rlile the si:csn te!TJ repre-

sents total export suosidies. The las~ ~ern of t~e objectiv= func~ion

represents the prese~t value o~ ~he stock 0: 2~~ital 2x~StlDg ~~ ~~e

terminal POl~0 i~ time.

Commodity bal~nces

X.(t) > C.(t)
J l

l=1,2, ... ,10, JcH

sirr:ply s:ate ths.t t.he 8utptlt from :=ach

goods and ser~rice3 should be g~eate~ ~~an 0r equal ~o t~e excge20usly

determined demand for the goods and se~vices l~ ques~lo~.

1 ) See Section 4.5.3.
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I x. (t) + I (, ) x. (t) - I a. x: (t )-a. \ o .. -a ..
.:. r t: lJ J jfll lJ lJ J jED lJ u
Jt" .. .i.

/\'" [2J
-~.

\" 1
7 (+ I ">l~(t) G. (t)A. --::-'"- ( t ) + > = 1 1 23/.., /...;. v I , - , .. ,

lJ " l .1. ljESI /

These inecru.2.1i ties hold for the cOI::'J:1odi ties produced i.;i thin the K-seg!:le~t

of the econony_ Accordingly ~rade variables are included. ~he first

term iY' i 2"'1 reDY''''~C>rJ+~ +1,,,, us'" "f c"Y"""'odi~-- i ~~ an input in the- ~ """ '~ ...J - _ - ~;;, ~ - v;;' C ._- "- v ~-'-" v J _ c. '" _

d\.JJ.1'L'J1Y processes "prOducing" COnsa.rner goods and services (commodities

1 - 10). The second term reDYeSents tr.. e gross out?l~t of commo'ii :;:l i

less its use as an intermediate input withi~ the domestic production

syste~. T~e t~iYd term reDresen~s the use ef corr~odi~y i cS an innut

in the du.l~]_~Y processes Ttprod';.lcing" the aggrega~ed inputs llsed i~ the

electricity and heat, refinery and resider~tial heating sectors. The

fourt~ term represents the use of co~~cdity i as ~ cspital good

the pr~duction systex. The fifth and sixth te~s represent export and

innort res~ectively of cor~oditv i. mhus ~hp 'e~~-h~nd ~;~p o~ r 211..t" :" _ .; .l ....l, l.oJ. .. _ ....L -,-v .I._c. • ..:. ...., ....... u __ -~ \_ -.I

represent all endogenously determined supplies of and denands for

commodity ..... The tecm on the right-hand side of represents the

exogeno~sly Qetermined demand for cc&~odity i.

I
jE-H

-a ..
lJ

x.(t) +
J

(b ..-a .. ) x.(t)
lj lJ j I

jED
s., X.(t)
lJ J

L,K.
A.. ~(t)2..G.(t)
lJ) l

, = 24, ... , 32 r~l
L....I.J

These inequalities hold for the commodities produced within the S-segment

of the economy. In accordance wi~h the discussion in Section 5.6 no
, . -, . l 'd m' ' • t' ,- . f n ,~ r,.., Itraae varlaD~es are lnc_uae. Tna~ lS ~e on~y Ql Ierence oe0ween c I

~ .)

I
jES

- m X.(t) + M.(t) > 0
--ij J l

~ = 33, ... , 38 [4J

when i = 32 G.(t) includes the low vol~age charges paid by the
~ l .J-. -I-residential neavlng secvor.
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In accordance with the discussion in Section 5.6 the commodities covered

by [4J are treated as co~plementary i~ports to the S-segment of the

economy. Accordingly there is no domestic production of these cOillTIodi-

ties, and they are ~sed in the S-segment of the economy only.

X.(t) > L.(t)
J 1.

1. = 39, ... , 43 ; j E D

These inequalities state that the output from each of the dummy processes

aggregating production sector o~tputs into aggregated inputs to ce
used in the electricity and heat, refinery or r~side~tial heating sec­

1 \
tors, should oe greater than or eQ~al ~o the exog2nously') de~er~in~d

demand for t:te aggrege.~ed irrDl~t in ·~ues-:ion.

23

I
i= 11

[6J

Inequality (6~ represents the current account constraint and its inter-

preta~ion is straight-forward; the net of export earnings and import

expenditures nust be greateT than or equal ~o the exogenously d2te~mined

current acco~n~ surnlus ( O -~ d",.pi~: '- \... -__ .1. _ \... ..;,. l. ) •

I
.j EI1UDUH

-a ..
1.J

X. (t )J \ .. + L.(t) >
1.

G. (t )
1.

_ = 46,47

- I
81_ .J

10

I
j=l

-a ..
1.J

x .(t )
J

\'
L

jEJ
a .. x.(t)
lJ J

+ L (t) > G.(t'j·,..; \ ... 1 i=51,52,53;

1 )
'''Then the nCJ~-2:1ergy c:Jrnr['~o\ii~,y '3iJ.~91=r rn.cdel ::.s J.i:1ked to t~l'2 o~he::­

3uppl~r s~_lclnodels of the E?>l, t:'12 d2Ela:1ds for c,::,rr:.mcdit::3s 39 - 1.13
are endog~~ously determi~ed.



10

L
.j = 1

-a_, . x. (t) +
)U,J J
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(br' . - a r4 ·) x.(t) > ~5,(t)
)4, J ), J J 4-

[lOJ

hold for e~e~gy co~~odities. :Sle~trici7..y,

heat and petroleQ~ nroducts (cG~odities 46 47, 51, 52 ~nd 53) are

delivered f~om the secto~s of the e~onomy covered ~y the electricity

and heat a~d the refinery sector models. Coal (cOIT~odity 49) lS en-

tirely importeQ, while the prod~ction of gas (co~llodity 54), ln fact,

is carried out within a sector of the economy covered by the non-energy

cOffiillodity supply model. Uranium and crude oil (coIT~odi~ies L8 and 50

~esTIectively) are not used at all i~ the sectors of the economy ~overed

by the non-energy ccrr~odity supply model.

Cauacity constraints

R.(t) + K.(t) - X.(t) > 0 ;
J J J

Use of labor

J E Q

FN (t) - I
j Er.:LJD

n.(t) x.(t) > 0
J J

Resource constraints

R.(t) > ­
J

(l-o.)t K.(O)
J J

J E rI

IntertemDoral links

t
I

,=1
(l-o.)t-, iJK.(-r-l) - K.(t) = 0

J J J
J Er.:; t = 2,3, ... , 5.
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.Ll..PPE~TD IX 1.

1. Notatior..s

Commodities are denoted by index land 9rocesses by index j.

Each process index consists of a commodity index and a serial

number. The first serial number is 00. Thus, j=800, for

instance, denotes the production 9rocess, or the first of the

9roduction processes, Nhere co~~cdity 8 is ~n outDut.

2. 'l'ables

See p. 130.

3. Sources

See 9. 142.



Table A.l:l. Input of cO'lUTlodity i when production process,j is utilized at unit level (mil1. S~{. Cr.)

~ 100 200 300 1\00 500 600 100 800 900 1000

~
11 0.005 11

12 12

13 0.263 13

14 1 .0 14

15 0.911 0.086 o•021~ 0.175 15

16 0.0112 0.001 0.257 16

17 0.502 0.001 11

18 0.017 0.020 0.046 0.002 0.003 18

19 o.1.~98 0.035 o. 135 0.001 19
LV

20 0.001 20 0

21 o.01~9 0.310 0)\39 O.3B2 0.001 21

22 0.0'73 0.001 22

23 0.017 o. 196 0.008 0,001 23

21., 0,213 21~

25 o.521~ 25

26 0.0)~1 26

21 27

28 28

29 0.221 0~162 29

30 0.823 30

31 0.006 o.1~92 0.288 0.201 0.187 0.835 31

32 32

)~6 x)0.8 116

x) GWh/mill. Sw. Cr. cont.



cont. 'llable f\.. 1: 1

~ 100 200 300 LIOO 500 600 crOO eOO 900 1000 ~ ..

1+7 in
49 JI9

51 xx)0.227 xx) 0 .OLI29 51
Ct') xX)O.462 52)L

53 xX)O.123 xX)0.030 53

511 xx) 12 .5 511

xx) 1000 m3/mill. SVl. Cr.

LV
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Table A. 1: 2.

The coefficient J E r,; anc , E 6.The &~ou~~ of co~~odity

Nhen production process
a~ ~nit level (measured
:nill. Sw. Cr . )

reQ.;.lired
lS utilized

n mill. Sw.Cr./

1100 1200 1300 1400 1500 1600 1700 1800

1 1 0.01143 0 0.00326 0 o 0,19967 0 o

0.00364 0.00429 0,03 1 38 0.01055 0.00861 0.16560 0.11643

0.14269 0.00337 0

o 0.01181 0

0.00156 0.06535 0

0.01212

0.09123

o
o
o

0.00431 0

0,00087 0

o 0

o

0.19579 0.01 L27 0.00286o

o

o

o
o

o
o

1 3

14

15

16

C 0 0.00392 0,00436 0.00702 0.00 425 0.04256 o.%734

o 0 0 0 0.00362 0.00105 0.00123

0.00364 0.01026 0.01098 0.00380 0.04818 0.0357 1 0.0223019

20

21

22

23

24

25

o

o
o
o
o

0.00956 0

o .cl 3405 0 ,01 80 1

o 0

o 0

o 0,15435

o 0.05762

o 0

0.00633 0.00532

o 0

o 0.00170

0.02053 0.00936

0.00851 0.c0851

0,00175 9.00123

0.03675 0.00307

0.00076 0

0.00012 0

o 0

° °

0.03350

0.115 47

o
0.04490

°
o
0.02637

o
26 o 0.02295 0.01389 0.00473 0 o ,00116 0 o
27

28

29

30

0.01091 0.01377 0,00240 0.00098 0.00213 0.00530 0.00186

0.11665 0.02334 0,23735 0.14033 0.29512 0.08632 0.06957

0.10522 0.22188 0.01132 0.00183 0.00915 0.01188 0.03663

o 000 000

0.01221 ° 0.02144 0.01209 0.02010 0.02971 0.08676

0.00351 0.00451 0.00241 0.00048 0.00293 0.00492 0.00297

0.37042 0.00968 0.02079 0.00033 0.94956

0.00423

0.16037

0.01283

o
0.0299 4

0,00250

0.09722

cont.

x) ~easured lD 1000 m3/mill. Sw. Cr.
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con:t;. Table A. 1: 2

1900 2000 2100 2200 2300 2400 2500 2600 2700

0.00107 0 0 0 0 0.00059 0 0 0.00030

0.01100 o .13637 0.00028 0 0.00743 0,00332 0 0.0'1879 0.01350

0.00939 0 0.00017 0 0 0.07912 0.02 474 0 0

0 0 0 0 0 0 0 0 0

0.00295 0.00086 0.00u44 0.00201 0.00h64 0.00391 o .OOOL.9 o .C10 146 0.00[20

0.01650 0.00799 0.00800 0.01978 0.01300 0.00 h62 0.01487 0.01757 0.10908

0.01704 0.00281 0.00659 0.00369 0.01486 0 0.00299 0.00561 0.00343

0.00322 0.00097 0.00896 0.00168 0 0.00154 0 0 0.00266

0.23051 o /J2658 o.o18L.7 O.025!J.8 0.02321 O.06 U79 o .c0494 0.02269 0.01168

0.00309 o .34129 o .0956L. 0.14750 0.08914 o .. CJoc83 0.C0090 0.J:928 0,03899

0.01959 0.0 4635 0 ..20623 0.23835 0.00929 0 ... 01291 0.00116 0.02025 o. 13L.20

0 0 0.00320 0.07543 ('. 0.00746 n 0 0.00252'J .......'

0.00027 0 0.00025 0 0.01207 0.00024 '0 ('. 0.00027u

0.00094 0 0 0 0.00557 0.04453 0_3;250 0 0.00047

0.00523 0 0 0 0 0.01066 0.22917 0 0

0.00359 0.01556 0.00805 0.00603 0 0.01019 0 o • 19253 0.07952

0.00443 0.00627 0.00425 0.00570 0.00371 0.o683L. 0.00229 o .co 830 0

0.15967 0.10102 o .12919 0.0559,3 o .38069 0.16250 0.17648 Cl .O79()6 "u
0.00792 0.01048 0.01503 0.01106 0.00836 0.02428 0.00167 O.024L.O 0.01205

0 0 0 0 0 0 0 0 0

0.02L.L.2 0&02593 0,,03251 0.02849 0.02228 o .0L.536 0.02113 0.03831 0.06888

0.00364 0.00454 C .00309 0.00283 0 0.011 h6 0.00166 0.00110 C.OO134

0.Oh191 0.10230 o .3623 h o .13L.46 0.12'522 - 0.4625 4 0.01161

ccrrt.
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cont. Table A. 1: 2

2800 2900 3000 3;00 3200 x)5400

~
0 0 0 I> 11v

0 0 0 0 0.000C81 12

0 0.00235 0 0.01726 13

0 0.00150 0 0.01323 14

0.00403 0.00372 0 0.00418 15

0.02605 o.OOJ-no 0.00934 0.00774 0.00157 0.000003 16

0.02522 0.01222 0.00078 0.01726 0.00574 0.0000022 17

0.00282 o~00889 0 o J10306 18

0.01282 0.00307 0.00642 O.01 u70 0,00211 19

0 0.00059 0 0.00201 20

0.00255 0.01317 0.00414 0.04620 0,00712 21

0 0.01438 0 0.00074 22

0,00032 0.00020 0 0.00066 23

0.00065 0.00183 0.00~93 0.00793 2u

0 0.00804 0 0.03908 25

0 0 0.00114 0.00453 26

0.00588 0,08913 0.11035 0,01633 0.08621 0.(1000052 27

0 0 0 0.00271 0,01121 0.0000084 28

0,1268 0.12625 0.00078 0.02631 0.00563 0.0000003 29

0 0 0 0 30

o•11337 O~08096 0.03609 0.14T~5 0.03597 0.0000026 31

0.00522 0.00230 0.01392 0.006 47 32

0.37288 0.00063 - 54

. 3
x) Measured in mill. Sw.er./l000 m .
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Table A. 1:3. Input of energy commodity 1 vhen ~roduction 2yccess j lS utilized

at unit level ( a .. '"here 1 E E fL.'1d J E ;"l )
lJ

46 (mrh)

47 (GWh)

u9 (1000 m3 )

51 (1000 m3 )

52 (1000 m3 )

53 (1000 m3 )

., j
1 ~

46

47

49

51

52

53

46

51

52

53

1100

0.01965

0.02367

1700

0.05486

0.00092

0.00004

0.00582

0.00393

0.00497

2300

0.02547

0.00026

0.00717

0.00358

0.00268

1200

0.63161

0.00029

0.05946

0.00208

0.02199

0.05670

1800

0.18382

0.00011

0.00002

0.00395

0.00848

0.05153

2400

0.10843

0.01994

0.0 4561

0.01536

1300

0.04841

0.01290

0.00001

0.00131

0.00410

1900

0.5L.l10

0.04765

0.00952

0.06910

0.00561

0.05549

2500

0.06695

0.00292

0.00027

0.00203

0.00717

0.01841

1400

0.01575

0.00001

0.00000

0.00112

0.00266

0.00813

2000

0.76440

0.00376

0.00429

0,00206

0.01426

0.08334

2600

0.33117

0.00022

0.390u2

0.00887

8.04352

0.19672

1500

0.05432

0.009 45

0.00001

0.00274

0.00482

2100

0.07708

0,00130

0.00001

0.00286

0,00732

0.01147

2700

0.02498

0.00527

0.02322

0.00338

1600

0.02223

0.00026

0.01899

0.00801

0.11216

2200

0.08682-

0.00013

0.00086

0.00850

0,01125

2800

0.10683

0.03693

0.01316

---~------"--'-------------

~J

46

51

52

53

2900

0.14557

0.04581

0.04253

0.01337

3000

0.03777

0.02732

0.00112

0.00007

0,04239

3100

0.113 43

0.0149u

0.00788

0 .. 00472

0.02125

0.00653

3200

0.22227

0.00253

0.00039

I
5400 x;

0,:)0007

0.00020

0.00002

0,00000

~

x) T~e output frOill 9roc~ss 5400 lS me~s~ec l~ 100e m~.



'l'able A.1.:)r. Inlmt of commodity i when (dwnmy) T)rocess j is utilized at unit level (a .. where i El:.. and J' e D)
- • • l 1 J

J 3900 4001 1.002 11101 4102 11103 41011
i

17

19 1.0 1.0

21 0.20 0.60 0.65 0.5

27 0.40 0.35 0.5

28 1.0

30

31 0.20

32

Process Output

J+ 105

0.011

0.236

0.280

0.008

0.002

0.430

0.001+

11200

0.70

0.30

Process

4300

1.0

Output

11302

1.0

1.303

1.0

0)
0\

3900

4000

4100

Besources for immediate use in the electricity
and hot water sector

Investment resources for the electricity and
hot water sector

11001 For non-nuclear plants

4002 For nuclear plants

Besources for immediate use in the petroleum
refining sector

4101 Tetra etyl lead

4102 Hydrogen

11103 Maintenance resources

4104 Trade margIns

11105 Other resources for ioonediate purpose

4200

11300

1+302

4303

Investment resources for the refinery sector

Resources for energy conservation in the
residential heating sector

Resources for distribution of electricity in the
residential heating sector

Resources for distribution of hot water in the
residential heating sector



Tahle A'0 . Input of conuRodity i required in order to increase the productive capacity of process j by one unit

(1 mLll. Sw.Cr.); (A .. where i. f: !J. and j 6. n)
l.J

j~ 1100 1200 1300 1)+00 1500 1600 1700 1800 1900 2000 2100

11 0.383Ll

12

13

11~

15 0.00C(5 0.0086 o.0021t o.00C(9 0.0053 0.0122 0.0087 0.0080 0.0083 0.0135 0.0048

16 0.0372 D.06er( 0.0140 0.0318 0.0319 0.0578 0.0391+ 0.0321 0.03rrO 0.0610 0.0218

17
w

18 ---.J

19

20

21 0.8151 1.2560 0.3000 0.7 Lf70 0:739)+ 1.2 crLl'{ 0.B930 0.'7306 o.B 106 1.3Lf55 0.11865

22

23

2 It

25

26

2'( 0.2568 0.8'(l+rr 0.1837 0.)1133 0.22311 0.55511 0.3589 0.3292 0.24 112 0.3800 0.2869
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Table A. 1:6. Input of cOITl.,nodity i (comple:r..entary imports)

when process j is utilized at w~it level.

i E A and j E S)

(m .. "l'..rhere, lJ

~ 2400 2500 2600 2800 2900 3100

33 0.2240

34 0.0614

35 0.1410

36 0.0223

37 0.0904

38 0.0342
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Table A. 1: 7. rlet UJ.'1i t ta-x, E; ~ • a.'1d unit import duty, ~m

J. c, i '
on commodity l

1. ~ . E;m l ~. E;m
l l

11 0.1148 28

12 0.0007 0.0108 29

13 0.0650 0.3498 30

14 0.6961 0.3320 31 0.0327

15 0.0722 0.3349 32

16 0.0316 o. 1327 33 0.22U5

17 0.0315 0.1006 34 0.0490

18 0.0609 0.2302 35 0.1617

19 0.0512 0.1570 36

20 0.0095 0.0984 37

21 0.0524 0.0654 38 0.0199

22 0.0084 0.0098 x)46 0.007

23 0.1359 0.4134 47

24 0.0120 48

25 0.0507 xx)49 0.012

26 0.0524 xx) 51 0.57

27 xx)52 0.06

xx)53 0.016

x) Measured in mill. Sw.Cr./Gwh

xx) Measured in mill. Sw.Cr./IOOO m3



Table A. 1:8,
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The rate of depreciation, 0;, and the amount of
J

productive ca2acity, Kj(O), in process j

j °. K. (0)
J J

1100 0.035 3,710

1200 0.028 2,870

1300 0.039 8,560

1400 0.039 8,450

1500 0.039 10,300

1600 0.036 23,590

1700 0.036 6,690

1800 0.046 2, 130

1900 0.046 10,T50

2000 0.031 11,600

2100 0.036 51,380

2200 0.036 4,740

2300 0.050 1,650

2400 0.032 14,380

2500 0.039 19,590

2600 0.033 6,680

270("\ 0.071 33, 100: ~'U

2300 0.041 29,550

2900 0.036 23;520

3000 0.015 18, 570

3100 0.026 33,430

3200 0.014 4, h64

3900

5400 x) 0.015 xx) 450, 000

x) Measu.:ced ::'l.ill. S':,'i .er . /1000 3In ~

xx) ~Jeasured iOCO 3
In --
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3. Sources

A. 1 • 1 Bj orklund, Po.. : "Den priirata kons-l.1mti onen 1 EP!1., IT

~Fl, Stockholm 1975 mimeographed.

A. 1.2 sou 1976:42 ~~d this study.

A. 1. 3 Bergman, L. & Bergstrom, C., ~nergiDolitik och energi~~-

van~~i~, EFl, Stockholm 1974.

A. 1.4 'Ihis study.

A. 1.5 ~A~ .. is defi::led by tJ = a .. v .• cr .. lS obtained f:::-om. the
lJ ~'ij lJ J lJ

Ministry of ?inance and v-. f!'om the
J

SM N 1974:89, supplement 1974:52.

~ational ACCOQ~ts,

A. 1.6 The Ministry of Finance

A. 1.7 The Ministry of Finance

A. 1.8 The 0 .:s are obtained from. the National accounts ~~d K.(O)
J J

from the Ministrv of Finance. ':C'he 'Darameters p. are defined
v ~ J

\ P.(O) A.. (r+o.) where r is the interest ra~e
L l lJ J
l

bv p. =
v J

that is, a parameter In the model.
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6. TIrE ELECTRICITY _~'4"D :rEft.T STJP?LY StJ3i~fODEL

This chapter deals with the electricity and heat supply suomodel

(A2 in the figure on page ) . The "prcducers tl in this model de-

liver electricity and heat to users in the non-energy connodity,

refinery, residential heating, public and household sectors. The

exogeneously supplied inputs used in this part of the model econo~

are capital goods, various f~els ~~d a number of in~er~e~;ate i~puts .

.:\.11 inter::::.ediate i~~Ut3 2.re "d'~~my corti:J.odities tr orig:'nati:1g in tte

non-e~ergy ~~cQuctio~ sesto~.

~~is suo~odel is a linear, ~ulti-~eriod ac~i~nty mocel wi~h ~~ocesses

for prcduction, i~vestme~t a2d s~rap~l~g. Some of :he 9roductio~

processes yield a joint su~~ly of electricity and hot wate~t ~e~

different tY~ges of plants are distinguished in t~e model~ out e~c~

plant of the scme ty?e is assumed to oe ho~ogeneo~s. Thus, di f~e-

rences oetween indi cri dual production 1.L.'1i ts

vintage are not t~~en into consideration.

Que to size, lccaticn

As was discussed In Chapte~ 4, the li~earity of th~ ~odel i~plies

constant retprns to scale ~~d ~er:ect di\nsi8i~i:y in ~l~ p~acess~s,

Althou~~ hardly true in reality, these ass~ptions are acce~tao~e in

t:-:e mode 1.

as compared
. \

+-0 no"""""" "'''''n'u''' 1 (">'.., "',., C;-0S ~,.., ,,.;,,,,,,,,,,,.,,.; I)'-.J ... ..l- -_...... ~.:.... -- ---"'~-"-~O'-' -'-' ........ --.... _, ::'1at

1/ This argument is strengthe~ed by
of the ~odel is five years.

:'act the:t the ne::iod.



a capacity addition to the syste~ c~~ be interpreted as addition of
o .f''' -C'... • • 1/a numoer 0_ p~ants o~ OD0lmlli~ Slze.

As indicated above, the dem&~d for electric energy and hot water from

1975 until the terminal period T is exogenous to the model. Given

initial capacivies, the model chooses tha~ set of production, invest-

ment and scrapping activities which simult~Deously satisfies the

exogenous demand ~~d minimizes the present value of the total costs.

The dual formulation of the model determines the marginal costs of

electricity ~~d heat different time periods.

The problems ~~alyzed &~d the model tnis part of the s"tudy

a~o influenced by the t~adition ~hic~ originated in the plan~ing

carried ou"t late 1940s.

Since then, vhese planning tools have been applied In m~~y countries

and the models have been developed with respect to both size and com-

plexity; see P~derson ( ) - 0r"",,'• l-r1 aa.-....l Lolon , models of the electricity

sector have been linked to larger models of the energy sector or the

whole economy; see Hoffman (25), ?inon (19) ~~d Manne (38). Accord-
. 1lng-,-y, this study is not the first Swedish effort in the EDF tradition.

Models have been developed by Lindqvist (34) for the Swedish Power

Board and by Bergendahl ( 3). As a backgroQDd, we present a brief

description of th~ nature of these earlier Swedish models.

The model developed by the Swedish Power Board lS a d)~amic pro-

gr~ng model which simulates the least cost operation of the elec-

tric pOwer system during a 30-year period, ~~der "the ass'~ption of

glven demand and production capacities. Solution of the model "thus

gives the total variable costs associa"ted with an exogenously deter­

mined plant structure for which the fixed costs areY~ow~. A preferred

production system is arrived at by means of exogenous variations in

the plant structure. The .Power Board model is a refined tool, well-

suited to solving the traditional problem of the Swedish power indu­

stry - the optimum use of thermal plants in a system based on hydro

pOwer. However, for OUY purposes the main requiYement is no~ a detailed

1/ All cost parameters in the model aye computed on the assumption
that each plfu~t is of optimum size.



operations model for the ele~tricity sector, but rather a somevhat

less detailed model where operation of the different plants and caua-

city additions are endogenously deter~ined. Moreover, the Power Board

model only covers the state-m·rned :part of the pm.,rer i~dustry, ',rhereas

we are interested in the entire electricity &~d heat sector.

Bergendahl's model is rather similar to the one used in this study.

Apart from a few minor dissimilarities, the maln difference lies In

the treatment of heat production. The production of heat is exogen-

ously determined in Bergendahl's model and endogenously in the present

model; The reason for the more elaborate treat2e~t of heat produc-

tion in this model is t¥ofold. ?irst, ~he ccnpetiti/e~ess of conbined

exogenously deter~ined expansion path for ~his kind of 91~~t is,

ceteris Darious, relev&~t only for a certai~ set of oil ~rices.

Bergendahl's model is thus not ~.,rell-suited for experi.:::ents ~..r:"th

varying oil prices. Second, si:1ce district • -l-' •
Deal.lng lS

potential source o~ ener5J in the residenticl he~ting sector, a

required

The present model dive~ges from the mainstream. of the EDF tradition

In various res~ects other th&l the inclusion of heat production. TNO

of these deviations are note~orthy. Fi~st, denfu~d in this nodel lS

denoted by the de~end-load curve, w~ile the load-duration curve re-

,.....,'Y'o.-.o ...... ...I.., .... rlC1m"'~d '-'-' ""os+ 0.::" t~_..~_."" ot:~_o;"pr m.,Oi-1p_".· ",.1 / ~_i'."'lP ;:::v:;"T"'_."'.,"',.R;;P C'f "7,:-,F'l:'.J..,-:::,-,:",:,..J~ v-'--" ................ .i. -L..;,.l. ~ v 1. .... " ~. "-'0._ ..., ....... -:...;,_ ...... ......

approach chose~ stl~dy is th=..t it lee.. c.s

velopnent of the comple~e xodel. r~at is, if the ~i~e ~s~te~~ of

fied, the input coefficien~s fOT elect~icity and heat i~ ~hese sect8Ts

C&'1 be

energy

replaced by vectors ~here the com~one~ts represent the
-' " 1 ' . , 2/ -T', - ..., '. •
QUYlng par"ClcU_2.r "Cl:L.e-segJ:'~en-cs ~ 1Nl "Ch 0.:1lS CDc..nge In

inDut

model, tfl..e shape of the aggregat.e 1,::.:2.G. C:.1!'\le oecoL'~es e:1dogenous.

1/ See note 1/ page 146.

2/ The ind~strial demand f~r electricity and hea~ lS related ~o the
rate of ir:dustrial production, T,·rhi19 ~h,:: household deI71~ld ~or

these kinds of e~er6J ~ainly is r9lated ~o cliJatic c8nditions.
'Thus the lead c}la~acteris:,ics of tte irlQU,strial e..I'1..d n.ol~sehold

secto~s are quite different.
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~~e present submodel differs from the ge~er~l description of the supply

mOQ'f"l (c-~ c·c-l·on 1'2) .;,., .j.\;e f'ollo'·';~'~_ ~. we ~ .~. .j._ v_ • -- ~_~e res-oects:

i) O·l1tputs a.~d prod:.lcti ~ie c?.:;J2.ci ties ?..re rleasured In physic2.1 un:' ts

ii) ~here is joint 'production of two or more o~tputs in several

processes

iii) each time period lS di'Tided into 2. ntuuber of ....
"",lme segments

6.1 SDeci~l Fe~tures of Electricity Demand ~~d SUDDly ~"d Their

ImDlic~tions for C~Dacity Measurement

~1d ccns~ed simul~aneously. =~ addition, ~he dema~d for elec~~icity

va~ies system~tics:ly over the day, Heek and yea~. Due to these cir-

has two dimensions. First, in ordeT to ~rcduce the Qu~~tity of enerQ~

Note. from page 145
If the de~a~d load lS ylotted on the ~m-time p~~~e, something
like Figure a emerges.

/l'.
Load, I
M"W'

These data c~~ be used to
cOwpare the dur2.tio~ of the
load at each level. These
calculations result in sOue­
thing like Fig~~e ~.

It can, for ex~ple, be seen
from Figure b that there is a
load of F !,M OT more duri~g ,
hours of the year.

Clearly, there is a single
loaQ-cu~ation curve vhich
co~responds ~o e~ch de~s~d-

load cu=ve, but ~~~y different
dem~~d-load curves c~~ result ln
the same load-duration curve.

June
time

tine
8 760 hours =
= 1 year.

January

Fig. a

July

o

Load,
M"W'

Fig. b
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dem&'1.ded, the system has to have an average capacity for the '..;hole

year. Second, time variations in demand necessitate a certain am01.mt

of pe~~ capacity. Both of these concepts, peak ~'1.d average capacity,

are neceSSEL.j. For exa~ple) a ther~al pl&~t Hith high reliabili~y

In continuous production has a pe~~ capacity close to average capacity.

On the other hand, a hydro poiorer plant normally has a pe~~ capacity

which is much higher than its average capacity (due to limitations in

the water s~pply).

The capacity Keasures of the model can be defined by means of the

concepts peak ~d ave~age ca?acity. insta~led. capa-

ci ty of plant tj-pe s is Fs r;fi;~. Everf ye~r, ~ach ?l~t nas to close

down for plEL.~ne1 !!1ain:e~a."1.ce ~..rork.. 'rhen -: hours 0: -:he ~.;hole 71ea:::
1) s

(8 760 hours) remai~4 The av~ilabili~yl, of the plant, i.e. ~he share

of tIle t h01lrs that the pla..."1t 15 expe~ted to be ""'i ODeratlO:1 OT cs.n
s

be called into operation, is a Th~s, the average capacity of the
'NS

1)
Unfortunately, the frequently used concept of If availabili ty" has
many definitions, e.g. time availability, capacity availability,
energy availability; see KTH (6e ) . r~-i th respect to the 'ie-
fini tion of a~lailabilit;l, ho",.;e"ier, -this 3tad~i" 3.d.~eres ~o 9,IJ-hat see~s

to oe accepted pyactice irr the S~edis~ ?Gwer indus~ry; se~ CDL
( 55 ), page 22. Thus the average a~iailabili"Cy

a
~,[s

=
exnected time in oDe~ation +
the who:e year less the time

while pe~~ avai120ility is defined as

aps

expected time in operation du:i~g peak ~OtITS +
e:ruected st~~d-by ~i~e du~ing ~eak ~~~~S= '
ntl!TI.oe:- of pe~l~ hours

One drawback of the time availability definition, of ~hich this
is a version, is its implicit assumption that if a plfuct ca~ be
used at all, the~ i t ca~: ":le use:: et full ca.paci ty. rtO",{2'ler, "C0.1S
may not always be the case. Thus it might cppea~ ~ore ad/~tcgeous

to use the energy ajailabili~y definition (t~at is, the 80-

called capacity factor) which ~~~es the degree of capacity utili-
zation into 2oGsid.era-:'icn. ::'OT..re~re!"', -:h= pr802.2T2 i:-,l. usi!1g t:'1is
definition is that. it is im~os3ible to a.scer-:e.::1 '..rhether en ob­
served capaci~y utiliza~ion less th~~ full capaci~y N~S planned
or unplanned. In or1e~ to investig~te ~he i~po~~ance of the
avail~bility figure, par~eGric vcri~ticns wi~l ce nade.
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plant be comes:

Average capaci ty == F
s

T • a
s ifS

8 760
MW.

~G 1S a matter of indifference whether supply capacity and demand are

neasured at the pOwer station or ~t the cons~ption site as long as these

~Uffi1tities are meas~ed at the s~e point. In this study, the dem&~d'

for energy &~d the supply capacities are measured at the point of con-

sumption, which means that capacities are measured net of distribution

losses. average dis0rioution losses a~e (1 \- Tl )
ID

100 %, the

2.'":terage capaci -:y c:-' Dl2-"it s at ~he consUIJ.ptior: ~oi:1t oecoLles:

Ace = Average Capaci~y ~t the Cons i1Ttipti on poi!1t = F
s

a
'" wS

8 760

Now, during a one-year . ,
perlOo., the installed. capaci t,y of p2.ant s has a

certain ability to deliver energy to consuners. This amount, ACe 8 760,

will be called ~he "potential production of energy",

expressed in G'"lh (1 m'ih == 1 000 Mh"h). Thus;

denoted Y
s

Y
s

= F
s

T
S

a . n-,.,s ID
F

s
7

S
a
vs

t n
m

10-3 G-n-, I \f(l.l.

In the fo2.10wing, all investment ~ld maintenance costs will be ex­

pressed per unit of "potential production of energy!!.

Thus, "the expected peak

During pe~~ hours the availability of the F l~~
s

... l +' . , • t' ;:; 1) ,,:-:..~. '""v' heo~ p_~~v "type s 1S expec"tea 0 De ~ ~,_

ps 2'
losses are expec"ted to be (1 - Tl . ) 100 % )

IJUn

capacity of plant s 1S:

installed capacity

peak distribution

Pe~~ capacity the consumption point == F
s

a . f\ .
ps IIlln

MW.

1)
See footnote 147.on page

2)
= 0,89, == 0,91 ; Redbom & Rundstrom ( 22 \ p. 3.nmin Tlm

) ,
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Next, the relation bet,-reen the "potential production of energy" and

pe~~ capacity is defined by me~~s of the following quotient

F . a . i1 • a . n . 10 3

f s us nun MH us mn ~!'tl= =s Y Gwll • a .
l'ir:J. G'tlh

,,
s s -,rs

that is, if the potential production of energy i~ plant s lS

year, the pe~~ capacity of pla.'1t S will be Y • f Mill.
s S

In addition to the two-dimensional capacity zeasure, some types of

pl&~ts are characte~ized by joint produc~ion of electri~ e~ergy &~1

heat.. Sir;.ce oo-:h of these e~ergy :-'8r~ :'1a-re a :na~~{.et "re.l1J.e, 8. :r.cdel

designed to depi~~ ~he o9ti~al ~l~~t str~ct~e of the ele~~~ic~:y

sector has to tcl:e this possioili~y of joint production into acco~t.

Thus, the dezand side in this model includes

t . . ... d'''' 1) I ~ 1" '..... ~rlclvY ~'1 neav . t IO ~ows ~nav In a 1ew

the de2~~d fo~ both elec-

cases, the "po-:en-:.i p1

production of energy" has t·.-ro components: tb.e . -, .., ...
m~ln P~OQ~C~ S~Q Gne oy-

product. In most cases the main product is electricity. The by-pr9-

duct is always heat. T!:1US, if there is j oi!J.t prOd1..lctio:1 In :plant s,

the following nota~ions are employed:

potential production of -: l'1e ffi3.ln produ-ct = v Grrill
s

potential production of tr.:.e by-product = y \., Glilli.d

s s

The definitions of the c~~acity £easur~s clearly indicate ~ha~ ~~e

availability of a certain pl&~t is ~~ import~~t ~ar~~ete~ l~ po~er

system pl~'1ning (e.g.

capi tal costs per G~,n.--:

in the de~e~mination

:;J'
, ') -)proaucea .

2)

Heat and electri ci ty ha~re :a.a.~y sini la::"i ties: The load of r_e e..t
dem&'"1Q varies syste:Tatically over time and ~eaL, can oe stored
to a lirr~ted extent only.

The :'iguYes used i:J. this study C~rJ. be f':JU!lQ ::.n Taa:e 3.3} :9. 2u4.
Unfortunate~y) there is ~o common ~greeme~t as ~o t~e C8r~ect

magni~ude of these numbers, especial~y for ~ucleaY power. T~is

means that the sensi ti '"li ty 8:' the so11~tions sho 1J.l.d oe tes-:ed
with respect to the availabili~y of ~uclear 90~2r.
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~~e problem for planners in the power industrJ is to assign a composition

of dif~erent plants to the production system such that, given the

expected dem&1d, the probabilities of ?e&~ capacity deficiency and po-

tential production deficiency are kept below a Dredete~~ed level and
..... . .. ..cOSvs are ~nlmlZeQ. Due to the shape of the den&':..c-load curve, opti-

:uzation 'will result In a mixture of pl&':.."s. In &1 optimum operations

plan the utilization times of plants where capital costs make up a

major share of total cost are long, while pl&1t t~~es with the opposite

cost structure are used to satisfy peak-load dem&~d &1d to provide

reserve capacity.

To what exte~t C~~ th~s oytimization process Je si~~a~ed i~
. .a. l..J..nea~

activi ty model? The problem i:::lherent in such a simple model is tha-c

the demand load c~~~ot be specified as a contiilucuS function of

time. ~heoretically, of co~se) the conti~uo~ function C~ ~e approxi-

wated by a stepwise f·~ction with a greet number of steps. 'mere :"5

eo -trade-of:', however, be-cween the Cluality .p ....
0.;. vne approxi:r.s.tion

&~d the size of the nodel. Thus - althou&~ risking oversizplification

the demand load curves for electricity &~d hot water in this study are

represented by stepwise flli~cticr-s with seven steps or-ly, i.e. the year

is divided into sever- tine segments. The probable bias in the solu-

tions of the model lS ciscussed in conj~~c~ion with the constraints of

the model; see p.

The Quality 0: the load-curve e..p:?roximat ion cie?ends on not

number of ti~e-se~e~ts; ~here is also ~ op~~=al tine se~en~ction

for each number of time segments. This uroblem c~':.. be illustra~ed

by means of following figure ~here ~ represents the load. The

bell-shaped curve is the true load-curve which is approxinated by

three linear segments. The shaded areas represent the deviation

between the true and the approximate load-curves.

F

~--_"":-_--~----'-->-;' time
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Obviously the concept "optimum. time segmentation" can be defi:l.ed i:l.

several ~Nays. One is the segmentation that minimizes the total shaded

area. A~other is the se~entation that ~akes the maximuw shaded area

among the time segments as small as Dossible. In this study, hovever,

the choice of ti~e segnentation ~as guided by the latter of these

criteria, but it vas carried out in a ~uite infor~al ~ay.

A..71Y gl 'len time segmentation can be discribed In term.s of its "relat-

tive demand intensities". In order to defi:l.e this concept the follow-

ing notations are introduced:

se~ent -'- ,

T:;' ( +- )
.w \ v = denand. fer e:'ectricity dllring pe:riod .L- (~'f\;';-h)

W.(t) =
l

de!tland for heat J..'
t.,;l~e se~en~ l,

= de::nand. fo~ he at during 'J2 Tiod .J- (>r;~r."1)

H. = nl1.m.Oey of h01.1YS c.uring ti2e seg:n.e:lt l
l

H ,~ , " (3 '""I' ~v'--o )_ = nu.moer or hours QUrlng one year

F.(t) =
l

average load In segment l,

= average load dtlring period ~ ((I[T,vr)

If . .
c.errlana lS met holds that

E.(t) =
l

H. F.(t)
l l

and "'.-re can r-elati \Tc:. segrrr.ent 3.S

y. =
l

F. (t)
l

=
E. (t ) /H.

l l

~(, )/~-.w "t ,n

Since the totcl yearly dem9nd ~s thus allocated to differe~t ~lme S2g-

this allocation is acccmplisDed by me~LS of fixed n~nbe~s,

ments, so must the f1 .i.. ..L. ~ 1
po,-en~:..a-,_ pY'8d~J.cticns 11 •

CJ. i .s '
are assumed to a~:ply to old as ~.,rell 3.S 00 ne,:" pl~"1ts. T~"1i3 ~::lee.ns ~~a-::

if the "potential produc~icn of energ-Jff in :91an~ s, pe::iori

then the corresponding ~a~itude for tine 3eg=e~~ l becomes Cf..
lS

y (-c),
s

~ (t).
s
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Table 6.1. The production ~ld capacity proce~ses of the model

T;;rpe o:~ station s j urnduc+-i o~ r1PY-;'" a 1 Investment Scrapping duringJ. _....... v_ ...... u\..J.............. ,·c

I..... segment J.. , during period .... 6z (t)v l wf;

I
'- ,

period .... x .. (-c) period .... s
'- , '- ,

IJ-J
\

6y (t)
s,

Nuclear power plants 1 xi 1(t ) I t..Y l (t) 16Z 1
(t)

i
I

Nuclear power plants 2 ( ... \ Condensed ixi2 \ '- i I

I
for combined genera- s t ea..'1l pO',reT

1..... o:t electricity productionL,;10n '\y (+- \ 6z~(t)
and hot ( .... \ Back '-i 2 \ .... ;

j!
'wa-ce!' x; ':' \ '- j -oressure c:.

..... _' uroductic:1 I:;;O".·rer j

i I

i

I
I I

Oil-fired, base-load -:< x
i4

(t) '\v (+- \ ,\ Z ( ... \ 1
-' u ... -:< \ v )

I w 3 \ '- } I

condensed steam -'

power plants I! ,
,

base-loa~
.

, Coal-fired, 4 x
i5

(t) t..y ( .... ) 6Y4 (t )

I
4 \ '- Icondensed steam

I
., power pla.'1ts i;

!
! I iI

Oil-fired, nea..),;,-load 5 x.r(t) ! 6y ~ (t) 1 6z
5

(t)!

I
J

~ . lO I )
condensed steam l;

pla.'1ts I
1po'wer I

; I l
!

,

\

; I i
, Oil-fired, 6 \ I \power

x· 7 (t)
;

tZ
6

(t ); - ! Iplants for combined I II , j

i
..... of elec- I ; \ jgenerac.lon 1

i I i
I tric energy and hot I I

I ! Iwater, old type I
,

; i I
1 I

I \
1

( , \ i i

II Oil-fired, pO'wer 7 X' Q -C) Condensed i
i

I
1ula..'1ts for combined

l\.)
ste8..-ra ~I pO'....er ,

generation o:~ elec- production !I r.... ) ,
6" ( ... ) I~Y"7\'- ~7 \ '-

tric energy 8..1'J.d heat, ( , \ Back pressure 1

new .ty-pe
x

i9
L,;

production Ipower I, i

IGas turbines S x .. 0 (t ) !0.yS(t) i 6z
S

(t)
1.1 J

l !

1

Hot water genera- 9
Xi 11 ( t ) I6" (t) .6z

9
(t)

ting plants J9

Hydro power pla.1'J.ts 10
Xi 12 (t ) 1--
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Table 6.2. The delivery processes of the model ~"d their output Hhen

utilized at unit acti-rity levels

,

Activity level Type of resou.rce Unit quantity

L (t) Cl.q

L
39

(t) Resources for 1 mi l "1 SO,,' • ,,-
l~ 1968 pricesI v.

imrr.ediate 1· ..... 0
-'-'=>~

I

L1 8(t)
I

Uranium I kg.
'-\-

I

I ILh9 (t) Coal ton
.. J; ,

I
3 I

T ( ... ) Oil
1

~,...~\v m
)~

---.

L4001 (t) In'rest:nent ~e- 1 :rill. S·· C"~ In 1968 p~ices" . -'- .
sources for non-

!nuclea::- pla.'1"Ss
,

J
L4G02 (t) Investment I

1 ::rill. SrN.... Cr. 1968 ?~lCeS::::'e- I 1.r1

sources for nu- lclear pla.."'1ts
i
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6.3 The Eouations and Ineaual,ties of the Model

We LOW introd~ce the equatio~s and ineq~alities of the electrici~y and

heat production model. Fi~st all the variables ~~d parcmeters of the

model a:ce ,defined. The:1 the defi:1i tions of key v=.riables are repeated

along with the presen~ation of the constraints.

= activity level for delivery process Cl during period t

segment i, pe~io~ t

L (t)
Cl

X ( .... \
•• t" I
lJ

= acti "iri ts" level faT productio~ p~ocess

, .
J Ql..:.YJ..ng

aggregate annual p~oduction of ele:tricity

respectively~ du:ci:1g period t

and heat,

6y (t) ~ 6z (t) =
s s

activity level for investment anQ scrapp~ng process a~

respectively, du:cing time period t. s = 1 ~2~ ... ~ 9. 1/

R (t)
s

= utilization of exogenolisly deterrrined capacity In

period t. s = 1 ~2~ ••. ~ 9; measured in Gwn

= utilization of (exogenously determined) hydro capacity

in period t; measured in I~w

= amount of water passing the hydro power stations

without going through the tuYoines, during period t;

measured in energy ~~its

K (T)
vs = Capacity

. , point 1n
~~~~~~~~~-~~~~~~~~~

of t:>rpe
time.

s ~ "J'lntage exis~in:s at the te::-Tline.l

= exogenously determined pote:1tial production of energy

at plant type s, period t

= potential production of energy at hydro power station

corresponding to normal yearly water flow

= minimum acceptable flow of water in the river system

during the Slimmer of period t

= demand for electricity and heat~ respectively, during

period t

1/ The process Y6(t) is not defined. See p.

2/ Observe t~at ,Y1(t) .an~ ~10(t) are not constant over time Slnce there are
exogenous~y QetermlneQ lnvestments 1n nuclear and hydro pOwer pl~~ts In
the model.
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There are three cost items included ln the objective fQ~ction of the

model: the cost for fuels 2nd other resources for i~ediate use, the

cost of using the exogenously dete~ned capacity1/, ~~d the cost for

investment reso"urces. Tne last item in the objective f'~~cticn is the

value at the initial point in time of the te~inal stoc~ of endogenously

determined capacity.

The value of the terminal stock of capacity depends on its age-st~~c­

ture. Thus we have to define a new variable, K (T), which denotes thevs
amoQ~t of capacity of type 5, vintage v which exists a~ the terminal

. , .
pOln~ ln time. r:::he l!lde:{, \), refe~ to . ~ ... ~ ' . .tne perlOQ :or t~e In-

vest~ent decision. Thus, ca?acity

for energy production in period v

city s, vintage v is written

of -:y~?e

1/+ u .
s

s, v-in'te..ge v

The teTTIi:1e.l

available

of cspa-

K = ~v (v) - ~z (v + u + 1)
vs Vs s s

The treatment of scrapping ln this expreSSlon i~plies that if a pl~~t

..
of ty~_e s is scrauued in ueriod t+u + 1, it lS assumed that the de-- - - s
cision to build the pl~~t was made in period t. This is not a perfect

solution; but such a solution would re~uire a distinction between

different vintages in the capacity constraints which would dramati­

cally increase the size of the model and thus the solution cost. The

bias in~roduced by the formulation here is unimportant.

It 15 assumed that the stock of capital ln the electricity ~~d heat

production sector is depreciated at the ~~ual rate o~. Thus the ter-
""

minal valuation factor for one unit of capacity s of vintage v be-

comes

co

L
T=T+l

1/ See p. 106.

2/ The period Us ~s the necessary construction
type s.

for capacity of
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The total v~lue at the initial point In time of the terminal stock of

endogenous capital in the electricity &~d heat sector is the present

value of the sum of the terminal values of the individual pl&~ts of

different types and vintages. We thus get the following e:ruresSlon:

9 T-u
I I s;p ('1') K ('1') =

VS')s
s=l v=l

= I
1'='1'+1

4
( 1+r )-1' { I

v=l

The objecti~re flliiction of el:=ctrici--cy he2.t

now b e "..r~i t te:l:

T 10
1;' (m) I ~ ( t ) r i'

P (t) L ( t ) I ( -'- I :t ( -'- ) 1
_...., .1- = , L + p t., I \'~ J +

t..
t=l q E.-6..

q 'q s=l
s s

'1' 4002 9 T-u
+ I d .... ) I ? (t) L (t) I I s

lj; (T ) K ('1')
'> \ "

t=l q=4001
q q

s=l ')= 1
')S 'v S \ -

where A = {q I q = 2/
39,48,u9,53}

5 I ' , 5
- ( T-1 '

3..1'1d dJ ( t ) I 1 )- \ "0-1 ) { I (1 ' . I ,= \ +:::- \ +r) 1

1'=1

~ ( ) = (1+:::-)-5(t-l );,"G

initial c....ld te~::nine.l point3 in tiI:ie. 1:~is :c.eans that ir: i re3t:nent ::LY),Q scrapp:-ng

decisions Clli~ only be made everJ fifth year and are assumed to take ~lace

t 'h' .. ~a "0. e oeglnnlng Ol each period. the
., ..... .,'
aeI lnl"G lons

~(t). The last Ger~ i~ the objective functio~, the v~lue of the ter~inal

stock of endogenous capital, is the only cont~ibution f~Oill this subnodel
I

'to the obj ecti ve function of' tl1e cCnJ.?2.ete rrlodel. 3 ;

1/ T~is eXpr"2SSl0n re"'reals a slight in2ons:s-:ei"-cy l~ ""::le ~n.odel; :·9t"'.-T2en :he
initial &id teY2inal ?oints in ti22 tne~~ is no de?reci~~io~ of ~he In­
stalled capacity. Thus the ~odel tends ~o ~~dereS~~~2te ~~e ca~ital cos~s

in the electricity and heat production 3e~t8r.

2/ See

3/ See

the cO~@8dity list
• I

sectlon 4.2.3.

on p.
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b. Demand constraints

As mentioned previously the generation of electricity (commodity h6 In the

model) and/or heat (commodity 47), respectively, has to be equal to the ~e-

mand in each time segment for all periods. Further, the shape of the loa~

curves are ass~ed to be const&~t ove~ time and dete~ined In accorc~ce

with Table 8.2 on p.203. FOrillally we then get, for all t:

12
1:

j=1
x .. (t)b'r.
lJ :.Lo,J

12
z:: xiJ·(t) b 47 ,J" - wi X47 (t) = 0; 'v"'i;

j=1

X46 (t) = E(t); [3J

X
47

(t) = W(t). [4J

On the output side, this model is li~~e~ to the rest of the supply

model through equa~ions [3J ~~d [hJ where the exogenous variables E(t)

and W(t) of this model represent the use of electricity and heat in

other pal~s of the economy.

On the input side, this mo~el is linked to the rest of the supply model

through the following inequalities. The endogenous

in constraints [5J through [7J are exogenous variables of the other

supply subnodels.

r 12 t-u Q0 ..-
I 1: x .. (t) s

1: a-:<9 ( ~ )-a~Q . L t::Y \ , +
i=O j =1 .5 / ,J lJ

1" =1 s=1 ~ ,s 5

'" 9 9
+ 1: 1: 8.

39
D.Z Cr) + L-:<o (t) >. l: §. Y (t)

'"C =1 ,5 s - 39,s 55=1 ~/ s=1

9 10
I - a D.y(t-u ) + L (t) > i.: a [y5 (t )-y5 (t - 1)J;

5=1 qs 5 q
5=1 q5

q = 4001, 4002;

6 12
1: 1: -a x .. (t) + L (t) > 0" q = 48, 49, 53.qJ lJ q ,

i=O j=1
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where

x
10

(t) = production of energy corresponding to the flow of wcter during

a normal year.

It should be noted thErt when the "producers" 0"7: the model use exogenous

thermal capacity they have to pay a unit cost per utilized GWh (poten­

tial production of energy). In contrast, when hydro capacity is used,

the unit cost is charged per '~~it of utlized ~m. Accordingly, there is

no cost "7:or water in the rivers, which mes~s that X
10

(t) becomes a free

resource.

However, ~he hydro ca~~city ~tilization ~ate is constrcined by the

available peak nyiro capaci~y, which C~ be expressed formally as:

X ( .... )
. 1'"' \ "l , c:..

H.
l

Yi

e. Institutional constraints

Every electric power system runs the risk 0"7: capacity deficiency, due

to either l~~planned outages or unexpected peaks in dems~d. In the

pewer industrj, the decision as to the magnitude of this risk is a

question of policy. The Swedish power industry has accepted ar. average
. ..<'.. f ' .. 1) 'fU.,' •capaclty ae .... lclency 0 ten nours lD a ten-year perloa. .... .. lS c.egree

of capacity deficiency accep~ance C~~ be transformed i~to a rese~ve ca­
2'

pacity factor, ) which is 1.20 In Sweden. Since our measure of pe~~

capacity has already t~~en the probability 0"7: unplanned outages into

consideration, our reserve capacity factor should be reduced to 1.J3 at

. . ,'" .. l' t' of" " 00 3) Th t'fu~ expe c;:;ec. average pe~1\. aval..:.aDl 1 y 0 .... about v. "'. dUS, ne

CDL, 55 ) p. 7·

KTH ( 60 ).

2)
That lS, 1 + s =

installed caDacity
expected peak dem~'1d'

See Edblad ( 17 ) fu~d

See Hedbem & Rlli~dstrom ( 22) p. 18.
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available pe~~ capacity should be no less than 1.13 ti~es the maxlmum

expected load. On the basis of the assumption that the shape of the

load curve lS lli~changed throughout the prediction period, it follows

that there lS a constant relation between the total ~~nual demand fQr

electricity ~~d the ~aximum expected pe~~ demand. Further, in accorda~ce

Thus there is a constant relation oetween

with constraint [3J, the total

equal to total annual dema.~d.

~~nual s upply ~ 1 .... . t 'r ( ... ) •Ol e_ec~rlCl y, ~4~ ~ lS
o

the total annual supply of electricity ~~d the maxlmum expected peak

dema.~d. Let ~46 denote lli~its of maximum expected peak demand (~M) per

lJnit of annual supply (G'tfn). Ttle then get

t-u 8 t 8 8
r s

I: 6y~
( .,.. ) -~ I: I: 6z (,) T~ I: .. ( ... ) -~

\ ' ... + rt \ 1.,1 +
,=1 s=1

:::> s ,=1 8=1
s s

5=1
s s

Since heat - in contrast to electri2ity - lS ~O~ distrioated by ~eans

of an interconnected, nationwide netw8~k, loc~l peaks in dema~d cannot

be met by distant production units ·I'J-rlere deme...."1.Q lS :-lot at peak le"'rel.

This me&~s that the reserve ca?~city fac~or nas to oe gYeate~ i~ neat

pYOQuction th~~ in the ~roduction of electric eLergy. I::1 t~is study

the heat reserve capacity factoY is set equal ~o 1.5 times the ~e~&~d

for heat in time seg~ent O. That is the pe~~ ca~acity in the hea~

production syste~ should 02 no

.... r,] '" ..stralnv L4 ~~Q ~Ge ~oaQ-curve

pected pe~~ demfu~d for heat.

less than 1.5 w ·w
o

a3su=ption, c~n be

9
t-u ...s ~

r h et [ E 6y (c) - L 6z (c) + R ( t ) } - u\ X ( ... ) > 0, - \ 7\ '-'"
S os s ;:) s ' Li '7 4

s=l ,=1 ,=1 . I

f. Tec~~ical constraints

For technical reaso~s, ther~ are li~ited possiJili0i~s of ~~~ing sho~~-

time r~gulations in the capaci~y u~iliz~tion cf o~se load ?lan0s. T~us,

the solutions to t~e model are co~strai~e1 so t2at capacity utiliz~tion
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- . ....h ~ - + . ht t' .... . 1)durlng v, e oay B..'1d a~ n1.g... , na,-, lS

t ... ...v v
x(J . + X 1 ; x2 ;

\-J ju
= --=.J,(. \it, J = 1 ,4 ,5

HO + H H
2"1

... t .... t t ...v v vx
02

+ x
03

+ x ,2 + x
'3

x
22 + x

23= '-it
HO + H, H

2

t t
x. 1 . X.

1.- ,J = .-bi \;It 1. = 4,6, j = 1 ,4,5
Hi - 1 H. ,

1.

:J.J..I,i_ i

....
v

x. 1 ~
1 - ,.5

... t
x~ + Xi 31.2 ~

= H.
1.

1. = 4,6.

The const&'1t 24-hour production rate at the base load stations should,

of course, be no greater than the lowest de~&'1d load during these hours.

It is now assumed that the capacity utilization at base load pls..'1ts

c&'1not be ch&'1ged more often th&'1 once a week. Accordingly, the sum of

base load capacity in operation must not exceed the weekly miniw~ de­

mand load. Again, the load-curve assumption, along with constraint [3J,
implies that there is a const&'1t relation between the average weekly

mlnl~um demand in ti~e segment i ~~d total fu~nual produc0ion. Let the

consts..'1ts ~. denote these relations.
1.

I
jfB

x .. (t)
1.J

H.
1.

1. = 2,4,6;

where the set B denotes base load production processes, that 1.5

B ;, {j j = 1,2, ... , 5}.

In the combined nuclear power stations (5=2), the sum of the
activity levels of both processes that utilize this capacity
(j=2,3) must be equal during the day arId at night.
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These constraints may be oYerly restrictive, especially for fossil

fueled plants, but they may also prove to be ineffective in ~~ optimal

solution to the model. This is simply because the profitability of

base load plants depends heavily on the length of the utilization , .
l.lme.

Therefore, in spite of lo~ running costs, it is not profitable to keep

base load plants available in order to meet leads of short duration.

For environmental reasons, the flow of water in the river system during

the su...nuner may not be less than a certain a:nount)

Thus, the solu.tions to the model ::'2.'Tre to me::"":. -:ne follo.,.;i::1g cC:'l.cli ~ior;,:

6
E Xi • 12 ( t) + IT ( t) > ~i! (t)

i=5 '

,- i

i16 I- -'

IT( t) = amcunt of -Hater passlng the ste.ticns ~{i. thOl-.1t gC):..ng -:hrough

the turbines.

Electricity and h-=Ett p~od.uction gl lies rlse to a. set of er."J-S3lcns into

the envi~onment. T~e solutions ~o the model can be const~eined so ~~at

total emissions of three important pollu~&~ts f~8m 0he elect~~city 5ec~or

do not exceed a preQe~eY~ned 1 Q 'TQ 1_ ............. _, D (t))
rr

that is

6 11
117JI: E d x. . (t ) < D ( ~ )

\ '. ~_: i

i=o j =1 :1,J lJ n

-..rhere

:1 Pollutant

Cooling '..rater

2 Sulphur dioxide

3 Soot, ash.

However, Slnce en-liron:::.ent.al policy "'1"'1 S'tTedeTI lS rlC~ for:::n~lated i::1 t:?Y':r..s

of res~~ictions on tot~l emissioQs, con3trai~ts

eW...lSSlOn leirels In co:npe.r:..sons of differe::-: sol0.-:iorls to "Cr.e hlodel.
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6.4 Some Remarks about the Pronerties of the Model----------------------------------------------

The feasible set of solutions to the model has bee~ defined by means

of constraints through 17 and non-negati'nty constraints on the

activity levels. We now have to analyze the extent to which this fea­

sible set of solutions coincides with the power industry's opportQ~ity

set as conceived by its pl~~ers. The crucial point is the effect of

the sUbstitution of a step f~ction for the continuous load curve. The

problem can be clarified by means of the figure below, where the day

~~d night curves represe~t upper ~~d lower bounds, respectively, for

the variation in- demand load .

...
( 1+6) max F" f--------------l

max Ft r---------,:::;::::z:::F~:......:::_,

VI

o

Fi~ure 6.1.

F

VI

Demand load
.,.., during the.!:..

day

De:cnand load
during the
night

) ....\.. l:r::.e

1- - - - -I = :;:;t
rni~ 1'.

~

OG = one year

(The area of the rectangles is eq~al to the area lli~der the load curve.)

The constraints introduced above ~~arantee that the total potential pro-

duction of energy is not less than the total demand for energy. In

addition, the expected peak capacity of the system exceeds e~ected pe~~

dem~~d by the prescribed margin. However, the composi~ion of the

sector's total capacity might differ from the cO!!lposi tion that ·..ould be

generated by more refined planning tools. It can be explained by a

closer look at the figure.
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In the figure, the area A3C is approximately equal to the area CD3.

Ho~ever, this does not mean that the supply eDE can satis~J the de-

m~~d ABC, since this is a case where supply and dem~~d do not occur

simultaneously. The de~and ABC C&~ be met only if the system has the

available capacity .v lvrrtl. T:.'1e model, howevc~, "oelie 1res If tb.a~ t:1.E:

energy amount AEGF can be produced by the utiliza~ion of BD lvM during

FG hours. Thus, the model permits the producing ~its to be utilized

longer than is possible in the rear world. This te~ds to favor ~l~t

types ~here operating costs are low in comparison to total costs, that

is, base load power plants. In addition, pe~~ load plants may never

~e called into oyeration, whic~ ~e~~s ttat ti=e d~f:e~e~~iatio~ of ~~e

model ar~ inte~r~~ed.

The empirical basis of the model i presented In Appendix 2. All

tional data ~~d ass~ptions underlying the resuits ootained fro~ simula-

tions with this suonodel ~e ~Tesented In Chapte~ 8.
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.4.PPENDI X 2

Table A 2.1. Time-segmentation adopted in the model

Time seg:nent Hours of the day Number of weeks Season

0 7 - 10 2 Hid-winter'/

1 7 - 19 6 Winter

2 19 - 7 6 Winter

3 7 - 19- 18 Late autum..Tl and
late vinter

4 19 - 7 18 Late autumn an. a.
late winte::--

5 7 - 19 26 ~ .,,::)prJ..ng, 3',mmer,
autumn

6 19 - 7 26 Spring, sum:rner,
autu.n1."'1

Table A 2.2. Share of the potential production of energy in thermal

plant type 3, available in "'- .l"..lme segment i, A..
lS

[Time
. j

segment Nl11IJ.ber of hours a.. IlS

I 1- H. I1 1 ,2 3, ... , 7 S = 8 s = 9 !S = S =

0 134 0.0178 0.0172 0.0166 0.0156

1 538 0.0712 0.0688 0.0664 0.0624

2 672 0.089 0.086 0.083 0.078

3 1,518 0.200 0.196 0.188 0.176

4 1,518 0.200 0.196 0.188 0.176

5 2,190 o.211 0.218 0.229 0.246

6 2,190 0.211 0.218 0.229 0.246

l: 8,760 1.000 1.000 1.000 1.000

Table A 2.2 is based on the assumption that plarilled mainten~~ce 13 carried

out during the summer season (i = 5,6)
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Table A 2.3. Estimated exogenously determined thermal capacity In

different periods, ~M

F = Installed capacity, M',<}" I
s I

S Type of plant Year I
1974 1975-1980 1980-2000

1 Nuclear pO'..rer plants 450 5 560 10 400

2 Combined nuclear - - -
power plants 1

i

1

3 O;l-T";'Y"orl
I IBase load 2 100 2 100 , 2 100.J.. ...... .. ~ ... '-''-'- )

II

plants
1

I

4 Base load coal- - - 1 -
fired plan-:s I

5 Peak load oil-fired 1 070 1 070 I 1 070
plants I

I
,
•

[6 Combined oil-fired. 580 580 i
580

Ipla.'1t s , old type I
7 Combined oil-fired 720 ~ 370

1 1 370I ! I

pla.'1ts, ne~,AI'" -c:/pe I
8 Gas turbines 1 130 1 240 I 1 600I

9 :-teat genere.ting 53 000 53 000 153 000
plants I

j
J

Sou~ces: CDL, KYaftutoyg~ader~a 1975 - 1990, StocKnolm, 1972

Ind~strideparterrent2t.

auction of electrici~y (G~ili) In hyd~o ?G~e~ 91a~~s

Period Installed c2.paci t~r I "tIe.~er flo"r'4'"
~JIH I G~rn

I 1 15,000 r. ,OCO0 I

2 16,000 63,000

3 16,000 63,000

4

I
16,000 63,000

5 16,000 63,GOO

Source: See Table A 2.3.
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Table A 2.5. Inputs in and outputs from the production processes at

unit acti'nty levels; ~.t:'. 6 ......

coe~~lclenvs a "
QJ

b .. and d .
lJ DJ

j Fuel Uyani. urn. Coal Commodity Electri- Heat Cooling Sulphur Soot,
oil ,kg. ton 39 nill. city G',m water dioxide .ash
m3 Sw.Cr. GWh GWh ton ton

1 4.59 0.0005 1 2,19

2 4.93 0.0005 1 2.43

3 6.56 0.0005 1 3.39

4 248 0.0020 1 1. 38 4.71 *s

c; 400 0.0040 1 1. 36 8.00 * 0.45" s
I' 281 0.0020 1 1.60 5.34 *0 s
'7 545 0.0020 1 3.30 10.35 *I s

8 259 0.0020 1 1. 45 4.92 5*

9 300 0.0020 1 1 .65 5.70 *s
10 410 0.0010 1 0.88 6.85 s*

11 109 0.0015 1 2.07 *s

12 1 -

* s = Percentage share of sulphur per unit of weight.

Source: See Hedbom & RQ~dstrom ( 22 ) and their references.
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Figure A 2.1 The relation bet~een investment s~d scranuing processes.

Investment nrocess s ScraDuin~ urocess s

0 0

-a avs vs

t:.y (t) + + t:.zJ-c)

I
- 1... I

S '"

"'" .;:>
.1 .

s ! s

I
I

I l,.-

-~
rs

-a
vs

f
s

o

a vs

- 1

-f
s J

l

Period t+u
s

Period t+u +1
s

t:.y (t) = activity
s

investment ~rocess s, period t

t:.z (t) = activity level In scrapplng ?l'OceSs s,
s

a rs
= input of in'rest:nen~ :::--esouyce r In

. , ,
:..n-r,teS0::e::J."G :)rocess ;:;.

avs
= input of r:S:SOtlYCe 'f for o~e ur:it of

of ty:ge s.

f = addition to availaole 0eak capacity Nhic~ follo~3 from ~he
s

utilization of investment process s at unit level.

u = necess~ry const~uction ti~e for capacity type s.
s

If Dy~(t) = 6z_(t) the ne0 2ffect ~~ a ~~ste of invest~2~~ r2so~rces

'" '"
equal to .L..'une 8."=Count
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7.

The household sector's

purposes lS the result

OOS-::Y"I"TeQ dS:Jand ~or er..e~gy for resi1ent ie~

of a nQ~teT of interde~en1e~t choices wade

households. These choices Cllii be classified in the follo~irrg ~cy:

i) The choice bet'ieen housing and other eX?enditures, glven a

budget constraint

ii) The choice bet'ieen indoor cli~ate and e.g. the Slze ~~d ty?e

of house to liv~ in, give~ hous~~g ex~e~di~~r2s

~o~ever, lil the ~F~ o~ly ~he third of these choices lS e~dogenou3; oo~h

the de2and ~or housing &ld the indoor cli~~te ar~ ~xoge~cu31y d~teYJin~d.

The choice of heE:.,ting tec:--.L!lolog:r is deter:::.ined i:l t~e reside:1tie,,2. ~'l;:::,~+i~C"_... ~---....,-- .. ~

econometric demand ~odel, 9r2sen~ed i~ sec~ion h.3, ~ere estimated, ~ •.

turned ol~t t~at price- and i!1cct:.e-~r2.r2-at=-or.. 5 C8t1.1d e:Qlai.:1 t~'2 c::'e.::.ges

in the de2and for housing only to a very s2all extect. 1/ This result is

not very 3ur~risi~g fo~ a n'2~be~ of re~sorr3. ?or inst8~ce, ~~ere is a

system of re~t subsidies i~ Sweden~ ~~e size 8~ t~e su~sidJ is deter-

mined ay the level

of childr~~ in the ihis ~e~~s tia~ the

apart~ent ~~y differ oetheen various Dotential ~e~~ts. far a

large share of the existing stock o~ buildings, the ~ominal r2~ts a~e

2/
not eQ.uiliari 'Jill r~n~~-..l.

fo~ DOus i~6 3n endoge~o'J.s

t::e ielQoor cl im.,2.te ; le.c~: of

trea~rnent of ~,~"';.is va~

*) Tr~e ~.ror:"C on "this ::20Q2..!- ~:::.s ·:')2er:. :;:'2.r~~J =-'i~~'1C2d ::r ~{le 3~"t22>..isi C<J'-.:rlcil

for 3uildi~g ?2S2~Y:~.

1/ See v. 99-

cen~ly sl~~jec~ ~o r~~~ control.
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problem but the analysis lS 11 ~.~".~.. - 1 1/genera_ y con~lneQ ~o lnQlVldua houses.

.iillalyses of the

poses are often

7. 1 The Model

per:or=aed on the

de~&~d for residential heati~g pur-

"I ........ .:~ .p 0 V'\..,......:...- ~ '" .J...' .... ,-, 2/O:::L,::lJ...::J O..l.. '-"co ....o~ ..l.el"r..J..'- :ne vnOQ::. •

Formally, the model is a linear progr&~lng model ~here- the o~jective

is to minimize the present value of the' future cost of maintaining a

target indoo~ cli~ate in all homes duri~g a certain numbe~ of ~eriods.

The model C~~ ccnt~ol the total cast by switching oet~een diffe~ent

heating tectL.'101ogies 2.8 rela.ti.-'re urlces 0: energ:l 2-L~d e~erg:r CQnse~~r2.-

tion equipment ch&~ge.

The model distin~~isnes bet~ee~ a nQuoe~ of dif~~rent ty~es of re-

sidences. One type of residence CEL.'1 difter foom anct:--:er ~.;i t~ ~es:pec"S

to the kind of building in N~ich it

family, etc.) ~~d age. For each type of residence the~e exists a se~

of feasible heating teqh~ologie~. A he~ting tec~~olo~J is u~ique~y

defined by the a~01L~t and kind of ener5J it req~lres i~ order to ~ain-

tain the target i~door cli8ate In a residence during one year.

definition of heating teclli~ology i~plies ~~at i. f 2. sm.all
, .

cne..n.ge 15

imple:nented, s'C.'2h as additional insulation ·Nhic~ "\,.rould red~.lce ~he

Sgecific 11se of energ:r, a. 3"7,.r-2. teh :-:2.5 lil fact 8e~n L.Lade f::"''Jtl ,,:)n2

Our model apP~oGch 15 b~sed on ~he ass~n~tioQ that a liwited nQ~ber

nf catego~ies of r~sidences C&"'1 oe fOiJ.nd., "','There tne indi -ll(3.ual r-::si-

dences in e~ch category are a99roxi~ately honog2nous in the foll~wing

two respects:

2/ ~uee ( ,.., \
~ I
-- I ,



- 175 -

i.i) a .Sl yen in:9~lt of oil, E:lect~ici0:1 or hot ~..;ater y"ields the 32-:12

~ndoor 21inate In all i~~ivid~al residences In the gro~p

If ~Dese co~di:ions are sstisfiec, a set of heating technologies C~

be defined in a mea~ingful way for eac~ category of ~esidences.

As was me~tioned above the ~eSlQenCeS a~e c12ssiried according to ~ge

and type ef 8u~lGi~g. T~ree classes in eac~ ci~e~sion ~Ye Gis~i~guis~eQ.

Avai~able statis~~cs i~cica~e ~hat the classifica~io~ a~o~ted in this

stu~r ens~res ~ f~i~ly hig~ deg~es 0: ~owogeneity, i~ te~~s cf st2ndard

of insulation, oet~een the ~esidences
. " 1/In eacn ca0ego~y. ::lenas

i,.,rell fulfilled.

dences In a category as a ~esult cifferences lrl

cal loc2tion. These as~ec~s ~re neve~t~eless ne ted in our classi-

fication of residences. T~is lS bec~use di~fe~entia~io~ as to size of

residences aDd regionalization of t:-ie model "'rtlo1.lld, if t~ey could ~oe

accomplisied, radically ~ncrease i~5 size and t~ereby the solution

cost.

Question is of s~&~d~~d size. T~e st&~ca~d size, of course, differs

between different kinds of
. ,

reSlc.enC2S. Ter:.Derature is used as a

pro~J fo~ indoor climate.

1/ See SOU (63) p.
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Notations---------
The index s denotes type of residence and j denotes heating technology.

The set of heating technologies that

noted H . The index i denotes inputs
s

investment resources.

ca.:.""l

for

be used in residence s is de­

irtL:1ediate use 1) while h denotes

In the present empirical ve~sion of the model it

5 = '1,2, ... ,8

. ,,.:;
no.l.."-S that

i = 32,46,47,52 h = 43 (See the com:nodity list on p. ) .
J = , ,2, ... , n , •....here n

s s
is the number of heating technologies

that can be used in residence s. In general 20 ~ n < 25.
s

"InYestment resources" constitute the single aggregated corn:;:r:odity

number 43.

= utilization of heating technology- j during period t,( ,. \
X. "J

J
where the target indoor climate is maint~ined

residence in ~uestion during one year

. ...'In '-Jne

= initial nl~oer of uni~s of heating technology ,

unit of heating tecrillology j during period ~

y. (0)
J

t:.y • (t)
~J

= conilersion of one
. ,

':J l.n;:o one

t:.z . (t)
J

= scrapping of one ~~it of heating tecb~ology j during

period t (this variable has to be included because the

numbe~ of ~~its of certain tJ?es of residences is re-

duced o\re.r ti::e

Inputs for i~edie.te use are "rariOtlS :-<.inds of e~e::5.f e..r:d in sor::e
cases a low-voltage charge ~O~ electrici~y. This charge has to
be included in the model because the price of ele~tricity dete~­

mined by the electricity and hea~ suppLy suomodel is t~e D~ice

for high-voltage electrici~y.
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du:ing one year

1 '.lsed heeti~g ~echnology J

a .
~J

= e..rnOlJ..."l'lt of i!J.vest~ent reso~ces used ",.;he::. one ~it of

heating tecr~ology Q is co~ve~~d iBto cne ~l~i~ ef hea-

resources, Yespec-

tively, to the residenticl tea~ing sector d~i~g ~eriod t;

i = 32,46,47,52; h = 43

"D (~) p (~\ =.... L. , ~, v J
l n

price of input i

cU2"ing period t

resources, resIJecti ~lely,

B (t)
s

= nU!ILcer of
. ,

reS1QenCeS of ty-pe . "s eXls-clng :.n pe::--iod t

8(1') = a80~~t of resou~ces invested in the res~~e~~ial heati~g

sector and existing et ~he te~linal pOln~
. "
"'\,...., - ""! ....... <=;.
.... J. .......... ,J....:...t ....

D I ~)i. \ L.
lS

r

T

= number of reside~ces of ty?e s located i~ c8~~ities with

district heating syste~

= interest rate

= numbe~ o! time ~eriods l~ the ~odel

As in ~he other parts "Cne ::r.odel -cn.e
, .
-., 'r!"'!Ov ..;,. ....... __ lS set' at

C"Or'l a,""":=: 1
C'-~.l,,"-";' --- ~ormula~ion of ~te model becomes:

T
I: 1'('-). If v

t=l
2:

ifE
+ ~(t)

«. )-5(t-1) 5
(1+r)-( ,-1)}4' (t ) = r I:l-rr L

,=1

1jJ(t) = I 1-1- )-5(~-1)\ ,r .

1 )
wnen this model lS lir~~ed to the other supply sUDmo~e~s, oDly ~he

last ter~ of ~h s objective f~!ct~cn appears explicitly in the
objective funct on of t~e complete model. See p. 83-
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Q~_~~~~i~Y_2~~~~~g_~h~_rr~Q~~_2f_h~~~irrg_!~£hgQb2gi~~_~~ibi~~s_~gS

!h~_~~£~~_~f_~~~i~~~~~~·

E
jEH.

~s

x.(t) = B (t) ;
J s

vs, t.

x.(t) ­
J

t
E E

1'=1 atQ.• J

t:.y . (1') +
CJ.J

t
E E

1'=1 aE-J
- CJ.

t
t:.y. (-r) + E t:. z . (1') = y. (0) ;

J CJ. 1'= 1 J J

'V j It;

j I and the set J consists of those
Cl 2)

can ~e s"..ri tched.

where the set Q. consists of tr.ose heating technologies
J

converted into heating technology

technologies to wr.ich technology j

'H":J.ich can be

L. (t)
~

E
j EH

e .. x.(t) > 0
~J J

~ = 32,46,47,52 "it ;

a .cu uy . (t)
CJ.J

> 0

where the set H ~s defined by H = H1 U ... U HS'

For each category of residences some 'L~its are located in areas where

district heating systems are installed. Ob7iously the number of heating

technologies based on district heating that can be utilized. in a gl T:::{l

type of residence cannon exceed the number of residences of this type

1 )

2)

Note that one 'Nay of "u"t.ili zing" a 1J..'1it of a heating tectnolcgy
is to scrap it.

The fac~ that not all ch~~ges fr8~ Q to J, where bot~ ~ ~~d j
belong to the same set u

us)
feasible lS explained In Appendix 3.
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located l~ dist~ict heating co~~unities. Thus the illodel has to contain

the following of cons~Yaints, where the set

D contains

systems;

all ~eating tecLlologies "ba-sed i2..stric"t heati!"lg

Q.n;)D
J

contains t~ose technologies wtich can be converted

tec~~ology j and which are not based on a district heating

system;

H nD
s

contains those heating technologies that c~l be used in re-

sidences of type s &~d that sre based on c district heati~g

sys"Cem.

< - L
iEH nD, s

y.(O) +
J

D (.;. \ .
S v I , [5]

Vs, v,

T
S(T) - L

t=l
[6 J

. ... ~~", '::>,(+)wnere GDe coeillClen0S ~ v denote the fracGion o~ resources in~ested

in c dwelling Guying ~eriod t that re8ai~s at the terxin21 yoint in

tir::e . .A~l kinds of e~ergy conser,t2-:,io:8 2api~2.1 :'8 ~hus ~reat:ed 2.L 2. ;::·OT:1e-

capite.l
, . . ,

S~OCL3 ~n ~ne prOQUC~lOn secto2."'s.

The model distin~~ishes among eight types of residences and three ~inds

of fuels (electricity, oil and hot wcter delivered from a dis~rict

ty~es 0: residences a~e defined in

T3.ble 7. 1 . The initial n~ber of ~ ... ~ ,...
es.c~ Klnc. or residence is sho~~,

as well as the net B:1TIual ene~gy input needed ~8 maint2in t~e pre-

determined 1/indoor temperature. The percentsge shares of heating

technologies "based on the differen-c. ftlels used for various tjipes of

residences are ShO~T on the right-h~ld side of T~ble 7.1.

1/ Approximately + 22oC.



'11able 0(. 1.

j Type of residence Number of' units Net 1) annual Heating technology based on
in 1975, B (0) energy input, MWhs 'l'otal Light, etc. Electricity % Oil % District heating %

1 One-family houses, built 73'( .000 28 4.2 7 93 0

before 1950

2 One-family houses, built 395,000 27 I 4.2 25 72 3

between 1950 and 1975 I
I3.83 One-frunily row-houses, built 315,000 21f 65 29 6

between 1950 and 1975 I
I

11
I

Multi-family houses, built '735,000 1'( i 3.3 3 90 7

before 1950 I
5 Multi-frunily houses, built 1.163,000 16 3.3 4 58 38

between 1950 and 1975

6 • I 3.6-One-frunily houses, built - 21f - - -

after 19'(5

One-family row--houses • •'( - 21 3.3 - - -

built after 19'(5

8 Multi -f8Jnily houses, built • 3.0·- 15 - - -

after 1975

en
o

• Estimates 1) Energy utilized inside the residence.
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The ass'~ed efficiencies of VcrlOUS fuels are sho~~ in Table 7.2. 'These

figures re~rese~~ the quotie~t ef the Le~ 2r~~U~ ener~- iJput aLd the

grcss ~~u~l energy lnpu~, thst is, the ~elaticn bet~ee~ utilized and
1 )

de:ive~ed e~e~~r.

Tsole 711211 ~et e~e~~r i~put in rela0io~ to gyOSS e~e~gy input :o~

tec~~ologies based on diffe~ent fuels

\ 1"JPe of resJ.dence

?cJ.el 1. Is = 1,2,3,6,7 I s = !, c: A....,. ,,,.I ,v
i- I

[Oil I
I

8052 50 er

I
C1

iD /0

'';:T-l c.c+.-r; n; .I-. ...r 46 I100 et I 100 C1 I........ _.__ v ........ ,,-"_ '"' ... {.
(D

[HO.... ..","'" eY' 47 1 97 <if

I 97 C1 I..._ L.t W __ t... _

I iD ID

On ~he ~~sis of Tables 7.1 end 7.2 tne total gross use of energy for

reside~tial heati~g p~oses in 1975 was 99. 4 Yrtll, of w~icn 7i.9 ~A~

~as oil, 20. 1 ~~~ elect~icity ~ld 7.4 ~~~ ~ot water.

Estimates were made of t!J.e .................
w ...... '"J .. .J, re-

spect to varic~s meas~res that can be take~ in ~he different ~inds of

~esidences. 3y ~e~s o~ this set af es~ix~~es ~~d t~e figJres p~ese~~ec

i:l Tables 7.1 and 7.2, 2. ::u.mbe!' 0:.... "he2.ti::g technologies" w-e-::,e de:'i!led

..., ~~. "'-"";-'''Y'c.~~'''''r""\ 2) j!"""Il'.'lP - ,." ... -Ior e2.C~ .t:l:lG. v ....... __ s~ ......e • ..:. .... e. '_~ ""C:,:ocea:ure :r,7'2.S 2.5 IO~.lC\,·,.s.

P..s Sl..lIIl.e ..l..."'.,... ...........
:,<.:...:.c. v Yesicie::ce J has :.echnolog:r Co ",.;ner~

&~nual gross input of

roof insulation would

, - Q.... ~ "-
sa

So,.;. Cr.

Assurre fUY~her tnet addi~ional

Thus, if a is heating ~ec~~olcgy 1, can define hea:ti:;.g tec~.ulolo~r 2

by the energy J.nput coefficient (e
sa

6e) •

becomes t~e cost of s~itc~i~g fro~ technology 1 to tec~illology 2, ttat

the coefficier.t

The point of deliver! is the wall of t~e residence.

2)
All of these fig~es ~d estiffiates were cowpiled by N.~. Lindskoug
of Sven Tyren .AB.
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Additional heating technologies can be defined by adding additional energy

conservation measures. Thus) each heating technology in the e~pirical ver­

sion of the model can be regarded as a chain of measures taken by the O'Nner

of the residence. Each chain may or ~ay not begin with a change of fuel.

The choice of heating technology with respect to new residences is repre­

sented as a swith from a zero technology to some other technology. Of

course, the zero technology does not belong to the set H ) the set of
s

useful technologies feasible in residence s.

All of the heating technologies in the present vers~on of this model

are defined in Appendix 3. These definitions indicate) among other

things, that a switch can only be made from a given heating teccillology

to a subset of those heating technologies which can be used in the tYge

of residence in ~uestion.

It should be noted that the statistical material underlying the data

base of the model allows for t~~ inclusion of a large number heating

technologies for each kind of residence. However) in order to keep the

solution cost within reasonable limits only 25 tec~Dologies for each

kind of residence were included ~n the data base ..~ong these are

tecrillologies where solar energy or heat pumps are utilized; that ~S,

heating tec~Dologies with ve~J low energy input coefficients.

The general problems arising from linear representations of non-linear

problems were touched on in section 4.2. One importaDt non-linearity

which applies to residential energy dem&~d models is that both electri­

city and hot water tariffs in Sweden have fixed as well as variable com-

ponents. The fixed components apP]3r to the costs of praduction and di-

stribution e~ui~ment and the variable parts reflect fuel costs. There

are in general no qU&Dtity disco~Dts) so the marginal price of electri-

city and hot water is independent of the quantity demaDded.
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Accordingly the aver~ge prlce of electricity and hot w~ter is a de-

cli~ing funcGion of the ~~antity de~anded. This quality of real world

energy pr~cing is Lot t8~en in00 acco1~l~ in tt~ present model. This

is simply because enerQP prices d~~e~3ined ay the electrici~y and

he20 supply sub~odel reflect the lo~g-r'zl cost of productio~.

these pY1CeS peytai~ to both capital cnd fuel costs.

T'hat :is,

w~en this model is used separately, however, lG lS fairly easy to t2ke

the two-part tariff into aCC01Jnt lTI the present model structure. The

fixed component C&~ be linked to the ins~allation of a heating techno-

logy based on electricity or district heati~g, res~ectively. Tne~ ~he

only cost ite~ associated ~ith the utilization of the heating tec~nologies

becomes the ~ayginal k~~-cost of elect~icity a~d neat, respectively.

The ~roblem is, however, ~ha~ the s~ze o~ the fixed COffi?Onent of the

tariff is not independent of the nurroer of residences con~ected to the

local netwc~k for electricity or heat dis~ributio~. In the case of

electricity this p~cblen is not serious; the local electricity ·distri-

bu~ion netwo~k is bui~t regcYdless of t~e n~ber of residences hea~ed Dy

~eans of electric heating. In the ~, "-case 0: neat... aistribution by ~eans

of district heati~g syste~s) ho~ever, t2ere are ~mport2nt econoDies of

SC2..2.e. In this mocel the eXy&~sion of t~e local 1istric~ heating systens

is exogenolisly deter~ined and the cost of connection is iDdependen~ of

tl-le nl:IIlbe~ of Ul1i ts connec~ed to the district he2ting network. The

esti~a~es are ~ased on past e~erience aDo~~ t~e average cost 0: connec-

tioD ~o dis~rict ~ect~ng sys~e~~.

disregarded an i~portan~ ~on-linearity in the re~l world.

that if a solution to ~he
-. ... . .,.

I2oc.el. lmp...:.les a la~ge scale swi~cD to c.is':rin

heating, that solution has to be interpreted with great care.
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Appendix 3

Notations

The index s denotes type of residence ~~d index j denotes heating

technology. The code number for a heating technology consists of the

residence index plus a serial number. For inst~~ce, j = 401 denotes

the heating technology with serial number 1 among those that can be

used in residence of type 4.
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relation ::0 the resulting s~v~~g of (~et) energy· fer

Gi~ferent ~y~es of meaSl~es. Sw, C~./~~n.

F

. - .
lnS'.1J. a"0l OD

H

2

4

5

6

8

6/10 6/0 6/0 11,5/0 7/5 1,5/2,2 5,5/3,5 3/1

5,5/0 132 5,5/0 11/0 7/5 1,5/2,2 5 ,5/1 4/1,4
6/0

I 131
j 15/0

I C; ::, /0 62 5,5/0 'I 1/0 5 .... I" - 5/1 3/11/ I,)r ,/'
5/0I

I 13 1
i 12/0I !

I 1/0 13 1 2/0 2 ::;/" 6/2 I 0,5/0,5 1/ 1 2,5/1,./ Iv I
! 5/0

< In SI 2/0 2,5/0 6/2" 0,5/0,5 1/0,3 2,5/11/ u

0,5/0

10/0 9/0 6/2 O/? 5/2 1/0,5 2/1 1,3/1 ,3/'1 ~

10/0 9/0 6/2 9/2 5/2 1/0,5 5/1 h/1 , h

5/0 2,5/0 2,5/0 3/0 4,5/4 I 1/1 1/1
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Kind of Extra insulation Special systems
Re-
siden I K L M 0 P R S
ce Type

s

1 7/5,7 4,5/3,2 8,5/4,5 10/6,7 10/4 12/10 11/3,5 4/5

2 7/3,2 5,5/3,6 9,5/2,4 11/4,6 10/4 12/10 11/3,5 4/4,5

3 6/2,5 4/2,5 8/2 9/3,5 10/4 11/7 11/3,5 4/4

4 1,5/1,5 3/1 ,5 3,5/2 4/2,5 6/3 7/10 6/3,5 2/3

5 1,5/1 3/1 ,5 3,5/1,3 4/1,8 6/3 7/10 6/3,5 2/3

6 3/1,5 2,3/2,3 3,3/2,8 4,3/3,3 18/10 10/10 7/3,5 2/4

7 6/1 ,5 5/1,9 9/2,4 10/2,9 10/4 10/7 11/3,5 4/3 ,5

8 1/1 1/1 2/2 2/2 5/3 7/10 2/3,5 1 ,5/2
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'T'able des cri~ption,s of di~feYe!"lt :neasur-es

~e2.ting

elec-cric Doi-leTs

acc~ulated electric

Cc~version 0: ~ndiii1ua: heating

!
iConve~sio~ of individual ~eating,
!with o~l to ccc~~l~~ed electric
,
ihea\:ing

:wi~h oil to electric toilers

I .. l
IDesc~lptlo~ I

_-,I_s_=__1_,_2_,_._,_,_,_5 +-_5_=__6_,_7_,_,_8 ~
IConversion o£ individ~al heating Use of individual ~estl~g .~~ 'r

IWith oil 'to diotrict heating "Cc" 0'" I
IConversion of electricity to Use of district haating I

j

"
IdistTict heating

I I

Code

A

D

C

I
I

E ,Co~versio~ of individ~al heat- Use of ~irect electric hea:t:ing

oil to direct electric

:neating

-;:: _~dditional iDs,:~ation of roofs

G ;F.d::itio~~al insulation of i~-alls

H T~iple pane windows

.L iAdditional insulation of roofs + walls

y~ i.P·..dditicDal ins'-.:lation 0:'"' ::--cc:'s + tY'iple "Oane ;.~i.r:.do":t,Ts

p

o

~i LtI.c.,:ii tional ins'J.laticn of roofs + 'lial1s + -::rip1e pane '"ir1QO"iS
:--------------------~----------------------__t
I

;Sola:::- energy

IEeat pUlnp

I
I" .jhee:t, exchanger

!Control sys1;em
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Table A 3.3. Definition of heating technologies

Heating technology Residence

j
s = 1,2, ... ,5 s =6,7,8

SOO

Sal a : Individual oil
furnace

A useless "du.mmy" technology
installed in new residences

a : Individual oil furnace

a + H

a + S

a + H + 8

82: Electriq boiler

District heatingy

I
81: Direct electric heating . I
63: Acc.umulated electric heat~ng i

!
j

I
I
!

I
I
I
I
I
I
i
i

I
1
I

Y + H + 8

a + H + 0

131 + H + 0

62 + H + 0

y + H + 0

82 + H

82 + S

82 + H + S

61 + H

! 81 + S

81 + H + 8

133 + H

133 + 8
I
163 + H + 8

j Y + H

1Y + S

a + F + S + 0

81 + F + 8 + 0

82 + F + 8 + 0

y + F + 8 + 0

61: Direct electric
heating

Y : District heating

a + F

82 + 8

62 + F + 8

I

181 + F
I
! 81 + S

i81+F+S

Iy + F
f
!l y + 8

!Y+F+8

182: Electric boiler
,
I 82 + F

I a + 8
I
I
I
la+F+8

!

S02

820

821

822

823

824

S03

s04

S05

s06

S07

s08

S09
ISlO

S 11

I
S12

S13

s14

S15

s16

!817

18 18

1819

Heating technology Residences I
ij

\s=4 Is=6 Is=7s=l s=l s=3 s=5 s=o

1
825 a+P a+P Sl+P Ia+I y+P IS1+:'+'D 1 S2+H+:E' y+H+:E'

I
i n_



'Table A 3. )1. Gross consumption of ener[l;Y for different heating technologi es, nWh/yeur

e .. Oil Elec- Hot

I~ Oil

Elec- Hot K Oil Elec- HotlJ tricity vrater . lJ
tricity water tricity vraterJ J ,J

e
52

. el 6 . cl '( . e 2 . cl6 . e I '7 . e
52

. e 11 6,j e1 7 .- ,J 1 ,J I ,J 5 "J j ,J 1 ,J ,J j , J
-

Hesidence 'Pype 1 Residence 'lYre 2 Hesidence Type 3

101 In.6 1~ .2 201 115.6 11.2 301 40 .l~ 3.8
102 23.0 202 22.0 302 19.0

103 4.2 23.8 203 )1.2 22.8 303 3.8 20.2

105 )13.2 11.2 205 111.2 )1.2 305 37. 11 3.B

I106 3'{.6 11.2 206 36.6 11.2 Jo6 32. 11 3.8

109 33.2 11,2 209 32.2 1•. 2 309 29. 11 3.8

11 1 20.8 211 19.8 311 1'7.5

112 18.0 212 1'7.5 31 ;'2 15.0

113 15.8 213 15.3 313 13.5

11 11 1j.2 21.6 21 1j 11.2 20.6 31 11 3.8 18.7

115 )j .2 18.8 ;'215 11.2 18.3 315 3.13 16.2

116 11.2 16.6 216 )1.2 16. 1 316 3.B 11•. 7

117 2ELo 21'7 27.0 317 2 11.0

11 B 25.8 218 2 11. 8 318 2r) cc{C.)

119 23.0 219 2') c' 319 20.0{c • .)

120 20.8 220 20.3 i 320 18.5

121 25.2 1j .2 221 2)1.2 11. 2 321 21 .1. 3.B

122 11.8 222 11.3 3;'~2 9.5

123 16.8 223 16.3 323 111.5

12)1 4.2 12.6 22 11 I•. ;.~ 12. 1 3211 3.8 10. '7

125 27.6 11.2 225 25.6 11.2 325 12.0

co
\0



Table A 3.4. cont'd

~ Oil Elec- Hot ROil Elec- Hbt'. lJ tricity water . lJ tricity waterJ J
e

52
. e46 . e

47
. e

52
. e46 ,j e47 ,j,J ,J ,J ,J

Residence Type 4 Residence Type 5

401 17.375 3.3 501 16.375 3.3

402 15.2 502 11~. 4

403 3.3 13.9 503 3.3 13.1

405 16.75 3.3 505 15. r(5 3.3

406 13.625 3.3 506 12.625 3.3

409 13.0 3.3 509 12.0 3.3

411 14.7 511 13.9
I} 12 12.2 512 11. 4

1113 11.7 513 10.9

414 3.3 13.9 514 3.3 12.6

4~5 3.3 10.9 515 3.3 10. 1

416 3.3 10.4 516 3.3 9.6

4n 17 .2 517 16.11

1118 16.7 518 15.9

419 14.2 519 13.4

420 13. r( 520 12.9

If21 9.25 3.3 521 8.25 3.3
1}22 8.7 522 8.0

1123 8. r( 523 9.9
1121} 3.3 7.4 524 3.3 6.6

425 15.5 3.3 525 3.3 11.8

->

\D
o



I~
Oil Elcc- Hot I~ Oil

Elec- Hot ~Oil Elec- Hot l. J-J tricity water . IJ
trici ty ,-later . IJ

tricity waterJ J J
e52 ,j e L6 • e 17 . . el-f)· e 116,j e l . e C2 . e16 . cI'r .I , J , , J )c_ , J J7 ,.) ) ,J 1 ,J I ,J

I
Hcsiclencc 'l'ype 6 Hesidence Type 'I .Hesidcnce 'l'ypc 8

600 0 0 0 700 0 0 0 800 0 0 0
601 )'0. (3 3.6 '{01 35. LI 3.3 801 111.3'15 3.0
602 22.0 702 19.0 002 10.5
603 22.0 '(03 19.0 B03 1LI • 5
601, 22.0 7011 19.0 80)1 l ll.5
605 3.6 20. )1 705 3.3 17.7 [IuS 3.0 11.5
606 3'{.2 3.6 '(06 32.6 3.3 [106 13. 125 3.0
607 32.8 3.6 70'( 2B.ll 3.3 8crr 11 .25 3.0
608 29.2 3.6 '{08 25.6 3.3 808 10.0 3.0
609 20.2 709 17.6 809 9.5
610 18.0 '( 10 15.5 810 8.0
G11 16.2 711 1LI • 1 £311 7.0
612 20.2 712 17'.6 £312 13.5
613 18.0 '( 13 15.5 813 12.0
61 1, 16.2 or 11j 1h . 1 131 11 11.0
615 20.2 '( 15 17 .6 815 13.5
616 18.0 '( 16 15.5 816 1:?.0
617 16.2 '( 17 1),. 1 1317 11.0
GIB 3.6 113.6 .( 1El 3.3 16.3 81£3 3.0 10.5
619 3.6 16.11 '119 3.3 11, .2 1319 3.0 9.0
6;20 3.6 IlI.6 '{20 3.3 12.£3 020 3.0 e.O
621 25.2 3.6 '{21 28.6 3.3 821 11.9 3.0
622 15.2 ~(22 15.6 (3r)r) 12.5CL

623 15.2 '{23 15.6 823 8.5
6211 3.6 111.0 72)1 3.3 111. e( 1321, 3.0 9.S
625 12.2 '(2' 10.0 p,.,,) 3.0 5·2

'3
III
0'
.,.•..1

fD

;1>

GJ

-l='"

()

o
:::J
cl

P,.

\()
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Table A 3.5. Investment costs, a _, in 1,000 Sw.Cr. associated with
q,J

switches from heating technology q, to heating technology j.

Residence Type 1 Residence Type 2 Residence Type 3

q, j a _ q, j a . q, j a .
q,J q,J q,J

101 102 7.0 201 202 7.0 301 302 7.0

101 103 6.0 201 203 5.5 301 303 5.5

101 105 1.5 201 205 1.5 301 305 1.0

101 106 4.0 201 206 4.0 301 306 4.0

101 125 12.0 201 225 12.0 305 309 4.0

105 109 4.0 205 209 4.0 306 309 1.0

106 109 1.5 206 209 1.5 302 303 12.0

102 103 15.0 202 203 15.0 302 311 1.0

102 111 1.5 202 211 1.5 302 312 4.0

102 112 4.0 202 212 4.0 302 325 11.0

I111 113 4.0 211 213 4.0 311 313 4.0

1.5 312 313 1.0
I

112 113 1.5 212 213

103 114 1.5 I 203 2144

1.5 303 314 1.0

103 115 4.0 ! 203 215 ~.O 303 315 4.0, ,
, 114 116 4.0

1
214 216 4.0 314 316 4.0 I,

i 115 116 1.5 215 216 1.B 315 316 1.0 I
I

j 117 102 5.0 217 202 5.0 317 302 5.0

117 103 6.0 217 203 6.0 317 303 5.0 I117 118 1.5 217 218 1.5 317 318 1.0 I
1
117 119 4.0 217 219 4.0 317 319 4.0 I
118 120 4.0 218 220 4.0 318 320 4.0 I

,
119 120 1.5 219 220 1.5 • 319 320 1.0

109 121 10.0 209 221 10.0 309 321 10.0

113 122 10.0 213 222 10.0 313 322 10.0

120 123 10.0 220 223 10.0 320 323 10.0

116 124 10.0 I 216 224 10.0
1

316 324 10.0
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Table A 3.5. cantld

I
I~ '- T-ype 4 I

~ 'r' Type 5............ c: 114 e'Y"' ...... e neSl-....encer-' c
~ - ~ "" ~

I I

q J a
I

q J a a iqJ _u

401 402 6.0 501 502 6.0

401 L03 1 iI 501 503 1.0j. v

401 405 0.5 501 505 0.5

401 406 2.0 501 506 2.0

401 425 1.5 505 509 2.0

405 L09 2.0 506 509 0.5

406 409 (', c: 502 503 5.0"" . ./

1
402 403 5.0 502 511 0.5

1

402 41 1 0.5 502 512 2.0

,402 412 2.0 511 513 2.0

141 1 h13 2.0 I 512 513 0.5
14l? 413 0.5 503 514 0.51 -
I

!I,(',< 414 0.5 503 515 2.0, ..... -..1....)

!L03 415 2.0 503 525 1.0
!41L 416 2.0 51 4 516 2.0, .
!

1415 416 0.5 515 516 0.5
J \ 1'7 402 4.0 517 502 4.0
1

4 I I
I

i417 403 0.5 517 503 0.5
I

1
417 418 0.5 517 518 0.5

I L,..., 419 ~ (', 517 519 2.0I· i c..v

ILlS 420 2.0 518 520 2.0

J 41 9 L20 0.5 519 520 0.5
1\ 421 6.0 509 521 6.0j409

1 41 3 422 6.0 5J3 522 6.0

420 423 6.0 520 523 6.0

416 424· 6.0 516 52 4 6.0
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Residence Type 6 Residence Type 7 Residence Type 8

q j a . q J a . q j a .
qJ qJ qJ

600 601 10.0 700 701 10.0 800 801 5.0

600 602 6.0 700 702 5.0 800 802 4.5

600 603 5.0 700 703 6.0 800 803 2.5

600 604 9.0 700 704 9.0 800 804 3.0

600 605 9.0 700 705 9.0 800 805 2.5

600 606 11.3 700 706 11.0 800 806 6.0

600 607 12.0 700 707 12.0 800 807 6.0

600 608 13.3 700 708 13.0 800 808 7.0

600 609 7.3 700 709 6.0 800 809 5.5

600 610 8.0 700 710 7.0 800 810 5.5

600 611 9.3 700 711 8.0 800 811 6.5
600 612 6.3 . 700 712 7.0 800 812 3.5

1700600 613 7.0 713 8.0 800 813 3.5

600 614 8.3 700 714 9.0 800 814 4.5

600 615 10.3 700 715 10.0 800 815 4.0
I!600 616 11.0 .700 716 11.0 800 816 4.0

I I617
I

800 817
1
600 12.3

1
700 717 12.0 5.0 !

)600 618 10.3 . 700 118 10.0 800 818 3.5 1

1700
I-

600 619 11.0 719 800 819 3.5
I

11.0 f
I !

600 620 I 700 800 820 4.5

1 600

12.3 720 12.0 i
621 18.0 700 721 10.0 800 821 5.0

l600 622 18.0 700 722 10.0 800 822 5.0

600 623 18.0 700 723 10.0 800 823 5.0

600 624 18.0 700 724 10.0 800 824 5.0

600 625 10.0 700 725 10.0 800 825 7.0
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Table A 3.6. Initial nucoer 0: different heating ~ec~nologies (thousands)

Electric boilers

Direct electric heating

QU2..!1ti -:y

687

0

8

50

284

55
12

54

92

1""vc.

20

102

659

22

54

0

677
h4

442

0
? 364

I
1
!

. i
Oll~

I

I
I,
I

~

oil'

'Hith oil

Total

Description

Individual heating with oil

IDistrict heating

jElectric bo~le~s
!
Ii'nd..:'H";ri~~~l 'r.~.-+~ ....... ,- _.~..L-"""i- ...... .l. ....... -...;,). ........ _ ... __ a.. .... .J.. .. .:.:=,N..:..u.:..i.

!Direct electric heating
I
IDis~rict heating

:Elec-:ric boilers
i
I ," d 1 ' •
~InQlvl ua~ heaGlng
(
~n·,...o..j,. h ,...,.J...; .....
~ ~l.,.;. ,-C '-' ... .:.ec.v ... rles
I.. .
iDlstrlct heatlng
i
IElectric boilers
!.,.- ;J' " "' .'
l-Cn~lVlQUa~ nea-:lng
~ . .
\Dlrect heatlng
i
1District heating

!£lectriC boilers

!Individual heating wi-:h

l
~i~o~+ olectr~~ hoat~ng
v~~~_~ _, ~v ~._ -C~

Dlstrlct neatlng

102

1 .'""1 ~
'v I

202

103

117

201

217

Heating
te chnolo g:yr

301

302

517

203
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Table A 3.7. Estimated number of different types of residences during

different time periods

1~1976-8C 1981-85 1986-90 1991-95 1996-2000
iRe-
sidens
Type S

1
1 708 634 576 525 467

!2 402 401 397 391 387
j3 316 316 315 313 309

4 702 644 587 519 459

J 5 1 136 1 102 1 073 1 053 1 027

16 98 146 237 328 416

17 94 151 260 357 463
!

1
8 130 198 332 463 594

586 3 949 4 122jTotal 3 3 592 3 777
i

Table A 3.8. Estimated nl~ber of different types of residences lokated

in communities with district heating systems during

different time periods

i~976-8C 1981-85 1986-90 1991-95 1996-2000
jRe-
1sidens
jTYPe S

1
1 148 164 166 168 162

12 82 101 118 125 136

3 59 67 77 89 104

4 334 314 294 255 220

5 251 226 204 190 178

6 25 38 74 114 150

7 24 43 81 120 165

8 80 118 196 282 367

Total 1 003 1 071 1 210 1 343 1 482
I
I
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8. THE POLICY ALTERNATIVES AND THEIR I~PLICATIONS FOR THE PRODUCTION

OF ELECTRICITY AND HEAT

The system of models presented in Part II of this study can be used to

analyze different energy policy strategies and other changes in the

exogenous conditions for energy supply and de~~d in Sweden. Our atten­

tion is focused on nuclear power policy. Although the scope of the

empirical part of this study is fairly narrow, the issues selected are

studied thoroughly.

The results of the model simulations are presented in terms of a com­

parison between the impact of four different strategies for nuclear

power policy on the power and heat sector and on the rest of the eco­

nomy. Obviously the relevance of these results depends on the rele­

vance of the policy alternatives studied. wbat, then, is a relevant

policy alternative?

The most reasonable basis for formulating policy alternatives shou~d

be proposals by political parties and other important pressure groups.

In this particular case we can use a resolution adopted by the Swedish

Parli~ent in the spring of 1975 as the point of departure. According

to this resoulution thirteen nuclear plants, corresponding to ~~ In­

stalled capacity of 10,400WN, are projected to be on line by 1985,

but no additional plants will be allowed. All thirteen plants will be

constructed in such a way that they cannot deliver hot water to di-
" 1/ T ' 'd d ' .., I'strlct heatlng systems. hls program, decl e on oy rar lament,

should obviously constitute one of our policy alternatives.

On the other hand, this parliamentary decision has by no me~~s silenced

the debate. Some groups, such as the power industry, favor a more liberal

nuclear power policy, while other groups w~~t a more restrictive policy.

Given these circumstances we have formulated the following stylized elec-

tricity and heat supply policy alternatives:

1/ The cooling water required in all nuclear plants lS heated to such a
high temperature that it can be used in district heating systems.
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I. T:1e pO"...ter industry is allo,\.,red :'0 c~oose freely a-rno:1g all

existin5 types of pls~ts. 1/

IT. TI~e powe~ ind~s~ry is 211o~ed to choose freely smong all

exis~ing ty?es of p~ants, out nuclear pl~~ts have to be

located fer from dense~y-populated aress. Thus~ within

resonable yelctive price variatio~s, the cooling ~ater

from nuclear pOwer ~l~nts c~~not be used for space heating

purposes.

lIT. The ~uclear power ~rcg~am adopted by the Swedish ?crliament

l~ 1975 is fulfilled

IV. No nuclea::, pOi-Jer at all :.s allovJed after 1980.

Of course the policy finally adopted will be much more ecomplex than

each of alternatives I-IV. Moreover, it is quite likely that the adopted

policy "..:-ill be re-vised c,n several occaSlons. l'Je~Ieytheless results o~

model si~ulations, constrained by the policy ~lternatives described

above, should be useful to energy policy decision-ma~ers.

The ehpirical part of this stud~y consists to a laTge extent of compa-

risons, in seveyal dixensions, of t~e four strategies for nucl~ar

pO'tler pOlicy

fined to the

described above. The analysis in this chapter

impact O~ the electricity and heet production

lS con-
. 2/sec"tor.

The demands for elec~ricity cnd heat are therefore treated as exogenously

deterwin~d ~agnitudes.

8ubsequent chapters deal the impact of tne selected strategies

on other sectors of the economy. Accordingly the dema~ds :or elec-

tricity and heat are endogenous magnitudes in those chapters.

1/ If nuclear plants are to be used for the combined production of
electricity and heat for district heating systems, they have to
be located fairly close to densely-populated areas (generally less
.,.., "0' ) rn' , • 1 .,.. . _. l' ., t ... ,t...nan 0 K...."'TI •• '.LDUS, pOJ..lCy· e. "ter::12Ltl ve ..L lITJ.Y_leS ""Cna vDere are no

particula::, stipulations, in terms of dist&~ce from densely-populated
areas, about the location of power plants.

2/ Note that "heat production" refers -:0 the prOduction of heat for di­
strict heating systems and industries. Heat prcduction in oil furnaces
in individual houses is excluded.
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We begin by comparing the different policy strategies on the basis of

the model presented ~n Chapter 6. The assumptions underlying the simula­

tions are presented in Section 8.1. Using these assumptions) a cost

minimizing investment and operations plan for the electricity and heat

production sector is calculated for each of the policy alte~atives.

The results are presented in Section 8.2. Then, in Section 8.3., the

four plans are compared in terms of electricity and heat prices) in­

vestment costs, oil consumption and various environmental effects.

Section 8.4 contains a few remarks about load management. Some con­

clusions are presented in Section 8.5.

The results presented in this and subsequent chapters are conditioned)

of course, by the structure of the model and by the numerical values

of the model's parameters ~nd exogenous variables. The properties of

the electricity and heat pL'oduction model wers ~iscussed in Chapter

6. We now turn to the additional assumptions which underlie the re­

sults obtained.

Obviously) the assumed numerical values of the model's parameters ~~d

exogenous variables should be realistic. This applies in particular

to the cost parameters which to a large extent determine the choice

between different kinds of plants in the model. But due to the line-

arity of the model, the dema~d assumptions are fortunately

not as strategic as the cost assumptions; the level of demand de­

termines the size of the production sector but has a limited influence

on the plant ~tructure. Thus) for our purposes, we do not have to 2ake

very sophisticated electricity and heat demand predictions.
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Two issues related to ~he electricity and heat sector ere of particular

interest in this st~dy. First we ¥ant to deter:nine an optimal capacity

expansion and ~tilizction plan :OY each of ~he fcur policy alternatives.

we also Na~t to investigate the cODseQue~ces of these ~la~s in terms o~

i~v2st2e~t costs, cons~uption of oil and eLvi~onmental effects. Second,

for each nuclear policy alternative, we wa~t to investigate the develop-

~ent of electricity and heat DTlces.

The simulations cover the period 1975 - 1995 which is divided into four

five-year sUbperiods. All price and cost estimates are expressed In

terms of the general :evel o~ ?T1CeS p~evailing in 1976.

Q , i

U • ..L. • .l. Demand

The results in this chapter are all based on the asslliuption that the
1)

annual demand figur~s listed in 7a-ble 8: 1 are "used in the si::nulations.

Table 8:1 The demand ass~~ptions

I

1.s0-85 1
85-90 190- 95! '7~-80I 1./

I

I I 1192 . 6I . . THh I 95 120 152 I
1"'10 0 +"", cl""y

I

I
j.-.....J ..... __ '-' '-' ..... ..1.. _ Lr

4 C) 4.9 h.9I .6.nnua1 rate of I . -'
j

19rovrth, iIf
i ;v I
; I

1 Tvlh I 21.3 I 29.9 I 34.7 I 38.3
j
:'!'T J-
jt".lea .....

I Il,cr1n"Rl ra+ o of

I
6.8 3.0 2.0... __ \..A.:...4._ _ ...... __

i gro-W1:h, Ilf
/0

It is asslli~ed throughout that 5 Twn will be produced annually In In-

dustrial back pressure plants outside the model sector.

The most recent electricity demand preQlc~ion ~or the entire period was
. 'Ol ~ 1... ~ ~h- ..... 'k..- ~ ....... - ... ? .............. --..-.r-.,- ..... .; V',.... ,,-,"''r'''''',,.......:. -.-.; r- ,2) rn~ rI ~. d

pll ...:...lS,uea .....'s \....clt::' ~i1e.! aY J.. ',-,'.1- :::Cc.;:, Lr.J.._-'-O V'_!_jJ..;.~j,-l...:::>~..l.Un. J..ne \,-,OIT:t'1llSSl0n ma, e

1 I
-I The figures in the table refer to the aveyage annual dema~d during

each five-year period.

See SOU, (62).
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four conditional forecasts, differing with respect to the assumptions

about the rate of economic growth and the nuclear power policy. How­

ever, the comparison between our four policy alternatives is more easily

interpreted if the same demand assumptions are applied in all simula­

tions. Moreover, since the demand for ener~J is treated as an ende­

genous magnitude in the following chapters, the simplified demand assump­

tions is resonable at this stage of the analysis.

In 1970 the demand for electricity was 57,3 TWh. l ) According to the

Energy Forecasting Commission the demand growth rate between 1970 - 1985

can be expected to lie in the interval 5.2 - 7.8 %per annum. The demand

assumption applied here implies an annual growth by 6.5 %per annum

between 1970 - 1978, the middle year of period 1 ~~d then an even rate

of growth by 4.9 %per annum. For the period 1985 - 2000 the Ener~J

Forecasting Commission expected the groTNth rate of electricity demand

to be between 2.5 %and 4.5 %per annum. Thus, the level of electricity

demand in 1993, the year in the middle of period 4, is expected to be

somewhere between 150 TWh and 253 T'Nh. This means that o~r demand asslli~p­

tion implies a more even growth of electricity demand than the Energy

Forecasting Commission expected, and that the level of electricity de­

mand at the end of the prediction period lies in the middle of the inter­

val expected by the Commission.

A . r· . n.",· 2)
ccord~ng to a recent report by the Y~nlst~J or ~lnance the heat

deliveries to district heating systems was 16.9 TVn in 1975. The demand

is expected to lncrease by 8 %per annum between 1975 and 1980, which

means that the level of demand is 21.3 T~fu in 1978. The high rate of

increase in the demand for heat during the first period reflec~s the

fact that many individual oil furnaces are expected to be replaced by

district heating systems in the near future. After this, the rate of

increase ln the demand for heat is expected to be close to the rate of

increase ln the number of residential dwellings.

See Energihushallning, (61L.

SOU, (65 L See p. 40.
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The time segmentation adopted in this study and the assumed allocation

of thermal power capacity oetween time segoents were given in the Appen-

dix to Chap~er 6. Table 8:2 shows the approximate allocation of electri-

city and heat de~and between the time
, Tt "l ~', '..J,... • Ill). ..,' ~ ,
~ne cemanu ln~enSlvle~ lmp~leu Dy

curve.

Table 8:2 The approximate load curves

segrr:e:1ts. This

shape

also reveals

of the load

. 1

0 0.046

1 0.188

2 0.132

3 0.204

4 0.116

5 0.199
/' 0.1140

I 1.000

2 3 4

1<'(+\/ W. (t) wi (t) /~. \ v / I
l / l

~(t)/ H. H( t) 'i
f

,- / '-'
l

\\\l-) "i

/ H H

1. 54 0.025 1.62

1.uS 0.095 1. 55

0.88 0.115 1. 50

1. 36 0.245 1. 41

0.78 0.220 1.27

1. 05 0.160 0.64

0.60 0.140 0.56

1.000

E.(t) =
l

" -l..,;'emand. for electricity iYl time segment l

W.(t) = Dem2~d fer jeat lD tine segment l
l

H. = N1.J.1TIber ef ':1olCrs l!1
..

segrnent~lme J.
l /' 6 60

E( t ) = " E. ( t ) w( t) = I' W. (t) ; " = " H.I..- , l..- n I..-

i=O l i=O l i=O l

2ources: Colun.'1 1 ,·ms compiled 0!1 the - • +'DEiSlS O.l. load statistics by

G. Saros of the National Industrial Board.

Colu."Till 4 lS based on Sedbom & Rundstram (22 I.

The conce-ot Hdemand intensi ty_n lS discussed on :p. 2.51.
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8.1.2 Fuel Price Assumntions
----------------~-----

The prices of fuel oil and coal are both set equal to 30 Sw.Cr./Gcall )

for the initial period. The cost of enriched uranium, including ~aste

disposal costs, is derived from the operating costs at nuclear power

plants, ,....hich are assumed to be a"':Jout 2.2 s ore/kitfn. Tb.ese price assump­

tions are obtained from a recent report by the Ministr~j" of IndustrJ. 2 )

In accordance with the discussion in Chapter 3 we should expect fuel

prices to increase in real terms over time. However, at the present

time nobody seems to be willing to make long term forecasts about the

development of oil, coal and nuclear fuel prices. In this study ~e

have, arbitrality assumed that all fuel prices increase by 3 %~Q~

annum in real terms over the entire prediction period.

8.1. 3

. Costs

The figures adou_ted for m~(~mum ouerating times (t ), pl~~t availability- - s -
are listed in Table 8:3. These figures(a ) and investm;nt costs (K )

vs s
are d~scussed in some detail in Ber~an et al. (SI ...=...::.....:;;=.

Tab' e 8: 3 ~aximu.m operation ti:r.es (t hours) , availability (a ) and
s vs

vestment costs (K Sw. Cr./~d) for different ~hernal power
s

In-
, x)

p1an~s

I
I

ofIType plant s t a K
I s '....s S
I
I i
iConven~ional nuclear power l I 7584 0.60 3000

I
\combined nuclear power 2 7584 0.60 3800

\3aSe load, oil fired 3 7752 0.89 1900

4 i 7752 0.83 2200[BaSe load, coal fired I

IPe8.k load, oil fired 5 I
7752 0.85 1300

'Back pressure 6 7 7752 0.85 2200, I
I

.. " 8
I

8088 0.35 lOOOGas ",uro~nes I

Hot 'Pf'l'ater 9 !8600 3 )
gene~at.J..ng ,

L. \I
Hydro po'....er 10 I - 2300' II

x) These concepts are discussed ln C~a~ter 6
Notes 1, 2, 3, and 4, see p. 205.
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(r + °E)Ks Millions Sw.Cr.P = s = 1, 2, 9s 't 'n . a GWh • e • ,

s m ws

(r + -3 Millions Sw.Cr.
PlO = cE)KIO • 10

l<1W

On the basis of these formulas and the figures in Table 8:3 and on the

assumption that the rate of interest is 8 %and the rate of depreciation

1 4 IJf 1), ~ per annum , the parameter ~ can be computed for each type of
s

plant. The results of such calculations can be seen in Table 8:4.

Table 8:4 The calculated cost of using capacity of type s

s Type of plant Ps

1 Nuclear power 0.0696

2 Combined nuclear power 0.0882

3 Base load, oil fired 0.0291

4 Base load, coal fired 0.0361

5 Peak load, oil fired 0.0208

6,7 Combined oil fired 0.0353

8 Gas turbines 0.0154

9 Hot water generating 0.0021

10 Hydro power 0.0263

The ,availability figure for nucelar power plants adopted in this study

represents a fairly pessimistic assumption. The figure implies that a

nuclear plant can be in operation on an average of only 27 weeks each

year. This is less than the first-year nerformance exnerienced so far
- 2)-

for Swedish nuclear power plants in operation see Table 8:5.

In accordance with the National Acco'Jnts.

The reasons for the pessimistic assw~ption adopted In this study
will become clear later on in this chapter.
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8.2 Nuclear Power Policy, Capacity Exnansion and Utilization ln

the Electricity and Heat Sector

We now investigate how the four nuclear power policy strategies are

likely to affect the electricity and heat sector in two respects:

1) the optimum choice of plant structure and 2) the rates of capacity

utilization.

The following simulation procedure was used. For each policy alterna­

tive, the model has been solved under the assumptions presented in the

preceding section. Then, in order to test the sensitivity of the so­

lutions, parametric variations of a nl@ber of assumptions were carried

out.

One important point should be noted in this context. The formulation of

the model implies a distinction between the owners of plants in existence

at the initial point in time and the producers of electricity and heat.

The producers can rent plants from the ow~ers at prices which reflect the

relevant rates of profit and depreciation. Accordingly, to the extent

that there is some overcapacity in the system, the producers can choose

not to rent one or more of a partiCUlar type of plants. This can be

interpreted to imply that on the basis of present prices and technologi­

cal alternatives, past investment in certain types of plants should not

have been carried out.

8.2.1

The cost minimizing plant structures determined by the model for the

periods 1976 - 1980 and 1986 - 1990 are presented in Taole 8:6. The

figures for the first period form a basis for discussing the "optimality"

of the existing plant structures in the Swedish power system. The figu­

res for the period 1986 - 1990 are a starting point for comparing the

four policy strategies. This comparison is confined to the periOd

1986 - 1990 for three reasons.

First, we are interested in the long-rlli~ effects of the different policy

alternatives. Second, it t&~es about ten years, two periods in the

model, to build a nuclear power plant. Thus, the full effect of a
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nUC.lear po~,..re:r pal: cy der;ision ta}~en In 1978 can~ot be evaluated u:ltil

the end of the 1980s. Third, at tte beginni~g of the period 1986 - 1990,

~he ~odel power system ~2S a~justed itself to prevailing exogenous con-

di~ions

period.

e..nd later . "perloo.3 a~e ~ct significantly from --chat

The period 1976 - 19.30 exhibited a suDstar:-sia.l overc8.pacity in the

Swedish pOwer systeili. Eowever, the model is likely to exaggerate this

overcapacity to sane extent. First, only ·t1~ormalTt yea.rs iYl terms of

water supply a~e included in ~he ~odel. Thus, no additional thermal

capacity is nee~ed as s reserve ~or cry years. Seco~d, the lead c~rve

approxi~at~on in t~is stUQY te~ds to red~ce the ~eea for c3pa~ity at a

give~ level of de~and (see ~~ 166)~ T~iro., the ~.

:lgures

!1exoge~o11s" r,=~:)resent es~irnated I:lagni tu,J.es ~

T~ese objecrions, ~owever~ ere not significant eno~gh to discard the

COTIclusio~ t~at there is so~e overcapacity in the ~resent Swed~sh Dower

One regson for this ove~capacity can be that the d~mand fore-

lE.:te 19605

mair:.ly due

o\lerestimc:ted

to the decline

lD eL~rgy (and electYici~y) d~~and th~t ~ook place between 1973 a~~ 1974

In connectio~ with the oil cr~SlS. Si~ce the cons~r~ction times In the

power sec~or are Y9ry long le; - li"
\/ ....... v ~lears ) the pla~.:.s

to a large extent he..ve to Y2S-c on demand forecasts. Thus, if the future

demand is overestinated some o~ercapaci~y w~ll aUDear.

co~ld De ~na~ the

The pre-

An

city priciGg Here chcnged at the
- . .
oegl:rlnlng of the

. "

pYlDClp..LeS

"-'7~ 2)-,-7,us.

of elect::-i-

vious power tariffs were based on a system with quantlty discounts,

\·rhereas th'2 ne'..r system ~ "'I rl ...l- 'lS Daseu.. on vne long-ru~ marginal cost of electri-

city generation.

See SOU, (651.

See Lundberg, (35).



Table 8:6 Optimum plant structures
x

) in the electric power system, 1976 - 1980 and 1986 - 1990, given certain assumptions

about nuclear power policy.

1976 - 1980 1986 - 1990

1 )
Utilized I II III IVExogenous

Type of plant s MW % MW % MW % MW % MW % MW %

Conventional nuclear 1 5560 20 5560 30 15010 IQ 17150 50 10400 32 - -

Combined, nuclear 2 - - - - 5240 15 - - - - - -

Base load, oil 3 2100 8 0 0 ,0 0 0 0 2100 6 8760 30

Base load, coal 4 - - - - 0 0 0 0 0 0 0 0

Peak load, oil 5 lor(o If 30 0 0 0 260 1 1070 3 1070 4

Combined, oil 6,7 1950 '7 600 3 580 2 1950 6 4880 15 11650 16

Gas turbines 8 1600 6 121+0 '7 1100 3 1600 5 1490 5 1600 5

Hydro 10 15000 55 11080 60 14090 39 13650 39 12880 39 13330 45

27280 100 18510 100 36020 100 34610 100 32820 100 29410 100

(\)
~

o

x)

1)

'l'he figures for 1986 - 1990 represent the SUlll of ren :ed (utili zed) exogenous capacity and endogenously installed

capacity.

The illllount of capacity of different kinds expected to be installed by 1978.
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..~.. cccrding '~'o Table a: 6, oil-fired plants re?resent tJle c;apac2. ty surplus In

the S~edish power system. As can be seen in the table, sll existing nuclear

power lS u~i:ized, while ~o base :oad oil-fi~ed plan~s are ~lsed at all.

The figures fo~ ~he period 1986 ~ 1990 cle~~ly reveal t~le i~y2Ct of diffe-

rent nuclear ~ower ?olicy strategi~s on the develo~~2nt of the SNedish

po'~"er s:,.rs7eyD.; in policy 2..1ternati ,res I and II '>'I~here nuclear pO"wer lS

allcwed, vast investments are made in nuclear po~er pla~ts.

The ~ucleaY pOwer availa8ility assumption adopted here was fairly pessi-

rn,istic. If t~e availability 0: th9se plants turns o~t to ~e higher,

~heir profitability is inCYe2Se~ 2~Q ~he ~o~nt of i~stalled capacity re-

c;.ui.red. per unit ef ":;>otentie.l produc::,io!l 0:.... ene~g:rn is reduced.

crease i~ the prices of :ossil f~els will also improve 0he relative pro-

fitability of nuclear Dower plan~s, as will a Yeductio~ of ~he rate of

interest.

If the prlce of oil 13 reducec to one-thi~d, t~e plaD~ st~uctuYe lS not slgnl-

ficantly af~ected. This lS also the case if the rate of interest is l~-

creased :rom 8 %to 12 %or i~ tbe price of nuclear fuel lS doubled. How-

ever, i~ a~l tcree- (the prl2e ef oil reduced to one third, th~ price of

nuclear fuel do~bled and the rate of i~~erest incT2ased from 8 %to 12 %)

of 0nese changes occur simu~taneously, nc endogeno~s investments In rluclear

pONer are maQe i~ an optimal solu~ion.

It should oe empasized these results a~e obtained on the oasis o~ a very

pessi~istic ass·~?tion about t~e availacility of nucleay power pla~ts

(tte Dar~~e~er a ). An availability figure based on the actual experiences
- wS ~

with S~edish nuclear pOwer plants had been eQopted, would have made the

positio~ of nuclear pOwer even stro~ger from a cost minimization point
... . 1)

O.L Vlew •.

Not surprisingly, the profitability of co~bined plants, Ducl~aY as well

~s non-n~clea~, is highly deDe~dent on the level of heat dema~d.

In or1er to keep the total cost of the simulat ans as ~ow as possible,
no simulations with a highe~ nuclear pC~'ler a'la la.wbili ty figure were
carried out.
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As can be seen in Table 8:6, investments in combined oil-fired 91ants are

large in policy alternative III where no more nuclear power pl~~ts are

allowed than the 13 decided on initially. Further, the stock of oil-fired

base load plants is maintained. The choice between oil and coal-fired

base load plants turned out to be very sensiti'Te to the assu:::ned :;:rice

relation between oil and coal. However, hea~J fuel eil and the kind of

coal used in power plants have ve~J few alternative uses. Since both

oil and coal fired power 91~~ts are used in many countries, a :;:ossible

interpretation of our result is that world market prices fer hea'~J fuel

oil and coal are determined by electricity ~rices in these countries.

The alternatives III and Dr differ mainly with res:;:ect to the total amo~~t

of installed capacity ~d the ~omposition of base-load capacity. In

alternative Dr a smaller amount of capacity is needed than in alternati're

III simply because of our pessi~stic ass~ption about nuclear 90wer ava~­

lability. Table 8:6 shows that the nuclear capacity that has ~o be

scrapped in alternative DJ is replaced by base load oil fired 91ants. As

was mentioned above, the choice between oil- and coal-fired base load

plants was very sensitive to variations in the fuel- and.::apacity-cost

assumptions .

.~~ ~~expected result which ap91ies to all periods and simulations, is

th t th +... 1 . 'd . . t· . l' ., 1) 'T"."l· '" ; '" "":.IT-a .e ~o~a exogenous ny ro capac~~y ~s no ut~ ~zeQ. _" ~ ... ~ ~

prising since there are plans in Sweden to install additional capacity in

existing hydro power 91ants in order to reduce the .cost of pe~~ produ.c-

tion, that , ­_::>, reduce the need for product ion'
. ., .
In gas ~urol~es.

There are three explanations for the model res~lt. ?irst, our esti~atei

cost of using hydro capacity reflects the cost of entirely new hydro ca:;:a­

city. According to the Energy Forecasting Commission the cost of additio­

nal capacity in existing hydro 90wer plants only amo~~ts to about 30 - uo %
of the cost of an entirely new 91ant.2) Second, as mentioned above, the

load curve appr8ximation tends to underesti~ate ca~acl~Y ~equire~ents ~n

all available ~ater ~s
1)

2)
However,

See SOU, (62 t p. 23L..

used for electrici~y ?roduction.
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the power system. Third, in the model, gas turbines are fuelled with

conventional hea\'=.l fuel oil. In the real ....lorld, t,hese plants are fuelled

wi~h a more expensive special fuel. This mecns that the model tends to

overes,ti:na-::'e the ?:-ofi ta:oili t:l of gas turbines.

~ext ~e turn to tne contributions of di~fe~ent ty?es of plants to the total

production of elect~icity and heat. The figures obtained fyom model simu-

1 .... ... -'1' T bl 8 7" · ... h + 1 .c>' .c> 1975 1)-,-ac,lons are presenc'eu In a e : , a..Long 'Ill\.,. aCc'ua~ llgures lor _ .

Table ~.7 The pe~cent2ge shares of the total ~~oduction 0: electricity

and heat deliver~d :rom diffe~e~t tJ~es o~ plants, 1975 and

1975 1986 - 1990
, ,
i

,

t\ '.... +. ~ ~ r"' "': i]vlodel predictions i ~"'"'l.. \...,: L,. ....t t'... ...:...

! !I figures
I j1 II lE Ii,l

,

1
I 10 l.J4 50 30I
I

2 I 11I
i

L. IL " cw'} ~/

c;; 15 7 1 1./iElectrici t:{

I Combined, (1';1 i 6 '7 I 5 I 0 5 15 - /" !
,-,.L -'-

I
' I

1..0 ,
I ! I I

1 Gas turbines 8 0 I 0 0 0 0 i
1 i

i
j

, ,
Hydro 10

,....0 I 4l 44 4h hh i, rQ !1 I

1.

;,
j" O"I L: 11riO 100 100 100

i
; v ~....:..vv

I

I I I !
!

I ,-, ~. ... I 2 94 i1 l-Omb~neQ, n:uclear r 1 I i

IHeat
I

,

I ' -,
1

94 iComoined, oil
,

3 38 970,1 j I
I I j

generating
I

9 I 3 62 6 3Heat I I
plants ! I

I

II T"' 100 100 100 100
1

L.

jTi:ne period

I I
,Kind of iTYDe of plant

Ienergy 1[' --

it---------+j-C-C-'L-l·-ve-n-,-t-i-o-ll-.a-l-~r:.-U-C-l-p-_- -a-r-+---+-----i------------------'

I I' Combined, nucles.r

Ba~ '" 1 "''' d.' 0; 1I "'~ ..LV~, ~-

IPea.>-;: load, oil'

x)

has been utilized, but that it has contributed less than 1 %to

total production.

1 \
-I See sou, (65) p. 47.
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In all the policy alternatives the Swedish power system gradually changes;

the dependence on thermal power increases over time. The differences

between the policy alternatives for 1986 - 1990 are very straightforHard.

In I, conventional and combined nuclear plants are used for base load

electricity and heat production while hydro power and heat generating plants

are used for peak load production. In 11, combined nuclear plants are re­

placed by combined oil fired plants and in III and IV, some or all conven­

tional nuclear power is replaced by base load oil fired plants, and com­

bined oil fired plants.

The results concerning the production of heat for district heating systems

should be interpreted with care. This is because the for~ulation of the

model implies the existence of an integrated distribution system for hot

water. This is not the case in the real world. There are several local

district heating systems which could be connected to a combined nuclear or

oil fired plant only at substantial costs. Since investments in distri­

bution systems are not endogenously determined in the model, we have in

fact overestimated the profitability of heat production in combined plants.

8.3 Effects on the Rest of the Economy

In the preceding section we confirmed that the choice of nuclear pO'Her

policy strategies has a significant impact on the structure of the pm-re r

sector. This, as such, ~s interesting, although the choice of nuclear

power policy becomes crucial when we recognize that the different alterna­

tives have markedly different implications for the rest of the economy.

If the Swedish economy were a "perfect economy" in the text-book sense,

an analysis of the effects of the policy alternatives on the rest of the

economy could be confined to a comparison of differences in the resulting

electricity and heat prices. However, since electricity and heat production

has important external effects, these aspects should also be incorporated.

Further, it is interesting to compare the alternatives in terms of in­

vestment costs and oil consumption. All of these aspects are compared

in this section.
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2.3. 1

Elect~ici~y t~ri::s

ccst of elec~rici~y ?rcductio~

lO:1g-~~L"""l rr:.a:::gin2.1

-'-hO 1"''7'''s 1/ '""'.." c:v .. _ __ ';f : ...J. ... ...... il ...... ,

cos"':;

be usec. 2.S e.

3:'1:'f~ 0:'""' ~:::e le'\lel 0:'" tr:e :"C2.c. c'J.~'TJe, gi-re~ its s~2."De, ~2.:-'...

mee.s~re of "':;~e ~rice of ~ig~ ~o!~2.ge e!ec~rici~y.2/ ~he

elec-::~ici-:y
.. .. . -

ce.....!...c~..1-!...e.l:eQ. this ~hich ~esul~ free the
. . .

s~!"e.Geg:..es , are listed i~ Table 3:3. The co~~espo~d~ng ri-

O~~ cslcu~ated prices and real world pr~ces is less st~cightfo~~ard

i~ ~his cese. 3 / To begi~ with we iisc~ss the c~l~c!2.tei e!ectricity

:;:.:r.lces.

Table 8: 3 Calcu12ted high voltage elec~ri~ity ~~lces for di~~erent

pOlicy Gltern~~ives (ex~ressed :~ ~976 Sri. ore/k~n)

I

I 76-80 36-90

~t"
81-85 9,-00; ..!.:._"'vere.g:::. ;:,e..te

- ""
",c.~1.ot"1 of c~e.nge , v:
..... --.... ...... I ,0

I?OliOY~
I ner e.nnu.'"n. I
!

-=~
I~l+",~",,~-,-,vo

Ii
__ v-__ ..... _v ..... '--

I
)

x\ \ \ \

IT /' P, ) 7 . 3X
) ?, ~X) 9 <X} , '7

1-'-
a.v v.) .~ .L. I

I
.. ) ~ ~x)

\ \ \6 f'F..!"" Q _Xi 9 I,X; ,- I• i "'l h.0 ! . ~ u.) .... .L.v

i 6.8 lL.o 16.3 4.3
I

111 I 7.3 I

IV 6.8 13.l !L.5 16.3 4.3 I

y .
.... I ~.:::"

::UCl-ea~ oe
0: 27 weeks per yea~ ~hese :ig~res should 8e Ye~uced by a~o~t 2 S~.oTe/ktm.

1 \
~)

T~e rough~ess of this 2.p~rcxi2ation is iisc~ssei ," Se·:ti~:l. 10.3.
- . .::c"t e..c.op,:e,J. 2.

:~ifG:-:n :'c..~i.=~: polic:r, SU2~ as :-:e..rgi:12.: cost. pri·::ir.s. >~c:-2c~ler

heat proG~ce~s 2re LC~ C8~~2c~e~ ~o e~c~ o~~er by ~ ~~Gio~~:ie

net~ork of 6yi~s (~S are e~ect~ici~y p~oQ~cers).
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~~o points should be noted in Table 8:8. First, in all the alternatives

there is a gradual increase of the calculated price of electricity. Second,

in the later periods there are substantial differences bet'..reen the nuclear

and the non-nuclear alternatives.

The gradual increase of electricity prices is the combined effect of the

diminishing share of hydro power in the total production of electricity,

and our assumption about a 3 %yearly increase in all fuel nrices. ~nen

the latter assumption was removed and the policy alternatives I and III

was simulated under the ass~~ption of const~~t fuel prices, the average

rate of change of the calculated price of electricity between 1976 ~~d

1995 ' o8:f '" d 300/. ",.-" ; ",1+- ,.. "'.;.'" T "'d TTT ,.."'~ ,.. ... ·'r"'1.r 1);.ras . ,q _n . ,q pe an.~U1J1 __ ~e _"C_·r~ "1 .l..;,.~ __ :ope_·.~· ~-J'

Since the average rates of change initially were 1.7 %~"1d 4.3 %(see

Table 8:8), about 0.9 %and 1.3 %per ~"1num can be attributed to the

assumed fuel price increases. ~~us, in the nuclear alternative the price

of electricity is less sensitive to fuel price variations than in the non­

nuclear alternative. This is because nuclear power pl~~ts are more capital-

intensive than fossil-fuelled pl~"1ts.

Table 8:8 also shows that in te~s of the level of the calc1~ated pr~ce

of electricity there are subst&~tial differe~ces bet~een the nuclear ~~d

the non-nuclear alternatives. On the other hand both the nuclear alter-

natives yield approximately the s~e long run price of electricity ~"1d

that also applies to the non-nuclear alternatives. A few re~arks should

be made about the latter result.

In terms of the calculated :'1igh 'roltage electricity as 5hoj.J'!1

~n Table 8:8, the difference between the alternatives III and IV is con­

fined to the p~riod immediately after the nuclear power plants are scrapped.

This of course, ~s not very surprising; the optimum choice of additional

eapacity should be independent of the m~ximum ~O~"1t of nuclear capacity

once that capacity is less th~~ the recuired capacity.

1/ ~he 9rice of electricity inc~eases faste~ iJ a~teYnative IT! t~~ in
alter:lati~re I, since the chea:9 h:rdro ;o~·;e~ is repla.ced., o:r oil fi.red.
plants w~ich, on the basis of our ass~~ptions, are less eco~omical

than nuclear pl~~ts.
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The i~ediate D~~ce lncrease due t8 the scY~P?ing of nuclear plc~ts is,

however, ~elatively lON. This resill~ should be inteY~reted ~~th sc~e

ca~e. This is m~i~ly beC2use ~e ~ave assumed ~~~t c2se loc~ fossil

fuelled ~la~ts can De con3tructed
1/

~lthin :ive years, the.:-c lS, one

model ?e~iod. L~~S lS not the case in the real Ho~ld; the ac~~al co~-

styuctio~ period is ~boUG 7-8 years. On t2e othe~ ~~nd, g~s tu~bi~es

fu~d snaIl back pressure ~lants C~~ be cons0~ucted ~i~~in less ~h~~ five

years. However, if several plants are to be constructed on short notice,

the actual investnent costs may =xcec ou~ esti£ates d~e to 8o~tle-neck

In other wores, due to the definiticn of ~he unit time ~e~iod 2nd the

ble~s con~ected ~ith a

pla:.~ts ~by 1980.

of ell existi~g nuclesr

I:TeA-t ·".le turn to the calculated ;;rlce of heat.

Table 8:9 Cclc~lated hea~ prlces for diz:e~e~t policy al~e~~~tives

f ". ",...,r'.~ •• I"'''')\expressec. In 1.';1,0 U~".ore ;<;:'Nn

mi ......... o
I

76-30 81-85 66-90 9::-95..i- ..........lJ. __

. .
perl.OCl

I?olicy I

alte:rnati ·"e
I
I

I I 4.3 6.0
1

2. '7 2.6I
\,I 4.3 6.9II ! 5.3 ! 5.9

I i

I4.3
i

III 5.9 i 3.3 3.2
i

\1
1'1 4.3 2. 7 I 2.9 3.11 ,

I I

1/ See p. 152.

2/ 2owever, a ~~~atic r:.se ::.n electricity yrlCeS
dem~nd for electrici~y.
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Since investments ~n heat distribution systems are not taken into con­

sideration in the present formulation of the model, the figures in Table

8:9 only apply to rather large urban areas ~here a local network for

distribution of heat already exist.

In terms of heat pr~ces the policy alternatives where combined plants are

used for heat production differ markedly from the alternative where heat

mainly is produced in heat generating plants. Tables 8:8 &~d 8:9 also

indicate that the relation between electricity and heat prices 1S very

sensitive to the choice of nuclear power pOlicy strategy. In relation

to the price of heat, the price of electricity is highest in alternatives

III and IV and lowest in alternative II. In other words, when combined

pl&~ts predominate in the power sector (alternatives I, III and IIT) , the

fuel efficiency gains have a greater impact on heat prices than on elec­

tricity prices.

These results indicate that the choice of strate~J for nuclear power

policy is likely to have &~ important impact not only on the size but

also on the structure of the Swedish ener~J market. A policy which

allows nuclear plants, provided they are located far from densely-popu­

lated areas, will tend to stimulate the demand for electricity through

low electricity prices. A policy which does not allow additional nuclear

power plants will of course induce a switch from electricity to other

kinds of ener~J. However, the most "liberal" nuclear power policy

(alternative I) is also likely to have that effect.

8.3.2

The production of electricity and heat is very capital intensive. Thus,

power plant investments always have a significant impact on the capital

market. This makes it interesting to ascertain the size of the amount

of resources used for power plant investments in the different policy

alternatives.

The total &~ount of expenditures, measured in 1976 prices, on power &~d

heat plant investments in the different alternatives are stOlin in Table

8:10. Observe that the figures only include investments in production

equipment. ThUS, the costs of transmission lines etc. are excluded.
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T'able 8: le Yearly investment expenditures on po'\.J"er a.rld heat production

plants fo~ di:fere~t policy alte~natives (1976 ~ Sw.Cr.)

~e
7~-:S" 81-85 86-90

I I
i 01-0:::: I

J'-' ,-·V ,/..J- ./.J I. pe:::iod I ,
I,

Policy ~ Ialternati ve _,
l
I

I 2,61.;.0 h,580 3,940 3,930 !
i

II 2,640 3,820 3,530 3,740 I

1
III 2,640 2,670 1,730 3,160

! 1\1 2,6 ho 2,720 2,620 3,330
I

Investment activity during the f~rst period lS dominated by exogenously

deterrrrined investments in nucle~r a~d hydro po~er plants. This also

ayplies to the second ueTiod to
- 1 \

""en+c. , "r'i,''l loo:::r "!'"'\(""'''':::::.r T'\j tc:~1.i..~J. ~_u ..... -'- ", .... v..c_'-'L...._ .::',,-,1>1,-, ... .::! ...... an ...,

some extent. However, t~e large invest-

lTI alternatives I anc IT affe~t the

deI:J.snd i'or investment resources as early as the second pe:::"iod. from

that period and onwards, the nuclecr alternatives lead to larger ann~al

invest~ent expenditures tnan the ncn-~uclear alternative.

The figures in T~ble 8:10 are b~sed on the aSSlli~Dtion that no inv~st~ent

resources are wasted on nuclear plants which are not cOGDleted er never

taken into ope~ation~ Ot~er~ise the figures for 1981 - 1985, policy

alternati"'ve I"'l"
? )

sho~lQ be increased by ~he ~uount of wasted resources.- i

The reason w~y the scr~pplng o~ nuclear pove~ does not lead to a greater

iDcrease in power plan0 i~vestments is tDct tnere is sOwe overcapacity
:> \

in the pO-vler sector. rr'he 5500 I-fvJ of :::ruclear power is replaced b:{ 4000 1-1',,;..);

from fossil plants ~~d a higher :::ate of utilization 0: existing plants.

l \
-I If a ~ew nuclear power p~.e~nt is to be

is asst~ed that ~alf of the necessa~y

on 1 •.... :;.ne ;+L", .1. u

~eSGu~ces are
jo~ght during period t-l and tbe rest during period ~.

This would corresnond to a total investment expenditure of
8,240 :'1 Sw.Cr.

2300 1-1"1-1 in base load oil firea. plants ana. 1700 ?fi.J ln COmblned. oil
fired plants.
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To the extent that the 4000 Wd of additional capacity cannot be implemen­

ted before 1983, the representative year in the second model period,

electricity has to be rationed if the existing nuclear plants are scrapped.

This rationing can be carried out either by means of quotas, etc. or by

electricity price increases higher than the marginal cost of production.

8.3.3

If constraint are imposed on the expansion of nuclear capacity and the

demand for electricity continues to grow, additional fossil fuelled power

plants will have to be added to the Swedish power system. As indicated

above, the relative profitability of coal ~~d oil fired plants for base

load production is very sensitive to the fuel price assumptions. A choice

in favor of oil will have a great impact on the consumption of oil by the

power sector; see Table 8:11.

Table 8:11 Oil consumption for electricity and heat production for

different policy alternatives (1000 m3)

I~e I
76-80 81-85 86-90 I 91-95 Average rate I

, period of ci1ange, %

'Policy ~!
I
I per annum

alternative I
\

1976-1995

I I 2,550 3,890 I 360 I 990 -4.1I I
II 2,550 i 3,890 4,920 4,170 3.1I

III 2,550 3,890 10,490 20,670 10.5

I IV 2,550 12,190 20,850 I 31,100 12.5
f I,

In policy alternative I oil fired plants are only used for peak and

near peak production of electricity and heat, whereas oil fired plants

are used for peak electricity production and all heat production in policy

alternative 11. The difference between 111 and IV essentially is the re­

sult of the replacement of 10400 MW nuclear capacity by oil fired pl~~ts.

I 1915 . ~ '1 ,... d " 29' '06 3n the total consl~ptlon or Ol In wwe en Has approxlmate~y _ m,

Of this about 8 %was used for power production. On the basis of Table

8:11 it is obvious that policy alternatives III and IV both would hale a

significant impact on Sweden's total consumption of oil. Moreover, Hith
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Table 8:12 Environmental effects of different nuclear power policy

a1ternatives

Kind of emission I Time 76-80 I81-85
!

86-90 Ii 91-95I I

eriod I
Policy

Ialternativ_
I

Sulphur I I 48·s 7l.l..s 7·s 19·s

dioxide, II 48·s 74·s 93·s 90-s

1000 tons III 48's 74·s 199-s 392 -s

TV h8-s 243 -s
1

396 -s 591- s
I

I I I

Cooling I 50
I 0'" J 152 ! 236,,)

1 157
:

w'ater, II 50 95 258

mfn III 50 95 118 170

TV
!

Consumption I 105
1

197
1

381 ! 557

of uranium, 11 105 197 325 536

tons III 105 197 197 197

TV 105 0 0 0

s = percentage share of sulphur l~ fuel oil.

8.4 Electricit~r Prices and the ShaDe of the :02.1 Cu~~re

The shape of the load c~ries Nas ke~t canst~~t in all of the si=ula-

tions that generated the resul~s ~e90r~ei i~ ~hi5 chap~e~. ~o~evcr,

the shape of the load cu:ve is an economic var~able that can be

affected by means of various load management measures, of ~hich

so-called "pea.1{ load pricing" 1S perhaps ~he most vell-L~owTI.
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According to the results ~n Table 8:13, the calculated price of elec­

tricity delivered during the day in winter differs significantly from

the prices of deliveries at other times. This pattern appeared in all

the other periods as well. The table also shows a marked difference

between the policy alternatives in terms of the relation between peak

and off-pe~~ prices.

Our calculations are based on the assumption
'
/ that there is a cost

for using exogenously determined capacity, i.e. all initial capacity,

nuclear capacity added in the second period and all additional hydro

capacity. When this assumption was dropped so that all hydro (and some

other) capacity was treated as a free resource, it turned out that at

electricity demand levels lower than abou~ 150 ~~n per &~n~~.2/ there

were no differences between the time segments in terms of calculated

electricity prices.

This result is easily explained. Wnen the available hyd~o capacity and

water supply is large enough in relation to annual.demand, the use

of hydro capacity c&~ be varied over time in such a way that the load

met by production ~ •• thermal pl&~ts becomes constant over the year.

Thus, the calculated price of electricity will be determined by the

marginal cost of production in thermal plants ~~d a pe~~ charge, corre­

sponding to the cost of hydro capacity, will be added during peak hours.

Accordingly we C~~ conclude that the time differentiation of the calcu­

lated electricity prices shorN.Q in Table 8:13 to a large extent reflects

differences in capital costs, while the marginal operating costs a~e

more or less constant over the yea~.3/

Prior to 1973, Swedish electricity tariffs included a quantity discount

component. The general principles of high voltage electricity pricing

1/ See p. 106.

2/ For our simulations we assumed that the de~and for electricity was
152 ~dh per annum for the period 1986 - 1990.

3/ The high calculated prlce in time segment 0 reflects the cost of
gas turbines.
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In Sweden were entirely revised in 1973 and a new system was designed.

The basic idea of the new tariff system is that the nrice of each de-

li\lery sf.l.ould reflect the long-r~~n :nargine.l production and distribution

costs of that delivery. However, the tariff system is subject to the

constraint that total revenues should cover total costs i~cluding a
r>""' .: + ~., 1)"no::mal f1 rate of profit on invested ,-c:D.l. v ...... ..L. To some extent these

tariff principles also apply to low voltage deliveries.

According to the new tariff system the nrlce of high voltage electricity

has four components, each reflecting a particular cost item:

I ,,-..4.=------.:I=-n_=.i:cx:..::e:...:Q=..-=.c::.:h:..::a::r:...:g=e "'whie~ reflects costs of mete~ing, billing

and a DrODOYtio~ of overhead costs .. T~is charge is governed

mainly by the supply voltage.

IT A contractual demand ch~Y~e which reflects the costs of local

system components utilized, by aLa la~ge, exclusively by the

cons~~eY. This charge is based on the average demand ~er ho~r

and the average of the two high2St monthly values of this de-

ma~d during the year.

!II A De~~ load charge which reflects the costs of tr2Dsmitting the

conslli~ers' share of the cumulated load and the extra costs of

peak load generation r~qui~ed i~ exc~ss of off peak costs.

This charge is based on the average demand per six-hour period

and the average of ~he ~our highest monthly values of this de-

mane during the year.

IV An oDe~atin£ chay£e which reflec~s vari~ole production costs

during the off pe~~ period, includi~g the costs of trans~ission

losses. This charge is based on the measured amount of electri-

city consumed during the year.

Thus, for a high vo:tage electricity conSlli~er ~ae time pattern of con-

sllitition has a definite impact on the total ccst of electricity Durchases.

1) See The SGate Power Beard (68).
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Yet the tariffs applied by Swedish power produce~s do not represent an

application of the principles of "peak load pricing". If this was the

case, the price of each kind of electricity delivery should be equal

to the short-run marginal cost of that deliver!, including scarcity

premiums necessary to keep the demand within capacity limits.

In general the tariff principles applied by Swedish power producers are

not consistent with these rules. Actual electricity prices basically

reflect long-run marginal costs which coincide with short-run marginal

costs only when the plfu~t structure is optimally adjusted to prevailing

demand and cost conditions. Further, since demand,elasticities are not

explicitly taken into account when the prices are determined, both the

level and time structure of demand are implicityly assumed to be inde­

pendent of the prices of various kinds of deliveries.

Swedish low voltage electricity tariffs are somewhat simpler than higt

voltage tariffs. In particular, the low voltage tariffs do not contain
1 1 d h 1/ - I ,. ff "" " &'any'peaK oa c .arge. LOW V? tage ~ar~ s genera~~y cons~s~ o~ a

fixed charge, related to the capacity of the main fuse, and an operating

charg~, related to the measured amOQDt of electricity cons1~ed during

the year.

This mefuDS that households, including thoseusing electricity for resi­

dential heating purposes, do not generally have any incentives for worrying

about the time pattern of their electricity consumption; up to the limit

set by the capacity of the main fuse the marginal cost of electricity ~s

constant fuDd this applies to all seasons of the year. This me~~s that at

times electricity is delivered at a price which is lower thfu~
-1-' ..."ne marg~na~

cost of production and distribution. More importfu~t, however, is that it

cannot be ruled out that an application of the rules of llpeak load

pricing" or the same tariffs as for high voltage deliveries to 10',1

voltage deliveries r"'ould severly undermine the competitiveness of

1/ However, the operating charge for certain areas ~~d tariffs differs
between daytime and nighttime or between s1~ertime and the rest of
the year.
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electric heating, which has been one or the most dynamic factors behind

the growth of electricity demand during the last ten years.

Unfortunately we cannot deal further with these problems within the scope

of this study. The discussion above does indicate, hOwever,

that an analysis of the relation between electricity demand &~d electri­

city prices cannot be confined to the elasticity of demand with respect

to the average price of electricity.

8.5 Some Conclusions

The model simulations discussed in this chapter clearly demonstrate that,

on narrow economic groQ~ds, nuclear pOwer constitutes a very competitive

technology" for electricity and heat production. This conclusion is well

in line with the expectations about nuclear pOwer which were corr~on during

the 1960s. Since then, hOwever, the costs for nuclear plants have in-

creased dr~~atically &~d the expected availability figures have been

reduced. These factors have given rise tb doubts as to the profitability

of nuclear power plants.

Other changes, In addition to those affecting the profitability of

nuclear power, have also occured since the 1960s. Power plant equipment

in general has become more expensive and, of course, the price of oil

has more or less exploded. These factors have restored nuclear power to

a position of profitability. It seems as If those who had

high hopes about nuclear power were right, but :or the wrong reasons.

Nuclear technology has encountered more problexs than expected, but the

increase in oil prlces has more than offset the cost effects of these

problems.

According to our results the choice of nuclear pOwer policy will have a

considerable impact both on the level and structure of energy prices

(see Tables 8:8 and 8:9). In the long rQ~ the calculated high voltage

electricity prices were about 100% higher in the non-nuclear

natives (Ill and IV) than in the nuclear alternatives (I and II).
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These results should be interpreted with some care. We noted above that

the costs for nuclear power plants have increased dramatically. It is

natural to interpret this development, as we did above, as a sign of

unexpected problems for nuclear tec~~ology. Another ~uite reasonable

interpretation is that the oil price increase gave the producers of

nuclear power equipment an opportQDity to reap extra profits on their

products. If this interpretation is valid the development of future

electricity prices will only partly be determined by the nuclear power

policy adopted in Sweden. Electricity prices will also depend on the

relation between the prices of oil and other fuels on one hand and the

cost for nuclear and other kinds of power plants on the other.

The policy alternatives are compared in this study on the basis of a

simple cost minimization criterion. But the choice of tec~ology has

many aspects other than (private) economic profitability.

This became clear when the three policy alternatives were compared In

several ~imensions. Each policy strategy has environmental effects as

well as effects on preparendness and national security, although the

nature of these effe~ts differs among the policy alternatives. All of

these effects are subject to substantial uncertainties. ThUS, the choice

of nuclear power strategJ should be based on an analysis of the social

costs and benefits associated with the different alternatives. This

conClusion, as such, does not give much guid~~ce to ener6j policy de­

cision-makers. However, since the Swedish ener~j policy debate is to

a large extent concentrated on the external effects of nuclear power,

it should be emphasized that such effects are associated with all of

our policy alternatives.

On the basis of the &~alysis In this chapter we cannot reach any firm

conclusions about the social desirability of one particular policy

alternative in relation to another. But we have reached some partial

conclusion and with all the reservations in mind, we now turn to ~~

analysis of the impact of the four nuclear power policy alternatives

on some other sectors of the Swedish economy.
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9. THE RESIDENTIAL HEATING SECTOR

After the preceding analysis of the electricity and heat production

sector, we turn to ~~ important oncumer sector of these energy forms,

i.e. the residential sector. The purpose of this chapter is to investi­

gate the potential responsiveness In the demand for energy by this sector

when the prices of energy increase.

The energy used for residential heating purposes is low t~~perature

heat, which can be regarded as low quality energy. This means that all

kinds of energy sources can be used to generate ener~J for residential

heating purposes. Accordingly, there is a high degree of substitutabi­

lity among different fuels on the residential heating market. Thus, the

residential heating sector is potentially verJ sensitive to variations

in the supply conditions for different kinds of energy.

The amount of produced ener~J required to sustain a glven indoor tempera­

ture depends on the" ability of a building to maintain a temperature

differential between the building and the outside environment. This

ability can be influenced in marv ways. Improved insulation and

different kinds of control systems reduce the transmission of heat from

the building to the outside environment. Solar collectors and heat

pumps improve utilization of the natural flows of ener~J in the outside

environment. In the following, all measures t~~en to change a building

In this respect are denoted "ener~J conservation" measuroes. 'rIle existence

of various conservation options implies that there is a potential sub­

stitutability between energy and capital in the residential heating

sector.

The efficiency of a glven "energy conservation" measure depends on the

size, age, location ~~d quality of the building . ,.." .In wnlcn ~~e measure lS

undertaken. The allocation of resources for ener5J conservation pur-

poses between different measures and kinds of buildings is therefore a

rather complicated matter. Further, it is not obvious whether resour-

ces should be allocated to expanding the production of energy or to

activities that reduce the conslli~ption of ener~J.
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Our e!npirical a:1alysis of 'che Svedish reside!1tial heating sector focuses

on the follovi:1g four resource allocation problems:

I The choice between different fuels.

I1 The allocation of reS01lrces ~ilong purchases 0: produced energy

and
, • .-l-

er.er~J conservaGlon eQulpmenu, that is, the trade-off

between energy and capital in this sector.

III The allocation of resources for energy conservation purposes

among different kinds of dvellings.

IV The allocation of resources betveen energy conservation ln the

residential heating sector and energy production.

The first three issues can be analyzed by means of ~he ~odel of the

Svedish residential heating system developed in Chapter 7. The fourth

issue ca:1 be dealt vith by linking this model to that of the Swedish

electricity and heat production sector Q~derlying the results discussed

in the prevlous chapter.

The opti~~il choice of fuel and capital ir.tensity in the Svedish reSl-

dential heating sector is discussed in Section 9.1. A partial analysis

of this sector and the e~erQ' production sector is ~ade In 9.1.1 and

9.1.2, respectively. Section 9.2 deals with the impact of rising enerbJ

prices on the residential demand for energJ. Then, in Section 9.3, the

sensitivity of the solutions viGh respect to the interest rate is discussed.

Section 9 ),.~ contains an analysis of the optimum allocation of investments

between energy production and ener~r conservaton) and some co~clusions

are dYa~~ in Section 9.5.

9.1 The Optimum Choice of Fuel and Cauital Intensity ln the Svedish

Residential Heating Sector

This analysis is perfor~ed uSlng the present - 1916 - level of prlces.

This means that the data base of residential heating

presented in Chapter 7 has to be adjusted somewhat. All of the cost
+ . .j.. 1) -'- d' t" - . ? - -'.j.. - • -eSvlma0es presen0e' In ne ~ppenclx ~ nave oeen aCjusveQ :~ accorcance

Expressed ln the 1971 prlces.
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with the relative change in construction cost index between 1971 and

1976. These adjusted cost figures are then kept constant throughout

the simulations.

The rate of interest is set equal to 8 %per annum 1n all of the Slmu­

lations in this section. Thus, the rate of interest we apply in the re­

sidential heating sector, is the same as that used in our analysis of

the electricity and heat production sector.

9.1.1

When treating the residential heating system model as a separate model,

we have to add some exogenous assumptions about seconda~J energy pr1ces.

In the simulations presented here it 1S assumed that the price'of fuel

oil is 500 Sw.er./m3, that the price of electricity is 11 ore/kWh, and

that the price of hot water is 7.5 ore/kTHh. These assumptions are 1n

line with the actual 1976 prices of these kinds of energy. The model

simulation based on these price assumptions will be designated

"medium price".

First, we investigate what the optimum level of gross energy consumption

in the Swedish residential heating sector would be if ener~J pr1ces re­

mained at the 1976 level and if the customary indoor temperature were

unchanged. This can be accomplished by comparing the results of the

"medium price" simulation ~,.;ith a hypothetical situation ,.;here no changes

in the heating technologies of existing dwellings are made, and where

heating technologies are allocated to new dwellings in accordance with

historical proportions. In other words, we compare the results of the

"medium price" simUlation with a trend extrapolation of the ener~J de-

mand for residential heating purposes.

The results of these comparisons
l

) are shown 1n Tables 9:1 and 9:2. The

comparisons are confined to two periods, but 1n these as well as all other

simulaticns presented here the model was solved fer five periods. ThUS,

the terminal condition should not significantly distort the results.

1)
See Appendix A.4 for a detailed presentation of the results of
the simulations discussed in this chapter.
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Table 9:1 A comparlson of the eA~rapolated residential gross demand

for ener~J and the optimum residential gross demand for

energy- at "medit:..m" energy' prices in different periods, TT/m

1976-1980 1981-1985
-

Trend ITrend Medium price t-1edi um prlce
I

Fuel oilx 74.9 67.9 73.3 63.8

Electricity 21.9 20.6 22.4

I
21.0

Hot water 7.7 8.4 7.7 8.7

Total 104.5 96.6 103.3 i 93.5

x 1 Tw~ represents approximately 100 -000 m3 fuel oil.

Table 9 :2 ~ . . h x•.arKe-c s ares for different kinds of heating technologies

in 1975 ~~d in the t1 .. • ."meQlum :pr1ce simulation, percentage shares

I "Nedium price" I
1975 1976-80 I 1981-85

Oil 171. 3 I 66.6 I 63. 1

1 12 . 8 I
I

IElectric heating 16.2 I 18.7

I
I

Distri ct heating 15.9 17.2 18.2 I

x Number of dwellings heated by a technolo5J based on a part~cular fuel

in relation to the total number of dwellings.

As for the market shares of the different fuels, we note that these re-

main fairly stable ·"ith respect to the "medi'..lm pri ce" assumptions. How-

ever, the share of oil is reduced, while technologies based on electric

heating and district heating i~crease thei~ shares. ~hese changes are

brought about entirely by the choice of fuel in ne~ dw~lli~gs (that is,

dwellings built after 1975). Among these, one-family houses are equi:pped

with electric heating, whereas the mUlti-f~dly dwellings are connected

to district heating systems or equipped with oil furnaces. T~ese results
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indicate that if the oil prlce lncrease of 1973 had been kno,~oabout in

advance, oil-based heating technologies would probably be less widespread

in Swedish one-family houses. However, current oil prices are not un­

favorable enough to induce extensive scrapping of oil furnaces.

Next we turn to the level of energy consumption. Table 9:1 clearly re­

veals that an optimal adjustment to energy prices in 1976 would markedly

reduce residential consumption of energy. The size of "this reduct~on

would be about 8 - la Twn per annum, which corresponds to about 2 %of

Sweden's total energy consumption in 1975.

In the model simulation this reduction In energy de~and is brought about

by implementing a nl~ber of energy conservation measures. The standard

of insulation in old one-family houses is improved; heat pumps are In­

stalled in new one-family houses and a high stfu,dard of insulation lS

chosen. Control-systems are installed in new multi-family dwellings

and no energy conservation measures at all are carried out in old w~lti­

family dwellings.

The annual investment expenditures implied by the ftmedium price ft simula­

tion were 1 340 million Sw.Cr. (current prices) in the first period and

430 million Sw.Cr. in the second. Thus, at present ener~J prices, large

sums of money can be profitably invested In energy conservation.

9.1.2

The preceding discussion concerned the profitability of energy conserva­

tion given current (1976) market prices for energy. However, there

might be divergencies between these market prices fu~d the marginal costs

of energy production. If so, the optimum amount of energy conservation

investments at price levels in 1976 should perhaps be smaller or larger

than indicated above.

This issue can be analyzed by linking the residential heating system

model to the electricity and heat production model. Since it takes about

ten years, or two model periods, to complete the construction of a nuclear

power plant, this analysis is extended to three periods.
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The outcome, however, depends on which kind of nuclear power policy is

assumed. Thus, the analysis is carried out for each of three strategies

C' .... 8 1)for nuclear power policy among ~hose discussed in nap~er. We

begin with the assumption that policy alternative I is chosen, that lS,

all ki~ds of power plants, including nuclear poweY plants located close

to densely-populated areas, are allowed. This means e.g. that nuclear

plants c~~ deliver hot water to district heating systems.

The simulation using the combined electricity, heat and residential

heating system model Q~der the assumptions that nuclear power policy I

" d ,,' ", , 9'7" _"', ~v~l. 2 )lS cnosen an ~~at ~Tlm~ry e~er~J prlces re~aln ~t tne ~ 10 ~ ~ J ~s

denoted "1irL.1.:ed In. The enersJ consumption patterns in the n .. "
:neCllUl!l

and "the simuations aye COffi?creJ In Table 9:3.

The first point to be noted about these results lS that the consumption

of oil is substantiall)" lower in the "linked I" than in the
tf .. • .. t,mecllum prJ.ce

simulation. This is because old one-family houses switch from oil-based

heating technologies to district heating. Further, new one-family houses

are equipped with electric heating and new multi-family dwellings with

district heating. Since conversion losses are fairly high in heating

technologies based on oil, the restructuring of the residential heating

market leads to a reduction in gross ener5J consl~ption ~~d, simultaneous-

ly, an increase in net energy consumption.

The annual investment ex~enditures In the residential heati~g sector are

some'what higher in the !I1i!'L1.:ed I" than in the ,r t .....
.Ine 0.1. DB! price" sirrr~2.ation..

In the latter, ~owever, investments were mace
. .
In energJ conserlatlon

equipment. In the "linked I, simulation, most ir.vestment expenditures

are absorbed by the cost of switches from oil-based to other heating

technologies ~~d verJ little is spent o~ energy conservation.

Since the development O~~ electricity' ar:d heat prices in polic~r

alternatives III and rl differed only in period 2, we confine
the anal)"sis in this chapter to policy alternatives I, II and 111.

See p. 204.



- 235 -

Table 9:3 Optimum gross ener~J consumption patterns ~n residential

buildings in the case of strateg'J I

\

Consumption, orr..lh Market shares, % X)

Period Simulation
Rot

!Total
Electric DistricOil Electricity

"Jater Oil Heating Heating

"l-!edium 67.9 20.6 8.4 96.9 66.6 16.2 17.2price"

76-80 Linked I 55.5 22.5 14. 1 92. 1 57.5 18.7 23.8

Difference 12.4 -1.9 -5.7 4.8 I 9. 1 -2.5 -6.6

"Medium 63.8 21.0 8.7 93.5 163. 1 18.7 I 18.2price"
I

81-85 Linked I 50.4 23.6 14. 1 88. 1 I
1

23.5 I 23.8152 . 7

Difference 13.4 -2.6 -5.4 j 5.4 110 . 4 I -4.8 I -5.6I
"Medium

!

I60.3 22.9 9.5 92.6 !s7.7 23.0 19.4price"
!

86-90 Linked I 38.1 22.6 26.7 87.3 135 . 0 I 21.5 I 43.5I
I

Difference 22.2 0.3 -17 .2 5.3 22.7 1.5 -24.1

x See the explanation to Table 9:2.

As a result; the production of electricity ~~d heat 1n this case has to

be increased. Further, as soon as combined nuclear power plants a~~

available, the market share of district heating increases draoa~ically.

Thus, when nuclear power policy strategy I is assumed, the total con­

sumption of energ'J is reduced, but the consumption of electricity and,

in particular, hot water is increased. As compared to the corresponding

simulation in Chapter 8 (p. 211 ), the profitability of combined

nuclear po"..er plants is increased in the "lin..'..::ed I" simulation. In the

residential heating system, large Slli~S of money c~~ again be profitably

invested. nOi.;ever, these investments are :lot used for ene~'5J conserva-

tion purposes, but for switching from oil to other fuels.
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These resl:lts can '8e ::"',::gar'=led as an indication that hot "':I'later market

prices in Sweden ere + ,',
vOO nlgn. results can to som~ exten~

Qc explained by the properties 0: the model.

fJ...s we noted In Chapter '7, the rncdel forr.:.~J.l2.,tion implies thE..t. the ,::on-

Slli~er ~rlce of energy is i~dependent of the quantity cons~~ed. This is

a fairly reasonable ass~~ption with regard to fuel oil and low voltage

electricity, but it is more questionable in the case of hot water. This

is due to the considerable capital expenditure associated with connecting

a house to a district heating system, and accordingly, the fixed part of
. "
::"8 ..Large.

P~other property of tpe model which might have affected the results lS

the im~licatio~ of the model iormulction that all district heating

systems can be supplied with hot water from an op0imal combination of

hot ......ra:,er generating ?lants and back pressure ple.nts. This is :1ot the

case in the real world. Accordingly, the marginal cost of hot water

production In many aree,s is higher than the fig'ure determined by the

d• l 1)mo e~.

The above analysis is repeated in the si:nulation "linked. I:::", except

that in this case nuclecr pOwer policy str~tegy IT is ~sslliued. This

mea~s that all ki~ds of power plants are allowed, but nuclear plants

may not be located close to densely-populated areas. ConseQuently, they

deliver hot water to district heati~g systeos.

rrable 9: 4 sho'..JS t:-le reSults of the lllinked II n sinulation.

Tables 9:3 and 9:4 indicate that there lS no substantial difference

between the "lin}:ed I" and the lIlinked II lI simulations until the third

period. In this period there is more electric heating and considerably

less district heating in the latter than in the for~er simulation.

1)
As was mentioned in Chapter 8, combined nuclear plants cannot
be ex~ected to deliver heat to district ~eating systems in small
to~~s. To some extent this also applies to combined oil fired
plants.
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Table 9:4 Optimum gr.oss ener~J consumption patterns in residential

buildings in the case of strategy 11

Consumption, T'tlh Market shares, I1f ~)
/a

Period Simulation
.Oil Electricity

Hot
Total Oil jElectric IDistrict

water Heatin,g I Heating

"Medium 67.9 20.6 8.4 96.9 66.6 16.2 17 .2price"

76-80 Linked 11 55.8 22.5 13.9 92.2 57.7 18.7 23.6

Difference 12. 1 -1.9 -5.5 4.7 8.9 -2.5 -6.4

"Medium 63.8 I 21.0 8.7 43.5 63. 1 18.7 18.2
price" I

81-85 Linked 11 50.2 23.4 14.5 88. 1 52.7 I 22.4 24.9
I

Difference 13.6 -2.4 -5.8 5.4 10.4 I -3.7 I -6.7

"Medium 60.3 22.9 9.5 92.6 57.7 23.0 19.4
pri ce"

86-90 Linked II 45.7 25.8 15.2 86.7 46. 1 28. 1 25.7

Difference 14.6 -2.9 -5.7 5.9 11.6 -5. 1 -6.3

x See the expl~~ation to Table 9:2.

Table 9: 5 shows the results of the simulation "liI'..ked III", ''''here it is

assumed that nuclear power policy strategy III is chosen. This me~~s

that no nuclear power plants in addition to the ~3 plants already decided

upon are allowed.

In the "linked Ill" simulation, the residential heating sector develops

in approximately the same '..ray as in t:J.e "linked I" simulation. One

difference is that the profitability of combined oil fired plants is im­

proved in "linked Ill". This means that the marginal cost of hot '..rater

becomes fairly low in this simulation, ~hich explains the increased

market share for Thus, ooth the pro-nuc~ear policy

strategy "I" and the conservat;ive strategy "Ill" tend to fa"for district

heating, while strategy tIll", the middle-of-the-road strateg'J, favers

electric heating.
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Ta~le 9:5 Optimum gross ener5J consumption patterns In residential

buildings in the case of strategy III

I
Consumption, TT,'il1 Market shares, % x)

Period Simulation I" ~ ITotal I~lec~ric Distri etOil Electri city hOw 0; 1... • ....... e.,.. neatl n,fr , Heati:lg IN C.U ..l.

Isolated

I IIlMedium 67.9 20.6 8.4 96.9 66.6 16.2 if .2
pri ce 11 I

76-80 Li!1_"k:ed III 55.9 22.5 13.9 92.3 157.7 I 18.7 23.6

I I
IDifference 12.0 -1.9 -5.5 4.6 8.9 I -2.5 -6.4 JI j

I I ! I

I IIsolated II
i 18.7 18.2 IIlMedi urn 63.8 21.0 8.7 93.5 !63.1

I II I
I

price ll
I I I

t I, ,,
-l

I I l53.8
j i I

81-85 Linked III 5i.2 23.2 14.4 88.7 I 21.6 I 24.6 I.
!

t

I i j i IDi fference 12.6 -2.2 -5.7 4.8 9.3 -2.9 I -4. h
I 1 I j

I I 1
Isolated I 1
lllv1edi um 60.3 22.9 9.5 92.6 157.7 I 23.0 19.4
price lf I

lI
I j I

I26.1 88.9 I
,

42.986-90 Lin."k:ed III 42.9 I 20.0 139 . 8 17.3 I
!

Difference 17.4 I 2.9 -16.6 3.7 /n.9 I 5.7 I -23.5 I
x See the explanation to Table 9:2.

9.2 The Effect of Risin~ Energy Prices

We ~Ow inves~igcte the o~timum residential e~e~bJ co~sureption patter~s

In a situation where all energy prices are increasing a~ the same rate.

This enables us to concentrate on the substitutability between ener~J and

capital In the residential heating sector.

I . t' • 1 ..... "'"h' lk' . 8 ;010 ,,1) co,'"",.·ulat.ion· isn orQer 0 Qea '';l"h :.,.lS lssue, a rllgn prlce, ~_"-' ' _

ca.yyied out using the residential heating system , ,
LlOQe...L. Then the re-

sults of this simulation are comparec. "with those of the "med.ii..l.n p~iceff

The results of a simulation called "high price, 12 70" are
discussed in the next section.
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simulation. The assumptions behind these simulations differ in one

respect only. In the "medium price" simulation energy prices remain'

constant over time ~hile energy prices are doubled bet~een the first and

the third periods l ) in the "high price, 8 %" simulation.

The ma~n results of this compar~son are shown ~n Tables 9:6 and 9:7.

Table 9:6 Optimum gross energy conslli~ption (TWn) in residential buildings

in the "medium price" and "high price, 8 %" simulations

1976-80 1981-85 1986-90
High High .

Medi. urn!Hi~Medi 1..l!ll Differ- ~/reCi.um \ ~ ~ Differ- Differ-
price prJ..ce, . ,nrJ..ce, . [nrJ..ce,

8 % ence prJ..ce Is % ence ~r~ce "8 ~ ence
,Q

Fuel oil 67.9 66.9 1.0 63.8 50. 1 I 13.7 I 60.3 I 45.7 I 14.6

I

I

f I
I f

Electricity 20.6 21.0 -0.4 21.0 19.3 ! 1.1 22.9 21.6 1 1.3,, \

I I 4.5 I 4.2 I J 4.7
I

4.8,got "Hater 8.4 8.4 0 8.7 9.5 II iI ! i

~otal t
~nerg;r 96.9 96.3 0.6 93.5 73.8 19.7 92.6 71.9.1 20.7

Table 9:7 Optimum market shares of different kinds of heating technologies

in the r'medium price" and "high price, 8 %/f simulations

1976-80 1981-85 1986-90

Medium High T""\. -. ~ Medium Hig;."l Differ- M .' IHig."l
Differ~l..IJ..ller- I ,Qc.l.11,.,.,

price prJ.. ce , price 1)r~ce , ...-. ~ "Orice ,
enceence '8 ence ~..".., co ....

8 ai ~ l.".l~"" - 8 ~
IQ /lJ .... i~

Ioil 66.6 65.2 1.4 63. 1
\

60.9 2.2 57.7
1

53.9 3.8

tElectric 16.2 17.6 -1.4 18.7 20.9 -2.2 23.0 I 26.7 -3.7!heating
I --

!District 17.2 17 .2 0 18.2 18.2 0 19.4 I19.4 0beating

Half of the price lncrease occurs bet~een the first ~~d second
periods.
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Thus, higher ener~J prices induce a substantial reduction ln energy

consumption 1n the residential sector. This reduction is brought about

by a number of measures. Cne-f~ily houses built before 1975 are equipped

Hi~h additional insulation ~~d control systems are installed. Control

systems are installed in all kinds of mUlti-f~ily dHellings, while one-

family houses built after 1975 are equipped Nith a high standard of

insulation and heat pumps.

'When all energy prices rise, heating technologies based on electricity

lncrease their market share at the expense of technologies based on oil.

The reason for t~is is tbat cont~ol syste2s and ~e~t pumps C~~ easily be

~sed in combinatic~ with electric heating.

Table 9:8 shows that the sum of money which can be profitably invested

ln energy conservation measures 1S substantially higher in the "high

price, 8 %" simulation th~'1 in ~he "medium price" si:::mlation.

Table 9:8 ~~nual investment expenditures, in millions of 1976 Sw.Cr.,

implied by the "medium price" and "high price, 8 %" simulations

! 1976-80 1981-85 , 1986-90

"Medium price" 1339 432 827

"Hi &'1 pri ce , 8 at" 1346 4064 975;0

Difference -7 -3632 -148

This indicates that energy and capital are close substitutes in the

residential heating sector. Further it seems reasonable to assume that

this conclusion can be extended to cover all kinds of low temperature

heating; from a heating point of view residential buildings do not signi-

fic~'1tly differ from other buildings.
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9.,3 The-E~~~~~iv~~Z of~ge §olutio~~ wi~h R~~]~!-!~ Int~~!-B~te

Vari!!i:2g~

If the demand for invest~ent funds increases, the rate of interest is

also likely to rise. As a result a number of previously profitable in­

vestment projects will not be carried out. In the residential heating

sector this means that some ener~J conservation measures will not be

implemented and perhaps energy conserration measures will not be carried

out in all kinds of buildings.

In order to deal •...i th this issue, 'we repeat the "high price" simulation

for a 12 %per annum rate of interest. The'results are then compared

with those from the "high price, a %" simulation.

It turns out that the total demand for energ-J is greater in the "high

price, 12 %" than in the "high price, 8 %" simulation. Thus, invest­

ments in energy conservation equipment seem to be fairly interest

elastic, which is ·..rell in line -,.;i th the conclusions in the preceding

section. This can be seen in Table 9:9.

Table 9:9 Annual investment expenditures, in millions of 1976 Sw.Cr.,

implied by the "high price, 8 '%" and "high price, 12 %"
simulations

1976-80 1S;81-85 1986-90

'High price, 8 11" 1346 4064 975{Q

'High price, 12 %" 794 1968 1897

!Difference 552 2096 -922

~TIen investment f~~ds for ener~J conservation purposes become more scarce,

they are primarily allocated to one-family houses. ?urther, investment

expendi tures are allocated to control sys,:err.s to a lesser extent tha..'1 in

the case of 8 %interest rate. This implies that investment in additional

insulation in one-family houses seerr.s to oe the most profitable energ-J

conservation measure in the Swedish residential heating sector given

the present structure of energ-J prices.
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9.4 Allocation of Investment Resources between Ener~i Production and

Energy Conservation

The formulation of the combined electricity, heat and residential heating

system model implies that the supply of capital goods is completely

elastic. It also ass~~es a perfect capital market, where there is, In

relative terms, verJ little borrowing and lending in the energy produc-

tion and residential heating sectors.

However, we have shown that investment expenditures in these sectors

were substantial in most simulations. This tends to render our ass~~p-

tion of a constant interest rate and cap~tal goods 0rlces highly question-

able.

We established in the preceding section that an lncrease In the rate of

interest from 8 %to 12 %had a consideraole impact on investment activity

in the residential heating sector. Total investments were reduced and

investment resources were allocated mainly to the one-f2nily houses. We

now investigate whether investment resources should primarily be alfocated

to investments in ener6J production or to investments in energy conserva-

tion when the rate of interest is increased.

We begin by comparing two verSlons
1 I

of the "linked I"-1 simulation which

differ only with resnect to the interest rate ass~~ption. The rate of

interest was set eQual to 8 %in one version and 12 %in the other. The

prices of ener6J and other resources were set eQual to the 1976 level.

The results of this comparlson are sUF~arized in Tables 9;10 - 9:12.

These three tables indicate that investments in energy production plants

are more profitable than investments in residential heating technologies.

The increase in the interest rate reduces investments in the residential

heating sector to a much larger extent than in the electricity and heat

production sector. To some extent these findings are the results at our

treatment of heat production mentioned on p. 236.

See p. 234.
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Table 9:10 Optimum gross ener~J consumption in residential buildings ln

the "linked I, 8 %" and "linked I, 12 %" sirnulations, Trtln

,
1976-80 1981-85 1986-90 !

8 % 12 % Diff. 8 % 12 % Diff. 8 % 12 % Diff. I
Fuel oil

I
55.5 69.0 -13.5 50.4 64.2 -13.8 I 38.1 52.2 -14. 1

E:lectricity I I
22.5 22.5 0 23.6 23.2 '0.4 22.6 20.1 2.5

aot water 14. 1 8.6 5.5 14. 1 9.0 5. 1 26.7 '21.3 5.4

~otal I
energy 92.1 100.1 -8.0 88.1 96.5 -8.4 87.3 93.7 I I' L.-0 •. I

Table 9:11 Optimum market shares of different kinds of ~eating tec~nologies

in the "linked I, 8 %" and "linked I, 12 %" simulations, %

1976-80 1981-85 1986-90

8 % 12 % Diff. 8 % 12 % Diff. 8 % 12 % Diff.

Oil 57.5 64.1 -6.6 52.7 60.2 -7.5 35.0 50. 1 -15. 1 I
Electric 18.7 18.7 0 23.5 21.6 1,9 21.5 16.9 4.6 Iheating

District
I

23.8 I 17.2 6.6 23.8 18.2 5.6 43.5 32.9 10.6 Iheating I

The maln difference bet....een the resul-:s of the "linl.;;:ed I, 8 % and "lin..1.(ed

I, 12 %" simulations is that a higher proportion of the total stock of

dwellings remains heated by oil in the 12 %version. Due to the low

thermal efficiency of oil-based heating technologies, an increase in

the interest rate will be accompanied by a rise in the gross consumption

of ener~J in the residential heating sector. Further, the market share

of district heating systems T..rill not be as large as in the lOi'; interest

case. Consequently the demand for ~ct ~ater will be lacier, as will the

need for (capital intensive) conbined power plants. Accordingly; total

investments ln the electricity and heat production sec~or will also ~e

reduced.
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Table 9:12 Average ~~nual investment expenditures in the electricity ~~d

heat and the residential heating sectors in the "linked I,

8 %" and t'lir...k.ed 1, 12 %11 simulations, millions Sw. er. i::1 1976

Simulation Row Sector 1976-80 1981-85 1986-90

1 Electrici ty and heat 2640 4470 4080 I
8 '%

t
Lin.~ed I, 2 Residential heating 1500 450 1060 .

I
I !

3 Total 4140 I 4920 5140 I
)

4 Electri ci ty and heat 2640 I 4200 I 3630 i
I
[ :

I ,
Linked T 12 et 5 Resic.ential heating 770 420 1410 ,

~ , I" !
)

6 Total 3410 I 4620 I 5040 !
! ! ,

I I 1 IRow 1 - Row 4

I 6.07 . 100 0 0 11 ,0 !
Row 1

1

I Row 2 - Raw 5 I l IlDifference 8 Row 2 100 48.5 I 6.7 I -33.0 1

(in per cent) I

9
Row 3 - Row 6 . 100 17.6 6. 1 2.0 IRow 3

These results are obtained on the ass-~ption that nuclear power policy

strategy I is chosen. wnen the same ~~alysis is carried out i::1 the case

of policy Ill, the outcome in terms of sectoral investment allocations

~s the same. That 1s, the choice of nuclear power policy has a great

impact on the market shares of different kinc.s of energy, but a limited

impact on the sectoral allocation of investment resources.

9,5 Some Conclusions

After the presentation of some conclusions can be made. The first

concerns the effect of the 1973 - 1974 oil prlce lncrease on

reside~tial heating secto~ i~ S¥eden. The comparison between a

trend extrapolation of the energy demand for residential heating

purposes and the optimal choice of heating technologies at current prices

indicated numerous profitable energy conservation options in the Swedish
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residential heating sector. In another study based on the same mOdel,l)

it was found that the structure of the Swedish residential heating

sector 1S fairly well adapted to pre-1913 oil prices. Thus, it seems

as if the oil price increase has brought the sector out of long run

equilibrium, and that there is now a potential demand for investment

funds and different kinds of ener5J conservation equipment from the

residential heating sector.

The second conslusion concerns the sectoral allocation of investment

resources. The simultaneous analysis of the electricity and heat pro­

duction sector and the residential heating sector indicated that at the

present (1916) oil prices - the size of the ener5J production sec~or

should not be reduced. Rather, it turned out that more investment re­

sources should be allocated to the electricity and heat production sector

at current prlces. At higher interest rates, increasingly scarce invest­

ment funds should, on the basis of a simple cost minimization criterion,

be allocated primarily to producing ener6J and not to conserving it.

However~ our simulations were based on the implicit assQ~ption that

combined plants, nuclear as well as oil fired, could deliver hot water

to all existing district heating systems. As has been pointed out before

this is only true for district heating systems ln big cities. Thus, it

cannot be ruled out that a se~entation of the heat market of the model­

economy would have improved the relative profitability of energy con­

servation measures.

Moreover, even if it 1S true that investments in ener~J produc~ion 1S

more profitable than investments in energy conservation in residential

buildings, this conclusion may not hold for energy conservation invest­

ments in other sectors of the economy. It should also be stressed that

ener6J conservation investments also yield returns in terms of reductions

in environmental effects etc.

See Bergrnan, (5).
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The choice of a strategy for nuclear power policy turned out to be lmpor-

tant mainly ~~th regard to the relative market shares of different kinds

of energy. The allocation of investment resources &~ong the sectors

studied, however, was fairly independent of the chosen strategy.

The third conclusion concerns the energy conservation effects of energy

policies primarily affecting the prices of energy. The simuiations re-

sults showed that a 100% increase in all energy prices over a ten-year

period induced a subst&~tial reduction in the cons~~ption of energy for

resida~tial heating purposes. Further, energy conservation efforts were

mainly directed towards one-f~ily houses.

It is well known that people living in multi-family dwellings have very

little control over the ener5J consumption features of their apartments

( ~he Q"egree OT_~ l'nsu'p~l'O~ p+c) ~'r+~er...... _ .........~ I".. ..._, _ v • • ... u_ \"I ..... .... , there is often a very weak

relation between the cost &~d consumption of energy for the residents

of multi-fa~;ly dwellings. Although these problems to some extent also

apply to one-family houses, they are comparatively less important.

Thus since the results presented here indicate that ener5J conserva­

tion efforts are most economical in one-family houses higher energy

prices are in fact likely to provide incentives to energy conserva­

tion efforts without significant changes of the institutional arrange­

ments of the residential heating sector.

Nevertheless, it lS quite likely that the model simulations overestimate

the actual price elasticity of the demand for residential heating e~ergy.

Although the owners of one-f~ily houses experience a direct relation

be~ween their cost and consumption of energy, they may not respond as

predicted by the model. First, not all ow~ers of one-f&~ily houses have

sufficient ~~owledge about existing energy conservation methods. Second,

they may be ~~able to finance an investment in energy conservation equip-

ment; in general the prospect of lower costs for residential heating c&~

not be used as security for a lo&~. Jhus energy policies primarily

affecting energy prlces are likely to be more efficient from an energy con-

servation point of views if they are supplemented by information to house-

owners about existing alternatives &~d ch&~ges in the flli~ctioning of the
.... 1 k' 1/capl "a_ mar e-c.

1/ Beginning in 1975 Swedish home-owners can receive flenergy conservation
lo&~s" on favorable terms, provided certain specified ener5J conserva­
tion measures are carried out.
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APPENDIX 4

This appendix lists the choices of heating technology for the different

kinds of dwellings in each simulation. By means of Tables A 4:1 - A 4:8,

the $xact nature of the different heating technologies can be identified.



Table A.ll.l. One-frullily houses built before 1950

Fuel Heating
technology

ln5 Medium price High price,
8 %

High price
12 %

Linked I Linked II Linked III

2 3 2 3 2 3 2 3 2 3 2 3

----1------1 I I 1----.---·.----.---.----+----,---··-·-··---·---···---

.~~.,~. 1· .__ ~_I ·_-I· I· ~ _
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125

1 ,11

100100 11 DO100 1100

1 , 1 j 1,3 j 1,)1 I 1, 1 I 1,3
~ ~ .. ;;:;:=:-_-::'::~. _. -_:......::_:. ~:..:: .:.... ..._:::.,~~~.- :.::':'::"';::;;:~ ..".

22.012".6 29,5: 22'°124,6 21.1 22,0 21',6 29,5
-~ •• ~•• _. • ..:.-- -_'::::.:::.:.._:, . -::::::::.:.;..:...=..:...=.... ;:-.~~.:::. ----':.:::'::_:''::'';;:... '-:;:.:..,:,--;;.' -.:..;--:..::.-:.....::: =--====-=~;:

100 .00 100 100 100 100 100 100 100
._----'!'____ll~_--'I II'___...LI___".__...Lf_.
L

·,,--,---1---,-.-- "'--

Subtotal 1 1 ,1 11 1 11,3j1,h
~:;:~-~"".-'-~~~--.-_.---10~-~-- ~o~~~~- -;"~ "'l~O



Table A.Il. 2. One-family houses built bet\1een 1950 and 1975

Fuel Heating 1975 Medium price High price High price Linked I Linked II Linked III
technology 8 % 12 %

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Oil 201 r(O,l l,O 1,0 70,6 3,7 3,5 3,7 1.0 l~ .0 3.7 3,8--

205 70,6 70.8 'r 1.5 69,7 1.5 1.5 70.8 1,0 115.8 115.9 46.3 45,8 45,9 46.3 45.8 115.9 46.3-
206 -_. --- ------ ..-------- --- -~-_.. --
209 68,3 69.0 70.5

-- -

221 --------
225 -----~....- - -

Subtotal :(01..1 - 1Q1..6 70 8 71 5 r(o 6 r{o 8 '{°zL '(O 6 7().~ 1J,,~5 119,5 h9,It 46,_3 49.• 5, 46,,9, 46,3 1t9,8, "2;.6 50.1....... - " ~ .:.:::-..',..2_.. ,.:..:=.:J=-.. ::::=h _1~_ - ~

Electr. 202 13,6 13.7 13;{ 13.7 13 .9 13.1 13.7 13.9 13.7 13.7-- ._--_. --------1---_. .~- ~.-

211 13,7 13,7 13,9 13,7 13.9

212
--

213 26,2 26.4 23.7 23,9 ------
2n 13.3 2,7 2.5 1,5 12.7 12 ;r 1.0 13,4 13 .5 r( •1 13.4 13.5 13,6 13,4 13,5 3.3

218 10.0 10,0 10, 1 1,5 1,5.- -- ---'- _.,-_ .._- ------. ---- --_. ----
219 ------- ._.---.. ._- ._-- ._._. --,,, _"-0'_"'- ---_ ..._. _.- ----
220 . --- -------- --~---,- -----" -._-. ._---- ----- --- -'--

222 -----f--- -------- ----

223 ----- .-.-
Subtotal 26.9 26,4 26,2 25,11 26,1, 26,2 26. 11 ~~l.~~, ~.~.!~ ?!.~~I, .?I! ~ ?.T!.2 20,9 .~.7.!]. 27,2 27.5 27,1 27,2 17 ,1

_.- ~- --_. - - -- --_.-.-_._.- .

Distr. 203 3,0 3.0 3,0 3,0 3)0 3,0 3,0 23. 11 23,11 32,r( 23,4 25,9 26,2 23.1 23,2 32,7
heating

.--:---._- -- -~-------- ----- --- ,_._--- ._-- --_.- ------'- ----- --- -- --
211~ 3,0 }_t~---- --------_. -----_. --- f----~- ~~--- ..- ._-_.. ----- ._-~- ----. --_.. -~.- ----
215 -----r-'--- ~--' ._....-. .____~w.~ ... _

.'~-'---- ._---.- , ..----_...--_.. --_. ~-----1-'--- --- ---
216 3,0

225 i-- --------_.. ----- -- ---- ------._-..·...._H_ --- ----
Subtotul 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 3,0 23 )JI 23,11 32;{ 23,4 25.9 26,2 23,1 23,2 32.7

- _____._H·_..__ ----_.... _c..::::::::::= -:;--'-- ==-=_. - - - .~. _....._........__.- ._..---- . ~._-_.-- ----
'l'otal 0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

~-~----~- --._.'----- ~ ..

f\)
-r-:­
'0

I



'l'able A.I!.3. One-fmnily row-houses built between 1950 and 1975

!Fuel Heating 1975 Medium price Hi~h price High price Linked I Linked II Linked III
technology 8 • 12 %

-
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3---.

Oil 301 29,1 ___~,3 0,3 29,1 0,3 _~,3 0,3 0,3 _122~ _It }----- --~~- ....-......._-- --,.--_ .•
305 29,1 29,1 29,2 28,8 0,6 0,6 29,1 1,3 26,3 26,3 26,3 28,8 28,8 28,9 27,8 27,8 27,9--f--~ -
306 -----
309 28,2 28,3 27,9

--- .. ._-- ---- ~---_.- .---- ------
321

1-- --

125 _.- ---- f----- -_. ------- --

!Subtotal 29,1 29,1 29,1 29,2 29,1 29,1 28,9 29,1 29,1 29,2 26,6 26,6 26,3 29,1 29,1 28,9 29.1 29,1 29,2
. - -- ..:::..:.:..:.. -==-=--::::=::.:.=-.

Electr. 302 32,3

=J
32,3 32,3 32,3 32,4 32,3 32,3 32,1-1 32,3 32,3.- --- -------- --- -----f,---- -- -----

311 32,3 32,3 32,11 32,3 32,3 32,11._- ----- --
312 -- --- .- --_. -_.- -_._. '-----
313 _64,6 611,8' _l2J~. .--. -_.. .--

317 32,3 0,9 0,9 0,6 32,3 32,3 10 ,l, 32,3 32,3 10,5 32,3 32,3 32,11 32,3 32,3 7,6-----. -- -- .---'-- --
318 31,3 31,3 31 , II 0,6 0,6

.

319 ----- ---- ------ ._--
320

322 --------_. -- ---- --- ------ '--' -'--~- .._- ----- --- --_.
323 J

Subtotal 64,6 GlI,6 611,6 61, , I, 611,6 61~ ,6 611,8 611,6 113, I. 110,0 61. ,6 611,6 112,9 64,6 611 6 64,8 64 6 .§II ,6 110 0
..- - ====: - ~-::: 1=-.':'- ._--- i--!--- --== ....__.L. ._:::...l~_--

Distr. 303 6,3 6,3 6,3 6,3 6,3 6,3 27,5 8,9 8,9 30,8 6,3 6,3 6,3 6,3 6,3 30,8
lleatin.,g . _-- - ._--- t--. --- ---"_.. --.__ ..- ._--- -_. --_..>---1-

31 1-1 6,3 30,8 ---_. -_..- 1-------_.----- --"--.--- -- --_.- '---~~
..-_._--- -----_... -- ---

- 315
._~-- -~- ---_.. ---._-_..~-- -_. ------..... ~-~_. '--'--- .'----- ._-- ---1----- -,,-----. -_. ----_ ..-

316 .~- ._----
325 --- ---'-~'

.--~_. --------- ._-- -- ---' -----_. ----. ._-- ----- ._--._- ---
Subtotal §,3 _~.0 __§_13 6,3 6,}. 6,3 §...!.3 613 .2IJ.! }O18. . ?,9 8 9 ~0~8 6,} 6 1 } ._???' .. ~?3. ...??3 3.C2~- .- -. _.. .- ... . - ?

l'otal 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

[\)
V1
o



Table A.11.4 . Multi-family dwellings built before 1950

Fuel Heating 1975 Medium price lli~h price High price Linked I Linked II Linked III
technology 12 %

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Oil 1101 89,7 89,2 88,2 87,1 89,2 28,7 21,8 89,2 88,2 87,1 89,2 88,2 119,6 89.2 88.2 87.1 89,2 88,2 53,3

1,05

1106 '59 '5 65.2

1109 _.--_.f---- ~-- --_. ..-...._.._~- "-- ----
1,21

1125

Subtotal 89_,'( 89,2 88,2 87,1 89,2 88,2 87,1 89.2 88,2 8'T,l .~9,2 88,2 49.6 89,2 88,2 87.1 89.~ 88,2, 53.=i.'~'- - - f-• ~. .

Electr. 1102 '3.0 3, 1 3, 1 3,1, 3,7 3.1 3,4 3,7 3,1 3,4 3.7e---.
411

1112 3, 1 3,11 3,7 3, 1 3,11
---,-- -

1113 3.~ 3,7 ...1.1.L. r.-- -' --,
-~

..-.._. ---
111'( ..

1118

1119 -

1120

422

1123

Subtotal 3,0 3,1 3,11 3,1 3, 1 3,11 ~,7 3, 1 3,4 =il7... 3!,.1 31.~~. 3,7 3.! , 3.. 1~ 3.7 3, 1 3,11. 3,7
- -~ -

Distr. 1103 7.3 '( ,7 8,1, 9,2 '(,7 7,7 8,11 7.7 8,11 116.7 7,7 8,4 9,2 7.1 8,4 112.9
heating f---.

1'14 -
1115 8,4 ~------_. ---
1116 9,2

!~f.1 --- --• • _'_~'r"","'_ , ---.... ,.- ...._..._."'".;~ .--_....- ._- ---- .--- --- -------"--' '"
-,--_., -_•.....-.~> --..--.-- ..

Subtotal .. ,.11 3. - 7 1 8 " .. 9>..? 7 'r 8 11 ..2.1 ~_. J.J.. .._~1..11 .9 12 .. '(.11 8 11 .116 1L ..L1.. cJL.I1 9.2 7.7 B,11 112,9
,-----,-'"'---''' -------'-'-',-"--- .. .~-_. _ .L .=k ......1.... ..1._

'1'0 tal 100 100 100 100' 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

I

I\)
Vl



Table A.11.5. Multi-family dwellings built between 1950 and 1975

Fuel Heating 1975 Medium price lIi~h price High price Linked I Linked II Linked III
technology 8 0 12 %

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Oil 501 58,2 57,2 55,9 51~ ,7 57,2 6,8 11,3 57,2 55,9 511,7 57,2 ..5~~ 38,1 57,2 55,9 511,7 57,2 55,9 38,1- --t--- ~~--

505 --.-- --
506 1~2!~_ 50, 1~--- -- ----------
509 -

-~,._-------
521 .-- --.,---------

Subtotal 5~.l.? 5rr,2155,9 ~!~';L 57,2 ~~. 54,7 57,2 55,9 511,7 57,2 55,9 38,1 57,2 55,9 5)',7 5'7,2 55,9 38,1
-- .- - -' =-__=1::::::=, te=:::--=_~~-- - -

Electr. 502 3,8 3,9 3,9 I, ,0 4 , 1 3,9 11,0 h, 1 3,9 1, ,0
--

511 -- --- f---- --- --- . -- --
512 -- 3,9 11,0 It , 1 3,9 It ,0 I, , 1

--' ~-------- --, - '

513 I, ,0 )t , 1 11 , 1 -- -_.
517 ----- -- _._--' --,
518 ,--e--_ -----,--
519 ---- -

520 . - -_.
522

523 ,--" -----~-- --_.------
~ --~.-- --~-_. -_.~-------- -~_.-

._.._. -_.__ ..~. - .._-~_.

Subtotal 3,8 3,9 11,0 ..!~ !~_. .__~!.2. 4 ,~_ 4, !_ " 31.2, ___~I.l? -~?_!_. _.112 I, ,0 ,!!.1.L 3,9 .. 1~_?~ _~~! 1 .. 3,9. 11 0 ._I~Ll
.-

~.;:..=:::.. ~-'-'"
, .._~

Distr. 503 38,0 38,9 l'O,l 111 ,2 38,9 38,9 110,1 38,9 110,1 5er ,8 38,9 hO,l h 1,2 38,9 hO,l 57,8
heating

. -- ,-------------_.. -_.
51 I, ----I-- '---
515 III ,2 ---- ._, --
516 ._---- -'-- '._-- --- ._- --'-- ._-- --- --- ._--.------ -----

525 ItO,l 1~ 1L?...-- --
Subtotal 38,0 38,9 1'0, 1 111 12 38,9 140, 1 1'1 2 ~.8 ,9 1'0, 1 1'1,2_ )8.1 9 1'0 1 5'{ 8 ,38 29 110,1 ~~ 38,9 1'0, 1 .L:LJL- . !- ...:'::..l .L!J.-
'l'otal 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

.--

f\)
Vl
f\)

I



Table A.lt.6. One-family houses built after 1975

l"uel Heating 1915 Mediwu price Hi~h price Hig~ price Linked I Linked Il Linked III
technology 12

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Oil 601

606

607

608

Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
Electr. 602

611

612 ----
6n

615---'

616

617

622

623

625 100 100 100 100 100 100 100 100 100 100 100 68,8 100 100 100 100 100 68,8

£?ubtotal 100 100 100 100 100 100 100 100 100 100 100 68,8 100 100 100 100 100 68,8

Distr. 605 0 0 31,2 0 0 31,2
heating

618

619 --'- -- --- --
620 ------'--- -------- -- ---- ------

6211

Subtotal 0 0 0 0 0 0 0 0 0 0 0 _L~ 0 0 0 0 0 31 2
"E -c··· .-_-- ..- - - - -- ~ ._" - . - -_. -

__1_~

'fotal 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

(\)
VI'
U)



~

Table A.h.7. One-family row-houses built after 19D

Fuel lIeatiny 1975 Mediwn price Mi~h price lIig~ price Linked T Linked II Linl~ed IIItechno ogy 12 ".

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
--

Oil 701
--

706
~---

707 -
----I-----

r(08
--

721
/--- ---I----

Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Electr. 702

711
~-

712 ----

713
--

715
-

716 ----~-- - ------

717 --
.122

,
723

725 100 100 100 100 100 100 100 100 100 lOO 100 68,8 100 100 100 100 100 68,8

Subtotal 100 100 100 100 100 100 100 100 100 100 100 6_8,8 100 100 100 100 100 68,8, •..-,_.- = _...- . -- -- - -- --~--
Distr. 705 0 0 31,2
heating

718

719 -- ---/--- ------- ---- -- -----

720
1---- -- -- ------

7211 0 0 31 ,2
--

Subtotal 0 0 0 0 0 0 0 0 0 0 0 31_1.2 0 0 0 0 0 ~_2_- -- =
Total 100 100 100 100 100 100 100 100 100 100 lOO 100 100 100 100 100 100 100

I\)
\.Jl
.j::"""



'l'able A.ll. 8. Multi -family duellings built after 1975

.
F'uel IIeatin~ 1975 Medium price I!i~h price Hig~ price Linked I Linked II Linked HI

Lechno ogy 8 • 12 •

1 2 3 1 2 3, 1 2 3 1 2 3 1 2 3 1 2 3

Oil 801

806

807

808 ---
821 38,5 40,ll 111 ,0 I38,5 40,11 It 1,0 0 15,2 25,9

Subtotal 38,5 110,11 III ,0 0 0 0 38,5 110, It Lll ,0 0 0 0 0 0 0 0 15,2 25,9
.. - .. ._~-- -

Electr. 802

810

812

813 38.5 Ita I1 41.0

81 11

81'5

816

817 --
822 --~-'--- -_..._. __.._----- -----

1323 38,5 59,6 41,0 38.5 40,4 III ,0 38.5 25,3 15. 1

$,ubtotul 0 0 0 _.38.1.~ 40 Ll III 0 0 0 0 ~~2 59~ 111 ,0 38,5 40,11~ 38-.1.2 25,3 lM_..- -.- - _.. --' . _.-:...:..2 __

Distr. 805 19.2 311,9
heating

81£1 ---

819 61,5 59,6 59,0 61 ,5 59,6 59,0 61.5 59,6 59,0 61,5 1'0 III 211,1 61.5 59,6 59.0 61.5 110, It 24,1
---

1320
~----

1325
-

Suototal ~~ 29.J.Q. 29)0 61...1...5 59~ _22.1° 61 )2 59~ 22.-.1.° ~5 ~ll 24,1 61.5_ .59 16 59_~ 61...l5 59.E 59.0b-r::=: _____

'l'otal 100 100 100 100 100 lOO 100 100 100 100 100 100 100 100 100 100 100 100

I\)
VI
VI
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10. OIL PRICES, ENERGY POLICY fu1D THE DERIVED DB~~1D FOR ENERGY

The substitutability between different kinds of primary ener~J and prlmary

energy and capital was analyzed in Chapter 8. The preceding chapter dealt

with the substitutability between different kinds of secondary energy and

secondary energy ani capital. We now turn our attention to a third i~­

portant sUbstitution process, that between different final goods and

services. These substitutions are important cecause the composition of

final demand affects the structure of the produ.ction system and thu.s,

since production sectors are not eQually ener~J intensive, the demand for

energy.

The analysis of the postwar gro';th of Sweden's energy consumption (Chapter

2) showed that a substantial part of the increased energy intensity of

Sweden's GNP could be attributed to cb.a.nges in the cO::lIJosition of the

final demand for goods and services. ~e did not find any evidence that

the observed developmen~ could be attributed , 1 ~. • •

~o aecLln~ng, energy pl-lces

(in real terms). Or, in other 1,-rords, ener~J prices had. been so 1.0'" -c::'at

factors other than energy prices deter~ined 0he composi~ion o~ fi~al

demani.

However, after the oil crlSlS of 1973 - 1974, the level of oil prlces ~as

1 '
become ~uch ~igher than iuring the pe~iod we ~~alJzed.~) ConseQue~tly,

the share of energy costs i~ "C8tal :9rcduc-ci':Jn ~osts is higher t~an be-

fore the oil crlSlS. T:J.is
~ . ... . . .

means t:1a-c ::orIJ.:1oa: -cy pr:.ces

seGsitive to energy price changes than they were prior to 1973. Thus,

it cannot be ruled out that variations around the present energy prlce

level will affect commodity prices and the composi-cion of final d.e~and

to the exte.rlt that the derived. demand for energy \vill be substantially

affected. At least it see~s worthrihile to analyse these aspects, Ntich

is the purpose of this c~apGer.

1)
Owing to the 0 1 ~rlce

between oil pr CQ~ and
level as in 19

lDcrease 1:1
the COnSU111er

197
ce

19Th,
i~dex

'che relation
re2.ched to.e same
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~hus, the purpose of this chapter is to study the part of the overall

elasticity of energy demand that can be attributed to changes of the

composition of final demand for goods and services. The methodology

that has been applied is briefly p~esented in Section 10.1. The basic

assumptions regarding the development of the Swedish economy are pre­

sented in Section 10.2. In Section 10.3 the estimated elasticities

of commodity prices with respect to energy prices are presented, while

Section 10.4 deals with the changes In non-energy commodity demand re­

sulting from the estimated changes in commodity prices. Then, in Section

10.5, the flexibility of the derived demand for energy is estimated.

The relation between, on the one h&~d, international oil prices and do­

mestic energy taxes, and, on the other hand, domestic energy prices is

dealt with in Section 10.6. In Section 10.7 we again discuss the impact

of the different nuclear power policy alternatives. This time the ana­

lysis is carried out against the background of some simulations with

the complete supply model. In Section 10.8, finally, some concluding

remarks are made.

Hhen we postulate that all input-output coefficients in the production

system are const~~t, we can derive a fairly simple expression for the

elasticity of the economy's demand for energy. In order to simplify

the derivation further, we assume that there is no joint production

and that there are n commodities and n sectors of production.

Let E be the economy's demand for energy, E. the demand for energy per
. . C J . d . . d h 1/

per~od by sector J, j the net output per per~o ~n sector J an j

the energy input per unit of net output in sector j. It then holds that

E = I E. = ~ h. C.
j J J J J

1/ See note 1) on next page 258.
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Further, let PE be the price ef energy and ?j the prlce of the output

produced by sector J. Using these symbols, we can define the price

elasticity of energy demand, n~, in the following way:
~

!1E = dE
E

The variables p~ and E can easily be obtained and dP~ ~s exogenous. On
~ ~

the basis of (1) dE can be written

dE = r
j

h .• de.
J J

~e postulate tha~ the demand for co~odi~y J ~s deternined by the prlces
. . . l ' . 2) ....

of all commod~tles and the level of nOmlna- lnceme. ~nus, 1n e~ull~br~um

C. = C'(?1' ... , P ,m) where m is the level of nominal income. Accord-
J J n

ingly the ch~~ge in e~uilibrium output of commodity j, resulting from a

change in the price of energy, becomes:

1) By "net outDut" , C., ~s meant that part of g!"oss o11t:;:ut, X.
- J J

that is delive~ed to ~inal uses. The difference be~Hee~ €=oss

output ~~d ~et output, accordingly, is used as input in the pro-

duction system.

pe!" produced unit

E~us, if a .. deco~e
lJ

of commodity J, l~ holds that

of

X. = Z a .. X. + C.
1 lJ J 1

J

( 1 )
\ I

Furthe~, if tie let e. de~ote the input 8f ene=5J pe~ ~ro~uced
1

Q~it of commodity i, it holds tha~

Using obvious matrix notations

solution in (2).

E = Z
~

by sol-ring

e. X.
1 ~

. ~ .c.eIlne ccefficier:ts h.
J

," e -: :leD. get

E =
-i

e(1-a) C:::h'C

where h is ~ne vector of energy i~put c8effici~n~s per ~lt of net
output in ~~e ~~o~uc~~on sec~ors.

nresented 1!1

These
:n.odel

a.re sa::J.e assur::ptions
Cha~ter 4.

as -r:hose und.erlyi::.g -cne
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oC. OP.
dC. = L: --...l •-~ dP

J i 3Pi aPE E

Next we let the symbol n .. denote the elasticity of the demand for
J~

commodity j with respect to the price of commodity i, while the symbol

E.~ denotes the elasticity of the price of commodity i with respect to
~..., -

the price of energy. Using these symbols we can rewTite [hJ in the

following way:

dC.
J [

ae. P.
= L: (---.J.. --!. I

. ap. C. I

~ :l J

e.~ [ap. P.,., P.]pl . (--~. P .l:!..) P~ dP"p' =
_ . ClP.." _. ~.,., ...,

J. ~ ~ .l:!..

C.
=zJ·n .. ·E . .",.dP.,.,

i PE J~ ~.l:!.. .l:!..

Observe that [4 tJ can be '''Titten

dC.
---.J. =
C.

J

- ,
, 4" i
'- -'

SUbstitut-ion of [4'J J.n ~3J yields

h.e. E.
-LJ..

,
dE = H • n .. . siE

. dP = H --"- n .. E . .", . dP
E

ij
P.,., J~ E

ij PE J~ lL
.l:!..

r-
3

;l
L J

and substitution of [2J yields

PE E.
n.", = L:L: -l • n .. E • .", . riP =dP ·E P --- ..".l:!.. ~E J~ l~ 1:..

E :lJ

E.
=LL~.n ..

•• .l:!.. J~

J.J

1 )
• E.

:lE

This formula inplies that ener5J prlce :lncreases are completely
shifted over to households and that the wage rate is independent
of the level of commodity prices.
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The formula [2 1J indicates that in addition to the assumption about fixed

input-output coefficients, a number of additional assumptions are re­

~uired befor nE can be estimated. To begin with, the ~uotient Ej/E is

a function of the structure of the production system, that is, a func­

tion of the composition of final demand. Further, coefficients n .. and
J~

E
iE

are functions of the price system according to which nE is calcula-

ted. This means that our calculations have to be based on explicit

assumptions about the size and structure of the final demand for goods

and services and the prevailing price system. Moreover, we want to make

the elasticity calculations for a future point in time. This means that the

calculations have to be based on a prediction of the development of the

Swedish economy. In the following the prediction used in this study ~s

denoted the Itreference path.lt •

The empirical version of the household demand model in Chapter 4 and the

"non-energ'J commodity supply model It in Chapter 5 have been used in the

application of the expression for n~ derived above. This means that we

did not estimate each of the compon;nts of [2 'J separately. Instead the

calculations involve the following steps:

I First a reference development path for non-energy commodity

prices and the cons 1xmption of energy is calculated on the basis

of explicit assumptions about the final demand for non-energ'J

commOdities, labor productivity, wages and the prices, including

t~xes, of different kinds of secondary energy. Except for the

assumptions about energy prices, all of these assumptions are

based on a recent forecast by the Ministry of Finance. Thus,

by us~ng this forecast as a reference path for the development

of the Swedish economy, we get estimates of the variables E,

E. C. and P. by me~~s of the non-energy commodity supply model
J, J ~

presented in Chapter 5. The assumptions underlying the reference

path are presented in Section 10.2.

11 Then, by using the same model as ~n I above and making parametric

variations in the prices of energy, the elasticity of non-energ'J

commodity prices with respect to energy prices is calculated. In

other words, by making explicit assumptions about dP
E

,1) we cal-

In the actual calculations substantial changes in energy prices
were assumed. Accordingly the symbol 1tt,1t should have been used
instead of Itd lt

•
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culate the products €iE dPE in [4'J above. These calculations

are dealt with in Section 10.3.

III Next the change of the private demand for different kinds of

consumer goods and services resulting from the estimated changes

of the prices of these goods and services is calculated by me~~s

of the private demand model presented in Chapter 4. In terms

of [4 'J we use the estimated products € . .". dPE to calculate
dC. ~~

dC. (and ~C. ) for each j. In the following the vector of cal-
J .

culated changes of final demand is denoted dC.

IV In the fourth step the vector ~C is added to the final demand

constraints of the non-energy commodity supply model. By solving

the model, the estimated change of the final demand for non­

energy commodities is transformed into an estimate of the change

of the demand for energy. That is, by making a parametric change

of the prices of energy, dP
E

, and using the system of models, we

get an estimate of dE, which can be inserted in [2J.

This sequence of calculations enables us to estimate the sensitivity of

energy demand, along a reference growth path for the Swedish economy,

which is the result of sUbstitutions between different goods and services

in the household sector. Since the formulation of the model implies that

the wage rate is exogenously determined, it is not suited to deal with

employment effects of energy price changes. For this reason, employm~nt

effects are not discussed in this study.

10.2 The Reference Path

The reference path used as a basis for the calculations in this chapter

was obtained from the long-term projections recently published by the

Ministry of Finance; see SOU ( 67). The time horizon of these proJec­

tions is the year 2000. The period 1976 - 2000 is divided into three

subperiods, 1976 - 1980, 1981 - 1990 and 1991 - 2000. One forecasting

methodology is used for the first subperiod and another for the remaining

two subperiods. These projections are expressed in terms of annual growth

rates which are constant within each subperiod.

The Ministry of Finance has published four conditional predictions de­

noted I, II, III and IV for the period 1976 - 1980. These conditional
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predictions differ with respect to assumptions about a) the allocation

between the public and private sectors and b) the length of the working

week.

Six conditional predictions, A - F, for the period 1981 - 2000 have been

published. These predictions differ with respect to the rate of aggre­

gate capital formation, input-output coefficients of the production

sectors, terms of trade for the Swedish economy and the ~~plementation of

energy rationing. All six projections are based on the assl~ption that

the actual develop~ent of the Swedish economy during the period 1976 -

980 '1 ' " I) .1 Wl 1 concur wlth predlctlon II. Thls means that we can choose

from among six consistent projections for the en~ire period 1976 - 2000.

However, among the six alternatives, the one denoted A was considered to

be the main alternative. For this reason, alternative A has been chosen

as the reference path for the calculations presented later on in this

chapter.

In projection A the rate of gro'~h of the economyts stock of capital is

assumed to be 3 %per annum during the entire period 1981 - 2000. The

input-output coefficients of the production system are ass~~ed to be con­

s~ant and equal to those predicted for 1980. 2 ) The composition of exports

""rQv~;l;ng l'", 1080 lS 9."".1'1'""ed t.o ~_pma_in l'nc'..,a"'O-Q" 3) '.To 1'''''''0---'-0''''1'' ;-"'-"'0'[0-.::'~ c.~ -'- _ "'/ ~_'-'= _ _ ",-_ •••-O~·~. ., _vu'" l, __ ~ -~';;'_ -

ment or deterioration in Sweden's terjS of trade lS assillQei. Finally, it

:"s assumed that energ~r rationing ",~i'ill not OCC'J.r.

2)

This implies that the length of the working week lS assUEed to
remain at 40 hours and that the volume of total private con­
sumption grows cy 2 %per annum,

This means that prediction A is based on the s~e input-output
figures as those in the data base of the non-energy co~~odity

supply model. See Appendix 1.

In the model u3ed for these projections the i~po~~ s~~re of ~Qe

supply of each cor~ilodi~y is ~ss~~ed ~o be consta~ta
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A consistent development path for the Swedish economy between 1976 and

2000 has been determined on the basis of these assumptions. The main

characteristics of this development path are shown in Table 10:1. The

details are included In the maln report of the Ministry of Finance,

see SOU (63) and SOU (66).

Table 10:1. Main characteristics of the growth of the Swedish economy

along the reference path; annual percentage growth rates

of real
x

magnitudes

Period Private Public Exports Imports Labor produc-
\consumption consumption tivity I
!

I 1976-1980 2.0 2.9

I
6.71) 5.3 3. 1

1981-1990 2.3 3.0 3.3 3.3 3.5

I I I I1991-2000 2.5 3.0 3.0 2.7 3.3

x Measured In 1968 prices.

In addition to the data base of the non-energy supply model (see Appendix

1) the estimates by the Ministry of Finance lS the main data source be­

hind the results presented in this chapter. For each of the five-year

periods between 1975 and 2000 the assumptions about the following variables

are based on the forecasts made by the Ministry of Finance:

I

1 )

The sum of privat, public and net foreign demand for the output

from each of the domestic production sectors. 2 )

The high rate of growth of exports between 1976 and 1980 reflects
the basic assumption that Sweden's current trade deficit should
be eliminated by 1980.

Despite the great similarity of ass~~ptions in the projections of
the Ministry of Finance and our reference path simulation, both
simulations do not yield identical results in terms of production
and employment. There are two reasons for this. First, the
energy sector is included in the models employed by the Ministry
of Finance but not in the non-energy commodity supply model.
Second, investments are determined in different ways in the two
simulations. In the model used in this study, investments are
determined by means of constant capital-output ratios. In the
projections of the Ministry of Finance, investments are exogenous­
ly determined for the period 1976 - 1980, and determined by means
of neoclassical production functions for the period 1981 - 2000.
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IT The input of energy per unit of gross output ~n each of the

production sectors.

On the basis of these assumptions, the demand for secondary ener~J along

the reference path can oe determined by me~~s of the non-ener~J commodity

supply model. 1) The results can be seen in Table 10:2.

Table 10.2. ~~e development of ener~J denand along the reference path;

average annual percentage growth rates

Kind of energy 1978-1983 [1 983-1988
1
1988- 1993 11993-1998,

I

13.4 12.7
I

Electricity 3.2 2.7 I

1Gasoline 2.3 2.3 1 2 .2 I4. 1 I

Light fuel oil • I' 1.7 2.0 2.71.0

Heavy fuel oil 2.7 2 ), 3.3 2.4....

One renark should be made about Table 10:2. ?irs~, all input-output

coefficien~s, including ener~J input coefficie~ts, are ke?~ constant

along the entire reference path, this applies to the enereJ d~~~de~

for residential heating and lighting as ~ell.1) Thus, the results pre-

sented in Table 10:2 should no~ be interpreted as a long-te~ prediction

of the demand for secondarJ ene~gy in S~eden. ?or tha~ pUY?ose ~he im-

pact of ~:(pected technical. change l',.rol..:.ld ha~te +:0 8e i~cor:Jorated. into the

calCUlations. Nevertheless, ~~e fig1~es ~n Table 1G:2 ~e used as a re-

ference ~atn for the cons~ptian ~~ ene~5J.

The last feature of ~~e refe~ence path He have to

development of prices of non-ener~J ca~odities. ~o io this by ~eans

of our model, ve ~eed assumptions about the ~age
, . , -.
"t[le ~2.:ce 0:

interest, the ~r~ces of secondarj ene~gy ~~d the ~ . ..'0: :.~c.J..rect

taxes ~~d subsidies.

1/ Tnis pa~ of total e~ergy de~~d c~n be dete~~i~ed l~ ~~e r~Sl­

dential heat~ng serv~ces sU~9~Y ~odel.
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Starting from the 1975 real wage level, the wage rate grows at the same

relative rate as the average productivity of labor along the reference

path. The rate of interest is set e~~al to 8%. The real prices of se­

condary energy prevailing in 1976 are assumed to remain unchanged. Pre­

dictions regarding indirect taxes and subsidies were obtained from the

Ministry of Finance.

Even though most assumptions about exogenous variables are based on

the above mentioned Ministry of Finance predictions, the commodity

prices determined by our model differ from those dete~ined by the

model used by the ministry. The main reason for this difference is

that in the latter model both prOfit and wage rates differ between

various sectors of the economy. 1/

10.3 The Elasticity of Commodity Prices with respect to Energy Prices

The non-energy commodity supply model used for the calculations presented

in this chapter c~~ be regarded as a multi-period input-output model

where energy is a primary input. In a one-period input-output model

there is a very simple relation between the prices of primary inputs

d h . f' 2/ . .an t e prlces 0 f1nal outputs. Wnen energy 1S treated as a prlmary

input the elasticity of the price commodity j with respect to the price of

energy, €Ej' is e~ual to the share of the total cost of energy in the

initial price (or production cost) of commodity j. F~rther, it can easily

be shown (and is in fact obvious) that €~. is non-linear in the price
LJ -

of energy , PE' and that

I

II lim EEi= 1.
P~-1'<X> tJ

""
This description of the relation between energy prices and commodity

prices is also valid for the non-energy commodity supply model in Chapter 5.

1/ See Restad (47), Chapter 4.

2/ See for instance Bergman (6 ).
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The figures presented In the next sub-section are obtained by means of

the formula

E:,." •
t;J =

P'!'
....J.. - 1
P.

J

- 1

where P
j

is the reference path price of commodity j and PE the reference

path price of ener~J, ~hereas P'!' ~~d P~ are the corresponding ma~itudes
J .w

octained in a simulation ~here, ceteris naribus, ?~ # P~ .
.::..

10.3.2 The Es~imate~ Elasticities

In order to estimate the ela.stici ty of commodity 9rlces "Hith res-pect to

energy prices, tNO kinds of simulations ~~th the non-energy conmodity

sU991y ~odel have been carried out. First, the level of domestic elec-

tricity 9rices ~as doubled in relation to the reference
,. .

pa-cn pr1.ces.

Next, electricity prices were ke9t at the reference ?ath leiel out the

d . . ~ 11 .. 1/omestlc prlces or a~ klnds of reflned ?etrolel~ produc~s were

doubled. All ~he results ~r~sented in ~his c~apte~ re~~r to

the second model period, that is, the period 1981 - 1925.

The prices of i~ported ncn-~~ergy commodi~ies Nere ~=pt conS0aLt t~roug~-

out. Thus, ~he analysis is confined to t~e ef~ect

io~estic ?rices of seconda~y e~e~~J. The r~l~~ion ~e~Nee~ :n~e~national

S~edish non-energy import prlces will be discussed la~er on in this

chapter.

1/ Gasoline, fuel oil and hea'TJ fuel .: .,o.:..J...
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The results from the simulations are shown in Table 10:3. ~n spite of

the large increase in energy prices, the elasticities are calculated as

point elasticities. rhis tends to bias the estimates upwards. It should

also be noted that heating technology in residential dwellings remained

unchanged in the calculations performed for Table 10:3.

Table 10:3. The estimated elasticity of consumer goods prices with

respect to energy prices 1981 - 1985

31°·016
4 10.014

5 I' 0.032
6 ; 0.012

I

7 10.018
I

Elasticity with
respect to
petroleum pro­
ducts and elec- .

" • Itrlclty prlces

0.225

0.059

0.103

0.051

j

0.062I
;
I
I
1 0.049i
I,
I 0.125
!,

0.306
j

, 0.114

I 0.056
II0.020
,

Elasticity wi~h

respect to
petroleum pro­
ducts prices

0.044

0.016

0.181

0.045

0.071

0.039

0.096

0.046

0.035

0.093

0.294

Elasticity with
respect to
electricity
prlces

0.014

0.012

0.004

1

I
I

I
l

I 8 0.032

I 9 0.012

110 I0.044
i
1

j
\
I,

I ~
I
j
I

I
i

Food

The general level
of pricesx

Other goods and
serVlces

Furniture

Commodity

Housing services

Beverages and
ltobacco
I ,
jClothlng

ICUltural, goods

l
and serVlces

Hygiene

!Private trans­
Iportation
I

~Leisure acti­I
lvities
I

x A weighted average based on the composition of the private consumption

1981 - 1985 along the reference path.

We start the analysis of these results by discussing the impact of' higher

prices of electricity. It is clear from the Table 10:3 that variations

in electricity prices are likely to have a non-neglible impact on the

prices of only a few cOIT~odities.

1/ Since the model is entirely linear, these figures c~~ be obtained by
adding the other two col~~~s.
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Not surprisingly the most izport~~t impact is shown to be on housing

services. It may be that this figure represents an Q~derestimate of

the impact of electricity price increases on the cost of housing ser-

vices. This is because the input-output coefficients Q~derlying the

calculations were determined by zeans of a trend extrapolation proce­

dure based on input-output statistics from 1968. 1/ However, the share

of one-family houses in total residential construction has increased

during the past few years and since nowadays electric heating lS In­

stalled in most new one-family houses, the trend is likely to under­

estimate the present electricity input coefficient in the production

of housing services.

The high level of aggregation tends to even OU~ t~e di~fererrces be-

tween the commodity groups. Two commodities are worth mentioning:

hygiene ~~d furniture. The prices of both of these commodities are no~

quite insensitive to electricity price variations. Eowever, the ca~-

culated elasticities for these two co~~odities are likely to oe biased

upwards. This is because consumer comrrodity hygiene is to a large extent

based on chemicals which constitute ~~ output from the chemicalsar.d

plastics sector. ?lastics a~e energy intensi7e ¥hereas chemicals a~Q

not. Thus, the aggregation of these two kinds of products into one

tends to bias c~t esti~ate of the sensitivity of hygiene prlces Nl~n

respect to the price of electricity.

A Darallell case is tha0 f~rniture i3 oased on ~ood, Hhich is ~roduc~~

by ~he ¥ood and 9~~er sector. I~ this eggregated sector ~~?e~ is ~~e

energy in"Censi~ie :proc..~c~
. .
lS no"S.

In spite of the uncertainties necessarily connected with this kind 8f

estimati8ns, one conclusion is very clea"" fro:n. Table 10:3. ~.rithi:1 vas+:

limits, variations in electricity prices ",.till - ~.;itn one e:<ce:ptlGD,

housing - not substantie.lly e..ffec-: eitb.e~ t~--:e l~'r~l or the str',.:ctttre

8f S¥edish conSUF-er ~oods prices.

1/ See Aberg (54)
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However, the same conclusion cannot be drawn about the impact of petroleum

products price increases. This can be seen in the second column in Table

10:3. The estimated elasticities range from 0.016 to 0.294 and most

elasticities are higher than 0.035.

As expected, increases in petroleum products prices have the greatest

impact on private transports and housing services. 1/The figure for the

latter commodity should be somewhat reduced as a consequence of the re­

mark made above about the increased share of electric heating. Further,

for the reason discus~ed above, the figures for hygiene and furniture

should also be reduced somewhat.

The consumer goods discussed so far are all linear combinations of the

outputs from a number of production sectors in the model. T~e elasticity

of the output prices of these sectors with respect to energy prices is

shown in Table 10:4. 21

The estimated elasticities are highest for those sectors where petroleum

products are used not only as fuel but also for other purposes (chemicals

and plastics, non-metallic minerals). Among the rest of the sectors the

impact of higher energy prices is greatest in the main export sectors,

that is mining and quarrying, wood and paper, and iron and steel. This

indicates that in the short run, Swedish energy prices cannot be raised

much more rapidly than foreign energy prices without having consequences

for the country's external balance.

The general impression from Table 10:4 is that the output prices of

production sectors are not very sensitive (less than 50 - 75 %) to in-

1) When interpreting these results it should be noted that no di­
stinction is made between the use of oil as an energy commodity
&'"1d the use of oil as an "ordinary" input.

2) To avoid confusion in the comparison of Tables 10:3 and 10:4 the
relation between the sector "letting of dwellings" and the con­
sumer good l.Ihousing services" should be commented on. The
"letting of dwellings" sector produces residential dwellings where
heat and light are provided only in the areas used jointly by all
residents (stairways, etc.). The consumer good "housing services"
contains inputs from the "letting of dwellings" sector as well
as the energy sector.
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Table 10:4. The estimated elasticity of sector output prices ~ith respect to

energy prices 1981 - 1985

ISector ~ Elasticity
with respect
electricity
prices

IElasticity IElasticity
to ~ith respect to I with respect to

petrole~ pro- Ipetrole~ pro­
ducts prices I ducts and elec­

trici ty prices

Beverages and tobacco

!Letting of dwellings 30,
IMiscellaneous serv~ces 31

Forestry and logging 11

Mining and ~larrying 12

Import-competing foods

0.070

0.055

0.086

o. ,30

0.057

0.051

0.051

0.063

0.122

0.062

0.021

1 0.061

0.035

10 . 042

0.152

10 . 081

I (\ Oo/"~
J '-'. -'

!

0.211

I :].140
I
I 0.068

0.053

0.070

0.048

0.017

I0.1 J2

1
0

.
060

I 0.051

1
10.084

10.029
I

1 0 . 030

IG.047

.o.c83
j ,i 0.040
I

10 . 062

Io. 158
\,
10 . 069,
10 . 046

10.044

I0.031

1 0 . 042

!0.045

Cl.012

0.022

0.010

0.026

0.020

0.009

0.012

0.052

0.014

0.004

0.014

0.047

0.015

0.024

0.053

0.071

0.033

0.021

0.013

0.006

0.012

15

16

18 I
19 !,

20 I
i

21 J

I
I
i
i
I
i

29

,Textiles and leather

ITtlood and paper

IPrinting and pUbliShing

IRubber nroducts, .
I
jChemicals and plastics

lIron and steel

IMachinery and equi~ment

!Shipbuilding
I!;,1:i.scellaneous

22

; ,.,rl'J.st·"l· ",,,,I ?3
• .1,. .......... ' ... '-a..I

1

-

lAgriculture and fishing I 24

!Sheltered food 1

1

, 25
/" :;2Jon-metallic n::'nerals I 20

I . I

j~::::~~:~::d retail ~~
I+-~~dpI v. - -

JTransTIort
j -

creases In electricity prlces. On the o~her hand petrole~~ proQucts

price increases of the s&."'TI.e ord.~r of magni t:_~d.e e..r~ like=-~r -:0 ~a~l'2 a

noticeable effec: on equilibrilli~ prlces.

This last conclusion cont~adicts tte res'_llts of es.ylier s"':~1ies oy ~nlS

author. 'Table 10: 5 contains a comparison of t:re resl.11~s s stuc.:r

and t:"1ose obtained in 9.. sttldy by 3erg::lan &: 3e~gstrr:5m. (1974). The lat:,e!"' st,_~
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was carried out using input-output statistics for 1971. The maln difference
between these two studies is that the impact of oil price increases

was estimated in terms of the pre-1973 level ln the earlier study, while

the effect of increases from ~he considerably higher oil ~rice level in

1976 is estimated in the present study.

Table 10:5. The estimated elasticity of sector output prices with re­

spect to petroleum products prices before and after the

"oil crisis"; selected sectors

This study Elasticity Bergman & Bergstr6mx
Elasticity

Pulp 0.029

Wood and paper 0.083

Paper 0.031

Iron and steel 0.069 Iron and steel 0.023

,Transport 0.084 Transport 0.061
-

x Bergman & Bergstrom, Ene~~ipolitik och energianvandning, EFl,

Stockholm 1974.

Although the sector definitions do not exactly coincide, it is quite

clear that the elasticity of commodity prices with respect to petroleum

products prices rose markedly due to the oil price increase of 1973 ­

1974. 1)

One methodological difference between the studies, which works
in the same direction as the oil price increase, is that the
effect brought about through more expensive capital goods is
included in this study but not in th~ Bergman & Bergstrom study.
However, since neither maChinery and equipment nor construction
(the major capital goods) are very energy intensive, this
methodological difference should not affect the main conclusion.
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~ne Elasticity of Consumer Commodity Demand ~ith res~ect to

Energy Prices

The impact of energy price ~ncreases discussed in the preceding section

can now be tr~"sformed into changes in the demand for various con­

s'~er goods. This is accomplished by means of the system of demand

equations described in Chapter 4. Some problems related to the appli-

cation of the demand model are discussed in subsection 10.4.1 and the

results are presented in 10.4.2.

10.4.1 The Annlication of the Demand ;Ifodel
-----~~----------------------------

Some theoretical problems connected w~th integrating the supp~' ~~d de-

mend models into a single model were touched upon in ~napter 4. However,

in the practical ~ork w~th the non-energy cc~oditJ supply model it turned

out that the calculated suppiy prices of non-enereJ co~cdities are largely

independa~t of the composition of the final demand. This result is a coo-

sequence of the linearity and lack of substitutability non-ene:::gy

commodity supply mOdel, which means that it can fairly easily inte-

grated 'Nith the household de~~nd model.

how that integration was carried out.

subsection it k5
.. ".. 'Id.escr:.oec.

The ~linistry of Finance forecasts,·~he ~asis of our reference ~2~n, s~n-

tain ~redictions of the ~o~Htc of private consuner de~~~d. 2owever, ~hese

predictions are nO"G e:cpressed in te~s 0: co.nsume~ goods e.=:d. se~"rices

(co~odities 1 through 10 in our s~ucyl/) out in te~s of 9roclicticn

sector ou-::;:uts T~us, :n the f~~st step ~e

have to transform the referecce path in~o a ~evelo9ment pat~ fer th~

cons~ption of commodities 1 through 10.

This can oe done i~ two ~ays. One is to use ~ne refe~ence ~a~h ~rlces

of consumer goods dete~i~ed oy the Lcn-ener~J cc==adity supyly ~odel

future Gen~d far cons~er goods
. .

8....."1.c. se::-v:..:::es.

1/ See the co~odity list on ~. 118.
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The other is to tr~~sferm the reference path projection of household

consumption of production sector outputs into a projectien of house­

hold consumption of consumer goods and services. This can be done by

means of the matrix where each col~~ defines a consumer commodity

group as a linear combination of various production sector outputs. 1/

Both approaches were tried and it turned out that there were subst~~­

tial differences between the two projections. There are three plausible

explanations, not mutually exclusive, for this result:

i) The differences between the commodity pr~ces determined by

means of the model used in this study and those determined by

the model used by the Ministry of Fin~~ce.

ii) The matrix that transforms consumer goods into production sec­

tor outputs may have import~~t deficiencies.

iii) The demand model used by the Ministry of Finance2/ may give

signific~~tly different results "than the demand model used

in this study.

On a priori grounds, there is no possibility of determining the rela­

tive importance of these explanations. However, due to the simple struc­

ture of the non-energy commodity supply model the impact, ln terms of

energy consumption, of a given change in the final demand lS indepen­

dent of the initial Slze and structure of final demand. Thus, since our

analysis is confined to the changes in the dem~~d for energy we do net

have to make any judgement about the relative merits of the two demand

forecasts discussed above. In any case, the first of the above described

approaches was adopted.

The application' of the demand model was carried out in the following way:

The prices ~~d demanded quantities ef consumer goods and services fer

1973 were used ~~ the points of departure. 3/ The calculated prices and

totalnousehold expenditures (less expenditures on housing) along the

reference path served to

1/ That is the matrix presented ln Table A. 1.1 in Appendix nr 1.

2/ The dem~~d model used by the Ministry of Fin~~ce for the period 1981­
2000 is of the same type as Johansents grow~h model for Norway; see
Johansen (30). A very simple dem~~d model was used for the period 1976-80.

3/ Since the demand model determines the changes in private consumer demand
initial values for prices, total expenditures and the shares of total ex­
penditures spent on the different commodities are needed.
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determine a seQuence of vectors, C(t), representing the demand for

consumer goods ~~d services in different time periods. This procedure

was then repeated for each of the three cases where electricity prices,

petroleum products prices ~nd both electricity and petroleum products

prices, respectively, were doubled. By subtracting each of the last

three vectors from the reference path vector, three "differe!1.ce vectors",

~C(t), were determined.

The calculated 6C.(t) were then transformed into an estimate of the
~

elasticity of the demand for consumer goods with respect to energy

prlces. The calculated 6C.(t) were then added to the demand constrai!1.ts
1

of the non-energy commodity sup:;;ly model and ~,;ere thus trsnsformed into

an estimate of the elasticity of ener6J demand with respect to energy'

prices. The results of these calculations ar'.:
.;. , .

presen,~eQ ln subsection

10.4.2 and the estimates in Section 10.5.

The elasticity calculations refer to period 2 in the model (1981 - 1985).

But this does not mean that the results should be interpreted as a

conditional prediction for that period. Rather, the figures should be

interpreted as estimates of the long-run e~asticities in an economy

with ~eontief technology and conventional demand equations. Since our

estimates of prices and consumed quantities ef consumer goods and serVl-

ces alor:g ref~rence path are 7ery uncertain, these elasticity cal-

culations are liLely to yield biased results. :10reover we do not know

the direction of the " .Olas. . ....... '.... .SlDce many Ql!Ieren~ errors a~e

aggregated into one single elasticity measure f8r the 9rice se~siti~rity

of ener~J de~en1,

10.4.2 The Results

Slze of ~he oi~s is probably ~ot ,ery :~~orta~t.

The elasticity of cons~~er commodity 1enand ~ith ~espec~ t? energy prlces

can be seen in Table 10:6. In accordance with the disCllssi~~ abo~re, the

estimate for the corr..moc.it:l "ho1J,si::g ser\rices Tr is omit~ed.

Table 10:6 that an lnc:-e2.Se ln .. '·.... ne of ele~t~i.~i"S~.l ~end.s

reduce the deman1 for all kinds ~f conS~ller goods, even t~ough the

elastici~ies have very low numerical I~lues. Considering t~e resul~s

of the preceding section, this is ~ot s very surprising r~sult.
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Table 10:6. The estimated elasticity of consumer commodity demand with

respect to energy prices 1981 - 1985

Commodity ~ Elasticity with I Elasticity with Elasticity with
respect to respect to respect to

I electricity petroleum pro- electricity and
prices ducts prlces petroleum pro-

ducts prices

IFood 1 -0.023 -0.113 -0.132
i

-0.014IBeverages and tobacco 2 -0.013 -0.002

Clothing 3 -0.037 0.101 0.065

Cultural goods and 4 -0.007 0.167 0.157
services

Hygiene 5 -0.015 -0.055 -0.068

Private transport 6 -0.027 -0.275 -0.292

Leisure activities 7 -0.020 0.074 0.053 .

Furniture 8 -0.028 -0.285 -0.301

Other goods and 9 -0.015 -0. 141 -0.152
services

As shown ~n the second column of Table 10:6, the impact of petroleum

products price increases is much more substantial than the corresponding

impact of electricity prices. There are both positive and negative

elasticities and some have considerable absolute values. These results

should be interpreted with some care, however.

The very high negative elasticity of the demand for private transport

(that is, the demand for cars and gasoline) with respect to petroleum

products prices seems reasonable. But this does not apply to the still

higher (in ahsolute value) elasticity of furniture. This result is un­

reasonable simply because our estimate of the impact of energy prices

on the price of furniture is biased upwards. 1)

Since two of the nlne commodities in the de~and model have high negative

elasticities, some commoditie~ are likely to have positive elasticities.

See the discussion on p. 268.
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In our model these are clothing, cultural goods and se~'Tices ~d leisure

activi ties. In the case of clothing the positive e~asticity is of

course to a large extent the ~esult of the positive own-price elasticity

discussed above. 1) It follows that this result should not be t~~en too

seriously.

Despite the various peculiarities, some interesting results have been

obtained from application of the de~~~d ~ode~. Accordi~g to our resu~ts

further increases in oil prices, notably gasoline prices, are likely to

curb the dem~~d for pri.ate transport. Instead, an increasing share of

the purchasing power of households ,rill be directed towa~ds cultural

goods and services ~~d leisure activities. :n ot~er ~ords, the ~~ket

mechanism seens ~o yield results which are we~l in line ~ith the sugges-

tions of m~~y critics of mass-consumption society. It is also interesting

to note that a doubling of the price of electricity has a very small Lm-

pact o~ the size and composition of the private dem~~d for non-ener~J

consune~ goods and services.

10.5 ~ne Flexibility of the Derived Denand for E~er~

The next step involves transforni~g the ch~ges lD the dem~~d for con-

sume:- goods and ser"'!rices into changes in the demand for energ-f. T:~is

can easily be done (cf. p. 261) by me~s of the non-ener5J co~odity

supply model. The ~esults of these calc~lations can be seen ln ~able

10:7. 3efore discussi~g these results, a fe~ remar~s s~ouli be wade

about the biases innere~t in our met~od of cal~~lation.

to one kind of substitution, tha~ is bet~een different final non-ene~6J

goods and services, follo~ing an inc~ease In energy nr:ces. Thus, ~e ne-

glect tb.e i~pact of substitutions bet~een fa.ctor's of produc-

tion, including sU8stitutions ~et~ee~ di~fere~t ki~d5 ef e~e~~7. AC~O~-

r~~ elas~icitiest

1/ See p. 100.
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Incorporation of the demand model and the residential heating services

supply model into the same model-system necessitated very strong a.ssump­

tions about the demand for housing services. It is assumed that the

demand for housing services is completely inelastic with respect to

prices and level of income. In addition, when the non-energy commodity

supply model is used as a single model, the energy input coefficients

of the residential sector are kept constant. It follows that the esti­

mated elasticities are further biased downwards. This holds in particu­

lar for electricity since direct purchases are a predominant part of

Id
. . . 1)

total househo electr~c~ty consumpt~on.

Another important factor in this connection is that the analysis is

confined to aggregated consumer commodity groups. Aggregation always

tends to even out the differences, in terms of input structure, between

commodity groups. The consumer commodities have also been aggregated

so that the substitutability between commodity groups is minimized. 2 )

Consequently, as compared to a completely disaggregated model, our

aggregated model tends to underestimate a) the changes in relative

commodity prices resulting from energy price changes, b) the substitution

between commodities resulting from the changes in relative prices and

c) the changes in energy consumption resulting from the changed compo­

sition of final demand.

After having established all these qualifications, we now turn to Table

10:1.

To begin with, there is a substantial difference between the impacts of

increases in electricity prices and petroleum products prices. This,

of course, is a fairly obvious consequence of the results presented in

Table 10:6. Likewise,it is not surprising that ga!':oline demand turns

2)

Direct electricity consumption ~n the household sector applies
to heating and lighting. Electricity is used to fuel various
kinds of electrical equipment. The remaining household electri­
city consumption is the result of consumption of non-energy goods
and services for which electricity has been used as a factor of
production.

Commodities that are close substitutes or complementary are alloca­
ted to the same aggregated commodity group.
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out to have the highest estimated elasticity. The general impression,

however, is that the derived demand for ener6J seems to be fairly price

inelastic.

Table 10:7. The estimated elasticity of ener6J demand with respect to

energy prices 1981 - 1985

i d x. P
4L

d X. P 1)
d X. P 2)

Commodity ~ ~ • Petr __l f E
~ .--

d P
46

x. d P X. d 1:1 X.
~ Petr ~ -E ~

Electricity 46 -0.007 -0.041 -0.049

Gasoline 51 -0.026 -0.277 -0.303

Light fuel oil 52 -0.006 -0.OU2 -0.Oh9

HeaV"J fuel oil 53 -0.016 -0.088 -0.104

Oil products 51+52+53 -0.015 -0.109 -0.125

The results of our calculations can also be presented in terms of diffe-

rences in annual energy demand gro'Hth rates. The annual energy demand

growth rates between the middle years of model period 1 and model period

2 at different ener~J price levels can be seen ln Table 10:8. In

accordance '..ri th the above line of reasoning (p. 8 ) '..re consider the

model solutions for period 1 and period 2, respectively, as long-run

equilibrilli~ situations. Thus, Table 10:3 shows the energy demand con-

sequences of an adjustment to a ner,.; equ.ilibri '..ll:l structure of final d.emand.

Although the es~imated prlce elasticities of enereJ demand ~e~e :airly

low, a doublin.g of e~ergy pri2es brings abou.t a restrl~cturirlg of fi:18..1

demand that has a non-neglible impact on energy demand grorHth rates.

This holds in particular for gasoline.

Ppetr denot~s the prlce index of the aggrega~ed commodity

r'petroleum prod.uct srI.

PE denotes t:'1e pri::e index for aggrega.ted.

"electricity and. petroleum products".



Taole 10:8. Estimated annua] energy demand percentage gYow~h rates at

different energy prlces 1978 - 1983

Kind of energ-.f I" -" Electricity Petroleum Electricity andr,e.l.erence
path growth prices products petroleum pro-
rate douoled prices douoled ' ... prlcesQUCvS

oetween per. oetween per. 1 douoled oet'ween
1 and per. 2 and per. 2 per. 1 and per. 2

Electricity 3.2 3.0 3.0 3.0

Gasoline 2.3 1.6 -3.5 -4.1

1.6
I

Light fuel oil 1.5 1.3 1 .2 I
I
I

Heavy fuel oil 2.7 2.6 1.5 1.3 I

So far in this chapter we have dealt with the impact on energy consump­

tion oy a 100% increase in the prices of secondary energy. To make the

picture more complete we should also oriefly discuss the exogenous changes

that are likely to oring aoout a douoling of secondary energy prices.

Two factors w~ll oe touched upon in this section: nuclear power policy

and crude oil prices.

The analysis of the four nuclear power policy alternatives carried out

in Chapter 8 indicated that the long run price of high voltage electri­

city would oe aoout 70-100% higher in the non-nuclear alternatives (Ill

and IV) than in the nuclear alternatives (I and 11).1/

1/ See p. 199 'where the policy alternatives are defined and p. 215 where
those results are discussed.
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This means that the estimates presented in Tables 10:3 and 10:4 roughly

indicates the difference between the nuclear power pOlicy alternatives

in terms of non-energy commodity prices. According to Table 8:8 on p.

the policy alternatives I, II and III will not differ until the third

period (1986 - 1990) while the electricity price rise occurs in the

second period (1981 - 1985) in policy alternative IV.

The development of petroleum products prices on the Swedish market during

the 1970s is outlined in Diagrams 10.1 - 10.3. The share of t~xes in the

(average annual) ~arket price of these products is also shOWUe T~e year

prior to the oil-crisis, 1972, is t&~en as the base year. The diagrams

indicate how the prices of petroleum products on the Swedish ~arket re-

sponded to the increase In posted prices of crude oil fron about S 1.50

barrel to S 9.00 barrel during a few sonths in 1973 - 1974. Accordir-g

to these diagrams, Swedish market prices of petroleum products increased

substantially in response to the crude oil price increase, but Swedish

market prices did not rise nearly as much as crude oil prices. A rough

+' ..
eS'Jlma'~e is that the elasticity of petroleum ~roducts prices before

tax with respect to crude oil prices was about 0.3 for fuel oils

0.2 for gasoline. 1/ This me&~s that transportation, refining and "va-

rious distribution costs account for SOr:le 70-80% of S\fedish petrole1J.m

products prices before t~(.

In the case of gasoline, tte ela5tici~y o~ the ~arket ?rice ~ith respec~

to the price of crude oil ~as considerably lo~e~ t~an tne corresyondi~g

figure for the price Jefore tax. ~hus, the high saare of taxes in the

price of gasoline acts as &~ additional buffer between crude oil prices

&~d the market price of gasoline. On the ot~er h2nd t~e market p~ice

of gasoline is fairly sensitive to ch~Dges in t~e gasoline t~x.

1/ The crude oil PYlCe i~c~eas2d ay 500% (from S j .50 to $ 9.JO 9~r oar~el),

the fuel oil prlce by ~oout 150% ~~d the gasoli~e ~rlce by 100%.
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Diagram 10.3. The development of hea~! fuel oil prices and taxes,

1970 - 1976
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Source: Svenska Petroleum Institutet.

We noted above that non-energy product prices become more elastic Hi~h

respect to second~J ener~J prices as these prices rise (see p. \
) .

In the same vay, ceteris uaribus, elasticity of getrole~ ~roducts

prices ~ith respect to crude oil ~rices is positively =elated to t~e

level of these prlces. Thus, r~ther incre~ses in c~~de oil ~rices are

likely to have a relatively gYeater effect on ~etrcle~ ~~od~cts 9~1-

ces than the 1973 - i974 increase.

10.7 The ~ruclear P<)~,.ter Polic~r J~terns:: i. ~res 2-t.~d. the !je!:.=-r:c.. ~O~ :::ner~---------------------_ ....._-~---------------------------- --------

The analysis in the preceding sections 0-:: , .
-: r:..l. s

conclusions of particular interest in connection ~ith a discussion of

the impact of the nuclear power policy alternatives. ?irs~, according

to Table 10:4, it seems as if an electricity price increase cainly

affects the prices of the ~ain exporti~g 3ecto~s. SecQn~, accoriing to

Table 10:9, it seeffiS as if a doubling of ..,' . :,,\...,.. , ..
~ne prlce or e~ec~r:Cl~Y noes

not induce such changes lTI the 2omposition of final i~~~~d ~~~~ t~e ~e-

mand for electrici~y, de~i?ed ~rcm t~e aema~d ~or :i~a~ non-ece~gy

commodities, l5 significantly ~ffe~ted on ~he :evel of agg~egatio~ of

this study.
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The latter result in~icate~ ~~la~ ~~.. gDp..-Lys_:.s OD L~e :~~a L'-'"-~ ...... -- ~ ~.- .........._. ~ _ '.L v;,.J... -L..l.hiJ C u of the choice

between the four nuclear power policy alternatives can be carried out

"\-li thout Sil"bS+,!=i_j1.+.~ ~.l "Dl" ~r:', eve.L~' .... l' f' . . .
-. l_<--~ ~~'--_ ___ c n vDol1gn r:<)SSlb~e cnanges 0 ... tne COIn1JOSl tlon

of the final der.::.acld for ncn-'energy cOrL'"Iiodi ties is neglected. The former

conclusion ~ndicates that an analysis of the choice between the policy
.... ., t e"Y'n .... .L i -~ s .; ::; .. , 1 d" i ... .L.. h .... .
~...:....., J.. ~_C2.\..>_ V e ..... n0.eea snou..... lrJ.C.1..UQe L.:.le lorelgn t.rade sector.

In this study the so called "complete supply model" of "Ghe EFM
1

) "vas

utilized foy a ccmperison of policy alternatives I (no constraints on

nuclear power) and III (no more than 13 nucle~r plants). The siml~lc..tio!J.s

were based O~ Ghe asslli~ptions underlying the reference p~th simulation.

However, for several reasons exports and non-energy imporLs were determi~ed

exogenously. The maln reason was that t~e trade nattern of the model is

very sensitive to the ~ss~nDtio~s nade about world market prices. Since

no long term prediction of the development of these prices was available,

there was no reasonable basis for en endogenous treatment of the foreign

trade.

This means that there are t-wo subs-:i tution lneche..:nisms left In the fnodel.

The ~irstis the substitution between different kinds of primary energy

in the electricity and heat prOduction sector. The second is the sub-

stitution between different kinds of secondary energy and of energy and

capital in the residential heating sector. This means that at given

trade and domestic final demand patterns, the grQ~wth rates of the con-

sumption of uranium, heavy fuel oil, light fuel oil, elecuricity and

heat can still differ. The estimated grow~h rates for these kinds of

energy in pOlicy alternatives I and 111 can be seen in Table 10:9

The comparison is confined to the annual growth rates between the middle

years of the first three periods.

i )
That s, the model which lS obtained when all the supply models
are 1 ~ked to each other. See p. 62.



- 284 -

Table 10:9.· Estimated ar~ual percentage growth rates of energy con­

sumption in the case of nuclear po~er policy I and the

case of nuclear power policy Ill. 1978 - 1988.

Policy alternatiYe I I Policy alternatiYe III I
1978-1983 1983-1988 1978-1983

I
1983-1988

Uranium 2.2 7.5 2.2 1.6

Heav7 fuel oil 1 . 1 -1.2 1.3 4. i

Light fuel oil -0. i 1.3 -0.1 1.4

Electricity 4.3 2.7 4.2 2.6

Heat 1.4 2.6 2.1 2.1

In both alternatiYes the consumption of light fuel oil decreases while

the consumption of uranium and electricity increases be~~.~en 1978 &~d

1983. The reason for this is that nuclear capacity can still grow at

the same rate in both alter~atives. As a result the consllm?tion of

light fuel oil in the residential heating sector is signifi~antly ~e-

duced and replaced by electric heating.

During the period 1983 - 1988 the cons'xnption of l~anlun grows rapidly

while the cans1~ption of he~i~r ~uel oil is reduced i~ ;olicy al~e~~atiJ~

I. In policy alternative III the m~{imun level of ~~cle~ ca~acitJ is

reached. The additional demand for electricity and heat is ~et by pro-

duction in oil fired plants, and conseQuently the consunption of hea-~J

fuel oil ~nc~eases. Due to the higher prices, t~e gyo~~h of electricity

and heat consumption is 3cme~,.,"hat lOi,.rer in alterna.ti"tre lIT than i:J. e.lter~_a-

tive I.

These results i~dica~e that i~ spi~e o~ the rigidi~y of the model, ~he

development of tee calcula~ed ene~~r bal~~ce is

nuclear power 901icy ass~ption.

dependent 8r:.. the
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However, this does not mean the economic consequences of electricity pr~ce

increases are neglible. The figures presented in Table 10:4 show that

the impact of a 100 %increase in electricity prices is quite significant

in some of Sweden's main exporting sectors. The calculated elasticity of

the price of the output T~th respect to the price of electricity was

0.07 in the iron and steel industrJ 0.05 in the ~ning and quar~ing

industry as well as in the wood and paper industrJ. These fairly high

elasticities simply reflect the fact that the electricity intensiveness

of the technology used in these sectors is relatively high. Thus,

unless the Swedish exporting sectors are c~mpensated in one way or

another, a significant increase in electricity prices in Sweden ~n re-

lation to electricity prices in other countries, is likely to negatively

affect the international competitiveness of Sweden's export industrJ.

On the other hand, a reduction of the production in the three sectors

mentioned above would, indeed, reduce the consT~ption of ener6J in S~eden.

In this chapter we simply assumed that the prlces of electricity were

doubled. However, according to the results presented in Chapter 8, a

switch from nuclear power policy alternative I l
) or I12 ) to alternative

11I l ) or IV2 ) would lead to about 70 - 100 %higher prices of high 701tage

electricity in the long ~~~. Thus, one can say that the high electricity

intensiveness of importa~t ex~ort sectors, re?resents s constrsi~t on

the choice of nuclear po~er policy in S~eden; the choire cannot oe made

without consideration of the corresponding choice in ot~er ~oQ~tries.

Doubled petroleum products prices t~rned cu~ to ha-re a significant im­

pact on both the level and structure of comnodi~J prices. 'This sensi­

ti~~ty of commodity prices with respect to oil prices is to a large extent

the result of the 1973 - 197~ oil price increase; si~ilar calculations

based on pre-1973 oil prices indicated consider~bly lever elasticities

of commodity prices
. . ., ~

to Ol~ prlces.
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Owing to the changes in commodity prices resulting from the assumed

increase in petroleum products prices, the composition of final demand

was changed. It was also reduced in real terms. Consequently the de­

rived demand for petroleum products decreased. This applied in particular

to gasoline. Along with the results presented in Chapter 9, these

findings indicate that the demand for petroleum products can be expected

to be fairly price elastic.

The market prices of petroleum products can rise either as a result of

higher world market prices of crude oil and refined petroleum products

or as a result of changes in domestic energy taxation. The discussion

~n Section 10.7 indicated that Swedish fuel oil prices are fairly elastic

with respect to crude oil prices while the opposite holds for gasoline.

From an energy policy point of view the factors behind a given petroleum

products price increase do matter. In the case of a world market dete~­

mined increase of petroleum products prices the competitiveness of the

Swedish export sectors is not likely to be significantly affected, but

as a result of the terms of trade deterioration more resources have to be

allocated to the export sectors or the import competing sectors. The oil

price increase can be expected to indece a reduction in the consump-

tion of oil through switches to less oil intesive methods of produc-

tion and patterns of consumption ~n the economy. However, the total

impact on the consumption of oil by the oil price increae might be

significantly reduced by the expansion of export sectors using oil

intensive methods of production.
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In the case of a tax-induced increase of petroleum products prices

competitiveness of the exporting sectors will, ceteris ~aribus, be nega-

tivelyaffected. This can be seen in Table 10:4. Thus, in terms of the

international competitiveness of the economy this case is connectec with

the same kind of probl~ as the choice between nuclear power policy,

alternatives discussed above.

The main impression of th~'results presented in this cha9te~ ~ay, af~~~

all, be that for the economy as a whole there is not very muc~ flexib::ity

in the en~r5J consumption patterns. In other words, the res~ts may seem

to support the view that once the growth of the G~~ is dete~ned,

growth of the consumption of ener6J is deter~ined as well.

HOT,rever, it should be stressed that the analysis carried 0""'- ~n this

chapter has been very partial in at least two respects. First, the only

kind· of ener5J demand-affecting substitutions .. ~ ., ~ J.... ...

~na~ nas oeen ~aKen ln~o

acco~~t is substitutions between presently ~"o~~ products or ~ectr.ologies.

Second, the analysis of substitutions between different products Has

carried out on a verJ aggregated level, and the ~nalysis of suostitu-

tions bet~een diffe~en~ ~roduction methods ~as confined ~o the ~~sid=n-

tial heating sec~or, and the electricity and heat production sector.

The second point :"las oee!l me:lticr:ei it is obvious

the estimated overall elasticity of enc~gjr de~and had oe~~ ~ighe~, ?er-

haps much higher, if the analysis had oeen extended to cover more sectors

and if it had been carried out on a less aggregated level. The firs~

point, however, has not been touched upon oefore in this study, and it

should therefore be somewhat elabor~ted.

If e~ergy prlces -ar~ expected to increase i~ ~el~~~on to ot~e~ prlces,

producers and households a~e li~ely to t~~e that into aCCQU~~ vhen they

plan new investments i~ productio~ e~u~~~e~t ~d durable C~~SUDer gcods.

Thus, they ere likely to seek for less ecer~J-i~tensive production ~e~~OQ5

methods for ~roc.uction
: ' ';l \nousec.Ol.._SI
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presently in use. This will, in the first instance, increase the demand

for equipment which is available on the market and which has the desired

properties. The adjustments in the residential heating sector discussed

in Chapter 9, represent examples of this kind of substitutions.

The ma~n effect of the expected energy price increase, however, ~s that

the demand for less energy-intensive prOduction methods creates a market

for methods with this property.1) This means that if the substitutability

of energy and other factors of production is studied on the basis of

knowledge about currently marketed production methods the estimate ~s

likely to be biased downwards. Moreover, an analysis confined to current­

ly existing methods of production may not only underestimate the poten­

tial energy conservation options. It may also give wrong information

about the most efficient, in economic or energy terms, allocation of

energy conservation efforts. 2 )

Thus, if new products and technologies were taken into account, it is

reasonable to believe that the long run flexibility of energy demand

would be significantly higher than the figures presented in this chapter

suggest. However, this is not a conclusion following from the discussion

in this and the preceding chapters, but rather a surmise about the

results from a more sophisticated study.

1/ S.H. Olson (42) describes how the expected shortage of timber in the
American economy induced development of new types of bridges and other
kinds of equipment used by the railways. The new equipment required
much less timber than the equipment' in use. The new types of equip­
ment, however, were not used until the timber prices actually tended
to rise.

2/ In addition, it is not obvious that the energy input coefficients
should be the primary goal for energy conservation efforts. For in­
st~~ce the reduction of energy consumption can be greater if resources
are used to reduce the input of steel in a certain activity, than if
the same amount of resources are used to reduce the input of energy
in the steel industry. See Jungenfelt (32).
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11. ST~~~RY AlID CONCLUSIONS

The point of departure for this study ¥as the change in Sweden's energy

situation between 1950 and the beginning of the 1970s, and the concomitant

reorientation of Swedish ener~J policy. One main feature of the change In

the energy situation was a dramatic increase in Sweden's dependence on

imported oil. Another was the increasing difficulty of basing f~ther ex-

pfu~sion of the prywer sector on hydro power. Tnis development was considered

acceptable, or perhaps desirable, for t¥o reasons. First, access to low-cost

energy was considered a means of promoting rapid economic growth. Second,

nuclear power plants, fuelled with domes~ic uranil~, were expected to be

available at the time when ¥ater power reSOl~ces ~ad been fully exploited.

t1oreover, ~eat generated in nuclear P~&~ts ~as e:Qected to reylace oil. In

other words, nuclear technology was expected to solve both of the basic

problems emerging from the gradual post-¥ar change in the Swedish energy'

bala..'"lce.

But the basic expectations underlying Sweden's ener~J pOlicy turned out ~o

be too optimistic. In the beginning of the 1910S doubts about nuclear

technology becan:.e -,.-idespread. The oil crisis occ'~rred in 1973. ~';i th s'J.ch

a large share ef imported oil i~ her ener6Y oalance ~~d vas~ nuclear pONer

i:rvestment pla...YJ.s, tl'1e 8asic preconc.i tions fo~ S·..redish. e~e~f:.I :polic;:r "',·;ere

changed. As a result a reorientation of that policy was initiated.

policy decisions made ~oday s~culd put as fe"tl constrain'G3 ,9..3 p03siole cn :h2

future choice among various e~ergy supply o?tions. ~~other ~5~ec~ 0: the " rTne t
,...-

energy policy is the increased emphasis on the environmental ~~d safety effects

of ener~~ production and conslli~ption. In order ~o attain ~ certain degree 0:
"freedom ot action" end to reduce the en"vironmental e:'fects of ~:le m.aterial

floTfls in society, a plcn fo~ er..ergy conser-:raL:ion ~';2.S :p!'orosed. !:1e 'cro-:Jos-2d

reduced i~edia~ely and come :0 ~ e~d Q:JYiu€ the 1990s.
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The energy conserva~ion program lS sucject to econorric and social constraints;

it is clearly stated that t~e eff~rts to increase the material and social wel-
" ," ."' d i1 T-l-"fare of the Swedlsh yeople should not be QlSCOn~}nue· . -v lS therefore un-

likely t~at an energy policy leading to narked reductions in the growth of

the material standard of living in SwedeL will be feasible as long as there

are other policy 2.1ternati 'les ',.;hich do not have such effects, even thoug..1.

the:l are les s attr-acti 'te f'rorn. er:vironmental c:..nd safety points of Vle'"w.

This study represents a first step towards &"1 analysis of the econorric con-

se~uences of differen~ strategies ~or :uture energy policy i~ Sweden. It

consti~utes only a first step beca~se tee analysis is c8~~i~ed to a li~~ted

n1.1..TI10er 0:-' policy alterr.ati\res. ~.'lo::eove:r it does not resl:lt in estimates

about t~e relation oet"·;een t~e energy policy chosen and GN? grm/th or some

ether TIeasure of the IDcterial sta~dard of ~iving. Instead the &~alysis is

focused on the medium-term (10-15 years) flexibility of energy supply ~"1d

demand patterns. The study ~eals In particular with the substitutability

of different kinds of energy 2nd of energy and other factors of production.

"by energy· prlce \rE..riat:'ons end the iffiple5entation of w-ell-de:ined stra.tegies

for ener6Y policy.

Generally speking, the number of alternatives, cOllipatible with continued

lncreases in the material st~~dard of li,nng, for medium-term ener6Y

policy in Sweden depends on two factors, namely

i) the cost dif~e~ences betwee~ various existing energJ supply

options;

'_"'l') +~_"~ ~J.l~Xl'hl'll·~.'Jr o~_·· "V".~ ~ U _ energy consumptlon patterr1s. Tha.t is, the sub-

stitutions between different kinds of energy, between energy and

other factors of prOduction, and betveen energy-intensive and less

energy-intensive products that can be induced by rather small

va.dations b. relative prlces.

l e - '. ,0,,' ·(1'11 uee ~ne~g~husn~~~nlng, 0 ), 2:"' 4-11.
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of the underlying ass~~tions. Yloreover, In a mathematical model the inter­

dependencies betveen various sectors of the econo~J c~~ easily be t~~en

into account. Obviously a mathematical mOdel is vell-suited to a study

aimed at comparing energy policy alternatives.

But it ~s ve~j important to note that tvo kinds of assucptions underlie

the results obtained f~om a mathematical model &ld thus the results pre­

sented in this study. The first kind of assumption is represented by the

mathematical specification of the model, vhile _the second is represented

by tne assumptions ~bout ~he numericcl values of the model's p~ameters

and exogenous variebles. In t~is stucy the latter set of ass~ptions is

varied in order to test the sensitivity of the solutions. Hovever, the

mathematical structure of the model is kept 1~~changed in all simulations.

wnen interpreting the res~lts of this study one mOdel property in par~icular

should be kept iL wind. This is ~he implicit assumption that there is no

Q~certainty about the future; at the initial point in time the economic

agents of the model economy are perfectly info~ed about all future cost

and dem~~d conditions.

L~e supply part of the model used in this study is formulated as ~~ opti­

mization model. This means that, in principle, the n~~erical values of the

criterion function obtained in different simulations could be compared so

as to deterrnine the "best" strategy for future energy policy in Sweden.

However, ener~; policy is likely to ~f:ect society in many ways, l.e.

through ener~T pr~ces, en~nronmental ef:ects, depende~ce on foreign

supplies, etc. A given energy policy alternative car~ot be evaluated

unless all the different kinds of effects can be expressed In a co~~on

unit of measurenent. Even thou~~ this is feasible in theorj Q~der certain

conditions, it is not very easy in practice.

This is why we have not endeavored to r~L~ the energy policy alternatives

in terms of relative desirc~ility. L~is st~dy lS entirely descriptive.

Moreove~ the description is not wade in terms of the values of the objective

function, but in terms of several variables which are endogenous in the model.
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However t our description of the consequences of varlOUS alternatives for

Swedish energy policy is made almost en~irely in terms of economic variables.

Yne approach chosen for this study is ~otivated by the belief that the

economic conseQuences of different energy policy alternatives contemplated

in Sweden will be quite signific&,t in the pOlitical process leading to a

choice among them.

We now turn to a brief summarJ of the main res~lts of ~he ~odel simulations.

Some conclusions about the medi '.1lll-term flexibility of the energy consumption

patterns are dr~wn at the end of this section. So as not to m~~e the expo­

sition too tedious, the discussion about the assumptions underlying the

results is kept to a IDlnlmum. Readers interested in these assw~ptions are

referred to Cnapters 8-10.

The empirical par~ of this study is based on &, &~alysis of four strategies

for. future nuclear power policy in Sweden. All policy alternatives are

entirely directed 00".. 9.J. c:.;:. the supply side of the energy system. The

strategies ~"""'Q •0.0. ~ •

I. The power industry is allowed to choose freely among a' .
. " ~ 1 1/eXls0lng types or P_&,ts.

11. The power indust~J is allowed to choose freely ~ong all

existing types of plants, but nucle~ plan~s ha-rJ"e to be

located far from densely-populated areas. =~us, within

reasonable relative price vs=iations, ~~e cooling ~ater

from nuclear power plan0s c~,not be used for space

heating purposes.

Ill. Tne nuclear power program adopted by ?arlie~ent In 1975

lS fulfilled.

IV. No nuclear power all

1/ If nuclear P~&~0S are to be ~ed for cono:ned ~rcduc~ion of elec~ri2ity

and heat for district hee.tin 5 s:rstems, t:J.e~r ha"re to be located fai~l:r close
to densely-·:popul8.~ed areas (ge!"'~erB.l~y less tnan 60 ~r.1. ). 'Thus, policy al+:e~:--:2.­

tive I i~lies that there ~e no particul~ rules, in terrr~ of di3t~~C2 fY8~

densely-populated areas, 60verning the location of power plants.
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It is ob'nous that the pOlicy finally adopted will be much more complex

than each of the above alternatives. It is also q~te likely that the pOlicy

adopted will be re,~sed on several occasions.

Nevertheless results from model simulatio~s, constrained by these four

policy alternatives, should be useful to energy pOlicy decision-makers.

Our ~Dalysis of these alternatives wi~l also indicate the extent to which

energy consumption patterns are dependent on the energy policy adopted.

The first step In comparl~g the pOlicy alternatives deals wi0h their

impact on the power and heat 1/ production sector. The assQmptions about

fuel prices, i~vestmer.t costs, interest rate and demand ~re all disclillsed

in Section 8. 1. ~~ese assumptions are based on a recent report by the

l~nistry of Industry in cooperation with the State Power Board. In

analysis i0 is assumed that power pl~Dt investment costs remain at the

1976 level, that all fuel prices increase by 3% per annum fu~d that the

rate of interest is 8%.

On the basis of these assumptions, we arrlve at estimates of future prices

of electricity and heat in each of the policy alternatives. L~e fig~res

were presented in Tables 8:8 fu~d 8:9 and are reproduced in Tables 11:1 and

11:2. As can be seen in the tables, the policy alte~natives differ with

respect to both the level and the structure of energy prices.

1/ Observe that "heat prOduction" refers to prOduction of heat for district
heating systems ~~d industries. Hea0 production in oil furnaces in individual
hou~es is thus excluded.
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'Table 11: 1 Calculated high ij'oltage electricit:r Dr12es for

policy slte:::-natives (expressed in 197'6 3-,,: o~et";:~'ih)

~ime
Average rateDerJ.od

Policy:~ 76-80 8i-85 86-90 91-95 of ch5..'1ge, oi
;J

alte.:native ?er !:l"'i Y"'\~ n",., I........-..._..............

I

I *'. 7.3*)
:;c\ a ,..*)

I I
6.8 ) 8 ,-) 1.7. ) /.0.

I II
*) ... 3'lC) 8 ~*) 9.4*) 1.6

I
6.8 I • .)

I!

I
I

I TTT I 6.8 7.3
I

14.0 16.3 I 4.3_~..L

I
I
I

i I I
6.8 14.5 ~6.3

I
~.3I IV I

I 13. 1 ! II I
i[ I I

*) If rluclear po":'i"er ?la.."lts ar'e e.s5l1T.ed to tie e..",railable dv.ring 36 . . .
lns-:.e2.G.

of 27 Neeks pe~ year these fig~r2s sho~d 8e ~edu2e1 by ~bout 2 S~ .

•• - ::::::./lr"''''or,- .• NQ.

'Isble 11: 2 C3.1cula"ted policy alter:19.t i 'res

3.2

91-95

~ ~
J.j

? -:
-' [

5.9

66-90

5.9

4· ')• J

4.3

4.3

TT

I

III

f""'" Tir::e r=--~,period

I 76-80 81- P5
I ?::;licy ..~~"I- +-_ Jf 3.1te~:l3.:t:i \r~ _

6. 0 ,Ir'

5.3
I

4.3 2.9 3. 1 I____--l. .-L ~_

1 .I

1/ '1:'h2 -::r2 e.. ~::"'::~ ~~, 0:'" ':J. 2 e.~ ;;~odl~.:: ti or'. :;: cs ~:: :J s.r::: 1. : ~...:.l3.r ~) r·'J~:) ~2:::5 _ ~l. ,", ~

3Galysls. ~2e J. 2~4.
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In spite of our fairly pessiwistic assusptions about the profitability

of nuclear pOwer, nuclear technology turned out to be very competitive

on narrow econo~c grounds. 1/ Accordingly both elec~ricity ~~d heat prlces

were low in alternative I.

In alternative 11 nuclear plants were not allowed to be located close

enough to densely-populated areas to make the use of waste heat from

nuclear plants for space heating purposes profitable. Consequently the

production of heat had to be based on fossil fuels, and heat prices

became relatively high. However, nuclear power pl~~ts were still used

fer electricity production, which led to low electricity prices.

Alternative III contained ~~ upper limit on the amount of nuclear

capacity allOwed. Thus, once the level of electricity dem~~d had reached

a certain level, capacity additions had to be based or.. non-nuclear plants.

In this particular case, oil fired plants for combined production of

electricity and heat became highly important. The tr~~sition from nuclear.
to oil fired plants led to a significant increase of the calculated prices

of electricity. On the other hand, as a result of the efficient utilization

of fuel in combined pl&~ts, the calculated heat prices were fairly low in

this policy alternative. Accordingly, the price of electricity in relation

to the price of heat was relatively high in this case.

Policy alternative IV implied eliminating nuclear capacity from the

Swedish energy sector after 1980. In the long ,.... .. ,,.,_ 1.4.l. there 'were only slight

differences in terms of energ:{ prices bet·ween policy al-:.ernatives III ~~d

IV. However, the problems connected with an immediate scrapping of all

existing nuclear. power plants are underestimated in the model. This me~~s

that the calculated electricity and heat prices for the period 1981-85 in

policy alternative IV represent ~~derestimations.2/

1/ No attempt was made to evalute ~he enviro~~ental effect and the safety
problems connected with various policy alternatives.

2/ See p. 217.
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The figures presented above indicate that the development of electricity

and heat prices is highly dependent on the choice bet~een the nuclear power

policy alternatives. In fact, the calculated long-r~~ price of electricity

turned out to be about 100% higher in the non-nuclear alternatives III and

IV than in the nuclear alternatives 1 and 11. However, this conclusion ~ay

not be Quite valid. ~uclear power pl&~ts and conventional fossil fuelled

power plants compete on the same markets. ~nis means that the market prices

of nuclear fuels, fossil fuels and power plant equipment are interdependent.

One possibility is that the price of oil determines the prices of nuclear

fuel and power plan~ eQuipment, but the reverse causali~f is also possible.

In an:r case, i t ca.~~ot be ruled out t~().at f"-ltu.Ye electricity end heat lJro-

duction costs in Sweden will in fact ~e independent of the Swedish nuclear

power policy. However, ~e neglect this possibility in the following and

turn to ~~ analysis of how our calculated ener~f prices affect energy

consumption patterns in the residential heating sector.

The consumption of varlOUS fuels for residential heating purposes in each

of policy alternatives T.... , 11 and III are sho'~ in" Table 11 :3. Since .... ';....n.e

comparison is confined to the situation some 10-15 years hence, the results

obtained for policy alternati'Te HI sholJ.ld. also be valid for policy alter-

nati\/e IV'" Table 11:3 represents a SlL"Tl11,3.rJ- of Tables 9:3, 9:4 2....'1d 9:5. It

shows optim~l/ gross energy consun~ticn for the case of en~rgy and

energy conservation equipment prlces in 1976 as well as for nuclear power

policies I, IIand IlL

1/ Optimum refers to :n.lr.i..l!I::Llr:1 cost
heating sector :or a gl'ren n'J..LClCer
"temperat~xre .

ener~r ccnS~~pT.lCn by T.h2
of dvellings ~ith ~ given
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Table 11:3 Optimum gross energy consumption in residential buiJ.d.ings

(1986-90) under yarious asscw~tioDS about nuclear power policy

Consumption, 'I''I'i.h I~ket shares * %,

-::talf Oil I"lectricity
IElectric IDistrict

:lot -r"rater ."'1 ," ,J.,." heatingOJ..L I nea"lng I,

~976 prices 92.6 60.3
\

22.9 9.5 57.7 I 23.0 I 19.4

PoJ.icy i l I
I

1

alter- i

nati -\-ye I I 87.3 38.1 22.6 26.7 35.0 I 21.5 43.5 I
I I I--

I I

I IPolicy a i + O'Y'O_ I__ v-.-_

I86.7 ,- 25.8 15.2 4~ 1 28.1 25.7native IT 4). '7 II I
v. , I

I !

rPolicy alter- I

\ 42.9
I !

I188.9 i I
native III 20.0 I 26.1 39.8 17 .3 42.9

!I I I ,- I

*) Number of dwellings heated by a technology based on a particular fuel

in relation to the total number of dwellings.

All policy alternatives lead to reductions In .....\Jne gross energy consD.irption

of the residential ~eating sector. ~~is is primari~y a result of the

tr~~sition ~rOffi oil furnaces with low thermal e~ficiency to electric

heating an~ district heating with high the:~al efficiency. 1/ Yaus, the

four cases represented in Table 11:3 do not di~~e~ 5i~li~icaltly i~

terms of net ene~~[ co~sumption.

But there are signific?~~t differences betr..J"een the 8.1ternatives. In policy

alternative I the tr~~sition from individual oil heating 1.S most pronounced,

and the increase in the market share of district heating 1.S Quite re~arkable.

Policy alternative III does not differ significantly fron aJ..ter:1ati ve I in

the sense that in both cases the market share of electric h~ating is reduced

as compare~ to the figures obtained under the ass~~tion of 1976 prices.

The reduction in the consumption of electricity for residential heeting

purposes, however, is ~ore signific~~t in alternative III than in alter-

nati ve 1.

1/ Note that in the case of electric heating or district heating the energy
trans form.ation lOEses appear in the power and heat production sector.
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Obviously there are sUbstitution xech~~isms in all sectors of the eco~omy.

So far, however, only certain sectors have been dealt #ith ln .. 4- .... , ~c.e "all. ln -:,ne

~odel used in t~is study_ T~e input-output relations in all otter sectors

of the production sys~em are assureed fixed. ~hus our ~odel, of the econQ~Y's

production system gives a p~·tial picture c~ the aijustment process induced

by a spe ci"fied set of e~erN pcl.i c:t measures. Nevertheless it is i~"'CeYesting

to study the ~lexibility of this "partially flexible" system.

The calcula~ed arillual g~owth ra~es for tne cons~~ption of f~ve kinds of

ener~r i~ each of
,.., bl . 1 ~ 1/ .,.,'".La e I :). ":".de

two ~uclear powe~ policy alter~atives a~e shO~dTI i~

figures are calc~la~ed on the ass~ption of given t~ade

dema~d patter~s, as well ~s given labor productivi~y increases.

It should be noted that -uraniun and hea\7 fue~ represent pyi~aD~ ene~~~

forms; bottl of these kinds of energy Ce.D be used as inputs in the produc"ticn

of electricity.

Table 1 i : 5. Estimated &~nual pe~centa~e growth ~ates of energy con-

sumption for n~clear power pOlicies I and Ill, 1978 - 1982

]?Oli'-::y alterne,tive I I Policy alternati"'re :II i
11978-1983 1983-1988 1978-1983 1983-1938 I

f
I

lUranium

I
2.2 1.5 2.2 1.6

Heavy fuel oil 1.1 -1.2 1.3 'I 1.... I

I I I
I

Light f~el oil -0. 1 1.3 -0.1 1.4 i
I

I
I

Electricity 4.3 2.7 4.2

I
2.6 !

Heat 1.4 ! 2.6 2. 1 2.1 I,

L~e two policy altc~n~tives yield apPToxi~ately t~e saue cons~~ption gYowth

rates for lig~t fuel oil ~~~ elect~icity, ~heYeas ~~ere 2~e sig~~ficant

differences in te~ms of the other kinds of energy. Since light f~el oil

and electricity are q~~ltitatively more i~portant than the three other

kinds of energy, we are te~pted to conclude that the development of the

Swedish energy balance is fairly independent of the choice of n~clear

1/ Table 11:5 13 ide~tical to Table 10:9.
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power policy. But the technology used for residenti~l heating purposes

is also used to heat other spaces such as the premises occupied by the

public and trade sectors. This means that our conclusions about the

flexibility of the energy- cons~~tion patterns of the residential he~ting

sector are likely to be valid for other sectors as well. It also means

that the overall flexibility of the economy's energy consumption pattern

can be expected to be hig.1.er than indic~ted by Table 11: 5.

It is quite obvious that if alternative methods of production in ~ll ener~J

consuming sectors are identified and incorporated into the model, the

calculated flexibility of the economy's energy consumption patterns '"ould

be increased. Such developments of the model seem to be worthWhile, althou~~

the long-run flexibility of the economy's ener~J consumption patterns would

probably be ULderes~imated. This is because all kinds of capital goods

currently on the market were designed during a time when energy prlces

were generally e:~ected to remain very low. This means that the pre-1973

energy prices are "built into" present technologies. It also means that

very little R&D resources have been allocated to designing energy effi dent

technologies for industrial and household production. However, if it is

generally believed that prices r..rill rise in the future, substantial efforts

will be allocated to the design of energy efficient methods of production.

Tne properties of. these technologies ~ill dete~ine the long-r'Jn flexibili~y

of the economy's energy consumption patterns.

So far we have implicitly assumed ~hat ~ predetermi~ed b'~dle of ~. .
Il.nal.)

non-energy, goods . ' .
a..l'J.:l 3eY"fl.... ces lS ~o oe produced i~ each period. Cur di s :;~.lS 3 :. C~

has concer~ed the flexilibity of the demand far ene~~~, derived f~om the

demand for the predetermined bundles of goods a~d serv~ces. However, changes

In energy- supply conditio~s may affect ~he prices of final goods a~d

serVlces. As a result expendi0lires Hill be re~llocated, which leads to a

restr1.tcturi:1.g of the production system. il~ihen trle relati~/e si.ze of ~~2 pro-

duction sectors changes, the ccnsu:r:ption of en"2!"gy" :'3 li:':ely to c::'an5e as

"well. L1.is 3.djtlstnent process earl be ~risualized in ~r1.e follclrting ·~Tay:
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Cons1.J1::rp-

B
. a."'1d s er­

Ivices

A

D
! ~

Dena.'1d for
Pr.odl.lC-euergy changes connodities

---~II t l on "'/:- c_h_8.1_,-=g'--e_s
O

----1 t i on 0 f

of C goods
Energy prices I

chancre ! goods COlliJD.odity I &"'1d
TI_, rlces change J .

i----"----------- /i s erVl c es
i

uema.'1d for

energy

t

of

?roQ'iJ.c-

tion

Energy poJ_ic::
m.easure irJple-
rnen--cec.

T~e seQuence P~CD was calc~leted O~ the basis of the syste~ of models

presen0ed lD Par~ I1 o~ this study. To simplify the ~alysis~ the c~ange

in enere;:r -orlces "w"3.S nc.)t explici tl:r rela~ed to :he in:plementation of seme

ener~r policy measure; ~ssuced that ~he prices of electrici~y

a."'1G pe~role~~ products were doubled. (However, as was shown in Table 11:1,

a doubling of the :f:'Yice of electri ci ty can be i:lte:''''Preted as a tra...."'13i -:ion

fyo~ a nuclear to a non-~ucleaY power p~oduction technology.) ~he elasticity

Qf the der~ved de~&l1 for electr~city and pe~role~~ products was estimated.

OUY estimates are subject to an i~por~ant li~itation, i.e. it is ass~=d that

the technolog for producing goods &.'1d serv'ices reTIl2.ins unaffected b:vT in-

rel~tive factor p~ices are likely to induce ch2nges ~n the me~hods

p~odu.cticn.

As show~ In the figure above, the calculations involved several steps. We

confine our discussion in this s~~ary to the first a~d last steps. we begin

by presenting the calculated elasticities of COTh~odity prices ~ith respect

to ener6Y prlces. The impact of energy prices on cc~sumer goods prices is

shawl.!. iJ.1 Table ~; :6. It should. be notei that the he8.ti~~g tec~no~.o~T In

reside~tial dwellings Ye~eined ~~ch~~ged in the calc~lations.



- 304

Table 11:6. ~stimated elasticities of cons~~er goods pr~ces vith

respect to energy prices, 1981 - :935

~. I

~last ici t:r
Corc.modity l ------IElasticity vith

, rOSD~ct +0 oloc-
...I.- • '- ... "- j -.J ............. '-

1trici ty prices

I i
..... 10"

Elasticity ~,.;itb.

resgect to pet~o­

leum products prlces

Irespect to ~etrQ- I
le~ D_roducts ~d '

• i
e lp~f~r_i~i~~r ~~~~~~j
-_ .... - ----J ::: .... ~·_ ........... l

0.225

J.059

0.020

0.11 U

0.125

0.103

0.306

0.062

0.0 49

0.051

0.056

I

I
I
i
I
I
I

1

!
I
I
i

I
I

I
I
I

I,

I
I

.J.096

C. 1S1

0.039

0.294

0.093

0.J71

0.045

0.01.;.6

0.016

0.044

0.018

0.032

0.032

0.012

0.012

0.012

0.01L.

0.004

0.016

0.644

and

port at ion

Clothing

Food

!3e~rerages
Itooacco
I

I I

1 !
I
I
i
J

2 l
1
13

I
JI, I..,. \

!
5 I

l

I
1

16 i
I
I
!
i
I

!
I
I
i
I,

. 10 I

I
l~vel 0:-' ::0::- i

I s'W-:"e::,
A

_p_r:.._"c_e~s_*--,-~_ ......1 __
0_._°_14 -1.

IL~i~'J.re acti­
-rltles

1:C1'rY'~ J..1'~'"t..l. v.. .d..J.. '-.I..l...J.. .....

I ('..... .
I u'Jner g:JOc.s

I~erv~ces
; .t'tOUslng

,. Cultural goodsIa..'1d services

I Hygier.e

I~ .
rrJ..vate tra.:.'lS-

is the resl~l~ of a On:2
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A continuous increase at a higher rate than the increase in wages end other

ccst ite~s would graaually ma~e con~odity prices verJ se~sitive to energy

prlce varictions.

Table 11:6 also shows that a doubling of petroleun products prices affects

relative cov~odity prices to ~ ~uch lcyger extent than a doubling of

electricity prices. Thus, a doubling of petroleum p~oducts prices can 8e

expected to induce more signific&~t reallocations of household ex~enditUTes

th&~ a doubling of electricity prices. ~~is is confi~ed by Table 11 :7,

where the :igures we~e obt~~ned by car~ring out all of the steps in

sequence ABeD show~ in the fib~re aCQve. The fig~res in ~a8:e 11:7 :~~ be

said 00 rep~esent es~iu&tes o~ that part of the overa:l ~las~icity of

energy de~~~d which C~~ be attrit~ted the changes in the cOwposition of

final COLs~~e~ demand. It should be noted that the consQ~ptioL of housing

ser"'vices -yi2S ke;'t conste.nt in the ce.lculations.

Table 11:7. The esti~ated elasticity of energy de~and with respect to

energy prices, 1981 - 1985

d X. Ph T Id X. P
1)

d X. p 2)

Commodity l . ..LJ l Petr l ~ 3
l -- -d Ph' X. I d p X. d P- X.

.0 l I ~ Petr l .!:!: l
,

Electricity 46 -0.007 -0.041 -0.049

Gasoline 51 -0.026 -0.277 -0.303,
Light fuel oil 52 -0.006 -0.042 I -0.049 II

1

Heav~J fuel oil 53 -0.016

I
-0.088

,
-0.104I ,

I

Oil 151+52+53
!

Jproducts -0.015 -0.109
,

-0. 125I,

P,., denotes the price index for the aggregated commodity "electricity a:1d
.J:;

petroleU2ll products".

1)

2)

p

~Petr
denotes the prlce index of the aggregated commodity "petrole1.Ull products'



- 306 -

These results indicate that on the level of aggregation ln this study

the elasticity of electrici~y dem&~d resulting frcm reallocations of

household ex:pendi tures (other charJ. housing) 13 very low. 'This concl'.J.sio:1.

holds for petrole~~ products as well, with the exc2ntion of gasoline. The

fairly high elasticity of the dem&~d for gasoli~e is the result of ~ r~-

duction in the dem~~d for private transportation seri~ces induced by the

marked i~pact of the petrole~~ products prlce lncrease on the prlce of

these services (see Table 11: 6) .

The reSlllts shorm l.rl Table 11: 8 !Join: to a lJroQlem CCnCer:llng S'\4,reCish

of erJ.ergy price increases 8n production s·ector ·:)'~-::Yl-lts lS not "Terl sig..'1i-

ficant" r3.ther r.ligh ::~igures are obta:'ned for important 2:~~orti:lg se;:tors

(sectors 12, 16,20). 11lis problem. ~,;i.ll be discussed further i~ Sec-:'ion

11. 3.

lncr~ase, te C:'1[:0 lc:gi e s 1:1.

product~CD System w~l:
"'\ ...., .,' "'f"',..,' ,

Dc: n.:.au~ J..eSS enel.... V 1~~ensllI2 . .J..I l"S

possible to take this suos-:::' "Ci].tion !necr:'anisn into aCC01..:l1"7:., t~e es~i::"0.a"ted

figures presented in Tacles '1 1 • .-..
It. i

incornorates pcssioilities of adj~stirr~ t~e ~etncds of proQ~ct~~n In
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'Iab2.e 11; 8. Est:"mated elasti ci ties of sector output pYl ces 'wi th

respect to energy prices, 1981 - 1985

Sector

l:c-: as"'-i c-it.y u-i+'n f,;,1." R"'''-i .~-i ... v ••-i"'hkl RSt-i ~i+'r u-i+"h I-.J_ 1,., ..... _ 'f!t...J..,-, ..:....J _,,:)1.,.1_'-_\...1.; W.,LI..!_. ,p~ __ - ...... -'-'v "'~y• ..L

respect to elec- respect to petr0lrespect to pe- I
tricity prices le~~ product3 ~roleQ~ product3~

I I prices :=.~l'ld electric:.. ty II

1-_. ~_--+_. __;I.-------_;_~-r-i-c-es----___jl

I ::::::r:~:n:u:::;::: :~ ::::: :::~: ::::: I
I I~port-com?eting Coods 13 0.014 0.048 0.062 I

I I
Beverages ~~d tobacco 14 0.004 0.017 0.021

~achinery ~'1d equip~er-t 21

Ivliscellar:u:;ous industries 23
~

Agricultu~e ~~d fishing j 24
i
!

?rinting 2nd ~~olisting! 17

R"bber prOdUC~s 1'8
Cherocals and plastics ! 19

0.097

O. 140

0.130

0.051

0.086

0.070

0.211

0.063

0.068

0.055

0.Cl51

0.061

0.152

0.081

:1.057

0.014 0.047

0.047 0.083

0.015 O.OU.O

0.024 0.062

0.053 o. }58

0.071 0.069

0.022 0.046

0.026 0.044

0.020 0.031

0.009 0.042

0.012 0.045

0.033 o. 119

0.021 0.060

0.012 0.051

0.013 0.08h

,/'
,0

15

27

26

22

20Iron ~'id steel

Textiles and ~~ather

Shipbuilding

Construction

~molesale SCed retail
trade

Sheltered fooc.

Non-metallic minerals

Tr&~sport

HOllsi:::g rentals i 30 0.006 0.029
i

Hiscell~'1eolls services 131 0.012 0.030
i----.-------.----------~-~~~--,~.-,.---__r--~-----

0.035

0.042
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~~is study is p~rtial In the sense that m&iY 3~t3titutio~ ~ech~~isms ~~ich

ca.'1 be expected to be impor-:a.."1t are not inc8rp01'3.ted into our ~:odel"

Accordin61y ¥e cannot dra~ definite concl~.lsions

of the economy's energ-y consUu"lp"':ior pat"r;er!'.s on the oasis

of our results. However, seve=al altern~tive heating technologies were

taken into account ~n our ~~slysis of the ~esiden~i~l heating sector.

Our model simulations indicated that the choice ~ong ~hese technolo-

gles was sensitive to energ-J price variations. The sensitivity ¥as

high enough to ~ake energy- cons·um~tion patterns in ~he reside~tial

in the residential heating 5eC~8~ is s~ecific to that se~to~. I~ ~he~e-

fore seens wcrth~{hile to elaborate on t~e tYeatmen~ 0: other ene~~r

consuming sectors In our ~odel, ~~i it is rea30~able to e~ect ~hat

ener6J cO~sl~~tion patte~~s; it Hill t~rn out ~hat there is ne si~~le

relation bet""rieen the g:-o~·rt:-t of the final de:nand for gQods and SeY'T2..CeS

~~d the gro~~h of e~ergy cons~9tion.

On t.r~e basis of the res'-llts obt2.i:led l:1 ::£12.3 st,t:q, i:~

obtained, ~,..te Cfu"1 identify scm.e of the p~801e~s e~co'J.nter2:d. b:r e!"'..e~g".f-

poli ""I nak.ers.

. ., .'
SlI:'_1J..J-2."SlCE3

~, . ..,
J.e-:e::::::J.l:::eCl

once 2.nd fi~.C

vere ~e~fectly r~tion~l C~3~ mini~izers and that ~o i~s~i~~tional

conditi::Jrls.
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machines and other kinds of energy consuming equipment~ it is ve~J

limited in existing plants. That is~ at a given level of economic

activity, the short-~~~ flexibility of energy consumption patterns lS

very low.

This fact makes the role of eX?ectations very important. In the case

of a well-anticipated energy price rise~ resulting for instance from

the implementation of a set of energy pOlicy measures, the flexibility

of energy consumption patterns is deterr~ned by the ex &~te substitu-

tability of ener~r and other factors of production. In the case of

an unexpected energy price rise, on the other hand, the flexibility

lS determined by the ex nost substitutability In existing plants.

Thus, in terms of ener6J consumption patterns as well as in other

respects, the consequences of a given set of ener~J policy measures

depend not only on the implemented energy policy as such. They also

depend on how well 4-' .. ~ .. ,
"nJ-S par"lcu...:..e.r ener6J policy &~d the resulting

ener~r prices coincide with those expected by firms &~d households.

This leads to the conclusion that cne of the most important tasks

of energy policy-m&~ers is to create consistent expectations about

future energy prices and supply conditions ~ong fi~s and households.

T~~s C&~ be achieved if pOlicy m&~ers have access to accurate n~Q-

dicticns about the costs fu~d availability of variou~ lJ~g-rl~~ ener~T

sup~ly options. Given this access, a numoer of long-~un energy policy

alternatives can be fo~ulated ~~d their conseQuences in ,~~ious

respec~s c&~ be assessed with a reasonable degree of accuracy. 2ven

though the choice among alternatives might be controversial, a choice

can be made in one way or another, thus providing a basis for smooth

adjustment to the adopted energy policy. TtThen the adjustment process

can be extended over several years, the differences - in ter2S of the

resulting long-r~~~ ener6J prices - betveen ?olicy alter~a~ives co~-

patible with a continued increase in the material standari of living,

will obviously be at a naximUili.



- 311 -

Energy policy lS a Dr~ad fi~ld cont2i~ing many more issues than t~ose

analy·zed in stu~- . Mar:y proble::cs rela0ed ~o energy yolicy cannot

be analyzed be means of models of the kind used here. Eo-wever, :n2.ClY

issues in this field can be classified ay means of suc~ models. In

this fina.l section --:tTe will identi:jr two prc-ble~ a~eas wrlere a refined

version of our model riould be useful.

In ~esponse to the uncer~ai~ties ~~d dive~sity 0: 0plnlons In the

ene~gJ~ field., the principle 0: flfreedol!. 0: action" i:: the ct'loice

among long-Ylli~ e~eYQ- sup?ly options has Dee~ ~dopted as a Das~s for

Swedish eLer&{ policy duri~g tne next few ye2~s. The f~~darrentcl idea

is that the energy- policy decisions =ade toiay should put as few con-

strain~s as possible on the future set of :easible ener~J supply

t-
0

0p~1.ons. Com·cined -w-i th en"ti:rcnmental conce::--DS tr.l.e principle of "free-

dOI2 of action" mar:ifests itsel:' in the 2.!nci-:ion to red.uce the rate of

energy consumptic~ grovrth, ·whic~ meaDS tl1at ~r.:.e :1eed. to expand the

pOwer sectc~ ccn be kept a~ a IDlnl~~. :he ilea behind this policy

is that it would be difficult not to be corr~~ittei to a few s0ecific

ene~gy supply options in the case of rapiQly g~owing energy c~~s~p-

tion.

In order -co a yeduction lD the g~o~~h of eneYQ~ cc~sumption

~he authcri~ies pay subsidies a~d gY~n~ loans on favorable te~s

for energy conservstion efforts in i~dus~ries and yesidential ouildings.

The potential use of energy taxation as a means of inducing energy

conservations efforts is also under study.

Rowever, reduction In the growth of ene~gy consumption may not

Decess~ily i~crease ~reedon of actio~ i~ the c~oi2e ~~cng varlOUS

long-y~ e~e~bY supply options. ~~is point can be c12~ified 8y de-

fini:lg the cO::1cept of "freedom of action". !n orc.e::'" to have a~y

mea:1ing, "freedom of action" has to refer to the tl~e pe:::-,iod re-

Q.1.:.ired for a transition from one e:1erg:( supply· option to anot~er)

under

ment,

specified GonstYai~ts

capital losses, etc.)

abou~ the

connected with the transi~icn. These
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structural problems are dete~ned mainly ~y the limited short-r~n

flexibility of en~rgy consumption patterns at a given level of

economic activity. Tne limited short-run flexibility applies to

the energy production sector as well.

An energy policy aimed at a certain degree of freedom of action ln

the choice among various long-run ener~J supply options can, ln

principle, be designed in two ways. One possible strategy is to aim

at increasing the short-run flexibility of energy consumption patterns.

The larger the short-nL~ flexibility of energy consunption patterr-s,

the greater the possibility of m~king significant , .
cn~nges lU ener~r

supply conditions on short notice without causlng structural problems.

The second possible strategy is to focus on the kind and amolli~t of

capacity in the energy sector. The construction of energy productio~

~~d distribution facilities reQuires a considerable amOLnt of time.

The utilization of each particular energy supply op~ion reQuires

know~how &~d a set of institutional arrangements. This means that

the transition from one energy supply option to another is ve~J

time-consuming. Thus a fairly high degree of "freedom of action" can

be achieved if several energy supply options are develotJed simulta-

neously and if there is overcapacity in the energy sector. Some

"freedom of action" is attained if know-hO'..f about .m~~y differe::t

energy supply options is accumulated.

~ne degree of freedo~ of action In the
, .
C~Olce ~ong v~rlOU5

supply options obviously c~~ot be increased without cos~. In ~he

same way as various ener~J conservation efforts c~~ be compared in

terms of economic efficiency, various ways of a~taining a certain

degree of freedom of action ln the choice &~ong energ,y- supply options

can be com~ared by ~eans of an economic efficiency c~iterion. On

a priori grou~ds we cannot, of cou~se, asce~~aia t~e extent ~o whi~~

a policy amed at TT freedon. of action ff should "8e ii!'ec-:ed to-:,.re.rds :r~-e

energy consw~ption sectors. A ureference :or the fO~ie~ ki~d 8f ~ea-

sure was revealed in the energy yolicy proposal sub~i~ted to ?arlia-
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A censcious energy conservation policy is :ikely to stimulate the

development of less energy intensive productien methods and consump-

tion patterns. But even vhen the energy input coefficients in the

product.ion system are lO'A'er tha-";. they would otheT\;rise be "ithout the

energy conser,ation policy, they are still more or less fixed in the

short r~~. The shcrt-rJn rigidity of the economy's energy cons~~ption

patterns is therefore likely to be the same at an~r level of e"lergy

consumption. Hence the short-run problems created by an unexpected

reduction ln the supply of energy seem to be fairly independent of

the level of enerQ" consumption. Tois means that energy conservation

efforts ao not necessarily' irJ.c!"ea.se ~r.le degree of fyeedom 0: ac"'Cion

in the choice among energy supply options.

An ener6S policy that alms at reducing the grow~h, or even the level,

of energy consunption ca.~ be motivated in several "ays. One lS of

course that energy production and consur::.ption have negative enVlron-

mental effects. Another is that the~e are risks connected with utili-

zating various enerbf production tecr~olcgies. A third reason is that.

if an economy is dependent on imported fuels, the need fer fuel in­

ventories is related to the level of energy consumption.

The possibilities of carrJlng out a rapid and smooth transition from

one energy supply option to another, hOwever, is related to the com-

position of the energy supply, the time it ta..'\:es to start utili zing

a new energy supply option

demand at a given level ef

and the shor~-~~n flexibi:ity o~ e~er&r

. .. 1/ T _ - , •
economlC actlvlty. Lnaeea tne compesl-

tion of energy supply is likely to change if the level of energy con-

J[ For insta..~ce, ass~~e that the authorities want to scrap all.exist­
ing nuclear plants as soon as possitle under certain employment
constraints. :f the total annual electricity production is 25 T~n

~~d entirely generated in nuclear power plants, either 100 %of
the electricity generating capacity has to be replaced or 100 %
of the deffian~ cut off. Tne l~rger the percentage reduction in
electricity denand can be induced, the smaller the amount of new
capacity required. If, on the other hand, total ar~ual production
is 100 T\~ll, of which 15 Tw1l. is generated in nuclear plants, the
max~~~ demand reduction that has ~o be induced is i5 %. Obviously,
in spite of ~he lOwer level of consumption, the structural problems
connected with the former situation can be expected to be more
significant than these related to the latter situation.
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sumption changes. Such a development may reduce the future freedom of

action in the choice among energy supply options, but the critical

factor is the changed composition of ener~J supply, not the ch~nged

level of energy consumption.

Thus, it seems as if the flnew" Swedish energy policy has two - quite

different - sets of goals. One is to reduce the groT~h of ener~J con­

sumption; the other is to attain a certain degree of freedom of action

in the future choice among energy supply options. In order to analyze

pOlicies for attaining these goals, our ~odel has to be developed, but

quite different developments are required in the tHo cases.

If policies aiming at reducing the growth of energy consumption are

to be studied, the development of the model should focus on identify­

ing alternative new technologies for producing goods and se~rlces. In

particular He should try to identify technologies where the ener~J

input coefficients are 2mall. Then the choice among these technolo-

gies and the resulting ener~J consumption patterns could be :~~iied

under various assumptions about the ener6J policy. The policy alterna-

tives could either manifest themselves as alternative energy price

developments or as quantitative restrictions on the total supply of

energy in general or of certain kinds of energy.

If, on the other hand, policies ai::ning at attaining "freedam of action"

in tb~ sense discussed above are to oe a different

ment of the model is required. In this case the possibility to change

the factor proportions in existing plants, now &~d in the future, is

at focus. Tnat is, we should t~J to identify flexible energy cons~~-

ing technologies and not necessarily technologies where the energy

input coefficients are sr::.all. Presumably a Ifflexible lf technolo6J is,

ceteris Dariol1s, less pr-ofitable tl1an 3. less !f:;:'"'lexi.ble" -:ec:rr~ology.

Given a policy alte~native, the allocation oetNee~ i~ve3t=ents in,

on the one hand, excess ca~acity in the energy sector ~n1, en t~e

other hand, the degree of flexibility of ener5J consl~~ng ca9i~al
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eQuipment. In this case total scrapping of nuclear pOwer at some

future date could be one policy alternative, wrile rationing of oil

could be anot2er. Eowever, unless the nodel is ch~~ged to contain

diffe:re~t future "states of the world", each sudden change of the

energy supply condi ticms ',.;ill be prefectly anticipated by the agents

in the model-econo~v.

The maln features of Sweden's future ener~j policy will be determined

during the next few years. It seens as if ~hose responsible for this

work will have the i~portan~ tasL of clarifying ~he priorities in

the goal of Sweden's enerQ" policy. If the environmental and safety

effects of ener~J production and cons~ption are regarded as the

main problems in the energy field, then policy should perhaps be

directed towards reducing the growth, or even the level, of energy

consumption. If, on the other hand, the uncertainty about various

energy supply options is considered the main problem, then policy

should be directed tOwarcs e.g. increasing ~~: short-r~n flexibility

of energy cons~ption patterns. Once the goals of Sweden's future

energy policy are properly defined, the discussion about the suitabi­

lity of various energy policy neans can begin.
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