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PREFACE 

Energy planning has become one of the most important ele- 
ments of contemporary long-term planning. The central role of 
the energy sector in economic development has been stressed by 
politicians, policy makers, and researchers. 

The discussion in many countries of policies for introducing 
at a larger scale renewable energy resources into their energy 
systems has a clear regional connotation. In spite of this fact 
most energy studies lack the regional dimension. There are 
several reasons for introducing regional elements in an energy 
analysis in a country like Sweden. Renewable energy resources 
are located in sparsely populated areas. The energy-dependent 
parts of the economy are concentrated geographically in regions 
other than those which are rich in renewable energy resources. 
The climatic conditions make the heating of buildings necessary, 
and differentially costly in different parts of the country. 

The current paper gives examples of regional impact studies 
of national energy scenarios. It outlines the long process of 
formulating the long-term Swedish energy policies. It relates 
to the investigations in Sweden of the consequences on the eco- 
nomic, regional, environmental, and social development of dis- 
pensing with nuclear power. It contains a presentation of a 
case study describing an implementation of the long-term national- 
regional energy policies in the Stockholm region. The method- 
ological aspects of these large-scale impact studies are stressed 
in the presentation. The general features of these regional 
energy impact studies are characterized. A judgement is also 
made with regard to their coverage of aspects relevant for policy 
making and theoretical understanding. 



The paper  i s  a p a r t  of t h e  background m a t e r i a l  i n  a n  i n t e r -  
n a t i o n a l  comparison of  i s s u e s ,  methods, and models i n  n a t i o n a l -  
r e g i o n a l  impact  e v a l u a t i o n s  of  l a r g e - s c a l e  ene rgy  s u p p l y  sys tems .  
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LARGE-SCALE INTRODUCTION OF ENERGY 
SUPPLY SYSTEMS: ISSUES,  METHODS, 
AND MODELS I N  SOME NATIONAL-REGIONAL 
IMPACT EVALUATIONS I N  SWEDEN 

Bdrje  Johansson 
Folke Snickars  

1 .  INTRODUCTION AND CONCEPTUAL SETTING 

1 . 1  Impacts,  Cont ro l  Theory and Systems Analysis  

I n  a  c o n t r o l  t heo ry  s e t t i n g ,  impact a n a l y s i s  r e l a t e s  

t h e  response p a t t e r n  of  a  r egu la t ed  system t o  d i s t u r b a n c e  shocks.  

Step f u n c t i o n s  a r e  in t roduced  i n t o  t h e  system v i a  d i f f e r e n t  

i n p u t  channels  and i t s  response p a t t e r n  i s  t r a c e d  over  t ime ,  

pos s ib ly  mul t id imens iona l ly  . I n  a  ( g l o b a l l y )  s t a b l e  system 

t h e  shocks would cause  no l a s t i n g  e f f e c t s  b u t  on ly  produce 

o s c i l l a t i o n s ,  f ad ing  o u t  a f t e r  a  per iod  of t ime determined by 

t h e  i n e r t i a  of t h e  system. I n  an u n s t a b l e  system t h e  impact 

of t h e  shocks would be a  t r a n s f e r o f t h e  system t o  a  s t a t e  o t h e r  

than  t h e  i n i t i a l  one a f t e r  t h e  o s c i l l a t i o n s  have been dampened. 

Also, c y c l i c  f l u c t u a t i o n s  might occur .  The s t a b i l i t y  p r o p e r t i e s  

may depend on t h e  i n i t i a l  s t a t e .  Modern t h e o r i e s  of s t r u c -  

t u r a l  s t a b i l i t y s t r e s s  t h e  coex i s t ence  of smooth and c a t a s t r o p h i c  

behavior i n  bo th  s imple  and more compound c o n t r o l  systems.  

One way t o  look a t  an impact a n a l y s i s  i n  a  complex economic 

and s o c i a l  system would be t o  r ega rd  it a s  a  measuring of e f f e c t s  

of a  supe rpos i t i on  of a  l a r g e  s e t  of d i s t u r b a n c e  shocks,  wi th  

a  peaked d i s t r i b u t i o n  a t  a  c e r t a i n  p o i n t  i n  t ime.  This  para-  

digm of impact a n a l y s i s  r e s t s  on t h e  assumption t h a t  it i s  

p o s s i b l e  t o  d i s e n t a n g l e  t h e  i n d i v i d u a l  r e l a t i o n s h i p s  s o  t h a t  a  



certain profile of multidimensional causes can be related to a 

profile of multidimensional effects. One of the most significant 

deficiencies of this approach to impact analysis is the absence 

of considerations of interdependencies. Especially since causes 

and effects enter and drop out in a dynamic process, it becomes 

necessary tc recognize that cause and effect mix over time. Primary 

effects might become secondary causes at a later stage, leading to 

unexpected or uncontrollable system trajectories. 

The impact analyses applicable to large-scale energy supply 

systems cannot be of marginal type. Therefore, it is not useful 

to look upon these issues as a superposition of a set of indepen- 

dent marginal changes. A system perspective has to be adopted 

both with regard to the energy supply system and the areas for 

comprehensive impact evaluations. 

Some of the interdependencies we wish to emphasize are to be 

found within the energy system itself. For example, the intro- 

duction of coal as a primary energy source into the energy system 

cannot be analyzed without considering at the same time the com- 

peting fuels. Moreover, the logistics of the different parts of 

the energy system must be taken as constraints. The interdepen- 

dencies are also central to the study of the short- and long-term 

responses ok the economic and social systems to energy supply 

options. It is evident that the interconnections and indirect 

effects are different in different time-perspectives. A third 

class of interdependencies arises from the organizational relation- 

ships between the decision-making bodies involved in the construc- 

tion and operation of the energy systems. There is a substantial 

time-lag between the decision to invest and the actual completion 

of the new energy system component, for example in view of the 

process of giving building permits, and other interventions of the 

public sector. 

1.2 Dimensions of Energy Systems Impacts 

In the current paper we will adopt a philosophy of impact 

evaluation of large-scale energy projects outlined in Figure 1. 

We will distinguish between three impact dimensions, organized as 

follows : 
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Figure 1.  Impacts caused by the introduction of large-scale 
energy supply systems. 



-- spatial consequences, i.e. consequences for the geo- 
graphical distribution of benefits and costs, 

-- sectoral consequences, i.e. consequences for different 
activities or resources directly or indirectly involved 

in the energy system development, 

-- temporal consequences, i.e. consequences of an energy 
project occurring in different time perspectives. 

We do not regard these dimensions as independent but, on the 

contrary, would like to stress the importance of considering 

their interdependence. Thus, direct employment impacts fall out 

locally and in the short-term, during the construction phase. 

On the other hand, environmental impacts may occur only after a 

certain time of operation, and occur both at regional and local 

levels. 

The above classification of impacts shall be looked upon 

as a checklist of considerations. Table 3 gives an example of 

a systematization of these ideas. A qualitative analysis must 

reveal which boxes in that table need to be more thoroughly 

investigated than others. There is, however, another important 

observation to be made in relation to the scheme in Table 1. 

It concerns the definition of supply system alternatives. The 

set-up of the whole impact analysis depends crucially on a 

proper specification of those alternatives. 

Above we have stressed the need for a non-marginal analysis 

in the context of new energy supply system components. Thus, 

when we speak of the large-scale introduction of alternative 

energy supply systems,we basically mean the whole introduction 

process from research and development, over system design to 

implementation. We also conceive this process to be large in 

scale, that is we do not emphasize the marginal character of 

the introduction of a particular component of the new supply 

system. 

The actual specification of alternatives must be done in 

conjunction with the real issues in Swedish energy planning. 

To arrive at that level of concretion we will give a background 

picture of the current Swedish energy system, and the policies 



Table 3 .  Combination of impact evaluations of large-scale 
introduction of energy supply systems. 

Environment 

formulated to guide it to a sustainable long-term one, based on 

an increased portion of domestic renewable resources. That 

presentation will also involve a critical evaluation of the 

methods used for the nuclear power abolition referendum in 1979. 

The national-regional interactions in the Swedish energy system 

will be the subject of a further section. The role of the Stock- 

holm region will be principally stressed. In the core of the 

paper the methodology in some major energy supply system studies 

for Stockholm will be presented and assessed. We will conclude 

the paper with a summary evaluation and critique of the impact 

studies with reference to the structuring made in this intro- 

ductory section. 



2. LONG-TERM ENERGY POLICIES FOR SFaDEN IN 
CHANGING PERSPECTIVES 

2.1 The Process of Formulating Long-term Energy Policies 

Before 3973 the formulation of national energy policies was 

performed in a context of continued growth in GNP, employment, 

and energy use. Nuclear power was intimately associated with 

that growth philosophy, and its safety, and long-term contribu- 

tion to the Swedish energy system, were already hot political 

issues. The energy planning of the 3960's had led to a massive 

construction of nuclear power plants, at least if measured 

relative to the size of the Swedish economy. However, when the 

first oil crisis occurred, the reaction was not to engage in 

an even stronger support of the nuclear option but to intensify 

the campaign against it. The energy issue was brought up onto 

the political surface, and caused a continuing surveillance in 

the media, which in its turn made reactor technology a topic on 

everyone's lips for a number of years. In fact it was not until 

the nuclear referendum was held in Sweden in 1979 that the 

political debate settled down. The oil crises, and the 

Harrisburg reactor accident, were events that had an enormous 

impact on the policy formation process. 

Figure 2 intends to highlight the official investigations 

of the energy issue and their accompanying government proposi- 

tions. In the work of the 1970 Energy Committee it was still 

assumed that energy demand would continue to grow at a faster 

rate than the GNP and that an expansion of electric power was 

necessary. In particular, the hydroelectric peak-load stations 

were planned to be complemented by nuclear- rather than oil- 

based condensation plants for the base-loads. 

The 1973 oil crisis precipitated a new set of energy demand 

forecasts in 1974-1975, based on a large investigation, which 

materialized into the government proposition of 3975. The main 

ingredient of that (social-democratic) document was a proposal 

to start a massive research and development campaign directed 

towards both demand and supply of energy, and focusing on the 

new technology options. Energy demand forecasts indicated that 

a restriction on electricity consumption would be needed. 
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Speculations were formulated about a situation with zero growth 

of energy use in the 1990's without any substantial quantitative 

underpinning. 

Research and development activities were started on a broad 

scale and several energy research coordination bodies were 

installed, none of which paid much attention to regional and 

energy conservation issues, however. A new major investigation 

was made by the Energy Commission which was put together on a 

parliamentary basis. This work led to a new government pr0pos.i- 
tion in which the role of energy conservation was stressed and 

substantially increased responsibilities for energy planning were 

placed with the municipalities. At the same time the debate on 

nuclear'versus renewable resources led to a government crisis on 
top of the second oil-price shock. 

A referendum on the pros and cons of nuclear power emerged 

as the only viable alternative in view of the political stale- 

mate. The Commission on Consequences prepared important parts 

of the background material for that referendum during 3-4 months 

in the autumn of 3979. The referendum finally led to a narrowing 

down of Swedish energy policies. The majority, which voted for 

keeping nuclear power during the 25 year lifetime of the currently 

existing plants, including the ones under construction, was as 

slim as 58 percent. The government proposition which followed 

the referendum started a nuclear power abolition committee to 

Prepare for the phasing out of the nuclear technology. This most 

recent policy document stressed the necessity of reducing oil 

dependency even at the cost of substituting imported coal. The 

research on domestic renewables was intensified. 

During the process described above, strategic decisions about 

investments in the energy system had been halted for a long time. 

In many regions and municipalities such decisions were needed. 

One example is the Stockholm region. The lack of regional con- 

siderations in the national policy documents led to an uncertainty 

and ambiguity about the possibilities of actually implementing 

the policy measures suggested in the national analysis. The 

current paper will address this issue further in the sequel. 



2 . 2  Changing Nat iona l  Pe r spec t ives  of Energy Demand and Supply. 

The r e l a t i o n s h i p  between economic growth and energy use  has 

d i f f e r e d  between t ime pe r iods .  Per c a p i t a  energy use  i n  Sweden 

grew s u b s t a n t i a l l y  more r a p i d l y  than  GNP pe r  c a p i t a  dur ing  t h e  

post-war pe r iod  up t o  t h e  end of t h e  1960 's .  The rea f t e r  t h e  

growth r a t e  of per  c a p i t a  energy use  has s t e a d i l y  f a l l e n  below 

t h e  GNP per  c a p i t a  growth r a t e .  A t  t h e  same t ime t h e  economic 

growth process  i t s e l f  has slowed down both  f o r  s t r u c t u r a l  and 

bus iness  c y c l i c  reasons .  I n  t h e  pe r iod  around 3980 Swedish GNP 

d i d  no t  i n  f a c t  i n c r e a s e  a t  a l l  bu t  r a t h e r  tended t o  dec rease .  

Figure  3  i l l u s t r a t e s  how t h i s  p rocess  r e v e a l s  i t s e l f  i n  t h e  

f o r e c a s t s  of t o t a l  energy demand. The y e a r s  i n d i c a t e d  i n  t h e  

f i g u r e  can be found a l s o  i n  F igure  2 .  The p i c t u r e  shows a  

p e r s i s t e n t  over-shooting of t o t a l  energy demand. Over a  t en-  

year  per iod  t h e  f o r e c a s t  of energy use  f o r  1990 has  decreased by 

more than  300 TWh o r  some 60  pe rcen t  of t h e  energy use  i n  t h e  

middle of t h e  1970 ' s .  

There a r e  a t  l e a s t  t h r e e  t ypes  of exp lana t ions  t o  t h e s e  

obse rva t ions  and f o r e c a s t s .  They can be i l l u s t r a t e d  by d i s -  

t i ngu i sh ing  between a  growth e f f e c t ,  a  s t r u c t u r a l  e f f e c t ,  and 

a  t echno log ica l  e f f e c t .  The f i r s t  f a c t o r  p o i n t s  a t  t h e  s tagna-  

t i o n  of t o t a l  economic growth a s  a  moderation f a c t o r .  We have 

a l r eady  i n d i c a t e d  t h a t  t h e  growth of  t h e  Swedish economy has 

been very  s l u g g i s h  dur ing  t h e  1 9 7 0 ' s .  

The second f a c t o r  s t r e s s e s  t h e  exp lana t ion  t h a t  s t r u c t u r a l  

change i n  t h e  economy w i l l  g i v e  r i s e  t o  a l t e r e d  energy use  

l e v e l s  even a t  a  c o n s t a n t  GNP l e v e l .  Such r e s t r u c t u r i n g  pro- 

c e s s e s  a r e  ev iden t  i n  t h e  p o s t - i n d u s t r i a l  s o c i e t y .  Table 2 

i n d i c a t e s  t h e  composit ion of energy demand i n  Sweden over more 

than 2 0  yea r s .  I n d u s t r i a l  demand has grown more slowly than  

t h e  average,  whi le  t h e  demand from t r a n s p o r t ,  hea t ing  and o t h e r  

s e r v i c e  s e c t o r s  has grown a t  a  f a s t e r  r a t e .  E l e c t r i c i t y  u se  has  

grown much more r a p i d l y  t han  t h e  average,  e s p e c i a l l y  a f t e r  1965. 

The e l e c t r i c i t y  component i s  t h e r e f o r e  t h e  most e s s e n t i a l  one t o  

f o r e c a s t .  Much of t h e  deba te  about  nuc lear  power i s  r e l a t e d  t o  

t h e  use  of e l e c t r i c i t y .  



Figu re  3. F o r e c a s t s  o f  t o t a l  energy u s e  i n  Sweden. The y e a r s  
i n d i c a t e  when t h e  f o r e c a s t s  w e r e  pub l i shed .  

Table  2. The development of energy  u se  i n  Sweden 1955 -1978 .  

3 9 5 5  1 9 6 5  3 978  Year ly  
TWh TWh TWh change 

3955-78 
( p e r c e n t )  

Manufacturing 

T ranspo r t s  

Other  s e c t o r s  69 335 1 7  1 4 .0  

T o t a l  energy u s e  174  2 8 5  3 8 5  3 . 8  

t h e r e o f  e l e c t r i c i t y  2  1  42  8  1  6 . 0  

Popu la t i on  
( 1 0 0 0  pe r sons )  

Energy u se  p e r  
c a p i t a  (kwh) 

E l e c t r i c i t y  u s e  p e r  2,900 5 ,400  9 ,800  5 . 5  



The third and most difficult factor to discern behind the 

growth and stagnation of energy demand is the technological 

development. That process may give rise to a lowering of total 

energy use even at a constant GNP level, and an unchanging mix 

of demand types. Technology is a strategic issue which does not 

only relate to cost-optional substitution processes within 

industry but also to dwelling supply amendments, and changes of 

human behavior. Technological change in the energy component 

of dwelling services is often termed energy conservation. The 

conservation is always tied up with investment cost, however, 

so that there is always a technical change component. The still 

acting national policy in this respect, is to reduce energy use 

in the buildings existing in 1978 by 25-30 percent in a ten-year 

period. It has turned out that this goal is quite hard to 

implement uniformly in all Swedish municipalities. Figure 4 

shows an estimated relationship between investment sacrifices 

and gross energy conservation level. That curve, estimated for 

the whole of Sweden, indicates exploding marginal conservation 

costs at an energy conservation level above 25 TWh per year. 

Technical change in the industrial sector is related to 

both capital embodied and disembodied processes. 

Machinery may be installed with lower specific energy demand 

and production processes may be trimmed, for example via new 

computing equipment. New plants may replace old ones, 'thus 

pushing the average towards the current best practice technology. 

The speed of this substitution process is by no means independent 

of the economic growth rate even though technical 

change can also occur at zero growth. Figure 5 illustrates the 

considerable span in energy demand arising from the technological 

effect at constant GNP level and economic structure. It is based 

on detailed studies of the least energy intensive technologies 

(now1 available in the different economic sectors. An introduc- 

tion of the currently known best-practice technology would lead 

to a considerably lower level of energy demand than the one 

estimated for 1990.  Figure 5 describes the large gap between 

technological feasibility and economic competitiveness. It 

points out the constructive role of planning in guiding Sweden's 
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realization of a sustainable energy system faster than can be 

obtained if the market forces are left alone to work that 

scenario out. 

Synthesizing a national energy supply system is a complex 

planning issue. This is especially so in a situation when eco- 

nomic factors force a speeding up of its restructuring. New 

technological options will have to be considered before they are 

economically mature. This has been a dilemma of the Swedish 

energy supply policies during the 1970's. As mentioned, a massive 

research and development campaign was started already in 1975. 

This effort is now in its third stage, in which local energy 

resources are brought into the energy system as a result of 

earlier research activities. 

One might say that the future energy supply system for Sweden 

has stayed more stable than the total demand level during the 

several stages of investigation in the 1970's. Tables 3 and 4 

show the reference scenario up to the turn of the century, as 

foreseen around 1980, with regard to the combination of energy 

resources and the composition of the electricity supply subsystem, 

respectively. Both tables contain the nuclear power option since 

they do not go behond year 2000. Thus, the phasing out of the 

nuclear capacity from the system is not considered. In fact, 

that long-term issue has not been treated fully as yet. 

The central oil reduction goal is supposed to be fulfilled 

by increasing the share of coal in the energy system. As may 

be seen from Table 3 the domestic renewable resources--wood, 

straw, and peat--are pointed out as the main complements. No 

massive introduction of wind and solar power is realistic in 

Sweden in the time-perspective adopted. It should also be noted 

that the scenario of Table 3 still assumes a slow increase in 

the total energy supply. A comparison with Figure 3 indicates 

that the scenario might be high. 

Table 4 shows the important role played by hydropower for 

the Swedish electricitysystem. The potential for farther 

development is less than 10 TWh. The two remaining untouched 

main rivers would have to be exploited for this to be feasible. 

The expansion of the nuclear sector is way above demand in the 

19801s, if demand continues to develop according to the current 



Table 3 .  Gross supply of primary enargy resources in a 
reference scenario of the energy system develop- 
ment 1 9 8 0 - 2 0 0 0  CTWhl 

Energy Resource 

Oil, oil products, and methanol 3 1 3  2 6 6  2 2 5  3 7 9  

Coal 3  2  3 4 0  8 3  

Metallurgic coal 1 7  3 9 2 0  24  

Hydropower 

Wind 

Solar - 3 3  6  

Back pressure 

Wood, straw 

Peat - 1 4  20  

Nuclear 2  3  47 5  8  5 8  

TOTAL 4 5 8  4 7 0  4 8 2  53 7  

Table 4 .  The electricity supply subsystem in a reference 
scenario for the period 3 9 8 0 - 2 0 0 0 .  

Energy source 1 9 8 0  1 9 8 5  1  9 9 0  2 0 0 0  

Energy source MW TWh MW TWh MW TWh MW TWh 

Hydropower 3 5 , 0 0 0  6 2  3 5 , 9 0 0  6 4  1 6 , 2 0 0  6 5  3 6 , 2 0 0  6 5  

Nuclear power 3 , 7 0 0  2 3  8 , 4 0 0  4 7  9 , 4 5 0  5 8  9 , 4 5 0  5 8  

Combined heat 
and power 2 , 3 5 0  6  2 , 4 5 0  4  2 , 4 5 0  6  3 , 7 5 0  1 5  

Oil-based con- 
densation 3 , 1 0 0  4  3 , 0 0 0  3 2 , 5 0 0  1  8 0 0  - 
Coal-based con- 
densation 

Gas turbines 1 , 8 0 0 .  - 3 , 8 0 0  - 3 , 8 0 0  - 3 , 8 0 0  - 
Wind power - - - - ( 3 0 0 1  3 ( 1 , 3 0 0 )  4  

Pump power - - - - - - 5 0 0  - 
S u m  2 6 , 6 5 0  3 0 0  3 2 , 5 5 0  321  3 3 , 6 0 0  1 3 8  3 7 , 0 0 0  354  
Final elec- 9  1 1 1 0  1 2 5  3 4 0  
tricit use 
Distrigutlon losses 



trends. It is a major dilemma for Sweden that nuclear power 

is currently so competitive that only taxation can remove a 

massive tie to that technology. The most characteristic property 

of the energy supply system is the expansion of cogeneration of 

heat and electric power. This has to do with the campaign for 

introducing district heating systems as replacements for 

individual oil boilers for dwelling heating. Cogeneration makes 
both heat and power generation effective and flexible. It also 

represents a technology which must be assessed in a local and 

regional context since remote heating systems are only viable 

in regions with a high enough energy density. 

2.3 The Regional Implementation of National Policies. 

The long-term national goals for the Swedish energy system 

stress the adaptivity and flexibility aspects rather than the 

efficiency one. Thus, ultimately, we should arrive at a sus- 

tainable and differentiated energy system based on domestic, 

renewable resources. In the latest government propositions 

the oil reduction goal has been given more priority than before. 

The earlier policies aimed at a decentralization of comprehen- 

sive energy planning at the municipal level. The new policy means 

thdt many municipalities see the reduction of oil-dependency 

as the major objective. A slowing down of the development of 

competance in the field of comprehensive energy planning has 

been the result. Also, at the regional level, planners experience 

an increasing uncertainty about the implications of the national 

policies for their particular region. 

Figures 6 and 7 are meant to illustrate this local and 

regional predicament. In the figures the typical sectoral 

fashion of computing the potential for introducing new energy 

resources into the system is illustrated. Figure 6 gives 

examples of decentralized fixed capital investments leading to 

nation-wide import problems. If all these cogeneration projects 

are to take place the coal transport problem will be of national 

significance. Its solution will depend on the spatial distri- 

bution of cogeneration projects, which are not necessarily 

nationally induced. 
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F i g u r e  6 .  A l t e r n a t i v e s  f o r  i n t r o d u c t i o n  o f  new components i n  
t h e  e n e r g y  supp ly  sys tem i n  Sweden, and l o c a t i o n  o f  
n u c l e a r  power p l a n t s  t o  be  c l o s e d  down around t h e  
y e a r  2000. 
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F i g u r e  7 .  P o t e n t i a l s  f o r  p e a t  and wind power e x t r a c t i o n  i n  
Sweden. 



Figure 6 also gives an example of national projects relating 

to new energy distribution networks. The location of such a gas 

pipeline will be influenced by the decision to transit gas from 

Norway to the continent only, or to distribute gas also to 

Swedish consumers. The national networks will influence the con- 

ditions for local energy planning. 

Figure 7 indicates the region in Sweden where peat may be 

economically extracted, mainly for local use because of the 

costly collection system. It also shows the coastal districts 

where wind power might be technically feasible. Both maps show 

the situation from a national perspective. They are of a some- 

what spurious relevance for municipal and regional energy plan- 

ning for at least two reasons: 

-- the competition between the potential sources and 
systems is not spelled out, not even at the national 

level, 

-- the local variations in costs and resource availability 
are not shown in enough detail. 

Thus, even though such inventories are useful as a starting 

point for national regional energy policy considerations, they 

are by no means enough. Such questions will have to be solved 

by special energy studies where national, regional, and local 

systems are distinguished from one another. Such studies have 

been started since the completion of the studies of the Commission 

on Consequences, for example the ones for the Stockholm region 

to be further described below. However, as shown in Figure 8 

the studies of the Commission on Consequences are still unique 

as regards the national-regional perspective. It is therefore 

appropriate to go on to describe the organization and contents 

of these large-scale impact studies somewhat further. 
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3. IMPACT ASSESSMENT METHODOLOGY I N  THE COMMISSION ON 
CONSEQUENCES 

3.1 The Commission on Consequences - A l t e r n a t i v e s  I n v e s t i g a t e d  

The b a s i c  methodological  problem faced  by t h e  Commission on 

Consequences was t o  con ju re  up a  s e t  of a l t e r n a t i v e  s c e n a r i o s  of how 

t o  provide t h e  Swedish economy wi th  energy and t o  compare t h e i r  

p o s i t i v e  and nega t ive  e f f e c t s .  Thus t h e  l i n e  of a t t a c k  chosen 

was t o  e l a b o r a t e  a  r e f e r e n c e  s c e n a r i o ,  i n  l i n e  w i t h  t h e  c u r r e n t  

economic development t r e n d s  and t h e  c u r r e n t  nuc l ea r  power program, 

and then t o  s p e c i f y  a l t e r n a t i v e  energy system s c e n a r i o s  i n  which 

nuc l ea r  power i s  abo l i shed  be fo re  3990. These energy system 

d e s c r i p t i o n s  were presen ted  f o r  a  per iod .  of twenty y e a r s ,  up 

u n t i l  t h e  t u r n  of t h e  cen tu ry .  

S ince  t h e  nuc l ea r  power p l a n t s  p r i m a r i l y  produce e l e c t r i -  

c i t y  (no nuc l ea r  waste  h e a t  i s  y e t  used i n  remote hea t ing  s y s t e m s ) ,  

t h e  a l t e r n a t i v e  energy systems may be compared by d e s c r i b i n g  t h e  

e l e c t r i c i t y  p roduc t ion  subsystems and by a s s e s s i n g  t h e  s t r u c -  

t u r e  of e l e c t r i c i t y  demand, a t  equ i l i b r ium,  i n  va r ious  c a s e s .  

The r e f e r e n c e  c a s e  imp l i e s  t h a t  e x i s t i n g  p l ans  w i l l  be pu t  

i n t o  e f f e c t  y i e l d i n g  a  f i n a l  e l e c t r i c i t y  consumption of 91 TWh 

i n  1980 and 125 TWh i n  1990. Twelve n u c l e a r  power p l a n t s  w i l l  

be i n  o p e r a t i o n  dur ing  t h e i r  s e r v i c e  l i f e  bu t  no longe r .  I n  

1990 nuc lea r  power w i l l  produce 58 TWh e l e c t r i c i t y ,  which, a s  

mentioned above, is  more than  a  doubl ing of t h e  1980 l e v e l .  

The s t r u c t u r e  of e l e c t r i c i t y  consumption w i l l  change towards a  

more i n t e n s e  use  of e l e c t r i c i t y  i n  t h e  'misce l laneous '  s e c t o r .  

A cons ide rab le  p o r t i o n  of t h i s  i n c r e a s e  r e l a t e s  t o  t h e  expansion 

of e l e c t r i c  hea t ing  of dwel l ings  and work-places. 

The a b o l i t i o n  a l t e r n a t i v e  has two v a r i a n t s ,  one y i e l d i n g  

105 TWh e l e c t r i c i t y  u s e  i n  1990 and t h e  o t h e r  95 TWh. The 

t o t a l  l e v e l  of e l e c t r i c i t y  consumption i s  lower i n  both  of 

t h e s e  i n  1990 and 2 0 0 0  than  i n  t h e  r e f e r e n c e  ca se .  This  s t e m s  

from t h e  d i f f i c u l t i e s  i n  completely r e p l a c i n g  nuc lear  power 

over a  per iod  of t e n  y e a r s .  

The 305 TWh l e v e l  may be a t t a i n a b l e  by 1990. However, i t  

presupposes a  s w i f t  expansion of c o a l - f i r e d  produc t ion ,  and 



t h e r e  may be d i f f i c u l t i e s  i n  e s t a b l i s h i n g  and commissioning t h e  

n e c e s s a r y  p l a n t s  w i t h  s u f f i c i e n t  speed .  No expans ion  of  e l e c t r i c  

h e a t i n g  of t h e  housing s t o c k  w i l l  be a l lowed .  The 95 TWh l e v e l  

by 1990 r e p r e s e n t s  a s i t u a t i o n  i n  which t h e  growth i n  e l e c t r i c i t y  

consumption i s  h e a v i l y  r e s t r i c t e d .  I t  p resupposes  a p a r t i c u l a r l y  

s t r o n g  emphasis  on s a v i n g  i n  t h e  m i s c e l l a n e o u s  s e c t o r .  Th i s  

a l t e r n a t i v e  h a s  been advoca ted  by t h o s e  d e s i r i n g  t h e  r a p i d  

c l o s u r e  of t h e  n u c l e a r  power s e c t o r .  

The a b o l i t i o n  of  n u c l e a r  power w i l l  mean t h a t  r e s o u r c e s  

w i l l  have t o  b e  a p p l i e d  t o  expand o t h e r  e l e c t r i c a l  ene rgy  pro- 

d u c t i o n  sys tems and t o  c o n s e r v e  energy i n  homes, i n  i n d u s t r y ,  

and e l sewhere .  I n  a d d i t i o n ,  more c o a l  and o i l  w i l l  have t o  b e  

impor ted .  Sooner o r  l a t e r  t h i s  w i l l  have t o  be p a i d  f o r  i n  

t e r m s  of  lower l i v i n g  s t a n d a r d s  f o r  t h e  p o p u l a t i o n  t h a n  t h o s e  

of  t h e  r e f e r e n c e  c a s e .  The Commission h a s  assumed t h a t  t h e  

c o s t  of  a b o l i t i o n  w i l l  have t o  be  m e t  from p r i v a t e  consumption 

because  even i n  t h e  r e f e r e n c e  c a s e  growth o f  t h e  p u b l i c  s e c t o r  

h a s  been k e p t  v e r y  low. Another  c o n c e i v a b l e  r e c o u r s e  would be  

t o  r e d u c e  o t h e r  i n v e s t m e n t s  o r  t o  i n c r e a s e  i n t e r n a t i o n a l  borrow- 

i n g ,  t h u s  d e f e r r i n g  some of  t h e  c o s t s  t o  f u t u r e  g e n e r a t i o n s .  

Th i s  was c o n s i d e r e d  t o  be  u n a c c e p t a b l e .  

The c e n t r a l  result  of t h e  Commission on Consequences was 

t h a t  t h e  t o t a l  c o s t  t o  t h e  Swedish s o c i e t y ,  i n  t e r m s  o f  p r i v a t e  

consumption,  would c o r r e s p o n d  t o  some 2-3 p e r c e n t  less p r i v a t e  

consumption i n  1990 t h a n  i f  t h e  n u c l e a r  power s e c t o r  were re- 

t a i n e d .  T h i s  means a c a p i t a l  l o s s  of 20,000 Swedish Crowns 

p e r  worker f o r  t h e  p e r i o d  1980-2000. Another  i m p o r t a n t  r e s u l t  

i s  t h a t  i f  labor-market  p o l i c i e s  a r e  implemented s u c h  t h a t  

f u l l  employment i s  a t t a i n e d ,  no d r a s t i c  e f f e c t s  can  be  i s o l a t e d  

f o r  the development  o f  d i f f e r e n t  p r o d u c t i o n  s e c t o r s .  The c a s e  

o f  e l e c t r i c i t y  p r i c e  i n c r e a s e s  f o r  i n d u s t r y  a t  t h e  95 TWh level 

i s  a n  e x c e p t i o n ,  w i t h  s t r o n g l y  n e g a t i v e  e f f e c t s  i n  t h e  p u l p  

and paper  i n d u s t r y .  P r i c e  i n c r e a s e s  i n  t h e  o r d e r  o f  50 p e r c e n t  

f o r  households  and 30 p e r c e n t  f o r  i n d u s t r y  w e r e  deemed neces-  

s a r y  t o  keep a g g r e g a t e  e l e c t r i c i t y  demand a t  t h e  r e q u i r e d  s u p p l y  

l e v e l  d u r i n g  t h e  phase  of r ep lacement  o f  n u c l e a r  power ( 1 9 8 0 ' s ) .  



The Commission on Consequences worked under a heavy time 

constraint. Therefore, no major model development work was 

attempted. Instead, the work was organized among various groups, 

which had suitable models and methods available at the, outset 

of the investigation. These tools were used as a basis for 

drawing conclusions about the magnitudes of the consequences 

resulting from the closure of nuclear power plants. A serious 

problem occurred because of this organizational framework: How 

were the analyses of the separate working groups to be integrated? 

In. Figure 9 an outline of the links between the working 

groups is given. The division into working groups may be seen 

as concomitant with a division of the systems analytic problem 

of developing a set of models and techniques to cope with the 

complex problem of assessing effects in an interdependent system. 

The Commission on Consequences provides a good example of an 

organizational as well as a factual problem solution. 

In the same way that a decomposition approach to mathema- 

tical programming consists in isolating subsystems, the internal 

workings of which need not be fully considered at the superordi- 

nate level, so it was not necessary for each subgroup of the 

commission to deliver to the other subgroups all its information 

but only those items of central importance. 

The idea was that a number of reiterations of this infor- 

mation would lead to a fully consistent impact analysis. 

However, the time constraint implied that such an overall con- 

sistency could not quite be achieved. 

The iteration scheme in the analysis began with a forecast 

of the development of electricity demand I This initial 

forecast was consistent with earlier Swedish energy consumption 

forecasts although the total demand level of 125 TWh in 1990 

implies a lowering of earlier results. This forecast was con- 

veyed to subgroups I1 and 111, dealing with synthesizing energy 

systems and assessing economic consequences. 

The next step (111 in the iteration procedure was the 

specification of energy systems capable of producing the energy 



Figure 9. Work group organization in the Commission on 
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V ( s i z e  and l o c a t i o n  of energy product ion f a c i l i t i e s ] ,  and V I  

( l o c a t i o n  of new energy product ion p l a n t s  a t  former nuc l ea r  

power p l a n t  s i t e s ) .  

An important  s t a g e  i n  t h e  whole i n v e s t i g a t i o n  was t h e  pool- 

ing  of in format ion  from subgroups I and I1 i n t o  an o v e r a l l  

a n a l y s i s  of economic consequences i n  subgroup 111. There t h e  

t o t a l  c o s t s  of t r a n s i t i o n  t o  a  new energy system were eva lua t ed  

i n  a  sho r t - ,  medium-, and long-term p e r s p e c t i v e .  The c o s t s  were 

measured i n  terms of t h e  l e v e l  of p r i v a t e  consumption t h a t  could 

be a t t a i n e d  f o r  a l t e r n a t i v e  e l e c t r i c i t y  demand l e v e l s  and d i f -  

f e r e n t  energy produc t ion  systems. The r e s u l t s  of t h e s e  ana lyses  

were r epo r t ed  back t o  subgroups I ( s c a r c i t y  p r i c e s ,  p roduc t ion  

s t r u c t u r e ,  e t c . ] ,  V (product ion s t r u c t u r e ] ,  V I  (Level of p u b l i c  

and p r i v a t e  consumption] , and V I I  ( l o c a l  impacts)  . 
The nex t  s t e p  i n  t h e  i t e r a t i o n  scheme was an a n a l y s i s  of 

t h e  r e s u l t s  of o t h e r  subgroups i n  t h e  environmental ,  r e g i o n a l  

and household groups.  A s t rong  feedback was exe r t ed  from t h e  

environmental  t o  t h e  energy systems subgroup. C r i t e r i a  were 

app l i ed  t o  see whether t h e  energy produc t ion  s c e n a r i o s  w e r e  

pe rmis s ib l e  from an environmental  p o i n t  of view. Informat ion 

about t h e  degree  of f u l f i l l m e n t  of r e g i o n a l  e f f i c i e n c y  and w e l -  

f a r e  g o a l s  was a l s o  f e d  back from t h e  employment and r e g i o n a l  

group t o  subgroups I1 and 111. An example of such a  feedback 

was t h e  c o s t - b e n e f i t  a n a l y s i s  of an a l t e r n a t i v e  l o c a t i o n  i n  

t h e  northern-most p a r t  of Sweden f o r  a  coa l - f i r ed  condensat ion 

p l a n t .  

A s  mentioned e a r l i e r ,  t h i s  o r g a n i z a t i o n a l  framework was 

a c t u a l l y  used i n  t h e  i n v e s t i g a t i o n ,  wi th  e x p l i c i t  d e a d l i n e s  

f o r  t h e  r e p o r t s  of e x t e r n a l  in format ion  between t h e  subgroups. 

It i s  f a i r  t o  s a y  t h a t  some i n t e g r a t i o n  a c t u a l l y  was achieved 

i n  t h i s  way, a l though  no complete cons i s t ency  could be a t t a i n e d .  

One reason f o r  t h i s  was t h e  t i m e  l i m i t ,  b u t  i n s t i t u t i o n a l  f r i c -  

t i o n s  a l s o  played a  r o l e .  

3 .3  Some of t h e  Models Used 

The d e s c r i p t i o n  of t h e  work o r g a n i z a t i o n  g iven  above does 

no t  r e v e a l  t h e  e x t e n t  t o  which t h e  subgroups used q u a n t i t a t i v e  



models or other quantitative analytical techniques in their 

work. 

Quantitative analyses were attempted in all of the working 

groups. However, these analyses were conducted at very differ- 

ent levels of sophistication. The methods used in groups IV, VI, 

and VII were quite rudimentary from a mathematical point of view, 

amounting to a more or less systematic application of various 

types of multipliers and ratios. They are not necessarily 

internally or externally consistent. 

In subgroup 11, models were employed, for example, to find 

an efficient way of using renewable, domestic primary energy 

resources in industrial processes. In these models, for instance, 

local bio-fuel sources such as peat were considered as alterna- 

tives to coal and oil in combined heat and power production 

facilities. 

By far the most sophisticated set of models were used in 

the economic analyses. The model exercises included the use of 

both the medium- and the long-term economic forecasting models 

of the Swedish Ministry of Economic Affairs. The medium-term 

model is of an input-output Keynesian type, with consumption 

and import functions but with exogenous investment variables. 

The long-term model is a variant of multisectoral growth models 

with linear energy demand and export and import functions. The 

core model used in the investigation, however, was the general 

equilibrium model of Bergman and Por C1980), (see also Bergman 

C1981)). One reason for choosing this as the central model was 

the fact that it simulates more effectively than other models the 

substitution possibilities w e r  the long-term in an open economy, 

when the production factor energy becomes more expensive in real 

terms. 

The economic models used in the investigation are almost 

one order of magnitude more complex than the regional models, 

at least with respect to their applicability to the problem of 

assessing the impacts of different energy scenarios. 

The result of the general equilibrium model is a balanced 

situation in the national economy. Production factors are used 



such that no excess supply or demand exists. This situation is 

of course attainable only in the long-term, especially if the 

current situation is characterized by economic imbalances. 

The idea behind the economic model exercises at the nation- 

al level is simply to compare the equilibrium states in the 

economy in terms of the room for private consumption and the 

equilibrium economic structure for different energy scenarios. 

The impact of the abolition of the nuclear power sector is simu- 

lated by a higher depreciation rate for capital in the nuclear 

energy production sector. The output of the model contains 

both factor inputs, production levels, capital stocks, foreign 

trade data, and employment. Employment is measured in terms of 

the input of work-hours needed in the various sectors. 

The task of the breakdown model is to transform these 

employment results into forecasts of the total number of persons 

needed to perform the necessary work-hours. Furthermore, these 

figures are to be disaggregated to the regional level. Thus, 

the aim of the breakdown model is to outline the consequences 

of alternative national energy scenarios with respect to total 

employment--or rather, total demand for labor--at the regional 

level. 

A. How will the total labor demand in the regions be 

affected by changing equilibrium patterns of pro- 

duction and employment by sector at the national 

level? 

B. What are the direct effects--and the succeeding 

indirect ones--of varying regional developments 

in individual sectors, for example in the energy 

producing sector? 

In these exercises, the breakdown model was used in con- 

junction with the medium- and long-term economic forecasts in 

Sweden (Snickars, 39791. In the economic forecasts a judgement 

is also made about the regional development of the labor supply. 

Since this is assumed to be independent of the energy system, 

the current application amounts to a comparison of different 

labor demand scenarios. 



An aggregated breakdown model of the type described above 

is too coarse to identify all the regionalized labor demand 

consequences, even though it is theoretically possible to build 

in a submodel for each sector where more detailed knowledge about 

that sector is included. In the nuclear power application, a 

significant result was that scarcity prices had to be used to 

keep down electricity demand for households and industry. This 

implies that a closer investigation should be made concerning 

the electricity-dependence of energy-intensive firms at the 

regional level. 

Such an analysis is especially warranted in a country such 

as Sweden, with its large surface area and low population density. 

Many small towns and villages in Sweden are dependent on only 

one dominant industrial enterprise, a situation most common in 

the northern and middle parts of Sweden. A further complicating 

factor is that these firms are most common in energy-intensive 

sectors. Economies of scale have led to a concentration of 

production in, for example, the pulp and paper industry, the 

metal industry, and to some extent in the chemical industry in 

a few large plants. 

In the Commission on Consequences, a special study was per- 

formed to assess the effects of a 50 percent price increase in 

electricity on energy-intensive industries. The results showed 

that the scrap iron works would be the most seriously affected 

branch of the steel sector. Some 3,200 jobs would have to dis- 

appear within a five-year period as a result of this price shift. 

However, in the reference case some of these jobs are also likely 

to disappear. This illustrates the basic methodological problem 

in performing an impact analysis without a comprehensive modeling 

framework within which to evaluate, in a consistent way, various 

direct and indirect effects. 

It should be strongly emphasized that the studies of energy- 

intensive sectors were regarded as a useful complement to the 

macro breakdown model exercises of the Commission. Since one 

central result of its economic analyses was that only small 

effects on the sectoral structure of the whole of Sweden could 

be expected (assuming a situation of full employment), the 



r e g i o n a l  e f f e c t s  were a l s o  r a t h e r  smal l  a s  shown by t h e  break- 

down model. A t  l e a s t  t h i s  was t r u e  f o r  l a r g e  r eg ions  and f o r  

t h e  t o t a l  demand f o r  l a b o r .  The micro-or iented s e c t o r a l  s t u d i e s  

i n d i c a t e d  a  cons ide rab le  nega t ive  e f f e c t  a t  t h e  l o c a l  view i n  

c e r t a i n  i n d u s t r i a l  s e c t o r s .  

Since t h e  measurement of t h e  e f f e c t s  o p e r a t e s  a t  d i f f e r e n t  

l e v e l s  of aggrega t ion ,  it is n o t  p o s s i b l e  t o  a s c e r t a i n  offhand 

whether o r  n o t  they  a r e  c o n s i s t e n t .  The f a c t  t h a t  t h e  micro 

ana lyses  a r e  r a t h e r  shor t - term a l s o  makes them t o  a  l e s s e r  degree  

comparable t o  t h e  medium-term macro ana lyses .  I n  an a t tempt  t o  

r e c o n c i l e  t h e  two approaches,  i n t e r r e g i o n a l  input-ouput a n a l y s i s  

was app l i ed  t o  e s t i m a t e  t h e  t o t a l  i n d i r e c t  employment e f f e c t s  i n  

t h e  r e g i o n a l  p roduc t ion  system of t h e  d i sappearance  of job open- 

i n g s  i n  i n d u s t r i e s  w i t h  a  high dependence on e l e c t r i c i t y .  

I t  should be emphasized t h a t  an assessment of the conse- 

quences i n  t h e  medium- and long-term o f  d i f f e r e n t  energy 

s c e n a r i o s  i s  of  cou r se  s u b j e c t  t o  a  cons ide rab le  degree  of bo th  

s t a t i c  and dynamic u n c e r t a i n t y  ( i n t e r n a t i o n a l  economic develop- 

ment, energy p r i c e s ,  s t a b i l i z a t i o n  prob lems) .  I t  i s  a l s o  s e l f -  

ev iden t  t h a t  an i d e a l  s e t  of models could sharpen t h e  r e s u l t s  

f u r t h e r .  Such models would have t o  be s p e c i a l l y  designed a s  a  

s e t ,  whose major f e a t u r e  should be t h a t  it produces i n t e r n a l l y  

c o n s i s t e n t  r e s u l t s .  Using such a  s e t  of models, t h e  number of 

s e n s i t i v i t y  t e s t s  performed on exogenous d a t a  could be i nc reased ,  

which would i n  f a c t  t end  t o  reduce t h e  degree  of  u n c e r t a i n t y  i n  

t h e  r e s u l t s .  The succes s  of an i n t e g r a t e d  model system would 

depend on whether t h e  approach a s  such  were accepted by t h e  

working group members. 

I t  might w e l l  be t h e  ca se  t h a t  such a  s e t  of models should 

o p e r a t e  a t  the r e g i o n a l  l e v e l .  This  should d e f i n i t e l y  be t h e  

ca se  i n  a  count ry  where t h e r e  a r e  l a r g e  r e g i o n a l  d i f f e r e n c e s  i n  

t h e  economic c o n d i t i o n s  and s t r u c t u r e s .  I n  a  count ry  where no 

l a r g e  r e g i o n a l  d i f f e r e n c e s  i n  f a c t o r  endowments and demand con- 

d i t i o n s  e x i s t ,  f o r  example f o r  t h e  energy s e c t o r ,  such a  region-  

a l  s p e c i f i c a t i o n  may n o t  be necessary.  

Returning t o  t h e  Swedish s tudy ,  it is  q u i t e  c l e a r  t h a t  an 

i n t e g r a t e d  r e g i o n a l  a n a l y s i s  of n a t i o n a l  energy s c e n a r i o s  would 



be warranted.  Sweden has cons ide rab le  r e sou rces  of renewable 

energy with  a non-uniform r e g i o n a l  d i s t r i b u t i o n .  I t  has a r e -  

g i o n a l l y  varying produc t ion  s t r u c t u r e .  This  means t h a t  t h e  

r e g i o n a l  impacts of d i f f e r e n t  n a t i o n a l  and r e g i o n a l  energy 

s c e n a r i o s  should va ry ,  a t  l e a s t  i f  t h e  e f f e c t s  a r e  eva lua ted  i n  

dimensions o t h e r  than  t h a t  of employment. 

4 .  REGIONAL IMPLEMENTATION OF ENERGY POLICIES FORMULATED ON THE 
NATIONAL LEVEL: The Case of t h e  Stockholm Region 

4 . 1  Nat ional  Frames f o r  t h e  Stockholm Region 

I n  1978, be fo re  t h e  'Commission on Consequences' had s t a r t e d  

i t s  work, t h e  Swedish Par l iament  adopted a p l an  according t o  

which t h e  energy consumption i n  t h e  e x i s t i n g  s tock  of b u i l d i n g s  

should be reduced by around 25 pe rcen t .  The implementation of 

t h e  p lan  was de l ega t ed  t o  t h e  i n d i v i d u a l  m u n i c i p a l i t i e s .  

In  1981, a f t e r  t h e  referendum on t h e  long-term nuc lea r  power 

p o l i c y ,  t h e  n a t i o n a l  energy p o l i c y  of Sweden was reformulated so  

a s  t o  make a r educ t ion  of t h e  o i l  consumption a primary g o a l .  

One important  reason f o r  t h i s  was t h e  g r e a t l y  i n c r e a s i n g  r e l a t i v e  

p r i c e  of o i l  i n  Sweden which t o  a l a r g e  e x t e n t  was caused by a 

g radua l  d e p r e c i a t i o n  of  t h e  Swedish cur rency .  The long-run objec-  

t i v e  was t o  p repare  f o r  a non-nuclear f u t u r e  of t h e  count ry .  

The o b j e c t i v e  w i t h  regard  t o  t h e  pe r iod  1980-1990 was 

s p e c i f i e d  t o  i nc lude  a r educ t ion  of  t h e  c u r r e n t  annual  imported 

volume of o i l  (27 b i l l i o n  t o n s )  by 45 pe rcen t .  I t  was assumed 

t h a t  t h i s  cou ld  be ob ta ined  by (i) conse rva t ion  e f f o r t s  cover ing  

25 pe rcen t  of  t h e  r educ t ion ,  and (ii) s u b s t i t u t i o n  of o i l  f o r  

o t h e r  f u e l s  i nc lud ing  domestic s o l i d  f u e l ,  and i n t r o d u c t i o n  of 

h e a t  pumps, d i s t r i c t  h e a t i n g ,  e t c .  

The Stockholm Energy S tud ie s  (SES) have been i n i t i a t e d  

and cont inued on t h e  b a s i s  of t h e  n a t i o n a l  energy p o l i c y  d e c i s i o n s  

desc r ibed  above. Severa l  of  t h e  connected s t u d i e s  a r e  s t i l l  going 

on. The common o b j e c t i v e  i s  t o  examine and e v a l u a t e  ( a l t e r n a t i v e )  

new energy supply systems f o r  t h e  Stockholm reg ion  which c o n s i s t s  

of more than  20 m u n i c i p a l i t i e s ,  of which Stockholm i s  one. 

The Regional Planning Of f i ce  (RPO) ha s  summarized t h e  most 

impor tan t  n a t i o n a l  r e s t r i c t i o n s  a s  fo l lows:  



- The energy used f o r  hea t ing  e x i s t i n g  b u i l d i n g s  s h a l l  

be  reduced by 30 p e r c e n t  be fo re  1990. 

- The consumption of o i l  must be reduced a s  desc r ibed  

above. 

- A l l  nuc l ea r  power s t a t i o n s  w i l l  be c lo sed  down be fo re  

2 0 1 0 .  

S ince  t h e  c a p a c i t y  f o r  gene ra t ing  e l e c t r i c i t y  from nuc lea r  

power s t a t i o n s  i s  s t i l l  i n c r e a s i n g ,  one may f o r e s e e  a  p o t e n t i a l  

excess  capac i ty  a s  r ega rds  t h e  product ion of e l e c t r i c i t y  which 

i s  l a t e r  on changed t o  a  sho r t age  of c a p a c i t y .  I t  has  been taken  

a s  a  c o n s t r a i n t  t h a t  t h e  Stockholm region s h a l l  keep i t s  s h a r e  

of t h e  i n c r e a s i n g  supply of e l e c t r i c i t y  dur ing  t h e  nex t  ten-year  

per iod .  

4 . 2  Energy Provis ion  and Regional Development 

The Stockholm reg ion  (County of Stockholm) c o n t a i n s  around 

1/5 of t h e  Swedish popula t ion  and i t s  s h a r e  of  t h e  t o t a l  income 

of t h e  country  i s  almost  1 / 4 .  More than  25 p e r c e n t  of t h e  t o t a l  

employment i n  t h e  s e r v i c e ,  t r a d e ,  communication and t r a n s p o r t a -  

t i o n  s e c t o r s ,  r e s p e c t i v e l y ,  a r e  l oca t ed  i n  t h e  reg ion .  Despi te  

having t h e  l a r g e s t  manufacturing s e c t o r  among t h e  Swedish 

c o u n t i e s ,  t h e  reg ion  only employs a  l i t t l e  more than  1 0  pe rcen t  

of t h e  t o t a l  l a b o r  f o r c e  i n  t h i s  s e c t o r .  During t h e  r e c e n t  

f ive-year  per iod  (1975-1980) t h e  fol lowing s e c t o r s  have shown a  

s t r o n g  expansion: s o c i a l  and h e a l t h : e a r e ,  c o n s u l t i n g ,  educa t ion  

and r e s e a r c h ,  c u l t u r a l  a c t i v i t i e s .  The number of persons  employed 

i n  a lmost  a l l  manufacturing s e c t o r s  has  been d e c l i n i n g  dur ing  t h e  

s e v e n t i e s .  

Figure  10,below, g i v e s  a  summarized d e s c r i p t i o n  of a  r e f e -  

rence  s c e n a r i o  of t h e  popula t ion  change i n  t h e  r eg ion .  The 

r e f e rence  s c e n a r i o  d i s p l a y s  a  growth of  t h e  t o t a l  popula t ion  from 

1 . 5  m i l l i o n  i n h a b i t a n t s  i n  1980 t o  1 . 6  a t  t h e  end of t h e  cen tury .  

I t  impl ies  a  slowly growing and a t  t h e  same t i m e  ageing popula- 

t i o n .  Moreover, t h e  corresponding l a b o r  f o r c e  w i l l  grow a t  an 

annual  r a t e  of 0.5-1.0 pe rcen t ,  Associa ted wi th  t h e  s c e n a r i o  i s  

an i n c r e a s i n g  s h a r e  of one- and two-person households which have 

revea led  a  marked tendency t o  move towards t h e  c e n t r a l  p a r t s  of 

t h e  town (Stockholm) . 



The urban s t r u c t u r e  of  t h e  r e g i o n  i s  c h a r a c t e r i z e d  by a  

compara t ive ly  s t r o n g  c o n c e n t r a t i o n  o f  workplaces and dwe l l i ngs  i n  

t h e  c e n t r a l  a r e a s .  The s t r u c t u r e  i s  i l l u s t r a t e d  i n  F i g u r e  1 3  

which shows t h a t  t h e  number of pe r sons  employed i n  d i f f e r e n t  sec- 

t o r s  i s  f a l l i n g  a s  a  f u n c t i o n  of  t h e  d i s t a n c e  from t h e  c e n t e r  of  

t h e  town. The number of dwe l l i ngs  i s  i n s t e a d  i n c r e a s i n g  w i th  t h e  

d i s t a n c e  f r o n  t h e  c e n t e r .  

T 
1 0 0 3  of p e r s o n s  

1000  of p e r s o n s  
'T' 

75-84 

15-19 ( y e a r )  ( y e a r )  / 1 

F igu re  1 0 .  Reference  s c e n a r i o  of t h e  p o p u l a t i o n  development i n  t h e  
r e g i o n  f o r  f i v e  age  g roups .  
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Figure 11,  Distribution of employment and dwellings over areas 
in Stockholm county, 1975.  

The heating system in the Stockholm region was, at the end 

of the seventies, extremely dependent on imported oil; alnost 

90 percent of the system was using oil as an input, of which 1/3 

was used in individual (one-house) boilers. ?4oreover, the dis- 

trict heating system which expanded rapidly during the seventies, 

has mainly been using oil, Table 5 describes the structure of 

oil consumption. The distribution of different techniques in 

the existing heating system of the region is illustrated in 

Table 6. 

As a result of an expanding supply of electricity and an 

associated low relative price, the consumption of electricity 

for the heating of dwellings has increased since 1 9 6 5  by 20 

percent annually in Sweden as a whole. This process was acceler- 

ating during the seventies as an effect of the nuclear power 



Table 5. Inpu t  of o i l  products  i n  t h e  Stockholm county.  D i s -  
t r i b u t i o n  over  s e c t o r s ,  1 980. 

Sec to r  P ropor t ion  i n  pe rcen t  
- 

Single-family  houses 

Indus t ry  

Multi-family houses 

Power and h e a t  g e n e r a t i o n  p l a n t s  

P r i v a t e  and p u b l i c  s e r v i c e  2 1 . 1  

T ranspor t a t i on  and communication 2 6 . 3  

TOTAL 1 0 0 . 0  

Table 6 .  The d i s t r i b u t i o n  of hea t ing  techniques .  

- . - - - 

Dwellings F i o r k ~ l a c e s  T o t a l  

I nd iv idua l  b o i l e r s  

E l e c t r i c i t y  hea t ing  

D i s t r i c t  hea t ing  

Smal l -scale  d i s t r i c t : h e a t i n g  

TOTAL 1 0 0  1 0 0  1 0 0  



program. In the Stockholm region, one can also observe a fast 

extension of the district heating network. This is described by 

Table 7. 

Table 7, District heating system in the region, 1975-1980 (Twh). 

Type of buildings 1975 1980 

Housing 

Workplaces 

TOTAL 4 .2  6.9 

During the last ten years the requxrements with regard to 

energy-related planning have been increasing in a step-wise manner. 

The adaptation to the successively new requirements has gradually 

made the planning system less well-structured. A picture of the 

main planning organizations during the period 1978-1982 is given 

in Figure 32, The company "STOSEB" has evolved during this period 

MULTIREGIONAL 
ELECTRICITY 

SUPFLY 

(Vattenf all) 

I 

SUPPLY 
SYSTEM FOR 1.5 
MUNICIPALITIES 

( STOSEB) 

REGIONAL 1 
OVERALL 
PLANNING 

( RPO 

-------4-------- 
I I ENERGY COMPLEX I 
I IN NYNASFSMN I 

(Joint venture) ; 
L--------------- 

Fl MVPJIC IPA- 

PLANNING 

Figure 1 2 .  Organizations involved in the energy planning for the. 
Stockholm region. 



and i s  r e s p o n s i b l e  f o r  t h e  energy supp ly  sys tem of a  s u b s e t  (15)  

of t h e  m u n i c i p a l i t i e s  i n  t h e  Stockholm county.  The long-run 

o v e r a l l  p l ann ing  i s  done by RPO. The e l e c t r i c i t y  supp ly  sys tem 

i s  planned from a . n a t i o n a l ,  m u l t i r e g i o n a l  l e v e l  by a  n a t i o n a l  

u t i l i t y  company ( V a t t e n f a l l ) .  As soc i a t ed  w i t h  t h e  n e s t e d  p lan-  

n ing  e f f o r t s  i n  t h e  system d e s c r i b e d ,  a  s e p a r a t e  p l ann ing  o rgan i -  

z a t i o n - h a s b e e n  set  up f o r  t h e  energy complex i n  Nynbshamn,-located 

sou th  o f  Stockholm a t  t h e  c o a s t .  

4 .3 Organizat ion and I n t e r a c t i o n  Between t h e  D i f f e r e n t  S t u d i e s  

Four b a s i c  a l t e r n a t i v e  energy sys tems have been proposed 

by STOSEB. A l l  of them imply l a r g e - s c a l e  d i s t r i c t  h e a t i n g  

systems which w i l l  cove r  around 4/5 of  t h e  demand f o r  h e a t i n g .  

These a l t e r n a t i v e s  a r e  (i) h o t  wa t e r  from t h e  e x i s t i n g  n u c l e a r  

power s t a t i o n  i n  Forsmark ( n o r t h  of  t h e  r e g i o n ) ,  (ii) d e c e n t r a -  

l i z e d  coal -based power g e n e r a t i o n  sys tem,  (iii) c e n t r a l i z e d  

system of t h e  same k i n d ,  and ( i v )  h e a t  pump sys tem w i t h  t h e  atmos- 

phere ,  l a k e s  and waste-water  a s  energy s o u r c e s .  

The n a t i o n a l  u t i l i t y  company V a t t e n f a l l  h a s  been p ropos ing  

a  l a r g e  p i p e l i n e  sys tem from i t s  s t a t i o n  i n .Fa r smark .  Th i s  

o p t i o n  i n c l u d e s  t h a t  a  coa l -based  power s t a t i o n  is  b u i l t  i n  

Forsmark when t h e  n u c l e a r  power s t a t i o n  i s  c l o s e d  down. 

The o p t i o n  w i t h  an  energy complex h a s  been des igned  by 

t h e  "Nynds r e s e a r c h  group"  i n  such a  way t h a t  it may ,be  i n c l u d e d  

i n  a l l  t h e  a l t e r n a t i v e s  mentioned above.  

R e f e r r i n g  t o  F i g u r e  13,one may conclude t h a t  t h e  STOSEB 

r e s e a r c h  team h a s  t r i e d  t o  i n t e g r a t e  t h e  r e s e a r c h  and p l ann ing  

e f f o r t  from t h e  energy a u t h o r i t i e s  i n  t h e  d i f f e r e n t  mun ic ipa l i -  

t i es ,  from SIND ( t h e  Swedish I n d u s t r i a l  Board of t h e  M i n i s t r y  

o f  I n d u s t r y )  , and from t h e  Nynds group.  

The p l ann ing  a r e a  o f  STOSEB c o n t a i n s  15 of t h e  mun ic ipa l i -  

t i e s  i n  t h e  Stockholm r e g i o n .  The Regional  P lann ing  O f f i c e  is  

cove r ing  a l l  t h e  m u n i c i p a l i t i e s  of  t h e  r eg ion  i n  i t s  p l ann ing  of  

land-use ( b u i l d i n g s ,  t r a n s p o r t a t i o n ,  energy supp ly  and demand). 

The r e s e a r c h  a c t i v i t i e s  of RPO have covered b roade r  a s p e c t s  o f  t h e  

energy p o l i c y  o p t i o n s  t h a n  STOSEB and have i n  p a r t i c u l a r  focused 
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F i g u r e l 3 .  Connect ion  between d i f f e r e n t  impac t  and s c e n a r i o  ana- 
l y s e s  of  l a r g e - s c a l e  energy sys tems i n  t h e  Stockholm 
r e g i o n  ( t h e  d a t e s  of  i m p o r t a n t  r e p o r t s  a r e  s p e c i f i e d  
w i t h i n  b r a c k e t s  w i t h  r e g a r d  t o  each  r e s e a r c h  group/ 
o r g a n i z a t i o n .  

on dynamic, long- term i s s u e s .  I n  a d d i t i o n ,  RPO h a s  been respon-  

s i b l e  f o r  a long- term r e s e a r c h  p r o j e c t ,  R E G I ,  which was i n i t i a t e d  

by t h e  Swedish Counc i l  f o r  B u i l d i n g  Research  and RPO,  and which 

i s  f i n a n c e d  by t h e s e  two p a r t i e s .  

A s  a p a r t  o f  i t s  ongoing r e s e a r c h / p l a n n i n g  a c t i v i t i e s ,  RPO 

h a s  made a comprehensive e v a l u a t i o n  o f  t h e  STOSEB s t u d i e s .  When 

d o i n g  t h i s ,  RPO h a s  a l s o  examined a b r o a d e r  c l a s s  o f  ene rgy  s y s -  

t e m  o p t i o n s  than '  STOSEB. I n  t h e  s e q u e l ,  w e  s h a l l  r e p o r t  a b o u t  

two p a r t l y  s e p a r a t e d  a s p e c t s  o f  t h e  RPO a c t i v i t i e s :  

- The a s s e s s m e n t s  o f  t h e  STOSEB s t u d i e s ,  i n c l u d i n g  

t h e  r e p o r t  from t h e  Nynas group.  

- The ongo ing ,  n o t  f i n a l i z e d ,  long-term s t u d y  o f  t h e  

in te rdependency  between energy p l a n n i n g  and g e n e r a l  

p l a n n i n g  of  r e g i o n a l  development.  



5. ASSESSMENT METHODS IN THE STOCKHOLM ENERGY SYSTEM STUDIES 

Section 5 is organized in the following way: An outline of 

the structure of the energy system of the region is followed by 

a presentation of the REGI-project. Since this research is still 

an ongoing activity, we shall have to report on some model exer- 

cises which are not yet finalized or which have not even started. 

Thereafter, the associated assessment of the STOSEB study is 

presented. In this way, we are describing how the same project 

is planned to be carried through in its "not time-restricted" 

version, and how it had to adap,t in order to produce interimistic 

decision s.upporting results (with limited time) in the very midst 

of the long-term studies. 

5.1 Regional Implementation of the National Energy Policy: 
Structure of the Energy System 

An implementation of the national energy policy (as described 

earlier) implies a complete restructuring of the energy system in 

the Stockholm region. This presupposes a systems analysis approach: 

.The region is an integrated part of the national electricity system 

and of the import-dependency of the country. The number of poten- 

tial technical solutions is large. The technical and economic 

durability of the investments is long and creates time profiles of 

restrictions on the development of the localization of buildings 

and activities. The energy transformation has environmental 

effects which require a detailed control in a densly populated 

region. The durability and large-scale of the investments may,, 

together with the associated environmental problems, create con- 

flicting interests and opinions of different grougs in the region. 

In order to analyze the problems addressed above, one has to 

specify the energy system in a well-structured way. Figure 3 4  

illustrates how this was done in the project. 

5.2 Methodological Approaches of the REGI-project 

The standard case of an impact analysis may be sketched as fol- 

lows: ti) a given project is characterized over time; (iil thereafter 

the multidimensional consequences are derived or traced over the 

space and time dimensions. The Stockholm studies do not fit this 

standard form. There are several reasons for this. Firstly, the 
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Stockholm region. 



studies include a comparison and evaluation of many alternative 

(competing) large-scale projects. Secondly, the studies are also 

searching for future structures of the region which are compa- 

tible with a certain energy system alternative. Determining 

policy decisions which may ensure that such a future structure is 

obtained, implies that the impacts of these decisions become 

central. The complex structure of this approach is decomposed 

into a sequence af subsystem analyses. A scheme for this pro- 

cess is illustrated in Figure 15. 

NATIONAL MULTI- MULTIREGIONAL MULTI 

SECTOR SCENARIOS SECTOR ALLOCATION 1 

Figure 15. Scheme describing the impact analysis and planning 
process of the REGI-project. 
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A s  i n d i c a t e d  i n  F igure  15, t h e  i n t e r l i n k e d  "subsystems" 

a r e  analyzed s e q u e n t i a l l y  i n  t h e  fo l lowing  o r d e r :  

(1) Scena r io s  o f  t h e  s e c t o r a l  development on t h e  n a t i o n a l  
l e v e l  can  be  ob t a ined  by means o f  dynamic m u l t i s e c t o r  

non- l inear  i npu t -ou tpu t  models. Two a l t e r n a t i v e  equi-  

l i b r i u m  models of t h i s  t y p e  a r e  a v a i l a b l e .  

(11) The n a t i o n a l  s c e n a r i o s  p rov ide  c o n s t r a i n t s  on t h e  

a n a l y s i s  of t h e  m u l t i r e g i o n a l  development. A t  t h i s  

s t a g e ,  t h e  demand and supply  of  energy a r e  d i s t r i b u t e d  

over  r e g i o n s  w i t h  t h e  h e l p  o f  two d i f f e r e n t  mu l t i s ec -  

t o r a l  programming models. 

(111) The a n a l y s i s  of  t h e  energy system development i n  t h e  

r eg ion  h a s  t o  be based on i n fo rma t ion  from ( I ) ,  (11) 

and ( I V ) .  T h i s  i n c l u d e s  in format ion  about  r e l a t i v e  

p r i c e s  ( i n c l u d i n g  energy p r i c e s ) ,  and energy d e n s i t i e s  

i n  suba rea s  of  t h e  r e g i o n .  

( I V )  The a n a l y s i s  of g e n e r a l  r e g i o n a l  development i n c l u d e s  

d i s t r i b u t i o n  o f  a c t i v i t i e s  (housing,  p roduc t i on ,  t r a n s -  

p o r t a t i o n ,  e t c . )  over  suba rea s ,  changes i n  end-use 

energy t echn iques  and consumption l e v e l s ,  and an asso-  

c i a t e d  p a t t e r n  o f  energy d e n s i t i e s .  I n  t h i s  c a s e ,  

a l t e r n a t i v e  development p a t h s  a r e  gene ra t ed .  I t  i s  

a l s o  p o s s i b l e  t o  cons ide r  an i n t e r a c t i o n  between sub- 

system (111) and ( I V )  a s  w e l l  a s  (11) and ( I V )  . 
( V )  I n  s t e p  ( V )  one combines each system-(IV) c o n f i g u r a t i o n  

w i t h  t h e  energy system s o l u t i o n  w h i c h . i s  "op t imal"  

g iven the s c e n a r i o  f o r  system ( I V )  . 
( V I )  A g iven  development o f  subsystem I V  can ,  t o  a  c e r t a i n  

deg ree ,  be  s t i m u l a t e d  and enforced  by means o f  r e g i o n a l  

p o l i c y  measures such a s  land-use p o l i c i e s ,  e tc .  I n  t h i s  

s ense  a  c e r t a i n  a l t e r n a t i v e  i n  ( V )  imp l i e s  a  c e r t a i n  s e t  

of  p o l i c y  measures which i s  an impact  i n  i t s e l f .  More- 

o v e r ,  each  se t  of p o l i c y  i n s t rumen t s  has  i t s e l f  an impact 

on r e g i o n a l  and n a t i o n a l  dimensions (111) and ( I V ) .  

There fore ,  t h e  f i n a l  a ssessment  ha s  t o  be  ana lyzed  i n  

s t e p  ( V I I )  



( V I I )  The f i n a l  e v a l u a t i o n  i s  done i n  s t e p  V I I  which uses  i n -  

format ion from s t e p  ( V )  and i n t e r a c t s  wi th  t h e  p o l i c y  

impact a n a l y s i s  i n  ( V I ) .  The e v a l u a t i o n  i s  based on a  

mul t id imensional  comparison between each genera ted  com- 

b i n a t i o n  of (i) an energy system s o l u t i o n ,  (ii) a  r e g i o n a l  

development s c e n a r i o ,  (iii) t h e  a s s o c i a t e d  po l i cy  measures 

and ( i v )  t h e  s p e c i f i c  impacts of ( i )  - (iii) . 

The t i m e  s c a l e  f o r  t h e  system of models c o n s i s t s  of a  

sequence of p e r i o d s  s t a r t i n g  i n  1980 and ending i n  yea r  2020-  

2025. The l eng th  of t i m e  pe r iods  have been v a r i e d  s o  a s  t o  

match a l r eady  n a t i o n a l l y - o r  t e c h n i c a l l y  determined p o i n t s  i n  

t i m e  a t  which c e r t a i n  s t r a t e g i c  d e c i s i o n s  must be made. 

The m u l t i r e g i o n a l  models o p e r a t e  wi th  a  subd iv i s ion  of 

t h e  country  i n t o  6 ,  8  o r  20-25 reg ions .  With r ega rd  t o  t h e  

s p e c i f i c a t i o n  of a r e a s  w i th in  Stockholm, d i f f e r e n t  degrees  of 

s p a t i a l  d i s agg rega t ion  have been u t i l i z e d  ranging  from around 

105 up t o  about 1 0 0 0 .  

5 . 3  An Overview of Basic  Models i n  t h e  R E G I  P r o j e c t  

The ambit ion o f  th is .  s e c t i o n  i s  t o - p r e s e n t  some of t h e  

most important  p a r t s  of  t h e  network of t h e  REGI models. Also,  

wi th  t h i s  l i m i t e d  o b j e c t i v e ,  w e  a r e  fo rced  t o  con f ine  ou r se lves  

t o  a  gene ra l  c h a r a c t e r i z a t i o n  of t h e  models. For each group of 

models t h e  p r e s e n t a t i o n  has  t h e  fol lowing form: (i) model 

s t r u c t u r e ,  types  of consequences and t ime-sca les ,  and (ii) d a t a  

systems,  e s t i m a t i o n  and c a l i b r a t i o n .  

MuZtissctor, MuZtiregionaZ Scenarios 

The two a l t e r n a t i v e  m u l t i s e c t o r a l  models of input -ou tpu t  

type  have a  set  of common f e a t u r e s .  They both apply f o r  each 

commodity group expor t  and import  func t ions  which have t h e  

r a t i o  between t h e  domestic and t h e  world market p r i c e s  a s  an 

argument. The p r i v a t e  consumption func t ions  a r e  der ived  from 

a  l i n e a r  expendi ture  system. For both  t h e s e  models t h e  

development of  world market p r i c e s  i s  given by exogenous sce-  

n a r i o s .  



One of t h e  models, t h e  "Bergman" model f a l l s  i n t o  t h e  c l a s s  

of MSG-models (Johansen,  1 9 7 4 ) .  An e a r l y  ve r s ion  of t h i s  model 

w5ich was u t i l i z e d  i n  t h e  s t u d i e s  of nuc lea r  d i s c o n t i n u a t i o n  i n  

Sweden i s  descr ibed  i n  (Bergman, 1981 ) . I n  t h i s  ve r s ion  t h e  

u n i t  c o s t  l e v e l  of each s e c t o r  is  der ived  from a nes ted  Cobb- 

Douglas/CES product ion fucnt ion  wi th  e l e c t r i c i t y ,  f u e l s ,  l a b o r  

and aggregate  c a p i t a l  a s  i n p u t s .  The model i s  a  s t a t i c  e q u i l i -  

brium model and t h e  impacts of  v a r i a t i o n s  i n  exogenous f a c t o r s  

(such a s  world market p r i c e s  on primary energy) a r e  de f ined  i n  

terms of d i f f e r e n c e s  between equi l ibr ium a l l o c a t i o n s  of c a p i t a l  

and l abor  over  s e c t o r s  and t h e  a s soc ia t ed  a c t i v i t y  l e v e l s .  The 

n a t u r e  of t h e  model p r o h i b i t s  an a n a l y s i s  of t h e  adjustment pro- 

c e s s  over t ime. I n s t e a d ,  it genera tes  a  te remina l  p o i n t  s o l u t i o n  

10-20 yea r s  ahead. The model is  p r imar i ly  based on information 

from t h e  Cen t ra l  Bureau of S t a t i s t i c s .  

The second n a t i o n a l  m u l t i s e c t o r a l  model i s  c a l l e d  MACROINVEST 

( s e e  Persson and Johapsson, 1 9 8 2 .  Like t h e  "Bergman" 

model, t h i s  model has gene ra l  equi l ib r ium p r o p e r t i e s ;  i n  p a r t i c u l a r ,  

r e l a t i v e  p r i c e s  a r e  determined endogenously. I t  al lows f o r  a  

s tudy  of adjustment processes  such a s  in t roduc t ion  and removal 

of product ion c a p a c i t i e s  and a s soc ia t ed  employment changes. I t  

recognizes a  d i s t r i b u t i o n  of product ion techniques i n  each sec- 

t o r ,  where each technique d i s p l a y s  cons tan t  e l a s t i c i t y  of s c a l e  

wi th in  t h e  capac i ty  l i m i t  of  t h e  technique,  while t h e  aggregate  

technique of a  s e c t o r  e x h i b i t s  v a r i a b l e  e l a s t i c i t y  of s c a l e .  

Removal and i n t r o d u c t i o n  of new c a p a c i t i e s  a r e  determined by 

t h e  endogenously given (i) p r o f i t  of each technique,  (ii) inves t -  

ment c o s t ,  and (iii) demand f o r  t o t a l  product ion capac i ty .  For 

each s e c t o r  a  u n i t  of investment has a  d i s t i n c t  commodity composi- 

t i o n .  The model i s  designed t o  genera te  a  sequence o f  f ive-year  

s o l u t i o n s .  I t  i s  connected wi th  an information system which con- 

t a i n s  d a t a  on product ion techniques and which i s  updated annual ly .  

These d a t a  a l s o  have a  l o c a t i o n  index ( s e e  Johansson and Stromqvist ,  

1981).  

Impact ou tputs  from t h e  n a t i o n a l  models conta in  s e c t o r  a l l o -  

c a t i o n  of employment, product ion,  investment,  shut-down, energy 

use ,  e t c .  This type of  information provides  an i n p u t  t o  t h e  f o l -  

lowing two mul t i r eg iona l  models: 



o MORSE which i s  a  m u l t i r e g i o n a l  and m u l t i s e c t o r a l  model 

(Lundqvis t ,  1981) .  The b a s i c  s t r u c t u r e  i s  ob ta ined  

through a  break-down technique a p p l i e d  t o  input -ou tpu t  

in format ion  on the  n a t i o n a l  l e v e l ,  t o g e t h e r  w i th  v a r i -  

ous c o n s t r a i n t s  on t h e  r e g i o n a l  l e v e l .  ( S n i c k a r s ,  1978) .  

o PROMISE which is  a  m u l t i r e g i o n a l  model con ta in ing  1 9  

i n d u s t r y  s e c t o r s  w i t h  a  p o t e n t i a l  d i s agg rega t ion  t o  

around 100 s e c t o r s  (Johansson and ~ t r ; m q v i s t ,  1981, and 

Forsund, K a r l q v i s t  and ~ t r d m q v i s t ,  1982) .  With regard  

t o  i n d u s t r i a l  s t a t i s t i c s  t h i s  model u t i l i z e s  t h e  same 

informat ion  system a s  MACROINVEST. 

Bothmodels a r e  solvedbylinearprogrammingtechniques. MORSE 

is  dynamic and has  been app l i ed  t o  gene ra t e  sequences of f i v e -  

yea r  p e r i o d s .  I t  has  8  reg ions  and t h e  economy of each reg ion  i s  

d iv ided  i n t o  9 s e c t o r s .  A bottom-up approach i s  u t i l i z e d  wi th  

r ega rd  t o  consumption a n d  t o  t h e  ma jo r i t y  of p roduc t ion  s e c t o r s .  

A top-down r e l a t i o n  is used i n  p a r t i c u l a r  f o r  energy consumption, 

c a p i t a l  format ion and i n t e r n a t i o n a l  t r a d e .  I n  t h e  REG1  p r o j e c t ,  

t h e  model w i l l  be  used t o  a s s e s s  impacts of energy supply systems 

and o i l  p r i c e  i n c r e a s e s .  I n  p a r t i c u l a r ,  t h e  impacts may be 

genera ted  i n  t h e  form of t r a d e - o f f s  between d i f f e r e n t  c r i t e r i a .  

PROMISE has  been cons t ruc t ed  wi th  t h e  h e l p  of an informa- 

t i o n  system f o r  t h e  manufacturing and mining i n d u s t r i e s  con ta in ing  

d a t a  on product ion techniques  f o r  around 1500 groups of p roduc t ion  

u n i t s  ( e s t ab l i shmen t s )  from t h e  pe r iod  1968 t o  1980. I t  i n c l u d e s  

e s t i m a t e s  of removal and i n t r o d u c t i o n  of new techniques .  This  i n -  

format ion is a l s o  inc luded  i n  MACROINVEST and it recognizes  f o r  

each a v a i l a b l e  ( e x i s t i n g  and p o t e n t i a l )  technique t h e  i n p u t  of 

e l e c t r i c i t y  and l i q u i d  f u e l s .  

The model is  based on a  v in t age  type  produc t ion  theo ry  

and combines produc t ion  e f f i c i e n c y  c r i t e r i a  wi th  (i) r e g i o n a l  

c o n s t r a i n t s  and (ii) n a t i o n a l  s c e n a r i o  i n p u t s  from n a t i o n a l  

models of t h e  type p re sen ted  above. P o t e n t i a l l y ,  an i n t e r a c t i v e  

approach may be u t i l i z e d .  The model c o n t a i n s  6  r eg ions  f o r  

w h i c h i n a s e c o n d s t e p  t h e  a n a l y s i s  can be d i saggrega ted  t o  t h e  

county l e v e l .  The model gene ra t e s  energy impacts i n  t h e  form of 

energy composit ion and a b i l i t y  t o  cover  t h e  energy c o s t s  over  

t echniques  of each s e c t o r  i n  each reg ion  a s  desc r ibed  by F igure  1 6 .  



vk = energy consumption i n  TWh 
j  

Ilk = g r o s s  p r o f i t  of t echnique  c l a s s  k, b e f o r e  energy c o s t s  
7 

have been deducted:  observe- t h a t -  TIk is  determined a s  an 
j  

e x p l i c i t  f unc t ion  of  p r i c e s  and wages, and t h a t  J( is 
7 

s p e c i f i e d  bo th  f o r  e l e c t r i c i t y  and l i q u i d  f u e l s .  

F igure  1 6  Energy impact i n  PROMISE, d i s t r i b u t e d  ove r  p roduc t ion  
techniques  i n  t h e  i n d u s t r y .  

R e g i o n a l  Deve lopment  o f  Energy Demand and S u p p l y  

The ,regional  a n a l y s i s  has  two system components, i . e .  supply 

and demand. For each given s p a t i a l  c o n f i g u r a t i o n  of t h e  energy 

demand, t h e  supply a n a l y s i s  p rov ides  a  c o s t  minimizing s o l u t i o n  

ove r  t i m e .  This  has  made it important  t o  gene ra t e  a  s e t  of 

i n t e r n a l l y  c o n s i s t e n t  a l t e r n a t i v e  s c e n a r i o s  of t h e  s p a t i a l  d i s t r i -  

bu t ion  of  a c t i v i t i e s  and t h e  a s s o c i a t e d  energy d e n s i t i e s .  I n  t h i s  

way, one may gene ra t e  "opt imal"  p a i r s  of combined supply-demand 

s o l u t i o n s .  One may a l s o  s ea rch  f o r  a  supply s o l u t i o n  which i s  

robus t  wi th  r ega rd  t o  v a r i a t i o n s  i n  t h e  s p a t i a l  demand f o r  energy 

ove r  t i m e .  For each s o l u t i o n  t h e r e  is  a need t o  examine t h e  

cons i s tency  between t h e  i n t r a r e g i o n a l / r e g i o n a l  and mul t i r eg iona l /  

n a t i o n a l  l e v e l s .  This  i n t e r f a c e  i s  s p e c i f i e d  i n  Table 8. 

The fundamental o b j e c t i v e  of  t h e  i n t r a r e g i o n a l  a n a l y s i s  i n  

t h e  model system i s  t o  d e r i v e  a  s p a t i a l  and temporal  d i s t r i b u t i o n  



Table 8 .  I n t e r f a c e  between n a t i o n a l  and r e g i o n a l  s cena r io s /  
impacts.  

of demand f o r  u s e f u l  energy wi th  r ega rd  t o  h e a t i n g .  I n  p r a c t i c e ,  

t h i s  has been done by s p e c i f y i n g  energy d e n s i t i e s  i n  around 100 

a r e a s  of  t h e  r eg ion  a t  d i f f e r e n t  p o i n t s  i n  t ime (1980-2020). To 

perform t h i s  t a s k  f o u r  components have t o  be analyzed and p u t  

t o g e t h e r  i n  c o n s i s t e n t  development pa ths :  

NATIONAL AND MULTIREGIONAL ANALYSIS --------------------------------------------------------- 
o World market p r i c e s  on primary energy 

o Nat iona l  and r e g i o n a l  p r i c e s  on secondary energy 

o Q u a n t i t y  c o n s t r a i n t s  w i th  regard  t o  supply  of energy 

and o t h e r  r e sou rces  

o A c t i v i t y  l e v e l  of s e c t o r s  i n  t h e  reg ion  

A 

o Development of popu la t ion ,  household format ion and housing 

demand ; 

o Development of a c t i v i t i e s  and jobs;  

o Development of t h e  b u i l d i n g  s t r u c t u r e  (housing,  workplaces,  

t r a n s p o r t a t i o n )  ; 

o Land use  planning '  and l o c a t i o n  d e c i s i o n s .  

I 

The node1 o f  household format ion and housing demand u t i l i z e s  

popu la t ion  s c e n a r i o s  a s  i n p u t s .  These s c e n a r i o s  a r e  gene ra t a t ed  by 

a m u l t i r e g i o n a l  demographic model which may be c h a r a c t e r i z e d  a s  

a t r a n s i t i o n  model of Markov type .  I t  i n c l u d e s ,  be s ides  s t anda rd  

demographic change p r o b a b i l i t i e s ,  i n t e r r e g i o n a l  and i n t e r n a t i o n a l  

migra t ion .  The approach makes use  of a s e t  of a l t e r n a t i v e  

v 
REGIONAL AND INTRAREGIONAL DEVELOPMENT -------------------------------------------------------- 

o Energy supply s o l u t i o n s :  Impacts on 

(1) n a t i o n a l - e n e r g y  p r i c e s  
(ii) demand f o r  i n p u t  of primary energy 
(iii) expor t  of energy c a r r i e r s  

o Energy demand a l t e r n a t i v e s :  Impacts on t h e  import  

t o  t h e  r eg ion  of energy and o t h e r  r e sou rces .  I n t e r -  

r e g i o n a l  cons i s t ency  



es t imates  of t h e  t r a n s i t i o n  s t ructure--each r e f e r r i n g  t o  a  socio-  

economic s i t u a t i o n .  Therefore ,  each populat ion s c e n a r i o  may be 

s e l e c t e d  cont ingent  on an o v e r a l l  economic development pa th  f o r  

t h e  country [see Andersson and Holmber9 1980).  

The populat ion an lays i s  i s  connected with  t h e  household/ 

housing. a n a l y s i s  a s  i n d i c a t e d  by Figure  17. The household forma- 

t i o n  i s  analyzed by means of a  t r a n s i t i o n  model based on popula- 

t i o n  censuses which t a k e  p lace  every f i v e  yea r s .  The demand model 

has t h e  form of  a  l o g i t  model. The market a n a l y s i s  can be c a r r i e d  

o u t  with  two a l t e r n a t i v e  models using s i m i l a r  information:  (i) 

a l i n e a r  programming model which maximizes consumer su rp lus  and 

a  cons t ra ined  entropy type of model (see ~ s r s m a n  , 198 1 ) . 

POPULATION I 
1-1 Inpu t  and output  of d a t a  

0 Model 
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F igure  1 7 ,  Household format ion,  housing demand model system. 
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I n  p a r t i c u l a r ,  one should observe t h a t  t h e  land  use  po l i cy  

i n f l u e n c e s  t h e  s o l u t i o n .  I f  t h i s  po l i cy  i s  formulated wi th  

regard  t o  t h e  energy system requi rements ,  then  t h e  household/ 

housing model system gene ra t e s  t h e  housing market impacts .  

The f o r e c a s t  of t h e  bu i ld ing  s t r u c t u r e  has  two dimensions.  

One u t i l i z e s  an age-dependent removal r a t e  f o r  d i f f e r e n t  t ypes  of 

b u i l d i n g s  ( i nc lud ing  hous ing ) .  The o t h e r  dimension i s  t h e  c r ea -  

t i o n  of new b u i l d i n g s  onthe b a s i s  of p r o j e c t i o n s  wi th  r ega rd  t o  

a c t i v i t i e s  and t h e  a s s o c i a t e d  employment. I n  p a r t i c u l a r ,  t h e s e  

b u i l d i n g  p r o j e c t i o n s  have t o  be a l l o c a t e d  over  t h e  se t  of subareas  

of t h e  reg ion .  

This a n a l y s i s  has  t h e  form a f  a combination of t r a d i t i o n a l  

l and  use p lanning  and two supplementing models: BOLOK (Lundqvist  

and ~ l a t t s s o n ,  1982) and ISP [Roy and Sn icka r s ,  3982).  ISP i s  a land 

a l l o c a t i o n  system which can be used i n t e r a c t i v e l y  w i t h i n  t h e  

frames of t r a d i t i o n a l  l and  use  p lanning .  Given s c e n a r i o s  forming 

c o n s t r a i n t s  on t h e  f u t u r e  l and  use  p a t t e r n ,  ISP provides  an a l l o -  

c a t i o n  which minimizes t h e  d e v i a t i o n  from t h e  e x i s t i n g  s t r u c t u r e .  

The a l l o c a t i o n  mechanism i s  based on an en t ropy  maximizing formu- 

l a t i o n .  The model is  designed t o  a l low f o r  a f i n e  s u b d i v i s i o n  of 

t h e  geographica l  space and s imul taneous ly  recognize  a s e c t o r a l  

d i s agg rega t ion .  

Table 9. d e s c r i b e s  f o u r  a l t e r n a t i v e  p h y s i c a l  s t r u c t u r e s  f o r  

which one may des ign  a s s o c i a t e d  energy system s o l t u t i o n s .  ISP 

may be used t o  gene ra t e  s o l u t i o n s  of t h i s  t ype  i n  such a form t h a t  

performance i n d i c a t o r s  may be de f ined  t o  measure t h e  multidimen- 

s i o n a l  impact of each s p e c i f i c  s o l u t i o n .  

The models and techniques  f o r  p lanning  l and  use p re sen ted  

may be u t i l i z e d  t o  g e n e r a t e  a sequence of 5-10 y e a r s  s o l u t i o n s  i n  

t h e  form of a development pa th .  The outcome of t h e  a n a l y s i s  i s  

twofold.  F i r s t l y ,  it provides  a l t e r n a t i v e  r e s t r i c t i o n s  f o r  t h e  

energy system a n a l y s i s .  Secondly, it gene ra t e s  in format ion  f o r  

t h e  eva lua t ion /assessment  a n a l y s i s  i n  terms of w e l f a r e  and pe r fo r -  

mance c r i t e r i a .  

With r ega rd  t o  t h e  energy system a n a l y s i s  t h e  outcome has  

t h e  form of a c a l c u l a t e d  d i s t r i b u t i o n  of energy d e n s i t i e s  of t h e  

subareas  of  t h e  r eg ion  a s  i n d i c a t e d  by F igu re  18. 



Table  9. Four a l t e r n a t i v e  s t r u c t u r e s  o f  t h e  r eg ion .  

I HOUSING AND WORKPLACES I 
o Many multi-family houses o Many multi-family houses I 

and many o f f i c e s  and many o f f  i c e s  

CENTRAL AND DENSE PERIPHERAL AND DENSE 

o Increased pub l i c  t r a n s p o r t s  
with a smal l  amount of 
c ross -c i ty  t r i p s  

o Increased sha re  of pub l i c  
t r a n s p o r t s  and c r o s s - c i t y  
t r i p s  

o Large d i s t r i c t  hea t ing  
systems 

o Smaller  d i s t r i c t  heat ing  
systems 

o Balance between North and 
South, between housing and 
workplaces 

o Balance between housing 
and workplaces f o r  ind iv i -  
dual  s e c t o r s  

o Economizing use of t h e  
e x i s t i n g  i n f r a s t r u c t u r e  

o Requires i n f r a s t r u c t u r e  
investments 

HOUSING AND WORKPLACES 

PERIPHERAL AND NON-DENSE 

HOUSING PERIPHERAL AND NON- - 
DENSE, WORKPLACES CENTRAL 

AND DENSE 

o Smaller sha re  of mult i-  
family houses 

o More indus t ry  

o Smaller s h a r e  of mult i-  
family houses and o f f i c e s  

o Large sha re  of p r i v a t e  
t r a n s p o r t s  

o Large s h a r e  of p r i v a t e  
t r a n s p o r t s  

o Increased commuting 

o Many opt ions  a s  regards 
a l t e r n a t i v e  "energy tech- 
nologies I' 

o D i s t r i c t  heat ing  i n  t h e  
c e n t e r  and new energy 
;technologies i n  .the 
periphery 

o Balance between housing 
and workplaces f o r  ind iv i -  
dual  s e c t o r s  

Energy dens i ty  
~ w h / m ~  

I 

o No balance between housing 
and workplaces 

o Requires i n f r a s t r u c t u r e  
investments 

Area, m 2 

o Requires i n f r a s t r u c t u r e  
investments 

F i g u r e  1 8 .  Energy d e n s i t i e s  i n  s u b a r e a s  ( u s e f u l  energy f o r  
h e a t i n g ) .  



Energy s y s t e m  mode2 

The assessment of energy system s o l u t i o n s  has  been con- 

s t r a i n e d  by s e v e r a l  background f a c t o r s  such a s  ( i)  t h e  o i l  

r educ t ion  p l a n s ,  (ii) t h e  n a t i o n a l  e l e c t r i c i t y  market ,  (iii) 

t h e  e x i s t e n c e  of t h e  nuc l ea r  s t a t i o n s  i n  Forsmark and,  ( i v )  

t h e  planned Nynas energy complex. Since t h e  e l e c t r i c i t y  supply 

i s  inc reas ing  dur ing  t h e  next  15 y e a r s ,  t h e r e  i s  a  shor t - te rm 

problem a s  r ega rds  t h e  most economical use  of t h e  exces s  

e l e c t r i c i t y  supply .  I n  t h e  longer  t e rm,  t h e  succes s ive  c l o s e -  

down of nuc l ea r  p l a n t s  may i n s t e a d  c r e a t e  a  s i t u a t i o n  with a  

sho r t age  of e l e c t r i c i t y .  This  d e f i n e s  a  t r u l y  dynamic na t ion-  

wide problem which i s  a f f e c t e d  by t h e  d e c i s i o n s  f o r  t h e  Stock- 

holm reg ion .  

O i l  r educ t ion  imp l i e s  coal-based produc t ion  of energy f o r  

hea t ing .  This  may inc lude  l a r g e - s c a l e  p i p e l i n e s  from Forsmark 

supplying h o t  water  from t h e  nuc l ea r  p l a n t s  i n  t h e  shor t - te rmand 

from coal-based p l a n t s  i n  t h e  long term. Another op t ion  con- 

t a i n s  h o t  water  p i p e l i n e s  from Nynas combined with  d e c e n t r a l i z e d  

h o t  water  p roduc t ion  and h e a t  pumps. 

The model u t i l i z e d  t o  e v a l u a t e  d i f f e r e n t  f e a s i b l e  s o l u t i o n s  

has  i t s  background i n  energy system modeling a t  I I A S A .  The 

"Stockholm model" is  c a l l e d  MESSAGE I1 ( o r  METRO MESSAGE). 

I t  i s  a  dynamic l i n e a r  programming model t h a t  r e f l e c t s  t h e  

e s s e n t i a l  s t a g e s  of t h e  energy cha ins  which range from primary 

energy supply t o  t h e  f i n a l  energy requirements  ( s e e  F igure  5 ) .  

An e s s e n t i a l  p a r t  of t h e  model s p e c i f i c a t i o n  c o n s i s t s  of 

fo rmula t ing  r e l e v a n t  c o n s t r a i n t s  which have t o  comprise r e s t r i c -  

t i o n s  on t h e  speed of s t r u c t u r a l  changes,  a v a i l a b i l i t y  of new 

technologies  and energy import  c e i l i n g s .  A b a s i c  c o n s t r a i n t  

comes from t h e  requirement t h a t  t h e  model s o l u t i o n s  must con- 

form t o  t h e  e x i s t i n g  energy supply system. 

Environmental e f f e c t s  a r e  a s s o c i a t e d  wi th  each technology 

considered i n  t h e  model. This  type  of in format ion  is  then  

transformed i n t o  c o n s t r a i n t s  i n  t h e  model. This  means t h a t  

t h e  f i n a l  e v a l u a t i o n  of environmental  impacts i s  r e s t r a i n e d  

wi th in  a  bounded s e t  of impacts .  



The b a s i c  s e t  of  a v a i l a b l e  t echnologies  cons idered  i n  t h e  

s tudy s o  f a r  c o n t a i n s  almost  1 0 0  d i s t i n c t  t echnologies  of which 

more than  one t h i r d  r e f e r s  t o  end use  t echno log ie s .  Over time 

t h e  model changes and a d j u s t s  u s e f u l  energy demand according t o  

t h e  endogenously c a l c u l a t e d  f i n a l  energy supply c o s t s ,  which 

means t h a t  t h e  model swi tches  from one h e a t i n g  technology t o  

another  when energy supply c o s t s  vary .  Conservation i s  included 

i n  t h e  models i n  t h e  form of a  "supply technology" ( e . g . ,  insu-  

l a t i o n )  . 
The model a l s o  a l lows  f o r  t h e  t r ea tmen t  of mixed i n t e g e r  

problems. I t  g e n e r a t e s  s o l u t i o n s  with minimal c o s t s  g iven t h e  

app l i ed  c o n s t r a i n t s .  The c o s t s  i nc lude  o p e r a t i o n  and c a p i t a l  

c o s t s .  The b a s i c  impact from t h e  model i s  investment  d e c i s i o n s  

over  t ime and t h e  a s s o c i a t e d  c o s t s .  The time hor izon 1980 - 2020 

has  been d iv ided  i n t o  7 pe r iods  of d i f f e r e n t  l e n g t h s .  The d i v i -  

s i o n  i n t o  per iods  h a s  been determined on t h e  b a s i s  of ges t a -  

t i o n  l a g s  f o r  c e r t a i n  l a r g e  investments .  I t  has  a l s o  been 

a f f e c t e d  by p o i n t s  i n  t ime a t  which t h e  product ion c a p a c i t y  i n  

t h e  nuc l ea r  power system w i l l  be reduced due t o  p o l i t i c a l  de- 

c i s i o n s .  For a  d i s t i n c t  technology i n  t h e  cha in  from primary 

t o  f i n a l  energy use  ( s e e  F igure  3 4 ) t h e  t ime pa th  of t h e  i n t r o -  

duc t ion  and c l o s e  down of c a p a c i t i e s  may have t h e  form i n d i c a t e d  

i n  F igure  1 9 .  Eence, t h e  t i m e  s c a l e  i s  long enough t o  admit t h a t  

t echno log ie s  which a r e  in t roduced  e a r l i e r  a r e  scrapped i n  a  l a t e r  

p h a s e , t o b e  in t roduced  once aga in  i n  a  more d i s t a n t  f u t u r e .  

Capacity 

't 

Figure  19.  I n t r o d u c t i o n  and removal of c a p a c i t i e s  of a  g iven  
technology.  



One should observe t h a t  t h e  energy system a n a l y s i s  i n  f a c t  

ope ra t e s  wi th  two t ime  s c a l e s .  For each pe r iod  t h e  model has  

t o  s e l e c t  t echno log ie s  which combine i n t o  a  system t h a t  can 

match t h e  v a r i a t i o n  i n  t h e  load  over  t h e  seasons  of t h e  yea r .  

This  i s  i l l u s t r a t e d  by Figure  20, which shows t h e  e f f e c t  of t h e  

energy complex and t h e  h e a t  pumps which w i l l  be f u l l y  in t roduced  

i n  1988. 

The d a t a  of t h e  energy system model have been ob ta ined  from 

STOSEB, t h e  Nynas r e s e a r c h  group,  a n a t h e  o v e r a l l  r e g i o n a l  p lanning 

t o g e t h e r  wi th  t e c h n i c a l  in format ion ,  from d i f f e r e n t  European 

sou rces .  

Nynas e n e r g y  comp lex  

The r e p o r t  from t h e  Nynas r e s e a r c h  group does  n o t  con ta in  

any d e t a i l e d  and formal d e s c r i p t i o n  of t h e  methods u t i l i z e d .  

However, a l r e a d y  from Figure21 one g e t s  a  p i c t u r e  of t h e  nec- 

e s s a r y  systems a n a l y s i s  c a r r i e d  o u t  i n  t h e  s tudy .  Three d i f -  

f e r e n t  i n p u t  markets a r e  considered ( c o a l ,  waste o i l  and bio-  

mass) .  The ou tpu t  markets dep ic t ed  i n  t h e  f i g u r e  a r e  t h e  markets 

f o r  t r a n s p o r t a t i o n ,  chemical  p rocess ing  and h e a t i n g .  The b a s i c  

impacts analyzed with  regard  t o  t h e s e  markets a r e  i n  terms of 

c o s t  e f f e c t s .  However, a l s o  t h e  e f f e c t s  on t h e  ba lance  of t r a d e  

a r e  cons idered .  Moreover, t h e  long run p o s i t i v e  i n f l u e n c e s  from 

t h e  p r o j e c t  on t h e  chemical  i n d u s t r y  i n  Sweden a r e  d e l i b e r a t e d  on.  

The methanol p roduc t ion  process  n e c e s s i t a t e s  s i g n i f i c a n t  

coo l ing  requi rements .  This  forms t h e  connect ion between t h e  

Nyhas p r o j e c t  and t h e  Stockholm energy system. The l a t t e r  w i l l  

simply func t ion  a s  t h e  cool ing  system of t h e  energy complex. 

The Nynas p r o j e c t  w i l l  reduce t h e  imports  of o i l  p roduc ts  

i n  Sweden. I f  s t a r t e d  it must be complemented by n a t i o n a l  de- 

c i s i o n s  which gua ran tees  a  methanol market i n  Sweden. Such a  

market i s  ob ta ined  i f  a  government a c t  demands t h a t  g a s o l i n e  

s h a l l  be mixed with  methanol. (This  i s  suggested by t h e  o i l  

r educ t ion  commit tee) .  According t o  t h e s e  p l a n s ,  t h e  Swedish 

methanol market w i l l  i n c r e a s e  r a p i d l y  between 1990 and 1995 t o  

a  l e v e l  which i s  e q u i v a l e n t  t o  around 60 pe rcen t  of t h e  t o t a l  

demand i n  t h e  European market economies 1980, i n  which t h e  de- 

mand a t  t h i s  t ime was a lmost  t h e  same a s  i n  t h e  USA. 
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Figure  20a. FE - Forsmark e l e c t r i c  s c e n a r i o  
D i s t r i c t  h e a t  product ion load curve f o r  1980. 

F i ~ u r e  20b. FE - Forsmark e l e c t r i c  s c e n a r i o  
D i s t r i c t  h e a t  product ion load curve f o r  1988. 
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The environmental aspects of the Nynas project have been 

analyzed on the basis of detailed knowledge about the processes. 

The location has been regarded as suitable for this type of 

industry in earlier national land use plans. 

N Y N A S H A M N  
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Figure 2.1. Components of the Nynas energy complex. 



5.4 The Assessment of the STOSEB Study 

An important part of RPO's activities consists of evaluating 

policy alternatives for the region. Therefore, when the STOSEB 

project presented its final report "STOSEB 80", RPO had to switch 

from the more research oriented and systematic schedule of the 

REGI-project in order to provide an assessment analysis of STOSEB 

80. One conclusion in this study was that a detailed planning 

for the FORSMARK option should be initiated as soon as possible. 

This option includes the construction of a long-distance large 

pipeline for hot water from the nuclear power plants in Fores- 

mark and replacement of these plants with coal based power ge- 

neration stations in the future. 

The RPO analysis focused on several weak parts of the STOSEB 

study such as (i) projections of future world market prices on 

primary energy, (ii) the analysis of the market for electricity, 

(iii) the population, household, housing and work place scenarios, 

and (iv) the associated calculation of energy demand and energy 

densities over areas. Moreover, the basic methodology of the 

STOSEB study was criticized. In particular, it was stressed that 

the study is based on comparative cost analyses of the various 

energy options with the additional remark that the comparisons 

are not made simultaneously for the whole energy system. In the 

STOSEB study, "components" are compared one by one, eliminating 

marginally costlier options. Such an approach does not recognize 

that options eliminated in this way may become attractive when 

the whole energy system of the region is considered. 

The RPO evaluation was based on the following type of studies: 

o National scenarios of the economic development and 

of the long run national energy policy: This study 

had the character of collecting already existing 

scenarios and energy policy analyses. 

o Projections of the change of the stock of dwellings 

and work places: These analyses made use of the 

population model described earlier. They could also 

partly rely on already existing applications of the 

model system for household formation, housing demand, 



etc. Less sophisticated methods were utilized to 

obtain the work place projections. A new model 

of housing removal was applied. This model generated 

potential removals which in the analysis could 

be counteracted by either renewal of ageing houses 

or construction of new ones (see Figure 2 2 ) .  

o Land use planning: RPO prepared as an input to 

the energy system analysis four alternative land 

use structures as described in Table 9. 

o Economic evaluation of STOSEB's alternatives: 

This evaluation made use of an existing linear 

programming model [Bergman, 19761. A cost 

benefit approach was applied. This study also 

includes a discussion of impacts with regard to 

(i) the energy, labor and housing markets in the 

region; (ii) the national markets for electricity, 

and fuels for transportation and heating; 

(iii) the national capital market and the balance 

of trade. One may observe that each energy sys- 

tem option requires investments summing up to 

more than half of the total annual industry in- 

vestments in Sweden. 

o Labor market effects of STOSEB's alternatives: 

Time profiles of labor market impacts were cal- 

culated in the STOSEB study on the basis of de- 

tailed project descriptions. A similar calcula- 

tion was made for the Nynas energy complex project. 

Although the effects vary considerably over time, 

they are small in relation to the whole labor 

market in the region. 

o Heat pump technologies: RPO initiated a set of 

studies investigating the potential resources in 

different subareas with regard to heat pump systems. 

The basic resource in this case is the large water 

systems in the region. Two small studies focused 

on solar collector installations and introduction 
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of wind power stations. These studies provided 

an input to the energy system analysis as well 

as to the overall regional analysis. 

o The Nynas energy complex: RPO'S assessment of 

this study concentrates on the economic risks 

associated with the project. A risk chart tech- 

nique is utilized as illustrated in Table 10. 

It is concluded that the project is not robust 

with regard to variations of the assumptions 

about future markets. 

o Environmental effects: The STOSEB study contains 

diffusion studies with regard to air pollution 

from coal processing. The RPO assessments specify 

a broad set of aspects of environmental effects 

not considered in the STOSEB and the Nynas group 

studies. The need for basic research in this area 

is also demonstrated. This concerns effects on 

the water system from (i) heat pumps; (ii) coal 

combustion (sulphur and metals) ; (iii) storage of 

waste products from coal gasification etc. 

o Energy system analysis with MESSAGE 11: In this 

case the STOSEB alternatives were re-examined with 

the help of a comprehensive model using data from 

the STOSEB study. This part of the assessment 

formed a summarizing evaluation of the STOSEB 

study, by incorporating results from the other 

parts of RPO'S assessment efforts. At this stage 

the gains from RPO'S systems analysis approach 

became obvious. 

In terms of the chart in Figure 15,one may conclude that 

RPO'S assessment study ended in part (V) of REGI'S project scheme. 

The final impact analyses and the selection of techniques for 

this remain as problems to be solved in the REG1 project. 
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6. EVALUATION AND CRTTTQUE: Research and Policy-Making 

6.1 Research Ambition, Conflicting Interests and Policy 
Relevance 

The research groups of the Commission on Consequences and 

RPO's assessment of the STOSER study were all working with heavy 

time constraints. Moreover, both studies were followed by groups, 

organizations and companies with vested interests. This was es- 

pecially marked with regard to the Commission study. Finally, 

both studies have explicitly been initiated with the clear ob- 

jective to be used as guidelines for political decisions. Com- 

paring these studies with other similar studies one may ask: 

what shape has the obvious "trade off" between policy relevance 

and research ambitions? How does the existence of explicitly 

recognized conflicting interests affect (i) the research ambi- 

tions and (ii) the policy relevance? As a general statement, it 

seems possible to conclude that the methodological development 

between the Commission study and the RPO study has made it poss- 

ible to increase the research/scientific ambitions and still re- 

tain the same or an increased level of policy relevance. 

In order to be somewhat more specific, let policy relevance 

denote or indicate the degree to which 

(i) the results provide answers to the questions 

posed by the clients; 

(ii) the results increase the understanding of the 

problem - irrespective of which the initial 
questions were; 

(iii) the results are transferred and translated prop- 

erly to different users in the society (includ- 

ing public opinion in general); 

(iv) the results are utilized in actual decision- 

making. 

By research ambitions we may understand the strive for models 

and methods that satisfy the demand for better (theoretical) under- 

standing and more reliable forecasts, together with comprehensive- 

ness and consistency. 



The commission on consequences 

The CommissiononConsequenCes had the objective to trace the 

effects of alternative scenarios for the future use of nuclear 

power in Sweden. Being initiated to provide a background material 

to a referendum, the study became a central focus in a compara- 

tively seen, intensive opinion/policy formation process. 

From certain points of view the commission studies may not 

be recognized as remarkably comprehensive, reliable etc. However, 

in bne respect they have to be recognized; the level of ambition 

is impressive. Several lasting experiences were made in this con- 

text. Firstly, researchers and clients became aware of the ne- 

cessity and possibilities of as well as the difficulties in apply- 

ing a system analysis approach. One important aspect was that 

model builders experienced that interlinking different types of 

models implies that the different models and methods mutually have 

to satisfy very specific requirements. The greater the failure 

is in this respect, the more is lost of the systems perspective. 

This problem may be illustrated by the second lesson from the 

study. Consistency between the national and multiregional level 

can in general not be obtained without model formulations which 

allow or, rather require, endogenous consistency through inter- 

action or interlinkage between the two levels. In the Commission 

study, certain regional model exercises hadto be excluded since 

they revealed "inconsistencies" on the aggregate (national) level. 

As an example one may mention that calculations of capacity re- 

moval based on detailed regional information did not correspond to 

or match results from the aggregate models. The type of system 

change, studied by the Commission on Consequences, has the charac- 

ter of a shock to the system. It represents a large-scale distur- 

bance of the system. Especially during the period followed by the 

Commission research, policy-makers have come to note the two stages 

in such a change. The impaccs of introducing a new, alternative 

energy system in a country has a "static equilibrium" dimension 

of the following kind: once the system has been introduced, one 

may investigate the properties of the socio-economic system when 

it has been adjusted to the new energy system. But this is only 

one side of the problem. The new system cannot be introduced 



without policy measures which create stimuli, incentives and 

regulations which bring about the desired changes. And these 

stimuliinthe formof changedprices, taxes and subsidies, etc.must 

be applied over an extended time period. This constitutes 

"disturbances" of the system which .themselves have strong impacts 

on the system. During the period 1979-1982, this Janus 
face of the system change has become more and more obvious. 

RPO ' s  assessment a n a  Zysis 

To a large extent one may identify an ideological tension 

in the public opinion in connection with the nuclear power policy 

issue and the large-scale energy systems discussed as options for 

the Stockholm region. This tension has also been explicitly ob- 

servable among researchers. It may in a somewhat simplified way 

be described as a polarization between small-scale and large- 

scale solutions. However, the studies indicate that when a large 

set of small scale energy production and supply techniques are 

applied, the social and environmental effects still retain a large- 

scale feature. Moreover, model experiences and techniques for 

analysis tend to provide more precise and definite results when 

applied to large-scale projects. An illuminating example of this 

is the environmental and ecological uncertainties with regard to 

the suggested heat pump system for the Stockholm region. 

The energy system options for the Stockholm region have been 

analyzed in several different studies sponsored by clients with 

at least partially conflicting interests. From a bird's-eye view 

it seems inevitable to conclude that this situation has created 

more benefits by broadening the perspectives than costs by causlng 

double work and contradicting results. In particular, the inter- 

action between some of the municipalities, STOSEB and RPO has 

stimulated the research efforts. However, such a multi-organiza- 

tion decision problem also needs a unifying or coordinating 

effort. This was to some extent obtained through RPO1s assessment 

of STOSEB1s analysis. It is possible to show that the results 

in RPO's assessment reports have influenced the decisions of 

several parties involved, e.g., several of the municipalities. 

The fundamental problem raised in the REGI-project may be 

summarized as follows: with the help of a systematic land use 



policy, the regional planning may facilitate certain energy sys- 

tems solutions. Such an interaction between energy system changes 

and spatial configurations, including capital and activity loca- 

tion, is a long-term process and the different adjustment processes 

take place on different time scales. Hence, one has to search for 

planning strategies and sequential policy measures which are able 

to match and control the interlinked change processes. 

6.2 Long-Run Impacts on Research Policy 

One basic impact of the studies of the Commission on Conse- 

quences and the associated decisions was the initiation of new 

research projects. New research financing organizations were 

formed and existing ones were influenced to give a higher pri- 

ority to energy-related studies. A marked example is provided 

by the Council for Building Research which in recent years has 

been allocating about half of its total budget to energy-related 

problems. Oneofthe projectsinitiatedinthis waywas the REGI-project. 

One may also observe how the researchers who participated in 

the commission studies have continued to refine their old models 

and develop new ones in directions which have been inf1uenced.b~ 

experiences from the initial research efforts. Several of the 

models and many of-the ideas behind the REG1 project have exactly 

this background. 

One may in this context also identify an increasing interest 

from researchers and policy-makers for multiregional analysis-, net- 

work related studies, and intraregional land-use analysis. This 

process has also placed energy related spatial issues in the focus. 

At the same time environmental and ecological aspects of the changes 

in the energy system have not been recognized to the same degree. 

Keeping in mind that many of the planned energy technologies involve 
coal processing, one may foresee a future reaction to this im- 

balance. 
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