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About Collected Papers 
In this e-book I have collected some papers written for and presented at conferences and seminars 
during the latter years. Together with Working Papers published at the Department of Thematic 
Studies–Technology and social change, Linköping University, they were all part of a larger 
scheme of writing a history of the Swedish electricity system circa 1880–2010. That project 
sought to fulfil three aims: A discussion around Hughes’ theory of “system” and “momentum”; A 
critical focus on deregulation; A critical study of the role of electricity in the conversion of the 
Swedish energy system towards “sustainability”. As that book was intended to be written in 
Swedish, and papers have been written in English, it seems as a good idea to collect the English 
papers in one volume. So, the following texts can be seen as a draft of a book yet unwritten, but 
they are too disparate to be completely integrated. Therefore, papers are still individual papers in 
this volume. 

The first two papers deals with the long-term development of Swedish electricity production 
and the advantages and short-comings of Hughes’ theory on sociotechnical systems: Did the 
electricity system become an unstoppable and growing force in society? Well, yes, but it met 
resistance. The following two focuses on deregulation: What happened when expectations of 
homo economicus hit real consumers? And: Can theory become reality? In short, my answer is 
that institutions changed, but people did not, at least not very much. The last one focus on total 
energy use and the role of electricity in that: Are improvements in energy efficiency useless? No, 
energy use has stagnated since the 1970s. After the papers I have added some afterthoughts. 

The main points of the first paper is that I present the many different meanings Thomas 
Hughes put into the concept of “momentum”. Here I suggest that one of these is the most 
promising, but also that optimization through the pooling of power resources is based on 
fundamental characteristics of power production which I call “coping with variations”. Another 
aspect on investments in electric power facilities, especially during the early period, was the 
heavy prime costs for the network, which explains why cables were laid out first in densely 
populated areas. I try to explain why these distribution costs fell dramatically from the 1920s to 
the 1950s. This has implications for the diffusion of the use of electricity outside big consumers 
like large industries, but also for pricing and purposes of pricing. 

The second paper is quite close to the momentum-discussion of the first paper, but here I 
suggest a distinction between “system growth” on one hand and “capacity growth” on the other. 
The basic idea is simple: The former refers to extensions of the electricity network from local to 
regional to national and international levels, the latter refers to the growth in size and capacity of 
power stations. While the network has continued to grow through interconnections without 
interruption, capacity growth met resistance from the environmental movement, especially in the 
1960s and 1970s. This calls for a change in Hughes’ idea of momentum as a purely internal 
mechanism leaving the relation to the political environment aside. 

The third and fourth papers discusses deregulation of the electricity industry in Sweden. The 
third has a focus on households as customers, and their propensity to act as the homo economicus 
expected of them. This analysis is done in terms of transaction costs. The result is, of course, a 
contrast to the abstract consumer in the liberal economic and neoclassical vision. There are 
always transaction costs, this is no surprise really, but it is still necessary to point at this fact as 
liberal and neoclassical economics has no room for such costs. However, I also point at the 
possibility of householders adapting to homo economicus. As this abstraction is necessary for the 
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alleged self-regulating mechanisms of the perfect market, learning to act on the deregulated 
market opens for the neoclassical market to be realized despite its unrealistic character. 

The fourth paper takes this idea further. In discussion with the concept of “performativity” I 
point at facts supporting the notion of implementation of neoclassical ideas into the real market. 
There was close interaction between the practice of pricing electricity within the industry and 
academic economist’s ideas of pricing principles. However, interactions does not necessarily lead 
to complete integration, there seem to be a fundamental difference between a preference for 
stable prices among “engineer-economists” and the preference for fluctuating prices in the short 
term among academic economists. 

The last paper is focused on the problems of energy efficiency. Improving efficiency is often 
mentioned in policy documents and research reports as one of the most important areas of action 
to solve environmental problems of today. Let me remind the reader here that I do not reduce 
environmental problems to the problem of global warming as “sustainable” energy sources also 
have negative environmental effects, albeit of a milder kind. In this paper I point at the role of all 
those energy-converting gadgets that we use daily, at least in the Western world, such as cars, 
dwellings and lamps. This study has its origin in my project on efficient lighting and the phase-
out of the incandescent light bulb. The phase-out solves the problem of lock-in to a preferred and 
low-cost technology, and directs the change of the lighting stock to low-wattage alternatives. The 
paper is an effort in generalization to cars and heating of dwellings of this focus on a changing 
stock. The reason for doing so is that data on energy intensity falls in many countries from the 
1970s onwards, at a time when environmental problems became prominent in policies. 

After the fifth paper follows a few afterthoughts brought to mind when papers were put 
together: On the character of sociotechnical system; On the role of the environmental movement 
and policies; And on the alleged importance of householders’ “behaviour” when improvements in 
energy efficiency is discussed. 

About the Author 
I am docent and associate professor at the Department of Thematic Studies–Technology and 
social change, at Linköping University. I earned my Ph. D. degree in economic history in 1992 
and has since 1995 been working at Linköping University. My research has been focused on 
sociotechnical studies of the electricity system and householders use of electricity, especially 
lighting, but also of eco-labelling. For another publication at LiU E-Press, New Lighting–New 
LEDs, see http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-60807. Yet another is 
“Technology and Behaviour in the Use of Electricity” from Proceedings of the Sustaining 
Everyday Life Conference in 2009, http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-63768. 
Of relevance here is also my review of Nilsen & Thue, “Statens kraft 1965–2006. Miljø og 
marked”, in Scandinavian Economic History Review, 59 (2011), 1, p 97–98. For readers of 
Swedish have a look at http://www.tema.liu.se/tema-t/medarbetare/bladh-mats?l=sv, and at 
http://matsbladh.wordpress.com/, and the chapter on energy in Ekonomisk historia. Europa, 
Amerika och Kina under tusen år (Lund: Studentlitteratur, 2011). 
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“Momentum” In the Swedish Electricity Industry 

Abstract 
The inner dynamics of the electricity industry is sought in a case study of Sweden and in relation 
Thomas Hughes’ theory on Large Technological Systems. The operations of two tendencies are 
delineated: falling distribution costs, and coping with variations. The former is one kind of 
economies of scale set in motion when the density of subscribers increases within a given grid. 
The latter is real-life optimization engineering work made possible when formerly isolated 
systems were interconnected. Variations in use and in production opened for pooling resources. 
Some of Hughes’ definitions of “momentum” capture this, but others do not. Since the alternative 
theory puts organizations in focus, Hughes’ view on “system” is criticized. There were different 
types of organizations involved, not only urban utilities growing. Surrounding society, the 
environment of the system, is given a more important role in this formulation. 

Introduction 
The literature referring to Thomas Hughes’ “Large Technical Systems” has grown in scope and 
size over the years since the early 1980s. We have a variety of narratives, concepts and research 
strategies in this field, as Eric van der Vleuten has pointed out. Hughes himself called it “a 
loosely structured model”, implying that it was for others to develop something that more looked 
like a conceptual framework rather than a theory. But we should not forget that there is more of 
theory in Hughes’ analyses than a set of concepts not internally related.1  

Despite the richness in aspects and formulations in his books and articles, Hughes is keeping 
a distinct view on what he calls a technical, or technological, system. In Networks of Power 
Hughes tells us a story about electrification in Western society that starts with the invention of a 
component that made it possible for Edison to create a “system”. Starting with a small power 
network for a few blocks, this system expanded from the inside out. The original idea can be 
found in chapter XIII of Networks of Power, that of a development in stages. Electric lighting 
systems grew into combined and “universal” light and power systems, and later into regional 
systems characterized by interconnections. In the Introduction this is modified to include a 
transfer phase. Transferred are urban systems, to London, Berlin and New York.  

Each phase is lead by a new type of problem-solver, or “system-builder” as many of his 
followers emphasise. But from early on a “momentum” takes hold of “systems”, a growing mass 
of the system that makes it hard to stop. Even though leaders like Samuel Insull of the Chicago 
Edison company, with special skills in public relations, made the  “system” big, this very growth 
was turned into something impersonal, a sort of force of its own. What this force consists of 
Hughes has explained in several texts with a range of qualifications. 

I want to challenge this view, delineating a different theory composed of relational concepts. 
What is lacking in Hughes theory is politics, organizations and users. This is a consequence of 
the very core of Hughes’ theory, since systems evolving by the initiative of builders leaving a 
mass behind them, is a development from below a national policy level, without giving a role to 
organizations and completely forgetting the user of electricity. In American Genesis Hughes 
argues that “modern technological systems are extensions of the inventions” of independent 

                                                 
1  Vleuten (2006: 280); Hughes (1983: 17). 
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inventors integrating organizations into their systems.2 But he gives no clear role for 
organizations. Instead of “system” as an entity simply growing from small to big, I want to focus 
on organizations such as utilities and power producers. Systems then get another role as products 
of organizational efforts. These organizations develop in relation to national energy policy, in 
relation to each other, to its customers, but also to nature. 

I have been studying the Swedish electricity system for many years, both in historical and 
contemporary studies. In these I have used the LTS-literature but soon found myself struggling 
with the theory in Hughes’ own words. The passive role, if any, for energy policy I have come to 
see as a severe deficiency. More generally the active role of the “system” and the passive for 
surrounding society, creates many problems in the analysis, and is felt as a bias in the theory. I 
think there is a need for a relational or dialectical way of thinking on matters concerning history 
of power and electricity. More satisfying was Hughes ideas about “load factor” and “economic 
mix”, concepts capturing central aspects on what this industry has actually been doing. These 
concepts capture the workings of mechanisms in the industry and by doing so clears the mystical 
character that Hughes sometimes gives to “momentum”.3 

The Swedish case may be exceptional, but also revealing. After 1987 volume growth 
suddenly stagnated. In the seventeen years between 1970 and 1987 total national consumption of 
electricity grew by 74 TWh (from 63 to 137 TWh), while in the seventeen years between 1987 
and 2004 the increase was only 10 TWh (147 TWh in 2004).4 But during the latter period the 
electricity system grew in another way. In the 1990s a deregulation was carried through following 
the same type of reform in Norway earlier, and later Finland and Denmark joined this trend. A 
joint despatching central for the four countries was the result marking that national systems were 
becoming international. Deregulation opened an opportunity for the big state-owned power 
producer to go abroad, ending up with half of its activity in Germany and Poland. So while 
volume growth stagnated, extensive growth took a leap forward. Thus there seem to exist two 
different growth tendencies, one for volume and one for system, where the latter stands for the 
organized energy flow in interconnected networks. If so, both tendencies must have existed side 
by side during the earlier periods. This is what I will try to show here. 

The Swedish power industry has been lead by a big state-owned power company, with the 
mission of exploiting the nation’s waterfalls for the sake of industrial competitiveness. It is very 
difficult to try to analyse it in terms of originally small urban networks expanding in space and in 
society. This relatively huge power producer, together with other private, industrial and 
municipal power producers, was not the outcome of urban utilities. On the contrary, the relations 
between power companies and utilities were one of subordination for the latter and strategies to 
overcome that underdog-position. Because one power company was so big, the other put up a 
front against it. When industrial use of electricity temporarily decreased during the crisis of the 
1920’s, households became interesting for power companies and utilities. This highlights one 
important problem facing the producers – variations in use. That electricity cannot be stored is a 
problem explaining the growth features of the electricity system. This problem is accentuated 
where the system is based on hydropower, since water supply varies too. 

                                                 
2  Hughes (2004a: 185). 
3  Bladh (2002a); Bladh (2002b); Bladh (2005a); Bladh (2005b); Bladh (2006); Bladh (2007). 
4  For a discussion about this stagnation, see Högselius & Kaijser (2007: 48-73). 
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Four Beginnings 
In this section I propose the idea of several systems, at first geographically separated, owned and 
managed by different actors. I see systems as a combination of technical and organizational 
relations. The electrical system connects production equipment through distribution equipment to 
consumption equipment. But generators, cables and lamps can be owned by several parties, or 
sometimes one party. Instead of one “technological system” growing large I see several local 
systems connecting to one another bringing about regional and later a national system. Compared 
to Hughes I shift focus from inventions and innovations to organizations. Inventor’s inventions 
are important but do not make history. What “system-builders” built for the future were 
organizations, a form in which technology was handed over to coming generations of “system-
tenders”. Organizations are important for system-boundaries. A theory that does not see 
organizations cannot see inter-organizational relations – rivalry, cooperation, positioning, 
contracts, etc.  

Utilities 

Firstly there were utilities founded in towns primarily for street lighting purposes. Initiatives 
often came from a prominent person in the municipality, who founded a private utility or 
convinced the local authority to start one. The initiators came from the local elite, a position 
gained from “bourgeois” activities in banking, wholesale or retail trade, or manufacturing. From 
1885 to 1900 there were about 50 “elverk” (electricity works, confer the german 
“elektrizitätswerke”) established. Electricity was generated in coal-fired steam centrals for direct 
current. The utilities were small with a limited number of customers, forming a small isolated 
island of electricity distribution.5  

Local authorities chose different strategies, not all of them founded their own utility. Some 
of them contracted out power production or distribution. Skandinaviska Elverk (SEV) was a 
company taking the role of contractor, and it even initiated urban utilities in some towns. In the 
1920s SEV changed its strategy and became a power company, i.e. focussed on production. In the 
early 1900s many urban utilities imported power from the new power companies exploiting 
hydropower, and kept thermal plants as supplementary production. But a few chose not to, 
namely Stockholm and Skellefteå (the latter a town in the north). Stockholm not only built a large 
thermal plant nearby, but also a rather big hydropower plant about 13 km northwest of the 
capital. These two utilities have stood out as exceptions – Stockholm until the 1990s and 
Skellefteå is still its own supplier. 

Industrial Firms 

Secondly, there were industrial power investments. Sweden’s industrial breakthrough came in the 
1890’s. This does not mean that there was no industry before that decade: “mechanical” and 
textile factories came earlier that century, later on exports from saw mills, beside a deep-going 
structural change in the countryside forming a large layer of proletarians. But it was in the last 
decade that many new companies were established, notably those based on Swedish inventions, 
and when labour unions and parties were born. 

The new, and old, industries looked for power. Even though Swedish industrialists had the 
privilege of the late-comer, by way of importing ready-made British machinery, control over 

                                                 
5  Hjulström (1940: 109). 
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work-organization was still stamped by muscles and handicraft. The saw-mills had since long had 
steam engines as the power source, and so had many other industries. But the belts transmitting 
power from a central engine in the factory wasted energy when work-machines were not used at 
the same time. The inventions of high-voltage transmission and alternating current generators and 
motors, laid the base for an extensive use of electric power for Swedish industry. One of the 
oldest industrial enterprises in Sweden, Stora Kopparbergs Bergslags AB (today Stora Enso), was 
among the first to make use of electricity from hydro power: In the 1880’s for lights and at the 
turn of the century for motors and for melting iron ore. It was a small step because SKBAB had 
had a long experience of direct waterwheel power (the company was founded in 1862, but the 
activities started already in the 13th century). Connecting a generator to the turbine made the 
localisation of new lines of production easier. Hydropower and long distance transmission had a 
conservative effect on the geographical distribution of the company’s productive units.6 

Industrial use and production for lighting and for power was very much greater, right from 
the beginning, than that of the utilities. Already in 1885 the number of incandescent lamps in 
industry was much greater than in other parts of society – 2.233 industrial out of a total of 4.432. 
In the year 1900 industries had a generating capacity of 66,000 kW, while utilities had less than 
16,000 at their disposal. Hydropower capacity had already taken the lead in industry, 
corresponding to 60 per cent of that capacity, while thermal power had the largest share among 
the utilities.7 

Power Companies 

Thirdly, there was a political impetus. This was a time when nationalism took its hold on 
European states, creating national identity where there had been none before. Swedish 
industrialists took the lead in supporting national industrial companies. The industrial exhibition 
in Sweden in 1898 is one example of the use of national symbols. This was also a time of 
emigration from Sweden, primarily to North America. Emigration was seen as a problem, a 
depletion of domestic labour power that would starve its industrial capacity in competition with 
nation’s industries. Moreover, the political union with Norway was dissolved in 1905, creating an 
atmosphere of loss and a need for compensation. Building an industrial strength could revive 
“greatness” the national hymn mentioned.8 

The parliament now discussed exploiting the “white coal” in the nation’s rivers, as a way to 
make domestic industries competitive through low-cost energy. This would make Sweden 
independent from imports of the “black coal”, or at least less dependent. Furthermore, new 
industries could be established or could grow. One was the electro-technical industry. Already in 
existence was ASEA, a firm built upon the inventions of Jonas Wenström, one of those who 
came up with a polyphase generator and AC engine. This firm specialised in generators, motors, 
transmission equipment and other electro-technical articles. Another industry was the electro-
chemical, where the production of artificial fertilizers and other chemical products demanded lots 
of energy. 

This political investment resulted in the founding of a state enterprise named Statens 
vattenfallsverk, often called Vattenfall (Waterfall), a name I will use here. There was a debate 
whether the state should engage in business or not, but eventually this was the decision. One 
motive was to secure electricity for the state-owned railroads. The state sought to secure 
                                                 
6  Åberg (1962: 46). Hansson (1994: 57-58). Rydberg (1985: 111). 
7  Hjulström (1940: 277-281). 
8  Glete (1987: 69); Fridlund (1999: 40f); Sejersted (2005: 21-40). 



 11

“railfalls”, i.e. waterfalls turned into power generators for the electrification of national railways. 
Property rights regarding waterfalls was unclear, but one important resource was made into a 
state property, namely that in Trollhättan, situated at the outflow from the big lake of Vänern into 
the river Göta älv. This property became the founding stone for Vattenfall.9 

Table 1.The largest producers of electric power in Sweden in 1929. 

Type  Name  Energy production, GWh  Energy use, % 

Hydraulic  Thermal  Own use  Sold 

SPC  Vattenfall  1678  15    1  99 

IF  Stora Kopparberg   308  0  96    4 

PC  Sydsvenska kraft   285  15  0  100 

U  Stockholms elverk   187  48  0  100 

IF  Uddeholm   198  0  93    7 

IF  S. Superfosfat F. AB    174  0  99    1 

PC  Hammarforsens kraft   140  13  0  100 

U  Skellefteå stads kraftverk     85  0  0  100 

PC  Gullspång‐Munkfors     70  0  0  100 

Source: Kommerskollegium (1931: 65). 
Comment: “SPC” = state‐owned power company. “PC” = other power company. “IF” = industrial firm. “U” 
= utility. The utilities in Stockholm and Skellefteå were different – while Stockholm had many small 
customers Skellefteå mostly supplied local industries. 

The political investment also resulted in private investments in power production. The policy was 
a go-ahead signal for private investors both in industry and for a new type of corporation that 
exclusively engaged in power production for sale to actual users. Several power companies were 
founded in the years 1904–06, namely Sydsvenska Kraft AB, Hemsjö Kraft AB, Yngeredsfors 
Kraft AB, Stenkvill-Klinte Kraft AB, and Kraft AB Gullspång-Munkfors. The first, Sydsvenska 
Kraft, later Sydkraft and from 2004 E.ON, was initiated as a sort of consortium of five 
municipalities in the south of Sweden. Precisely because there were five local authorities the new 
company got an independent position in relation to its owners. I will show below that local 
authorities kept their own power stations as an “argument” in negotiations with the company. 

Distribution Cooperatives 

During World War I many people in the countryside wanted to be electrified. However, 
distribution costs were very high there. The reason why electrification began in urban areas and 
in industries were the comparably lower distribution costs there – the transmission lines could be 
made shorter. Power companies or urban utilities could supply rural inhabitants with electricity. 
In order to keep costs down the main strategy among suppliers was to support the founding of 
cooperative distribution associations. People in the countryside joined together in this 

                                                 
9  Åberg (1962: 66-68); Jakobsson (1996: 74-90). 
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cooperative. The supplier mediated contacts with a bank or with the government fund initiated for 
the purpose. Members of the cooperative built a network with their own hands – erected poles 
and mounted wires. They paid for transformation stations from loans, and signed a contract with 
the supplier for a collective tariff. Each member paid to its association according to effect and 
energy used. One problem with the cooperatives was “chain trade”, i.e. one cooperative sold to 
another further away from the supplier, and could make a profit on prices charged. Another 
problem was low quality of the network. 

The number of electrical distribution cooperatives increased dramatically during the war, 
from 119 in 1916 to 1,010 in 1919. The reason was a sharp rise in the price of kerosene, the fuel 
generally used for lighting purposes. Due to the war not enough kerosene could be imported, so 
people in the countryside had to look for alternatives. Even though prices for electricity rose too, 
they did not rise as much as the price for lamp oil, and the politics and investments in 
hydropower made electricity look like an option for the future. The political debate was 
supportive also. The nationalist atmosphere at the time did not limit the role for electric power to 
industry only, but to the whole nation. Again and again electrification of the countryside was seen 
as an important political problem, and was made the object of investigation for a long series of 
government committees from WWI onwards. 

The number increased even more in the interwar years and during World War II, and reached 
a top in 1947 of 2,401 cooperatives. Later on the number decreased from 1,196 in 1967 to 289 in 
1991 and 37 in 2002.10 

The Inner Dynamics of the Electricity System 
In this section I will dig into the concept of “momentum”. In the appendix Hughes’ 18 definitions 
of “momentum” is presented. I concentrate his many definitions to narrower formulation. After 
that I show the explanatory power of two tendencies that has been at work in the Swedish 
electricity systems – falling distribution costs and coping with variations. These make up the core 
of the industry. 

“Momentum” Reconsidered 

I will below show that definitions A.4-6 (“load factor”, “economic mix” and “coordination 
centrals”, see appendix) are at the centre of an electricity system. When formerly isolated local or 
regional systems were interconnected problems with capacity utilization in a capital-intensive 
industry could be dealt with. Diversity in consumption and production, opened for work on 
complementary combinations at both ends of the chain. This was accentuated in Sweden because 
power production for a long time was based on hydropower, an energy source exposed to natural 
variations. Diversity and variations was a permanent feature of this industry (basically because 
electricity must be produced at the same time as it is consumed) and therefore appeared 
independently in many countries. 

Interconnection implies one kind of growth distinguished from growth in size of power 
plants or power companies. Connecting smaller networks to larger ones can go on even when the 
plants are small or not growing in size. I will call this coping with variations. This concept is 
close to a central feature of technological science, namely “optimization”. But here real, not 
simulated or imaginable, power stations and power systems were dealt with – operative units and 
networks with real-life problems. In shaping a coordinated technical system the tenders shaped 
                                                 
10  Åberg (1962: 117-122); Bladh (2002a: 29-32); Bladh (2002b: 65); Petersson (1992: 13). 
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themselves and intimately connected themselves to technical components so that a sociotechnical 
core appeared. 

The first three definitions proposed by Hughes, A.1-3 (“institutionalization of technology”, 
“transfer of knowledge from one area to another”, and “investments in human and technical 
capital”), can be reduced to A.9 (“human and technical components interact”), and this, in turn, 
can be connected to coping with variations. What Hughes was looking for here was pride and 
identity among technicians for a particular technology. I suggest that it is work with a technology 
that creates this pride and identity. It is not necessarily the result of work resulting in “radical” 
inventions, but certainly around “conservative” inventions, and also practical work of efficient 
application of something already implemented. Pride and identity make for an intimate 
relationship between human and technical components, which makes it possible for us to talk 
about a sociotechnical core instead of a “technical core” preceding the social. In the case of 
coping with variations it was a question of efficient use of investments made, a never-ending 
problem stimulating solutions very well suited for the engineering tradition. This problem 
showed up everywhere, in every organization involved. In fact, this work on efficient solutions 
for a collective problem, was a system-building work since “interconnections” were a central part 
of it. This psychological mechanism is something different from “vested interests” and “sunk 
costs”. These are important, of course, but very general, working not only for material 
investments, but also for e.g. political. Pride and identity for an engineering solution makes it 
possible to understand why defence and support for this solution can be very intense, something 
worth fighting for against politicians, environmentalists or other outsiders. 

When it comes to the system’s relations to the environment Hughes’ formulations have a 
bias in favour of the system influencing the environment, although exceptions are made. I suggest 
that we look at this from a societal point of view where there are several levels of society. If the 
technological system has a growth tendency, as in coping with variations, this does not 
necessarily mean that this tendency wins – this is why it is called a tendency. It cannot be 
assumed that the political level is invaded by a growing system, on the contrary, politics can 
initiate a programme for electrification and define the role for the industry, either as an 
“infrastructure” or as one industry among others. 

Hughes seldom takes notice of users of electricity. In a technical sense all users are 
connected to the system and thus part of it. Consumption equipment on the user-side is connected 
through distribution equipment to productive equipment on the producer-side. But from an 
organizational and economical point of view things were different. Many large consumers have 
had their own generating capacity, such as industrial firms exemplified in Table 1. Thereby they 
got an independent position in relation to power companies. Distributors have had a negotiating 
position with its supplier, and this position was not so weak. Firstly, many distributors were large 
customers, as big as industries, and constituted therefore an important part of the load. Secondly, 
the distributor could switch supplier, albeit only when the long-term contract ended or was 
cancelled. Thirdly, the distributor could increase self-production, becoming less dependent on the 
supplier. As I will show soon, there was cooperation between these parties, so we had a mix of 
competition and cooperation. Small consumers such as households had no power inside the 
system, but were beneficiaries of a political electrification programme. The electricity system 
was embedded politically, but asymmetrical internally. 
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The Case of Sweden 
Literature is the base for my statements here. Many organizations involved in the electricity 
industry in Sweden have published books on their history, chiefly at some anniversary. These 
books are of differing intellectual quality. Some are written by personnel in the existing company 
(at the time of publishing), using the organization’s own source material for a chronicle. Another 
type is a professional study by a historian financed by big organizations in the business. A third 
type is government investigations. In this literature I have concentrated on techno-economical 
matters that are of relevance for a discussion about “momentum”. 

By “techno-economical” I mean investments in technical equipment such as power stations, 
dams, cables, transformation stations, reserve capacity, etc. on the producer’s side. Notes have 
also been taken on installations and electrical consumer’s equipment mentioned. Furthermore, 
competitors and other firms and organizations in the business, is taken into account, including 
buy-ups and mergers. The firm’s relations with customers and suppliers, length and terms of 
contract, were noted. Information about prices, costs, the number of personnel, customers and 
produced and/or sold electric energy was gathered, whenever such was presented. 

From this I could detect two important features relevant for the issue raised by Hughes’ 
theory. First, distribution costs, and second controlling variations. 

Distribution Cost 

The electricity industry is capital-intensive. There are power generation facilities at one end, 
electrical consumption equipment at the other, and cables and transformers in between. It is 
obvious from the literature that distribution costs were heavy in the early period. This is 
important for the growth of networks and organizations. Consider each subscriber as a source of 
income along the electrical network. If the number of subscribers is low per kilometre cable, then 
income is small per unit of distribution cost required. In sparsely populated areas long wires are 
needed, while in urban areas shorter ones is sufficient. If distribution costs are higher than 
production costs, we would expect to see electricity first introduced in urban areas or where there 
is a big consumer of power. And this is what happened – urban utilities and manufacturing 
industries were pioneers in electrification. 

Figure 1 shows the long-term development of electricity prices. It is taken from a study of 
one utility in Sweden, Borås Elverk, situated 60 km west of Göteborg. It illustrates the heavy 
weight for distribution costs considering that high-voltage transmission allows for large quantities 
of kWh per kilometre cable, compared to low-voltage. The latter decreased sharply from the late 
1920s to the early 1950s – a trend common for the whole country. The gross profit marginal for 
the utility is shown as the difference between its supply price and its selling prices. This marginal 
per unit sold has decreased in the long run (but total profits have been counteracted by rising 
volumes). 

How can the falling trend be explained? One is economies of scale. It was possible to add 
more customers to the existing network without a proportional increment of that network. An 
analysis of how economies of scale were gained can be discussed in terms of automatic and 
deliberate mechanisms. 

The Relative Advantage of Electricity 

The mechanism is “automatic” in the sense that it can be the result of many private and isolated 
decisions among customers. But there are reasons for these decisions in turn. One is that 
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electricity has advantages over its alternatives. In contrast to oil electric lamps brings no smoke 
or smell, lowers the risk for fires and gives a clear and steady light. One factor behind the 
favourable relative prices for electricity was the new kind of incandescent lamp introduced some 
years before the war, which consumed only a third of the energy of the old type invented by 
Edison and Swan. These are pull factors – user’s experience of electric light etc. made them turn 
to electricity. Another cause for increased demand for electricity was a sharp reduction of imports 
of paraffin during World War I. Prices rose to extreme heights, also for electricity, but even more 
for lamp oil. There was simply shortage of kerosene in Sweden. This was a push factor – shortage 
pushed users into electricity. 

Figure 1. Electricity prices at Borås Elverk 1915–1993. Low‐voltage customer (upper curve), 
high‐voltage customer (middle curve), supply price for Borås Elverk (bottom curve). Öre/kWh 
(purchasing power of 1993). 

 

Source: Borås Elverk (1994: 117). 
Comment: Customer prices do not reflect actual costs for users from the 1950s since an electricity tax 
was introduces in 1951 for high‐voltage customers, and from 1957 for low‐voltage. 100 öre = 1 krona 
(SEK). You had to pay about 7.80 SEK for a US‐dollar in 1993. Since the price for power in 1993 was 24 
öre, this would have been equivalent to 3 cents. 

Another aspect on the automatic mechanism is administration. Metering, collection, book-
keeping and invoicing demanded a lot of personnel relative to income. Meters were checked 2–4 
times a year by personnel from the utility or cooperative. On the countryside this was combined 
with collection, which was used as a motive for tariffs differentiated by distance. Collection 
could be very bureaucratic. A story from Borås in the 1930s tells us that collection was 
announced in the local newspaper once a year. During 2–3 days customers were obliged to go to 
the town hall and hand over cash to the municipal cashier, after an edifying 15-minute talk with 
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him. Power producers chose different strategies. Sydsvenska Kraft AB, a power company in the 
very south of Sweden, sold only “engros”, i. e. to industries, utilities or cooperatives as 
ensembles. The nearby Hemsjö Kraft AB, in contrast, sold electricity in “detail”, i. e. to 
individual subscribers. While the former had only 20 persons employed in the early 1920s, the 
latter had 200.11  

There is a negative side to this automatic mechanism, i. e. obstacles for low-voltage 
subscribers to increase their consumption. First, there were teething problems for a young 
industry, especially the large number of power cuts during the first decades. In Göteborg the 
average number of cuts per year was high until the early 1920s.  From a level of 34 per year it 
dropped drastically from 1922 onwards to about 9 per year.12 

Other problems had to do with path dependence – currents, voltages and frequencies 
inherited from the early years of electrification. Direct current was introduced in the 1880s while 
alternating current came in the 1890s primarily for industrial use. The old urban utilities, and 
their customers, had invested in DC equipment. Thus there were sunk costs both for the 
distributor and for the user, and a mutually reinforced lock-in to this current. Even though 
technique existed to transform DC to AC, the user did not have to bother about that as long as DC 
was delivered, while the distributor would risk either high costs for change or high risk of loosing 
customers. DC-subscriptions increased in numbers, despite efforts from utilities to make a 
change. Utilities in Borås, Göteborg, Stockholm and Helsingborg did not wind up DC until after 
World War II and stopped distribute it as late as in the early 1960s. The high rate of residential 
demolition and construction 1955–1975 contributed to this elimination of DC.13 

DC and AC is an example of lack of standards. There were other problems of that kind. 
Today 50 periods per second is the standard frequency in Sweden, but when Vattenfall built its 
first hydro power plant in 1910 they chose 25 p/s. So did some industrial producers, and this had 
repercussions down-stream to the distributor. Voltage was another area where standards were set 
at a late date, causing either transformation costs or a brake on volume growth.14 

A change in pricing principles 

The mechanism is deliberate in the sense that distributors changed their pricing principles. In the 
early period prices were not only high but also a direct reflection of high fixed costs. Customers 
were charged with high fixed fees for subscription and wattage per year. At least one urban utility 
experimented with more dynamic pricing principles early on, namely Göteborgs Elverk. In 1909 
this utility decided on “free current” the first year in order for households to install electricity. 
Secondly it introduced a maximized effect fee and current limiters so that the subscriber could 
have a variable composition of Wattages as long as this did not exceed a certain amount (instead 
of basing the contract on the number of lamps). This utility had a comparably large number of 
subscribers. 

More important was a general turn towards less growth-penalizing pricing in the 1920s. One 
immediate cause for this was the experience of the economic crisis in 1921–22, when many 
enterprises were shut down or reducing their activities. While industrial demand fell sharply for a 
year, household demand was stable – households did not go bankrupt. Now also new electrical 

                                                 
11  Ingvarsson (2006: 81); Borås Elverk (1994: 15); Åberg (1956: 63).  
12  Göteborgs Elverk (1958: 102). 
13  Göteborgs Elverk (1958: 67-68); Borås Elverk (1994: 94); Malmström (1942: 60-61); Polvall (1991: 136, 139). 

The small local utility in Herrljunga turned away from DC already in 1943, Ingvarsson (2006: 21, 29). 
14  Polvall (1991: 117, 136); Westerlund (1995: 120-121); Åberg (1956: 78). 
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articles were introduced, at first electric irons, radios, and later stoves, vacuum cleaners and 
refrigerators. There was a turn towards households, reflected in exhibitions, meetings and 
magazines in favour of “electrical cooking” etc.  

The old pricing principle meant that a large part of the electricity cost for the consumer 
consisted of fixed fees per year and per Watt installed. The subscriber paid a price for each lamp 
installed, and for each heating device, or for each motor according to its horsepower. For lamps 
there was also a price per kWh, but since the fixed price per lamp was high this energy 
component did not matter. The subscriber was allowed to consume a certain amount for the fixed 
price, so energy consumption above that limit was considered “overburn”. This meant that the 
energy-dependent component was considered to be a “penalty fee” by the subscriber. Thus 
minimum fees became maximum fees, constituting an obstacle for volume growth. Another 
problem was that each type of electric article would have required a special tariff. This 
discouraged people to buy electric devices, and made tariff structure complex. 

Instead “tariff-units” were introduced in the 1920s. They were chosen as indicators of 
installed effect – “tariff-units” for households were the number of rooms or floor area of the 
dwelling. In this way the customer was less restricted to buy more lamps and devices. Tariffs that 
really stimulated consumption did not appear until after World War II. In the 1960s floor area 
was replaced by fuse size, as indicator of effect installed. Metering was reduced to once a year in 
the 1970s, invoices sent out were from now on based on expected consumption, corrected after 
annual metering.15  

The change in pricing principles in the 1920s must be seen in relation to the political goal of 
electrifying the nation through lower prices. Many cooperatives had financed their grids during 
the war with cheap and easy money of those years. But in 1921–22 there was a sharp crisis hitting 
hard on farmer’s income. Now they had to pay back on their loans with deflated incomes. This 
became an acute political problem in the 1920s. Government committees were appointed to 
suggest solutions. Every year between 1925 and 1930 motions were proposed in the parliament 
about lower prices. Vattenfall was blamed for high prices, and felt obliged to lower them. And 
Vattenfall did so, despite the fact that the raw power cost component represented only 25 per cent 
of total cost, while 75 per cent depended on interests, amortizations and administration costs, i.e. 
distribution costs. 

The countryside lagging behind in matters of electricity was a recurring theme at the political 
level, reflected as important problems for government committees to look into. One important 
committee, delivering its report in 1954, emphasized the problems in the countryside. Even in the 
1960s this was regarded as an important problem. Remnants of this could be seen as late as 1996 
when one member of parliament proposed a motion about support for 140 households in Sweden 
still lacking electricity.16  

Vattenfall reformed its pricing in its capacity as a leader of the whole electricity industry. 
Many distributors followed, using Vattenfall’s price structure as a model. Tariffs were discussed 
at meetings of SEF, the Swedish utility association. This association worked out “normal tariffs” 
for utilities to copy. Why would distributors follow these tariff guidelines? One thing is that it is 
easier to copy a model than to start from scratch. But this says nothing about the price level. 
“Tariff-units” can hardly be described as Fordist pricing. Basically the answer must be found in 

                                                 
15  Göteborgs Elverk (1958: 81-82); Malmström (1942: 97); Polvall (1991: 67-70); Staaf & Smedinger (1958: 46-

48); Åberg (1956: 63); Ingvarsson (2006: 32-35); Westerlund (1995: 132, 138). 
16  Modig (1984: 181-185); SOU (1954: 15-19); SOU (1968: 9-10); Sundell (1996). 
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the combined effect of automatic and deliberate mechanisms. One aspect of the latter was 
competition. 

Competition 

This is paradoxical. The economies of scale connected to increasing density of buyers in a 
network, explains why there were local monopolies. When several utilities existed in the same 
urban area there was a tendency towards monopolization because a small advantage at the start 
triggered a self-reinforcing mechanism, a positive feedback or “increasing returns”, so that only 
one producer was left in the end. Thus economies of scale explain monopolization, and 
monopolization kills competition. 

But this was not the whole story. Power companies worked at a geographically broader level, 
so to speak “above” local utilities and cooperatives. And as local networks were built out choice 
of supplier appeared even at a local level. So, first of all, there was competition, including the 
mechanism of switching of supplier. But during this period there was also something else: the 
consumer could be his own producer. In fact, this was a very powerful tool. So the political 
pressure on Vattenfall and other producers to electrify the countryside through affordable prices, 
spread over the whole business by way of consumer’s and distributor’s market power. 

Several manufacturing companies had their own generating capacity, the biggest in the pulp 
and paper industry and in steel, but also in the “electro-chemical” industry, a line of business 
made possible by large-scale power production. Producing your own energy means drawing back 
from the market. But the non-buying strategy affects the market for electricity. It was used as a 
threat and thus as an “argument” in an on-going negotiation. When a buyer or user of electric 
energy chooses strategy, it is a signal to the supplier that a contract can be changed eventually. 
The urban utilities started out as self-producers exclusively using thermal power. When power 
companies were established many utilities changed strategy in favour of buying “raw power” 
from them instead. But the utilities kept their old power plants as supplementary production, and 
upgraded them when consumption increased. This was a potential substitute for external supply. 
The director of Ljungby Elverk explicitly stated that he wanted the utility to keep its own reserve 
station so that costs for power bought could be kept down.17 

Two examples from Helsingborg, a town in the far south of Sweden, illustrate this. 
Helsingborg had its own urban utility, Helsingborgs Elverk. The town was also one of the owners 
of Sydsvenska Kraft AB, but since the owner-consortium consisted of five towns, the power 
company had a quite independent position vis-à-vis its owners right from the start. In 
Helsingborg there was one industry, the rubber factory, doing extraordinary well during the 
economic crisis in the 1920s. The rubber manufacturer was a dissatisfied customer to 
Helsingborgs Elverk. It threatened to start its own power production. The problem was that the 
utility needed a lower price for its supply of raw power from Sydsvenska Kraft in order to sell at 
a lower price to the rubber manufacturer. Now the two leaders of the utility and the factory sat 
down for a talk. The result was that they formed an alliance where the threat of self-production 
put pressure on the power company. Eventually new contracts were signed satisfying the rubber 
factory without self-production starting up, the threat of self-production had been sufficient. 

The other example concerns negotiations with Sydsvenska Kraft in the early 1930s. 
Representatives from the utilities in the towns owning the power company, formed a negotiation 
delegation. The utilities had expanded old or built new thermal power stations, and Helsingborgs 

                                                 
17  Althin (1955: 91); Johansson (1958: 76). 
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Elverk planned for a new power plant reducing its dependence on supplies from the power 
company. The utility wanted to prevent that large industrial customers in the town would be lost 
if prices were kept at the current level. Vattenfall had lower prices than Sydsvenska Kraft, the 
utility argued. A cheaper contract was the result in 1933 before the municipal voted against a new 
power plant.18 

Urban utilities were generally owned by the municipality, but had a semi-autonomous 
position in relation to the town. The utility sold energy not only to the local authority for street 
light, trams etc., but also to private customers. As owners local authorities had an interest in 
keeping energy costs down, and sometimes they complained about high prices for electricity. 
However, some local utilities had private or mixed ownership. The small town of Herrljunga is an 
example of a mixed ownership where the municipal authority had a minor share. This minority 
owner complained repeatedly about high prices in the 1920s and 1930s. There was a reduction in 
1926 but the local authority still complained, Eventually, in 1933, the local authority bought more 
shares in the utility and became the major owner. Complaints stopped from local officials, but 
other customers were dissatisfied at a later date. One cooperative, established in 1935 and 
connected to the utility in Herrljunga, contacted Vattenfall in 1947, dissatisfied as it was with 
prices. And a few years later this cooperative switched supplier from the local utility to the big 
power producer.19 

Conclusion on Distribution Costs 

One type of growth had to do with economies of scale, in this case lowered distribution costs 
when the density of subscribers per length of network increased. The impetus here came from the 
relative advantage of electricity compared to other sources for lighting, heating and motors. This 
was an autonomous force from outside the system. In fact the system hindered the growth in 
consumption. Pricing principles in the early period was growth-penalizing. But this was changed 
in the 1920s when the economic crisis had shown households to be stable consumers and when 
policies in favour of electrification through low prices were put in place. Competition between 
producing and distributing actors helped in the diffusion of low and growth-enhancing prices. 

This tendency explains why electrification started in areas where consumption was dense, in 
towns and at industries. It also explains why there were local monopolies. Yet there was 
competition, for three reasons. When power companies entered, and when local networks were 
extended, a choice of supplier appeared as a possibility for small customers such as cooperatives. 
More important was self-supply, i.e. an industrial firm or an urban utility could increase its own 
power production, an important “argument” in negotiations with the supplier.  

In the long run the tendency of falling distribution costs petered out. There are limits to 
subscriber density, and the large gains made from 1926 to 1943 or 1951, cannot be repeated. 
There is another kind of economies of scale relevant for electricity, namely big production units 
exploited when large hydro- and nuclear power stations were built 1952–1985. I will not 
penetrate this tendency here, for the sake of limiting a long text getting even longer, but only 
point out one problem with it: How could a technological system committed to hydropower since 
1904 embrace a strange technology like nuclear power? Coping with variations can answer that. 
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Coping with Variations 

The most interesting definition Hughes makes on momentum are “load factor”, “economic mix” 
and “coordination centrals”. I think here Hughes comes close to the core of the “system”, the 
inner workings of the industry. These ideas I want to improve. Hughes explored the electric 
supply industry in the U.S, Britain and Germany until 1930. If we want to generalize later 
developments and experiences from other countries is necessary. A picture of a more mature and 
hydro-oriented electric industry would look like this: 

Consider the main links in the chain from production to consumption of electricity. At one 
end there are hydro and thermal power plants owned and run by organizations like power 
companies and utilities. In the middle there are distributors, organizations like utilities and 
cooperatives, buying raw power they transmit and sell to end-users. The end-user may be an 
industrial firm or other business organization, or households. Sometimes an industrial firm or a 
real estate-owner is its own producer. 

Now, there are variations at both ends of this chain. At the user end there are patterns in 
variations of consumption due to daylight, working hours, industrial production, holidays etc. 
There are variations over day and night, over the week and over the year. Generally consumption 
is low during the night, weekends, summer and holidays, and high in the morning, weekdays and 
during the winter. At the producing end there are variations due to natural variations in the case 
of hydropower. The melting of snow and seasonal rainfall creates patterns in water flow. But this 
pattern is less predictable – there are “dry” and “wet” years. Fuel-based thermal plants, including 
nuclear, are more controllable. Coal, oil, plutonium, waste and biomass are produced separately 
and can be stored. 

Variations in use and in nature have repercussions on the organizations and the relations 
between them. What is special with electricity is that it cannot be stored – it must be produced 
whenever it is consumed. This need for balance creates “tight coupling” between the parts – 
electricity is systemic.20 Therefore there is a tendency towards cooperation, but also a game of 
transferring risks between the parties. In short, imbalances must be avoided and variations create 
competitive cooperation. 

Hughes concentrated on two mechanisms. “Load factor” is a term used in electrical 
engineering focussing on the difference between the highest peak and the average load. 
Economizing here means closing this gap – a high average is sought when investments are fixed 
and peaks in demand out of control. Load factor is a question of capacity utilization. “Economic 
mix” focuses on the blend of types of power plants. Interconnecting formerly isolated plants with 
different fuels and of different scale may supplement each other. My proposition is, firstly, that 
coping with variations has been there right from the start and still exist today. Even for the 
mature electric supply system, where growth and economies of scale have petered out, this 
balancing of variations is the core – the sociotechnical core. Secondly, that coping with variations 
changed character when power companies entered the scene. 

Starting with utilities there was supply determined consumption and supplementary 
consumption. In the beginning utilities built systems from scratch – there was no precedent. Coal-
fired steam centrals producing direct current was erected in small scale. There are many examples 
on limitations on use of electricity. Machinery could be at work from 6 A.M. to 11 P.M., and 
through blinkings the producer warned consumers that electricity would soon be turned off. As a 
rule streetlights were turned off during the night. In this way operative costs were kept down, and 

                                                 
20  ”Tight coupling” first used by Berner (1992: 18). See also Hughes (1994: 105). 



 21

there was time for maintenance. The use of current limiters was another method keeping 
consumption under control. In later periods or in larger urban areas, supplementary consumption 
was sought. When small industries and tramways were connected, this meant a higher load factor 
for the utility, since such users consumed electricity at other hours than what municipal 
streetlights and households did. There are also examples of utilities experimenting with electric 
heating.21 

When power companies entered, and bringing hydropower to the supply, a more complex 
picture appeared. Here we can find several strategies: seeking flexible consumption, splitting 
risks through long-term contracts, controlling nature, using thermal plants as supplements, and 
exchanging power between producers. 

Flexible Consumption 

It was difficult for the investing power producer to foresee the level of consumption. In cases 
when production capacity was made bigger than what actually was needed, the producer founded 
industries. A forerunner to Gullspång, Örebro Elektriska AB, started a paper mill in Örebro in 
1900 for the sake of securing demand for production. Another example is Gullspång who 
established an electro-chemical factory in 1907, and had plans for a cement factory in 1929. 
When the power company owned a consuming factory it had control over a part of the power 
consumption. How Gullspång used its factory is an instructive case of handling with variations in 
a tightly coupled system. In the factory Gullspång had a component to which flexibility could be 
transferred. In the dry year of 1911, for example, production at the factory was reduced and 
workers were laid off. So, when power capacity was low, manufacturing was reduced, and when 
capacity was high, manufacturing contributed to income for the concern.22 

Starting a factory was an example of flexible consumption under the control of the power 
producer. Another example was that of the industrial power producers. These producers 
consumed a large part of their production themselves, but could also sell to utilities or 
distribution cooperatives in the neighbourhood. Uddeholm is one example. In 1938 Uddeholm 
used about 70 per cent of its power production internally, and sold the rest. Contrary to what one 
would expect Uddeholm reserved “primary” power, that which was not disconnected, to 
outsiders, while disconnectable “secondary” power was used internally. The reason for this was 
that the operation of Uddeholm’s own blast furnaces could be adjusted to the hydropower 
capacity at the moment, since production of pig iron for stock was possible when capacity was 
normal or high. In wet years when capacity was high a surplus of power was produced. This 
could then be used to replace boilers for steam used for other purposes in the production 
process.23 

Risk Splitting 

When power producers proper appeared during the first decade of the 20th century, they sought 
long-term contracts with industries and utilities. Contracts for 20 or 30 years were common.24 
This was a way to secure income from dear investments, but also a way to split risks between 
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parties. One example is the case of Stenkvill-Klinte Kraft AB in the middle-south of Sweden, 
from 1907 to 1928.  

This small hydropower company was from its start dependent on one big customer, a 
sulphite and paper mill called AB Brusafors-Hällefors. The contract was favourable for this 
factory, but a profound problem for the power producer. If power was not delivered, the producer 
had to pay a fine, something that hit hard on Stenkvill-Klinte in dry years. In order to secure sales 
of power when the first hydro plant was to be built, the producer had agreed on a tough contract. 
In dry years this meant harsh deficits for the producer. The company had trouble financing 
investments, so when one municipality in the neighbourhood lent money when a contract was 
signed, the agreement was tough again, giving the town the right buy up the company! Then the 
owners of Stenkvill-Klinte changed to a more offensive strategy. They founded another company 
in 1918 called Smålands Kraft AB and leased out the power production to it. Now the town gave 
up its acquisition rights and Smålands Kraft AB bought Stenkvill-Klinte in 1922. But the 
financially weak position did not change until Skandinaviska Elverk bought the majority of the 
shares in 1928. It now had backing from the successful ASEA, and behind ASEA there was the 
Wallenberg-family, one of the top capitalists in Sweden.25 

This example shows that risks involved with variations in the water flow were concentrated 
to the producer. It also shows that the producer had a weak position in relation to the consuming 
industry – this is the reason why the producer must accept the risk. The situation for the producer 
did not improve until financial backing entered. However, this example is unusual. In most cases 
the power producer had the upper hand, or at least, as good a position as the buyer.  

Controlling Nature 

At the other end of the chain water flow must be controlled. This is unavoidable when 
hydropower is exploited. Dams, i.e. artificial lakes, were built not only to concentrate water flow 
into a tube, but also to store energy, equalize water supply over time in order to get a steady input 
for the hydropower production. This meant controlling nature for the sake of balance – artificially 
smoothing out natural variations, eventually over several years. In this way nature was reshaped 
for the purpose of producing electric power, but then came in conflict with existing uses of 
watercourses. 

Old laws secured the rights for shipping, floating and fishing, but also the rights of the 
owners of real estate at the banks of the rivers. The problem for hydropower interests was that 
those interests obstructed the building of dams and power plants. Hydropower interests came in 
conflict with the existing property rights, and laws had to be changed. Due to conflicting interests 
a water act was not decided upon until 1918, a law that made it easier for hydropower plants to be 
built.  

Paradoxically the state introduced conservation plans for especially beautiful or unique areas, 
untouched by human hand, during the first decade of the 20th century. Several  “national parks” 
were established at the same time as hydropower plants and dams were built. It is a sign of the 
weak position of conservationists of that time, or the dominance of the hydro interests, that 
Vattenfall gained the right to exploit a unique and impressive waterfall inside one of these new 
parks, Stora Sjöfallet, in 1919. Nobody opposed this at the political level, neither below. In the 
newly started Sweden’s Association for Nature’s Conservation one voice was raised against the 
project, but was criticized by the leadership of that organization for his untoward language.26 
                                                 
25  Staaf & Smedinger (1958: 14-22). 
26  Vedung & Brandel (2001: 36-41). 



 23

Jumping forward in time to the 1960s, people speaking in the name of nature, or rather the 
“environment”, gained a very much stronger position in the public debate. Before, protests had 
been local, coming either from vested interests, or from conciliatory conservationists. The signal 
for a new awareness came with Carson’s Silent Spring, and was followed by Swedish alarmist 
reports on the environment. The birth of the “environment” had a tremendous effect on things 
associated with power production. The “river-savers” organized themselves and were successful. 
Soon afterwards a large protest movement came into being against nuclear power. Seen in 
retrospect campaigns in favour of conserving unexploited rivers were successful, since the 
conservation of the remaining rivers is secured in law today.  When it comes to nuclear power the 
outcome is contradictory: The anti-nuke movement was very strong at the same time as nuclear 
power plants were built in massive scale 1966–1985. After a referendum in 1980 there was a 
decision to dismantle the twelve plants, but so far only two has been shut down. 

Supplementary Plants 

How could a hydropower nation, with established organized interests in hydro technology, 
become equipped with nuclear power, eventually comprising about half of the production? The 
cause can be found in the desire to compensate for those natural variations hydropower is 
associated with. Turning back to the early 20th century again, the most frequent method to 
compensate for variations was the use of thermal plants as supplementary production. The 
common pattern was that a utility had its own coal-fired plant to start with, but later changed 
strategy to a long-term contract about deliveries from a power company. Now the thermal plant 
became reserve capacity used to compensate for shortfalls in the water flow and for peaks in 
consumption.27 

The keeping of compensating plants in utilities constituted a potential threat to the big power 
producers. When consumption rose year after year, not only hydro plants were built out, but so 
were these thermal plants. To become self-sufficient was a big step for the municipality, of 
course, but not unaffordable. Municipal power became a real challenge in the 1960s when 
combined heat and power plants was planned or built in several above-middle-sized cities. A 
foundation for this was laid when the municipalities got an important role as housing planners 
and owners after WWII. Large housing areas needed heating. Instead of each house heated 
individually or by a heating central for a block or two, heating was centralized for the whole 
urban area. Now there was an obvious opportunity to combine heat and power production. In 
ordinary coal-fired plants heat was wasted. If this could be used for district heating purposes, fuel 
efficiency would be raised radically. Vattenfall reacted against this strategy, because it now 
planned for big sized nuclear plants. In fact, there was a “battle” in 1965 at the producer’s 
association’s annual meeting concerning which road to choose for the future, CHP or nuclear 
power. Unfortunately for the challenging utilities the oil crises of the 1970s and 1980s delayed 
the CHP-expansion and cleared the way for a nuclear Sweden.28 

To start with nuclear technology satisfied the import-substitution policy that opened for 
hydropower as a substitute for coal earlier in the century. Another motif was the development of 
a domestic nuclear weapon. Despite the abandoning of both these motifs, nuclear power 
continued to be developed and planned, not only by Vattenfall but also by an alliance among the 
other power producers. Resistance against hydropower played a role, enthusiasm for a new 

                                                 
27  For a detailed  example of competitive cooperation between a utility and a power company see Johansson 

(1958: 67-90). 
28  Bladh (2002a: 39-42); Bjurling (1981: 139-140); Polvall (1991: 146-158). 
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technology also, but more important was the longing for large scale and firmness. Large scale 
because the 1950s and 1960s had shown a fast increase in electricity consumption, and firmness 
because production in nuclear plants was not the object of natural variations. In short, nuclear 
power was big and steady, or drastically put: Hydropower led to nuclear power. 

Power Exchange 

The most important method for the development of a national power system, however, was 
power exchange between producers. Exchange opened up a whole repertoire of cooperative 
measures leading right up to the power pool market of today. Cutting peaks, initiating or 
stimulating supplementary consumption, smoothing out natural variations and using 
supplementary production units, were not enough. Consumption could not be controlled 
completely, especially not household consumption, since households were very far away and 
unaware of the technical characteristics of distribution and production. Use of power belonged to 
another logic, that of everyday life, of reading, cooking and so on. Natural variations could not 
either be completely smooth or steady. Snow melting and rain falling do not listen to human 
power production needs.  

What is under power producers complete control is exchange. Due to differences, both on the 
consumption and production side, there were surpluses and deficits at the same time, but in 
different regions. In the 1920s the power companies delivered power to utilities, distribution 
cooperatives and individual manufacturing companies within a region. The regions were made up 
of long-term contracts between one producer and its customers. These islands now bumped into 
each other. There was rivalry between them, but this was overcome in the 1930s. The central 
story here is that about how Sydsvenska Kraft AB, with a regional sphere of interest in the south, 
managed to connect to the powerful rivers in the north. 

In order to understand this story, some fundamental proportions between the south and the 
north of Sweden must be presented. The north, i.e. north of the river Dalälven, contains 59 per 
cent of the land, 85 per cent of exploitable hydropower, but has contained only 17 per cent of the 
population in 1900 and 1950 (13 per cent in 2000). This means that hydropower was limited in 
the south where the overwhelming majority lived. Furthermore water flows north of Dalälven are 
for natural reasons supplementary to those in the south. High water levels in summer in the north 
due to snow melting, and high water levels in winter in the south due to rainfall.29  

Sydsvenska Kraft AB reached the natural and institutional limits of the south in the 1920s. 
All the big waterfalls were then exploited, or property rights so complex that exploitation was too 
expensive. At first this power company sought a deal with Vattenfall, the state-owned power 
enterprise with a regional influence just north of Sydsvenska Kraft. Vattenfall had formed the so 
called “central bloc”, connecting the west coast with the east coast thus blocking Sydsvenska 
Kraft from the rivers in the north. 

Sydsvenska Kraft felt humiliated by Vattenfall in the negotiations on supplementary raw 
power, since the latter treated it as a customer, not as an equal partner. Instead Sydsvenska Kraft 
joined a company called Krångede AB, which was a consortium of power users and producers, 
such as steel manufacturing firms and Stockholms elverk. Krångede built hydro plants in 
Indalsälven, a river further north. For Sydsvenska Kraft this required long distance transmission 
lines passing through Vattenfalls central bloc. When Sydsvenska Kraft and Krångede presented 
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their plans for a main line in 1936, Vattenfall reacted violently. Vattenfall had its own plans for 
north-south lines, and turned to the government demanding a “rational design of the main lines”. 

A government committee looking into this problem proposed a consensual solution. Both 
parties would keep their own lines already planned for, but was supposed to cooperate on the next 
two. This was a solution acceptable to both parties. A new atmosphere in the power business was 
now established. An atmosphere of consensus, negotiation and competitive cooperation replaced 
rivalry among power companies. The creation of this atmosphere was furthered by the 
appearance of two other institutions, one inside the power industry and one outside.  

In parallel to the decision on cooperative main lines, a formal agreement on cooperation in 
the case of war was founded in 1935. The nation was divided into thirteen blocs, wherein one 
power company was responsible (Vattenfall headed five blocs, and other companies eight). In 
case of war these blocs would coordinate production. The coordination central for Central 
Operations Management (CDL) was located at Vattenfall headquarters in a suburb of 
Stockholm.30  

A more general turn towards consensus has its origins in the labour market. In 1938 a basic 
agreement was reached between the big federation of labour unions, LO, and the employers 
federation, SAF. From the 1890s Sweden had been frequently hit by industrial actions, with 
several big strikes and lock-outs. In 1932 this changed when social democrats won government 
power. A coalition government could be formed with a labour party and a farmer’s party. Under 
the threat of legislation employers now changed strategy and sought negotiations instead of 
conflict. This new atmosphere of seeking consensual solutions even in cases of deep-going class 
conflict, influenced the whole nation. 

However, the consensus reached on main lines was disrupted in 1946 by the pure social 
democratic government following the broad coalition government during the war. Without any 
discussion this government decided that Vattenfall should own all the main power lines (except 
those already built and owned by other parties at that date). But even this centralization was 
combined with representations of parties. A main line committee was founded consisting of three 
representatives from Vattenfall, three from other power producers, and one from the government. 
This body decided on rules for transition and exchange. 

This was an example of a new kind of regulation – club-regulation. An elite among the 
power producers formed a body that decided upon rules for themselves, and a few others that met 
the requirements. By technical necessity voltage and frequency regulation demands coordination 
among parties when formerly isolated regions were connected to each other. In this work parties 
became partners without giving up their respective basic autonomy.31 

Beside this grid club another club was founded in the 1960s. Vattenfall had gathered 
experience of coordinated operations within its own systems. Now the smaller private and 
municipal power producers wanted to economize through regular coordination as well. They 
were organized in the Power Plant Association, PPA (Kraftverksföreningen). In the 1950s 
discussions arose in PPA how coordinated operations could be achieved. Committees for power 
balance and for coordinated operations were organized, and in 1960 the PPA presented a proposal 
to Vattenfall. The proposal got a very positive reception from Vattenfall, and a joint delegation 
was set up. Krångede was important here, since this was an organization with several power 
producers joined together in a consortium. The Krångede Group now developed forms for 
coordinated operations, as a kind of nucleus on the non-state side of the cooperation. In 1965 the 
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31  ”Club-regulation” was first used by Lennart Hjalmarsson, see Hjalmarsson (1993: 19f). 
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Delegation for Coordinated Operations, (Samkörningsdelegationen), started, and a new club had 
been realized.32  

What was this cooperation about? It was about pooling resources, as if all power production 
units were one big system run by one company. Buying reserve power from the neighbour in 
order to cover peaks, had been done before, but now it was organized on a national scale. What 
was gained through this coordination was cost-effectiveness due to differences in cost structure 
and variations in water flow. Basically thermal plants have lower fixed costs and higher running 
costs, while hydropower has the opposite. In a situation of high flow of water, firms with a large 
share of hydropower may have a very low expected “power value”, while at the same time a firm 
with only or a large share for thermal power may have a very high power value. Integration of 
several production systems opened for economies of coordination. Instead of one taking 
advantage of a certain situation at the cost of the other, profits from cooperation was split using 
the rule of a “middle-price”.33 

This system was a market clearing system, but not in the way neoclassical theory tells us. 
Price was not set through bids from isolated sellers as if in an auction. Instead prices were agreed 
upon in order to achieve cost savings as if the system was run by one big company. Conscious 
cooperation regulated the national system, not price in the neoclassical sense. The fact that words 
like “marginal cost” was used should not be confused with a certain economic theory. Rather it 
was a question of “gentlemanly competition”, independent firms working in an air of openness 
about cost and production figures.34 

Conclusion on Coping with Variations 

I have focussed on what Hughes called “load factor”, “economic mix” and “coordination 
centrals” as a driving force for expansion of the electricity system. It was a question of coping 
with variations at both ends of the chain, consumption and production, in a tightly coupled 
system. In the work of reaching efficient use of existing investments a sociotechnical core of the 
system came into being. Right from the start producers and distributors used different means to 
cope with variations, such as getting flexible consumption, splitting risks between parties, 
controlling the water flow in a hydropower-oriented mode of production, and using thermal 
plants as supplementary production. The ultimate solution was power exchange between the big 
power producers, since this was totally under control of the organizations. The scale of systems 
increased as regional systems replaced local, and a national one replaced regional through 
interconnections. 

Deregulation 
I will not go into detail about the later period of the Swedish electric system. But I want to 
suggest that the modified model I defend in this article is relevant also for our present time. In 
short the following themes would be important guiding the analysis into the 21st century. 

One theme is the rise of the environmental protection movement. First resistance against 
exploitation of rivers and other external effects due to hydropower, was organized in the 1960s. 
Already in the 1970s an anti-nuclear movement grew very strong and even won support from a 
traditional political party then in government, eventually leading to a referendum in 1980. Both 
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movements have had lasting influence on energy policy. The remaining unexploited rivers are 
protected in law, while nuclear power units were built at the same time as the referendum turned 
out in favour of dismantling them. The nuclear issue has been a leaven in Swedish politics for 
three decades. In effect there exist a ban on hydro and nuclear investments. 

Another theme is a general turn towards “market solutions”, especially after the fall of the 
wall in Eastern Europe. Several industries, formerly considered to be “infrastructures”, now 
became the target for “deregulation”, meaning introducing competition where state or 
municipalities before had organized or dominated production. The most important element here, 
for the electricity industry at least, was the new Competition Act introduced in 1993, and its 
supervising and implementing organization, the Competition Authority. This new law actually 
forbade the optimization organization the tenders of the electricity system were so proud of. To 
start with representatives of the “production optimization”, as it was called (a club of the biggest 
power producers in Sweden), opposed and criticized the proposed deregulation. But when the 
Competition Authority declared that this optimization organization was unlawful – a law in full 
accordance with EU regulations (a union Sweden now politically sought to get closer to) – the 
representatives gave up their position and suddenly prepared for a deregulation. 

What actually happened was that the system was reshuffled. The coordinating function 
upheld by the club of big producers, was not eliminated but transferred to a new market place 
called Nord Pool. This is a trading place for power exchange and derivatives thereof, jointly 
owned by Norway, Sweden, Denmark and Finland, where the big ones are trading now. During 
the deregulation process the number of actors was radically reduced through mergers and 
acquisitions, bringing the large players into a size suitable for an international system. Thus 
optimization is still here but now organized not as cooperation between competitors, but between 
competitors buying anonymously from each other. Now national systems are interconnected, thus 
extending even further the flow in the network. The tendency of coping with variations is still at 
work. 

Concluding Discussion 
What caused dynamics in the Swedish electricity industry were not only internal factors. 
Important causes came from the outside. First, electricity attracted users. It proved its advantages 
in comparison with paraffin lamps and arc lamps, and with sources of traction power such as 
steam engines, water wheels and horses. Electric lamps are free from smoke and smell, gives a 
clear and steady light, and diminishes the risk for fires. When long-distance transmission was 
invented, electric motors could be used in factories far away from waterfalls, and such motors 
made it easier to arrange and maintain machines inside the factory and increased management 
control over the labour process. So there was a transfer of demand for energy from old carriers to 
the new carrier of electricity. A more general advantage is the universal character of electricity. It 
can be used for almost any purpose requiring energy input. This could be used from the inside 
out, through propaganda or pricing, to convince e.g. home owners to use electric heating.  

Another outside cause was political. In Sweden there was an ambition to strengthen the 
nation using patriotic symbols. In sharp contrast to today industrialists and capitalists wanted the 
state to support a domestic and competitive manufacturing industry. One important measure was 
low-cost energy from domestic sources, hydropower. The creation of Vattenfall signalled not 
only that the state intervened along that line, but also that private investment in hydropower was 
safe. In a few years quite a few power companies entered the scene. But power production 
confronted resistance in the 1960s and 1970s. Some environmentalists first protested against 
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large scale exploitation of rivers, and the next generation environmentalists protested against 
nuclear power. From a situation of political support in an essentially import substitution 
programme, the electricity system suddenly confronted resistance from its environment, 
including its political environment. 

Figure 1. The electricity system and its environments 

Politics and ideology 

Users – Distributors – Producers 

Nature 

A better way to understand the system and its relations to its environments can be seen in Figure 
1. Growth forces can be found both inside and outside the system, or rather forces from the 
outside in and from inside out change over time. The system also has a relation with nature, 
especially clear in the case of hydropower. Reshaping nature in accordance with the needs of 
power production and distribution has met resistance ever since the system started – not from 
nature itself but from property rights owners. As Niklas Luhmann has pointed out, society can 
only talk about nature, not with it – someone has to speak in the name of nature in order for 
ecological concern to be communicated.35 In general the system won over these interests in the 
first half of the 20th century. The environmental movements of the later period became stronger, 
raised the issue of conservation and sustainability to a political level. Then the environment 
became a real obstacle for extension of the system, i.e. new power stations and new cables (but 
not new consumer equipment). 

A mechanism working behind the backs of people was falling distribution costs. Costs for 
the network were high in the early periods of the system, they comprised a higher share than 
production costs. The reason why they have been falling over a long time is that subscriber 
density has increased – more income per unit of network investment. This explains why systems 
started in densely populated areas, and why there were local monopolies for a long time. 
However, the latter did not exclude competition. Power companies broke up the isolation of local 
systems, and so did the extension of these local systems, opening for an option of switching 
supplier. Another type of competition was at work – that of self-supply. This was a real option for 
industrial firms and many local utilities, thus putting a pressure on power companies. Already the 
threat of self-supply could be effective. 

Falling distribution costs was one mechanism working in favour of growth, but this has 
petered out, approximately from the 1950s on. Since that date another type of economies of scale 
appeared, not touched upon in this article though, namely large production units. 

What seems to be of a more permanent character is another kind of growth tendency, 
something I have called coping with variations. A keyword from Hughes here is 
“interconnections”. In order to be able connect there must be several systems to start with. It is 
impossible to interconnect one system. Neither can it be a question of the same type of growth in 
the same type of system. Interconnections require several systems preceding the new one. Local 
systems were interconnected to regional systems, regional systems to a national system, and 
national systems to an international one. The driving force here was real-life optimization. 
Variations in both ends of the system, both production and consumption, opened for 
optimization. Users showed variations in use of their electric equipment. When systems 
                                                 
35  Luhmann (1989: 28). 



 29

interconnected diversities in load patterns and in scale and type of production units could 
supplement each other. An optimal solution was sought in a complex system. “Load factor” and 
“economic mix” lies at the heart of this “momentum”. The analogy with Newtonian physics is 
misleading though (“mass, velocity, direction”), a better metaphor is engineering science where 
optimization is a central ingredient.  

Interconnecting is another type of growth that requires no new investments beside 
maintenance and replacement. But it requires organizational investment in some sort of pooling 
central. At first this was organized in clubs, i.e. an elite of power producers organized power 
exchange, its terms and prices. This organization, which combined cooperation and competition, 
was considered an outstanding achievement among the participating companies and its engineers. 
So when deregulation was on the agenda in the 1990s, and politicians suggested an anonymous 
market, the club reacted with distrust. What changed their minds was the new Competition Act of 
1993, a law in line with that of the European Union. The new act forbade cooperation, not just the 
effects of cooperation as in the old law. The power producers gave up their resistance, and made 
a turn to the market as it is defined in the new law, a definition very close to that of neoclassical 
theory. After this decision the system was reshuffled. Responsibility for balance was removed 
from Vattenfall to a new authority, and exhange moved over to Nord Pool, a joint market place 
for Norway, Sweden, Denmark and Finland. 

Going back in time to the old club-regulation, how was it possible for producers to take 
control of the system? Electricity is extremely democratic in the sense that when a lamp is turned 
on this means an immediate adjustment in production, since electricity must be produced 
whenever it is consumed. Electricity is tightly coupled. The basic reason is that many consumers 
do not use electricity, they use electric equipment in order to make a meal or something else 
related to home or office work. The relation between distributors and producers on one hand, and 
the small consumers on the other, has been and still is asymmetrical. Coping with variations can 
be seen as a school in learning to control the system. 

Coping with variations can also explain why a system massively oriented towards 
hydropower could turn to something fundamentally different – nuclear power. While 
hydropower, despite dams and power exchange, never escapes all natural variations, thermal 
plants perform in a more predictable way since its fuel can be stored. Coping with natural 
variations created a longing for a more steady form of power production.  

Basic Assumptions 

What kind of theory is this? Coping with variations concentrates on the material relation between 
man and matter, where the latter embraces both nature and man-made artefacts. This relation is a 
practical one, where people solve problems given by technics and nature. At the heart of the 
matter, in the case of electricity, is tight coupling due to the fact that electricity cannot be stored. 
The need to secure balance is the systemic character here. In the cases of Taylorism, Fordism and 
just-in-time we find tight coupling too. But in those cases there is no original necessity. Tight 
coupling is sought for the sake of industrial efficiency, a smooth flow inside the production unit 
extended to its linkages.  

It is also an institutional theory. In the social relations between man and man, 
institutionalization occurs. This means that actions are hardened into formal or informal rules and 
routines – they are settled. Organizations and other institutions transmit praxis from the past. 
Super-individual institutions mean a reversal of causality, so that institutions shape individuals – 
“history matters”. This is the root of conservative dynamics, and thus the normal thing, not 
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something special for large technical systems. “Agency” then becomes a question of changing 
institutions. 

The material and social relations exist independently only in an analytical perspective. In 
reality they are always intermingled – you cannot have one without the other. This double vision 
is inspired by Karl Marx’ concepts “forces of production” and “relations of production”. The 
sociotechnical is a variant of this mixture. There is no “technical core” prior to the social, but in a 
capital-intensive system there is a danger of fetishistic projections of institutions on to material 
artefacts. 

The last, but not least, basic assumption is that Hughes’ theory is worth improving and 
modifying. Without the work of professor Hughes this study would not have been possible. 

Appendix: Hughes’ 18 Definitions of “Momentum” 
The empirical base here is the works of Hughes. From a starting point where Hughes discusses 
“momentum” explicitly, I have looked for other places in his texts where the concept or the 
meaning of the concept has been used. In short, Hughes puts several meanings or definitions of 
“momentum”. My aim here is to present all definitions used by Hughes, in order to reduce and 
sharpen the definition. 

A. Origin, Establishment and Diffusion of Technology 

A.1. Institutionalization of Technology 

This is an aspect covering formal organizing and transmission of knowledge about technics in 
courses in academia, in laboratories for development work, and professionalization of 
engineering in journals and associations. This is a theory explaining how knowledge is hardened 
into textbooks for recruitment of younger generations, how further development is organized and 
how ideas are diffused, but also how identities are formed.36 

A.2. Transfer of Knowledge from one Area to Another 

Hughes emphasized this aspect in his classic study of hydrogenation in Germany, and returned to 
it at a later date. It has its origins in an early study of railroads. Knowledge gained about building 
bridges and tunnels for railroads could be transferred to the problem of congestion in cities and 
the building of tramways there. The creativity felt by chemist and engineers in BASF in inventing 
a replacement for natural fertilizers, became a “drive to create”, transferring the same method of 
nitrogen fixation to solve other problems. Important for this definition is that the solution 
precedes the problem, including search for an application of the solution.37 

A.3. Investments in Human and Technical Capital 

This aspect concerns the defence of investments already made. “Vested interests, fixed assets and 
sunk costs” are threatened when new, radical, inventions appear. Resistance against change is 
based not only in hardware but also in software, e.g. when army pilots reacted against the 
devaluation of flying skills connected to the introduction of long-range automatic missiles.38 
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A.4. Load Factor 

This aspect deals with capacity utilization. “Load” refers to the use of electricity showing a 
pattern of peaks and troughs. Different types of consumers show different patterns – load 
diversity. If the producer can combine different patterns, the load factor – the ratio between 
average and peak load – can be raised thus improving the utilization of productive capacity.39 

A.5. Economic Mix 

This aspect deals with diversity on the production side, appearing when formerly isolated systems 
have been “interconnected”. Within this enlarged system several types of production units are 
connected. The mix refers to the efforts of combining them in a cost-effective way, since power 
producing units have different cost characteristics due to differences in type, age, size and fuel. 
“Scheduling the use of power plants in an ideal mix was a challenging and extremely interesting 
problem for utility engineers and managers”.40 

A.6. Coordination Centrals 

This concerns establishing despatching, or system-coordinating, centres. Both loads and power 
plant use is coordinated.41 

A.7. Dynamic Imbalances 

Imbalances, or bottlenecks, were drags of the movement of the system towards its goals, 
especially lower costs and larger size. In order to remove bottlenecks the system tenders defined 
“reverse salients” as problems for the development of the system. When the problem was solved 
the system could develop further, but since the components of the system was integrated a change 
in one of them would cause imbalances in others, which would be attacked in turn.42 

A.8. Mass, Velocity, Direction 

This is the most general formulation of “momentum”. As a system grows and grows older it 
acquires momentum. A system with substantial momentum has mass, velocity and direction. The 
“mass” comes from investments in a “technical core” and in professional competence. The 
organizations established make up the system’s culture and adds to this mass. The four key-words 
here – momentum, mass, velocity and direction – are also key-words in Newton’s laws of 
motion. Hughes is obviously making use of an analogy – analyzing the sociotechnical with the 
aid of concepts from the physical science.43 

A.9. Human and Technical Components Interact 

Hughes defines systems as sociotechnical systems, embracing both human and technical 
components. What can be considered as a momentum force here are the interactions and the 
mutual shaping of technical and human components. As they interact and shape each other, they 
are also locked to each other, constituting a totality non-reducible to any single component. 

                                                 
39  Hughes (1983: 217-226). 
40  Hughes (1983: 366-367), quote from 367. 
41  Hughes (1983: 370). 
42  Hughes (1983: 371-372). 
43  Hughes (1983: 15); Oxford Dictionary of Science (2003), ”Newton’s laws of motion”. 
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Looking at people this means that inventors, entrepreneurs and managers change, they are 
captured by the technology, believe in it and are convinced about its usefulness.44 

A.10. “Momentum” Used Consciously 

Most of the time Hughes uses “momentum” as an analytical concept, i.e. as a mechanism 
working behind the backs of the actors. But in a few places it seems as though Hughes sees the 
concept used by people in the system.45 

A.11. Momentum as an Obstacle 

Hughes makes a distinction between “radical” and “conservative” inventions. Conservative keeps 
established systems going, while radical threatens them. Thus, when systems have acquired 
momentum this can work against inventor-entrepreneurs coming up with new ideas.46 

B. Technological Enthusiasm 

This aspect is used only once by Hughes. It is about a social-psychological trait in the U.S. 
population originating in the settlers conquest of the wild west. It is an explicit reference to F.J. 
Turner’s “frontier”-thesis. The experience of railways ordering the wild environment lastingly 
shaped the American character into a belief in know-how.47 

C. The system’s Influence on the Environment 

C.1. Influencing the Political Environment in Defence of Investments 

The pride that chemists and managers felt about there hydrogenation method, and the costly 
investments BASF had made in a new laboratory, made the “system” turn to political contacts, 
even with the nazi party.48 

C.2. Influencing Regulation 

This aspect is also about the system influencing the political environment, but this is more 
directly a support of company growth. It is the story of Samuel Insull of Chicago Edison who 
wanted to buy other power utilities in the Chicago area. But here politicians in support of 
municipal control was an obstacle for growth, an obstacle Insull overcame using his talent for 
public relations.49 

C.3. Influencing the Consumer 

Hughes hardly ever gives attention to consumers or consumption. But in the case of Insull it is 
said that he “adhered to the principle of low rates to increase consumption”. This must mean that 
the “system” can influence the consuming environment.50 

                                                 
44  Hughes (1969: 110-111, 131); Hughes (1987: 51-52, 81). 
45  Hughes (1987: 80); Hughes (1994: 111). 
46  Hughes (1987: 57); Hughes (2004a: xviii-xix). 
47  Hughes (1965: 71). 
48  Hughes (1969: 113, 119); Hughes (1994: 110). 
49  Hughes (1983: 207). 
50  Hughes (1983: 217). 



 33

D. The environment Initiating and Supporting Momentum 

Normally Hughes associates “momentum” with a driving force for growth inside the system. But 
here we have an exception, since the political environment supports big power plants. First there 
is a tendency during the war to build huge energy producing units in order to supply power for 
the industry, e.g. nitrogen fixation factories. These giant investments became too big after the 
war, and here comes politics into the picture. There were campaigns in favour of big power, such 
as the campaign for “Giant Power” in the USA. In Hughes’ words the large investments made 
during the war became “a solution looking for a problem”. So war made the electricity supply 
industry acquire characteristics that did not originate inside the system, but yet went in the same 
direction. Political influence exaggerated the size of investments, and after the war the political 
environment tried to keep new investments at the same scale, but eventually failed. Hughes also 
points at the cold war climate of post World War II era, acting as support for the military-
industrial-university complex.51 

E. The Environment as an Obstacle for the Momentum of the System 

E.1. The Environmental Movement as an Obstacle 

Environmentalists are mentioned only in passing twice in Hughes works, both times as counter-
momentum forces.52 

E.2. The Consumer Undermining Momentum 

Also very brief and only once is the consumer mentioned as an independent force. The example 
is the effect of the oil embargo in 1973 and rising prices for gasoline. Now American consumers 
turned to imported compact automobiles, which put pressure on Detroit manufacturers.53 
  

                                                 
51  Hughes (1983: 285ff); Hughes (2004a: 460); Hughes (1987: 79); Hughes (1994: 110). 
52  Hughes (1987: 80); Hughes (1994: 113). 
53  Hughes (1994: 113). 
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System and Environment: From Harmony to 
Conflict 

Abstract 
The theory of Large Technical Systems lacks explanation how systems can change once 
“momentum” has been gathered. This paper partly defends Hughes’ theory arguing that it holds 
useful concepts for explaining inertia. However, what the theory says about the system’s relation 
to the political and natural environment is in need of revision. This essay on the long-term 
development of the electric power system in Sweden, focuses on the internal logic of the system, 
its confrontation with resistance from environmental groups, and weakened support from the 
political environment. A completely new idea is the distinction between capacity growth and 
system growth, as the historical result of outsider resistance. This analysis resembles that of 
Geel’s, but implies the need for a more radical interventionist break with the past. 

Introduction 
For a long time the Swedish electric power system grew in terms of energy produced and 
generating capacity. The rate of growth increased during the decades following World War II, 
with more energy being produced from more and bigger plants for almost a century. It seemed as 
if this production system was unstoppable. Then, in the 1980s, growth in capacity and production 
came to a standstill, leveling out at about 145 TWh in production and 34,000 MW in capacity 
(Figure 1). A similar pattern appears when electricity use is related to total energy use (not shown 
in any figure): When a share of 23-24 or 34-35 per cent (depending on definitions) was reached, 
it suddenly stopped in the 1980s.54 

This change from growth to stagnation is more apparent in hindsight than it was while it was 
occurring in the second half of the 1980s. The turning point came in 1987, the year after the 
Chernobyl accident. This date does not indicate a direct cause, however; a single event cannot 
explain a 20-year trend. On the other hand, it is hard to reconcile long-term structural changes (in 
the industrial structure, for instance) with the sudden change from growth to stagnation. An 
explanation is proposed by the authors of a book on deregulation of the electricity market in 
Sweden. Writing in the Hughesian tradition, they point to the political uncertainty about the 
future of nuclear power in Sweden after the referendum in 1980.55 

My suggestion is that the change was actually the result of opposition from outsiders.  There 
was opposition not only to nuclear power but also to hydropower. Furthermore, the opposition 
involved both popular protest movements and critical voices inside the political system. 
Examining electricity use and production in the very long term, over the whole twentieth century, 
can support this argument.  

This is not the whole story, however. Economists have paid attention to increasing 
interconnections and the “economies of coordination” in larger systems.56 Turning our attention 
to the system, of which the grid is one manifestation, and using an equally long-term view, 
uninterrupted growth can be seen. In 1900 there were local systems—small networks covering an 
                                                 
54  SEA (2008); Kander (2002). 
55  Högselius & Kaijser (2007:46-73) 
56  W. Hughes (1971) 
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urban area, and industries with their own generating capacity selling surplus energy to 
neighboring industries or towns. Over the course of the century these local systems grew bigger 
or were connected with each other and main lines were erected, eventually connecting the whole 
country, and industries were integrated into the system. In 2000 a national system with central 
coordination was replaced by a Nordic power pool and by connections across borders to 
neighboring countries. In 1900 there were no specialized power producers; in 2000 there were 
three giants all working in several countries of Northern Europe. 

Figure 1. Generation, import, and export of electricity in Sweden 1912–2007 

 
Sources: 1912–1918: Hjulström (1940: 238); 1919–1995: Statistics Sweden (1955‐2001); 1996–2002: SEA 
(2008); 2003–2007: Nordel (2009). 

The long-term development of this system did not encounter any opposition or obstacles similar 
to the popular movements blocking continued construction of hydro and nuclear plants. 
Certainly, the extension and interconnection of the electric system has had its delays due to the 
building of lines and links. There was even some opposition, for example, when some people 
opposed the SwePol link (from Sweden to Poland) in the late 1990s. But these protests never 
grew beyond their local roots. The result was a change in a specific location, not a halt in the 
general growth of the system.57 

This pattern is of interest from a theoretical point of view. Recent theories, formulated by 
authors concerned about the climate and other environmental problems, seek a conceptual 
apparatus explaining inertia in energy systems. Unruh speaks of the techno-institutional complex; 
Geels of the socio-technical regime.58  Attention is often paid to some variant of a socio-technical 
ensemble reluctant to leave its chosen path. These ensembles consist of technical artifacts and 
                                                 
57  Alm (2006) 
58  Unruh (2002); Geels (2007). 
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social components—people, organizations, and rules—that are intimately attached to each other 
in one way or another. In the long term, the ensemble grows according to an inner path-
dependent logic and acquires a self-perpetuating force making it hard to stop. 

Thomas P. Hughes’ theory of large technical system (LTS) has advantages over the other 
theories in that it is thoroughly based on historical research and does elaborate on the concept of 
momentum. Furthermore, it asserts that the conservative growth associated with momentum is 
based on the inner working of a technical system, formulated independently from the concerns of 
environmentalists. This is the strength of the theory since the growth began a long time before 
environmentalism came to the fore. 

But the historical issues outlined above pose a challenge to the LTS theory. Firstly, because 
there seem to be two types of growth; secondly, because outsiders blocked one type of growth. 
There is clearly a need to include the environment of the system in the picture, something that is 
downplayed in Hughes’ writings.  

In what follows I will tell the story of the development of the Swedish electricity system 
from about 1900 to 2000, focusing on the two types of growth, the mechanisms contributing to 
conservatism, and the opposition from outsiders. Two chronological tales will be told: one about 
optimization within a wider network, (the story I call “system growth”) and the other about the 
increasing number and size of power plants (called “capacity growth”). 

After this historical odyssey I will return to Hughes’ theory, which is helpful in 
understanding the development of a socio-technical system. However, there are two problems to 
be dealt with here. One is the definition of “momentum.” Hughes had several definitions: which 
one is the most suitable for the problem discussed here? Another is the relation between system 
and environment, an aspect that cannot be resolved by reading Hughes. 

System Growth in Sweden 
The large socio-technical system of electric power supply in Sweden expanded by connecting 
systems that had been geographically separated.  This type of growth must be distinguished from 
the pure network extensions of the early period, which had its limits. Utilities were reluctant to 
extend the local grid to the countryside because costs were high in sparsely populated areas. A 
prerequisite for system growth came about later, around 1905-1910. 

A new category of supplier appeared in Sweden during the first decade of the twentieth 
century: the power companies. These companies generated large amounts of power and 
distributed it to a larger area (they are equivalent to Hughes “regional systems”). They had the 
advantage of being able to sell power to several categories of users: manufacturing firms and 
more than one urban utility. This type of interconnection not only combined different users but 
also a mix of power sources. The coal-fired plants in the urban areas could be used as 
supplementary plants covering peaks in the load. 

The biggest of these power companies were the state enterprise Vattenfall and Sydsvenska 
Kraft AB, owned by a municipal consortium in the south of Sweden. The latter made an 
agreement with the Danish NESA resulting in a cable connecting two regional systems as early as 
1915. Since NESA was based on coal-fired plants and Sydsvenska Kraft on hydropower, they 
could complement each other.59  

Vattenfall, which became the largest producer of power, also used coal-fired plants to 
supplement production.  By the early 1920s Vattenfall had created a large region, the Central 

                                                 
59  Kaijser (1995:36). 
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Block, combining two major hydropower stations and one thermal plant built for peak loads. A 
pattern emerged in which hydropower covered base load and fossil-fuelled plants peak load. This 
mix depended on differentiated cost characteristics: high investment and low running costs for 
hydro; low investment and high running costs for coal-fired plants.60 

The different types of rivers in Sweden also supplement each other as sources of 
hydropower. The mountain-rivers in the north have high flow during summer; the forest-rivers in 
the north have high flow in spring and early summer; the southern rivers have high flow during 
the winter. Connecting different types of rivers provides a mix of power sources, even though the 
general natural variations cannot be levelled out without recourse to fuel-based power.61 

In the 1930s Sydsvenska Kraft decided that hydropower potential in the southern part of 
Sweden was exhausted and wanted to make use of the many large rivers in the northern half of 
the country.  The problem was that Vattenfall’s region was situated between Sydsvenska Kraft’s 
in the very south and the far north, and extended from the west coast to the east coast. So 
Sydsvenska Kraft had to negotiate with Vattenfall on who would build transmission lines from 
north to south. And here there was a dispute. They had both built north–south lines in parallel in 
the late 1930s, but there was still disagreement over who would be in charge of the main lines. 
The government eventually took a stand on the issue of ownership of transmission lines in 1946, 
making Vattenfall the owner and thereby mainly responsible for a national system in the 
making.62 

This solution was facilitated by the implementation of an organization of the power system 
during the lead up to the war in 1938. Vattenfall was given overall responsibility for securing 
power in wartime and was assigned a central coordinating function involving eight other big 
power producers. The national territory was divided into thirteen blocks, with Vattenfall alone in 
charge of five. The Central Operating Bureau, known as the CDL in Swedish, was ordered to 
secure supply and organize coordinated operation of power generating units across the country.63 

This organization was the first formal implementation of a national system for the 
coordinated operation of power resources belonging to several competing companies. It was quite 
close to a planned economy for electricity. However, the coalition of municipal and private 
power producers, intentionally organized separately from Vattenfall, were dissatisfied with 
Vattenfall’s dominant position. They wanted to enjoy the benefits of coordinated operations that 
increased the overall efficiency of productive resources. Producers in the non-Vattenfall group 
organized themselves into a coordinated operations unit, and this unit in turn proposed 
collaboration with Vattenfall. In the 1960s negotiations resulted in the creation of a power 
exchange. The major productive resources of the country could now be used in a planned, 
“rational”, fashion. Hydropower was used for base load, with thermal power for peak load. 
Principles for pricing were developed and became quite sophisticated.64 

In parallel to the power exchange, the Nordic Council, a forum for members of parliament in 
the Nordic countries, initiated an investigation of cooperation in the supply of electric power 

                                                 
60  Gradin & Parding (1984:28). 
61  Vedung & Brandel (2001:72). 
62  Kaijser, Mogren & Steen (1991: 36-40). 
63  Åberg (1962: 195-204). 
64  Vattenfall (1961). This book contains 44 reports on coordinated operations and marginal cost pricing from 

engineers in big power companies in the Nordic countries. The fusion of engineering and economics manifested 
there could very well be analyzed in terms of “performativity” as in MacKenzie, Muniesa & Siu (2007). In 
regard to that, note also that Samuel Insull, the prominent agent in favor of optimization according to Thomas 
Hughes, was trained as an economist, see William Hughes (1971:51). 
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across borders in 1959.65 Two years earlier a giant power proposal had been turned down (see 
below), but now the Council suggested the founding of an organized cooperation among the 
Nordic countries for transmission, exchange and coordinated operation of electric power. Thus 
Nordel was established in 1962, and is still in existence today as a body for cooperation between 
the transmission system operators in the Nordic countries.66 

The deregulation of the electricity markets in Sweden has been described as a revolution, a 
major change. From a descriptive point of view, there certainly were radical changes. Vattenfall 
was turned into a state-owned limited company in 1992, the owners of the net were divorced 
from the pure sellers of electric energy, and users were given the right to switch suppliers in 
1996. But the Power Exchange continued, now in a market-form. Sweden joined the Norwegian 
Nord Pool, an electronic marketplace where power companies and utilities buy and sell power, 
and its derivatives. Denmark and Finland joined later in the 1990s. 

This marketplace is the heir of the Power Exchange. While the latter was a club of about ten 
big power producers with a gentlemen’s agreement between competitors on the openness 
required for exchanges to be executed fairly, Nord Pool was an open marketplace where 
competitors kept costs secret from each other. The closed club was open, while the open market 
was closed. Now there was “competition” and a “market”.67 Without the preceding experiences 
and development of pricing principles, the new power pool would have had serious problems 
with pooling and terms for exchange. Deregulation was more of a continuation than a change.68  

Furthermore, the new system expanded across national borders. The common Nordic power 
pool was one aspect of this. Another was the interconnection over national borders organized by 
Nordel. A third was the internationalization of the power producers. Of the three big companies, 
two are owned by foreign capital, while the Swedish Vattenfall has invested abroad.69 
Internationalization results in an increasing role for imports and exports, as indicated in Figure 1. 

Capacity Growth in Sweden 
Another side of the development of the Swedish electric power system is the growth of power-
producing capacity. While the story told above concentrated on the network connecting formerly 
independent local and regional systems and on the rational use of combined resources, the story 
below concentrates on the number and size of power stations. This second story is much more 
prone to environmental influences, which can further or block growth. 

External influences greatly influenced the Swedish experience, with politics and nationalism 
playing a decisive and independent role. The late nineteenth and early twentieth century was a 
time when nationalism took hold in European states, creating national identities where there had 
been none before. Swedish industrialists took the lead in supporting national industrial 
companies. The industrial exhibition in Sweden in 1898 is one example of the use of national 
symbols. This was also a time of emigration from Sweden, primarily to North America. 
Emigration was seen as a problem, a depletion of domestic labour power that would starve the 
nation’s industrial capacity in competition with other nations. Moreover, the dissolution of the 
political union with Norway in 1905 created an atmosphere of loss and a need for compensation. 
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Building industrial strength was seen as a way to revive the “greatness” mentioned in the national 
anthem.70 

Parliament discussed exploiting the “white coal” in the nation’s rivers as a way to make 
domestic industries competitive. This low-cost energy would make Sweden independent, or at 
least less dependent, on imported “black coal”. Furthermore, new industries like the electro-
technical industry could be established or could grow. This would help companies such as ASEA, 
which was built upon the inventions of Jonas Wenström, one of the inventors of the polyphase 
generator and alternating current motors. It specialised in generators, motors, transmission 
equipment, and other electro-technical equipment. The electro-chemical would also benefit, for 
the production of artificial fertilizers and other chemical products demanding lots of energy. 

This political investment resulted in the founding of the state enterprise named Vattenfall 
(Waterfall). There was some debate about whether the state should engage in business or not, but 
eventually state enterprise was accepted.71 The political investment also resulted in investments 
in power production by private investors, who saw the official policy as a go-ahead signal. Six 
power companies were founded between 1904 and 1909, of which Vattenfall and Sydsvenska 
Kraft AB (which later became Sydkraft AB, and E.ON after 2004) were the most important. A 
new type of organization was born, the power company, a company generating large quantities of 
raw power for sale to industries, utilities or cooperatives. In the 1930s there were about ten such 
power companies. They had divided the country into geographical spheres. In addition there were 
large manufacturing companies with their own generating capacity that took on the role of a 
power company, or “regional system”, as Hughes named them. By the 1920s Sweden was 
divided into regional systems each covering a large geographical area. 

An important obstacle was overcome through the political impetus. Power production, 
especially on a grand scale, is capital-intensive and the construction time is long. So a single or 
private investor may hesitate to start a large scheme. However, the official approval of a massive 
indigenous investment project made future income from such investments seem secure. Today it 
is hard to understand the patriotic Zeitgeist of that time, which was actively supported by the 
leading representatives of the bourgeoisie. But it is perfectly understandable from the point of 
view of establishing indigenous capitalist companies in a world dominated by British, American 
and German companies. 

Large investments were made in hydropower, especially during the period from 1940 to 
1970. A second wave of investments in nuclear power plants was more concentrated in time, 
mostly between 1972 and 1986. Both hydro and nuclear capacity levelled off after 1986, even 
though the maximum was reached in 1994 and 1995. Thermal plants were also built. Many of 
these have been used as supplementary plants for peak loads or in dry years. Wind power is an 
interesting blend of radical and conservative innovations. Even though the big power producers 
invested in test sites in the 1980s, larger investments did not come until the early 2000s.  

Figure 2 shows the growth in power-producing capacity for four types of power. Over the 
last two decades, both capacity and production have levelled off. In reality, growth in capacity 
stopped after 1986 when the last of twelve nuclear reactors was started. In 1999 and 2001 two of 
these were shut down as the government accepted the results of the 1980 referendum that 
recommended dismantling all nuclear power in Sweden. This recommendation has been hotly 
debated, resulting in a stalemate in the political system between pro- and anti-nuclear groupings 
within the political parties.  
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Between 1995 and 2000 power companies chose to shut down several thermal plants rather 
than carry the cost of keeping them in a ready-to-start condition. This action was an immediate 
consequence of deregulation, which removed collective responsibility for maintaining a balanced 
supply and concentrated responsibility in the new owner of the major power lines, a state agency. 
This agency began buying reserve capacity from power companies in 2001, leading to the 
reopening of the thermal plants.  

Figure 2. Installed power production capacity in MW in Sweden 1900–2007 

 

Sources. 1900–1939: Hjulström (1940: 173). 1940–1997: Statistics Sweden (1955‐2001). 1996–2003: SEA 
(2005: 19); 2004–2007: Nordel (2009). 

The Birth of Resistance to Capacity Growth 
In a power system based on hydropower, water flow must be controlled. This is unavoidable. 
Dams (artificial lakes) were built to concentrate water flow into the intakes and also to store 
energy by equalizing water supply over time in order to get a controllable input for hydropower 
production. This meant controlling nature—artificially smoothing out natural variations over 
several years. But this reshaping of nature for the purpose of producing electric power came into 
conflict with existing uses of watercourses as early as the beginning of the twentieth century.72 

Paradoxically the state introduced conservation plans for especially beautiful or unique areas, 
untouched by humans, during the first decade of the twentieth century. Several national parks 
were established at the same time as the hydropower plants and dams were being built. It is a sign 
of the weak position of conservationists at that time, or the dominance of the hydro interests, that 
Vattenfall gained the right to exploit a unique and impressive waterfall inside one of these new 
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parks, Stora Sjöfallet, in 1919. Nobody opposed this at the political level, nor was there 
opposition at lower levels. In the newly started Swedish Society for Nature Conservation one 
voice was raised against the project, but he was criticized by the leadership of that organization 
for his inappropriate language.73 

From about 1905 to 1950, protests against the planning and building of dams and other 
hydropower facilities routinely lost out to industrial development interests. In the 1950s, 
however, the number of dams being built increased, as did the size of the dams. Now the tide 
began to turn. The strong support the system had enjoyed from the political environment began to 
erode. But the power supply system did not turn away from its inner logic, and so change was 
slow. Investment in hydropower reached its political limit in 1970, but hydropower continued to 
expand until 1994. Furthermore, there was much investment in nuclear power in the 1970s and 
1980s, despite resistance from the anti-nuclear movement and despite an anti-nuclear prime 
minister. How did this heated but long process start? 

The story can be told in terms of reactive sequences.74 One of the first moves came from 
STF, the Swedish Tourist Association. In 1951 it demanded that the government call a public 
inquiry into which rivers should be left untouched by the power industry. The government turned 
down this demand. So in 1952 the river savers organized themselves at a meeting attended by 
delegates from eight non-profit organizations. 

This committee formed a working group to conduct an independent inquiry, leading the 
government to change its mind and name someone from the Ministry of Agriculture to this group 
in 1953. The inquiry finished its work in 1954 and a delegation of three persons presented its 
findings to the government. One of these delegates was a member of the government (!) and the 
other two were from two non-governmental organizations. This Conservation Delegation was 
given the position of mediator in 1955 when negotiations between river savers and power 
interests began. But its report was heavily criticized and turned down as inadequate as a basis for 
discussion. So the delegation prepared to revise the report. Eventually, this revision was made by 
a regular public inquiry initiated by the government in 1958. 

In parallel to these events, there were other protests against hydropower projects. In 1950 
Vattenfall presented a plan for the building of a dam at a lake called Ottsjön in the middle of 
Sweden. Local protests, supported by the county administrative board and NGOs, eventually 
stopped this plan (but another dam was built instead). In 1953 the Water Act was changed so that 
power companies were obliged to inform the local population about entire projects, not just parts 
of them. This information triggered a counterforce within the state administration. When 
Vattenfall in 1956 presented its comprehensive plan for a northern river, four state agencies 
demanded that the government not accept this plan without a thorough investigation. As a result 
the government initiated a new inquiry in 1958, known as the Beskow Inquiry after its chairman. 

The reactive sequence so far was: hydropower plans  local protests and organized 
counterforce by NGOs  reactions from Vattenfall and ignored by the government  critical 
voices from other state agencies  new inquiries about limitations on investments in 
hydropower. The Beskow Inquiry presented a list of 36 rivers that could be considered for 
conservation, with some rivers more worthy of saving than others. The reaction from Vattenfall 
in 1959 was neither denial nor refusal. Vattenfall had been pushed back, and it accepted that the 
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matter would have to be negotiated. Talks between the Conservation Delegation and Vattenfall 
started in 1959 and ended in 1961 in the grand compromise called Peace in Sarek (Sarek is a 
large national park in the far north). A compromise means that the parties give some and take 
some.  One part of the agreement was that Vattenfall would have the right to exploit the Vindel 
River. This river was to become the object of intense debate in the 1960s and ended up as one of 
four protected rivers. 

Even though Vattenfall and other power interests had met successful resistance for the first 
time in Sweden, great hydropower plans continued to be produced. In fact, hydropower project 
plans showed hubris at this time. For example, in the late 1950s it was proposed that two rivers in 
the far north bordering Finland would be diverted away from the Gulf of Bothnia into the 
Atlantic Ocean (these two rivers were exempted from the agreement in Sarek)!  Between 1957 
and 1961 the Nordic Hydropower Committee, with representatives from Finland, Norway and 
Sweden, investigated three options, one of which was river turning. The committee did not 
recommend this alternative, and the whole project was postponed. Eventually, these two rivers 
also ended up as two of the four protected rivers. No doubt, the resistance from the municipalities 
played a decisive role, but so did a statement in 1960 from the International Union for 
Conservation of Nature.75 

Instead of the ambitious river scheme, a transborder connection was put in place, as 
mentioned above. This is the first sign of change in this LTS. One of its expansion paths— 
increasing scale of technical components—was blocked when it came to the most extreme project 
proposed to that date. Instead another expansion path was chosen, that of interconnections, in this 
case crossing the border to northern Norway.76 

But large-scale planning was not dead. In the 1960s local protests against hydropower 
projects became louder and more aggressive at the sub-political level. Only a few untouched 
rivers were left, and the case of the Vindel River, intense debate developed at the national 
political level. This river was saved and so were three others. One outcome of this battle was the 
organized resistance mounted by Älvräddarna (the River Savers). The power supply system did 
not gain control over the remaining unexploited rivers; the conservationists won the battle. Many 
activists in this movement supported the nuclear power projects under way. They wanted to save 
rivers, and when they were asked how growing consumption would be satisfied, they put their 
faith in another large-scale solution.77 

Nuclear Power Versus CHP and the Environment 
Eventually nuclear power was built on a grand scale by the club of big power producers. Nuclear 
power may seem to be a radical invention that would initiate a new system. How could a 
hydropower nation, with established organized interests in hydro technology, become equipped 
with nuclear power, eventually reaching about half of production? The cause can be found in the 
desire to compensate for the natural variations associated with hydropower. In the early twentieth 
century the most frequent method was the use of thermal plants to supplement production. The 
common pattern was that a utility initially had its own coal-fired plant, but later changed strategy 
and signed a long-term delivery contract with a power company. The thermal plant became 
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reserve capacity used to compensate for shortfalls in the water flow and for peaks in 
consumption.78 

Compensating plants in utilities constituted a potential threat to the big power producers. 
When consumption rose year after year, not only were hydro plants extended, but so were these 
thermal plants. Becoming self-sufficient was a big step for municipalities, but not completely 
unaffordable. Municipal power posed a real challenge in the 1960s when combined heat and 
power plants (CHP) were planned or built in several above-average-sized cities. The foundation 
for this development was laid when the municipalities were given an important role as housing 
planners and owners after WWII. Large housing areas needed heating. Instead of heating each 
house or a few blocks individually, heating was centralized for the entire urban area. This 
presented an obvious opportunity to combine heat and power production. In ordinary coal-fired 
plants, heat was wasted. If this heat could be used for district heating purposes, fuel efficiency 
would be radically raised. Vattenfall reacted against this strategy, for it was now planning to erect 
large nuclear plants. In 1965 there was a battle at the Swedish Utilities annual meeting 
concerning which road to choose for the future: CHP or nuclear power. Unfortunately for the 
utilities, the oil crises of the 1970s and 1980s delayed the CHP expansion and cleared the way for 
a nuclear Sweden.79 

Initially nuclear technology was part of the same import-substitution policy that substituted 
hydropower for coal earlier in the century. Another motive was developing the capacity to 
produce a domestic nuclear weapon. Despite the abandoning of both these motives, nuclear 
power continued to be developed and planned, not only by Vattenfall but also by an alliance of 
other power producers. Resistance to hydropower played a role in the continuing development as 
well as enthusiasm for a new technology. However, the longing for large-scale projects and 
control was more important.  Large-scale projects were required because of the rapid increase in 
electricity consumption in the 1950s and 1960s. Control was important because power production 
in nuclear plants is not subject to natural variations. In short, nuclear power was big and steady. 
To put it in its most dramatic terms: hydropower led to nuclear power. 

“Control” is the keyword here. The power supply industry had no control over municipal 
CHP and this is why the big power producers reacted against it. The consistency of fuel-based 
production gave the system control over production. So nuclear plants were built and put into 
production between 1972 and1986. This was the biggest power investment scheme ever in 
Sweden. But it also marked the end to growth in production capacity. The erection of these large-
scale plants fuelled the growth of the anti-nuclear movement into a mass movement. The clash of 
pro- and anti-nuclear forces is still being felt in Swedish society. 

Resistance to nuclear power had four sources, of which one was abstract and three concrete. 
The abstract level was the radical change in public discourse prompted by the discovery of “the 
environment”. Earlier protests against damming and pollution had been confined to specific 
locations, and protesters could therefore not escape being associated with particular interests. 
There was no discourse available to raise these problems to the level of general interest. In the 
1960s the concept of the environment was first introduced into the debate through the translation 
of Rachel Carson’s Silent Spring in 1962, and later by works by indigenous writers. This concept 
united all the particular problems into one big problem that affected everyone on the planet. In 
the 1970s the idea of limits to growth emerged, and clashed on the ideological level with all sorts 
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of growth tunes. Anti-nuclear protests would not have attracted the kind of support they did 
without the issue of the environment in their superstructure.80 

On the concrete level the anti-nuclear movement had three sources. One was the official 
protest from Denmark against Barsebäck, a nuclear power plant in the very south of Sweden, 
close to Danish territory. Another source was sub-political. The story of the popular anti-nuclear 
movement in Sweden has not yet been written. Beginning in 1974 marches began outside 
Barsebäck. In 1977 one of these marches attracted about 15,000 demonstrators. This grassroots 
movement grew in size and in 1978 it fused with a political movement into a campaign 
organization named the People’s Campaign Against Atomic Power, with perhaps as many as half 
a million members (Sweden had about 8 million inhabitants in the 1970s). This movement 
arranged rallies, published pamphlets and papers, and organized marches near nuclear plants.81 

A third concrete source was within the political system. One of the parties in the right-wing 
bloc took a stand against nuclear power at its congress in 1973, and elected an anti-nuclear 
representative as its president. The right-wing bloc won the general elections in 1976 despite the 
three parties that comprised it being deeply divided on this issue. Opposition also arose within the 
Social Democratic Party as well as the Communist Party. After an accident at Three Mile Island 
in the USA, the Social Democrats changed their mind regarding a referendum. The referendum in 
1980 involved a choice between three alternatives, all of which involved dismantling nuclear 
power stations after those built and planned to that date. However, it can still be seen as loss for 
the anti-nuclear opinion because the People’s Campaign supported alternative 3, which did not 
gain a majority.82 

The nuclear issue exhausted the political energy behind nuclear power in Sweden. Even 
though six plants were started after the referendum, the political trouble made the system and its 
political support turn away from further investment in nuclear power. Growth in capacity came to 
a standstill that lasted fifteen years. Until then a predict-and-provide mechanism had been 
stimulating the growth in capacity. It could have continued to work, given that an increasing 
proportion of detached houses were being equipped with electric heating (consumption of electric 
heating reached a peak in 1988). But political support for this was lost, and district heating gained 
ground instead.83 

The resistance first to hydropower and later to nuclear power blocked one expansion path for 
the power system. It was confined to another path of expansion, that of extending the network 
and the rational use of existing resources. Nevertheless, it was possible to add some new 
capacity. One option was to combine heat and power generation. After deregulation and the 
mergers and acquisitions it triggered, the three major producers became owners of several of the 
CHP plants. Once under their control, they no longer perceived CHP as a threat.84  

Wind power is another area of expansion that is being encouraged by government subsidies. 
And there is still scope for expansion of nuclear power. The remaining nuclear plants are now 
being upgraded to prolong their lifespan from 40 to 60 years. These upgrades are not being 
debated at all because of the political stalemate regarding nuclear power. However, despite these 
investments, the total production capacity has not been able to reach the all-time high of 1994, as 
Figure 2 shows. 
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Discussing Hughes’ Theory: Change and Boundaries of LTS 
The story told above raises two issues related to Hughes’ theory. One concerns the relation 
between system and environment. Outside protesters cannot possibly be defined as components 
of the system. There is thus a need to bring the political environment into the picture, which is 
downplayed in Hughes’ analyses. Still, the environment is present in Hughes studies, even when 
momentum is being discussed. The other issue is the notion of conservative growth. What is 
conservative and what is not? These two issues cannot be treated separately. 

When he discussed large technical systems, Hughes made a distinction between radical and 
conservative inventions. While radical inventions threaten existing systems because they 
inaugurate new systems, conservative inventions can be incorporated because they improve or 
expand existing systems.85 This distinction implies two things: First, that change is compatible 
with conservatism; second, that the system has boundaries.  

According to Hughes systems can be both changing and conserving, as is seen in the guiding 
research question in Networks of Power prompts the question: “How did the small, intercity 
lighting systems of the 1880s evolve into the regional systems of the 1920s?”.86 I know of no 
technology or system that was born mature and came to a complete standstill after birth. There is 
always change somewhere, sometime. But there are different kinds of changes. The distinction 
between radical and conservative change implies that some changes are nurtured by established 
organizations, while others are neglected or even opposed. Thus, an established system selects 
new technologies and methods according to a path-dependent logic. This selection involves far 
more than merely following a narrow path or trajectory where only incremental improvements of 
existing technologies and working methods are adopted. A technology can be radical in the sense 
of being new to the world but still compatible with the internal logic of the system. Nuclear 
power, for example, was new in the 1950s and 1960s, but could still be aligned with the existing 
system’s development logic. Other technologies may survive in niches outside existing LTS’s, as 
Geels’ multi-level perspective suggests. Whether they are adopted or not is dependent on the 
trajectory chosen by the existing LTS, not on any descriptive criteria such as “renewable” or 
“innovative.” 

On the issue of system boundaries, Hughes was less clear. A system, according to Hughes, is 
composed of interacting components. Systems have environments defined in terms of control: 
“Those parts of the world that are not subject to a system’s control, but that influence the system, 
are called the environment.” Systems may be open to influence or closed. Technical systems are 
composed of technical components, while socio-technical systems, the kind Hughes studied, are 
composed of technical and institutional components. But he considered defining an electric 
supply system as a “difficult challenge”: “Should the mechanical prime mover be included in the 
definition of the system? Should the various loads be included, considering that they were usually 
outside the control of the system?”.87 I will argue that the prime mover is inside the system but 
the loads are not, and that this explains why the system has become an electric supply system (see 
“Coping with variations” below). 

Hughes was “reluctant to suggest a definitive model for the evolution of electric power 
systems.” Instead he described his theory as a “loosely structured model” to be revised by other 
historians. This loose structure of the theory enables several non-compatible interpretations. 
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Consequently, when Erik van der Vleuten presents an overview of LTS studies, he has to admit a 
large diversity of opinion.88 

According to Hughes, a mature system gains “momentum”. This concept is of key 
importance when explaining conservatism. It implies that the system has become immune to 
influences from its environment: “a closed system is its own sweet beast.”.89 The system follows 
its internal dynamic along the trajectory chosen. The concept seems to capture both development 
and inertia. But what exactly is momentum? 

What is Momentum? 

Hughes uses “momentum” in five different ways. The first refers to technological enthusiasm and 
technological transfer from one area to another.90 The second concerns the system’s internal 
institutionalization and internal logic (of which more below). The third is the system’s influence 
on the environment (for example Samuel Insull’s policy of low prices to increase consumption).91 

The fourth is about the environment initiating and supporting momentum. Normally Hughes 
associates momentum with a driving force for growth inside the system. But here we have an 
exception, since the political environment supports big power plants. There was a tendency 
during the war to build huge energy-producing units in order to supply power for industries such 
as nitrogen fixation factories. These giant investments became too big after the war, and here 
politics comes into the picture. There were campaigns in favour of big power, such as the 
campaign for “Giant Power” in the USA. In Hughes’ words the large investments made during 
the war became “a solution looking for a problem”. So the war made the electricity supply 
industry acquire characteristics that did not originate inside the system, but yet went in the same 
direction as the system. Political influence exaggerated the size of investments, and after the war 
the political environment tried to keep new investments at the same scale, but eventually failed. 
Hughes also points to the Cold War climate of the post–World War II era acting as support for 
the military-industrial-university complex.92 

The fifth way momentum is used is when the environment is seen as an obstacle to the 
momentum of the system. Environmentalists are mentioned only twice in passing in Hughes 
works, both times as counter-momentum forces.93 The consumer is also mentioned as an 
independent force briefly, and only once. The example is the effect of the oil embargo in 1973 
and rising prices for gasoline, which caused American consumers to turn to imported compact 
automobiles, putting pressure on Detroit manufacturers.94 

This diversity in defining momentum is confusing. The overall impression is that momentum 
is an internal driving force, something coming from the inside. At the same time the environment 
plays a role. Is there a way to resolve this contradiction? I will get back to this conceptual 
problem in the concluding discussion. Now let us look at Hughes’ definition of the 
institutionalization and internal dynamics of the system. 
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Momentum of a Socio-Technical System 

Chapter 6 in Networks of Power is called “Technological Momentum.” Here Hughes discusses 
how knowledge of electrical engineering hardened in textbooks, and was thus transferred to new 
generations of engineers. It is also a story about how engineers are organized in associations and 
knowledge is diffused through journals, which at the same time create an identity for members as 
electrical engineers. This is a theory about the formation of a community around a special 
professional identity. The mechanism at work resembles that of path dependence in that 
knowledge about electrical technology is formalized and transferred to newcomers in the field. 
The newcomers learn what has been achieved and build upon it.  

The institutionalization of electrical engineering can also be discussed in terms of 
communities of practice, or identity-formation, or simply professionalization. Though important, 
it is not “momentum” as in a trajectory or internal dynamic. It gives us a clue to the formation of 
a community and its reproduction, but not to the direction of the system. 

Nevertheless, Hughes has given attention to a change within this culture. He has described 
the appearance of a counterculture of engineers, influenced by the anti-war and anti-authoritarian 
movement in the 1960s, who build systems in their own way. This counterculture surely marked 
a break with the past, a break with the institutionalized values and working methods of older 
generations of engineers. But it seems Hughes later changed his mind about this.95 

A more distinct form of momentum is introduced in a later stage of the development of a 
power supply system, namely the regional phase. When formerly isolated urban or local systems 
are interconnected, problems with capacity utilization in a capital-intensive industry can be dealt 
with. Diversity in consumption and production create opportunities for complementary 
combinations at both ends of the chain. Diversity and variation is a permanent feature of this 
industry, basically because electricity must be produced at the same time as it is consumed, and 
therefore this feature appeared independently in many countries. Hughes takes notice of the 
extreme ends of the system: prime movers and use. 

Hughes introduced keywords such as “load factor”, “economic mix” and “coordination 
centrals”. With these terms, he comes close to the core of the system, the inner workings of the 
industry. “Load factor” is a term used in electrical engineering to refer to the difference between 
the highest peak and the average load. Economizing means closing this gap—a high average is 
sought when investments are fixed and peaks in demand are beyond control. Thus the load factor 
is a question of capacity utilization. “Economic mix” focuses on the blend of types of power 
plants. Interconnecting formerly isolated plants with different fuels and different scale allows 
them to supplement each other. “Coordination centrals” manage flows between interconnected 
systems. Power resources are pooled, and producers with temporary deficits may draw 
supplementary power from this pool. Furthermore, coordination allows economizing, running 
each of the power plants in the totality of the interconnected systems in the most cost-efficient 
way. This requires coordinated operation of the combined power resources, a sort of planned 
economy or, rather, cooperation between competitors. 

I suggest that this theme in the Hughes’s writings is the key to unravelling tendencies in the 
development of an electric power system. By “tendencies” I mean an internally based dynamic 
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giving direction to the system. This direction may not always be realized due to obstacles of some 
sort. I will elaborate a bit on this theme using examples from Sweden. 

Coping with Variations 
“Load” is use of electricity seen from the supplier’s point of view. The load varies, since users 
turn on and off lamps, motors and circuits in all sorts of electric devices. Variation in demand 
existed from the beginning and represents a critical problem for the supplier. A conceivable 
solution would be to control use, but this is difficult. When several types of users with different 
time patterns, are connected, they may complement each other so that variation in the load is 
smoothed out. The inherent logic of the system is born here. It developed into load management 
and interconnections. Load variation is the basic problem and economic mix is a way to cope 
with this. This is why we can speak of a power supply system, despite the fact that users and 
producers are connected technically. In the case of hydropower, there is variation on the supply-
side too. “Scheduling the use of power plants in an ideal mix was a challenging and extremely 
interesting problem for utility engineers and managers”.96 

Load and input management of the kind mentioned by Hughes require an extended network 
where both use and production of electricity is differentiated. There must be a mix of users with 
different use patterns over time, and there must be a mix of generating units with different 
characteristics in regard to costs and possibilities for short-term adjustment to peaks and troughs 
in the load. But in the beginning, networks were small and thus undifferentiated at both the 
generating and consumption ends of the network. Thus utilization of production capacity was 
limited since a local system had one or a few power stations and few categories of users.  

One way to cope with this was simply to limit consumption, for example, by distributing 
electric energy only during the daytime. In bigger urban areas like Stockholm, use of electricity 
spread to new categories of users with different time patterns. Electric motors were important 
because they were used in trams and machines, and thus raised the average load. The 
overwhelmingly largest consumer of electricity was the manufacturing industry, which used 
about 90 percent of all power was used by industry. Several manufacturing companies invested in 
their own generating capacity and thus combined user and producer. In order to raise capacity 
utilization, these local industrial systems sold a marginal share to other users in the 
neighbourhood.97 

These examples from the regional phase point toward future development. Variations in use 
were hard to control, especially for manufacturing companies with their own generating capacity. 
So big power producers turned to a blend of power sources in order to cope with variations. This 
is the reason why the term “power supply system”, used by Hughes, is defendable. The power 
companies acted on a higher level, so to speak, above local utilities. In fact the power companies 
became regional monopolies distributing power to utilities in the region. The picture is not 
simple, though, because two urban utilities invested in their own generating capacity, and a few 
larger manufacturing companies, took on the role of the power company in their respective 
regions. 

These examples also show that there was a desire for fuel-based power in a country where 
hydropower had become dominant. Hydropower is dependent on natural variations in rainfall and 
melting of snow. Even though hydropower can be used for short-term regulation, and can thus 
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cope with variations in the load, it is associated with wet years and dry years, depending on the 
weather that year and the year before. Dams and the other facilities necessary for a hydropower 
station are also expensive to build, but running costs are low once they are finished, so there is an 
investment cost aspect to this too. 

Concluding Discussion 
Capacity growth was the result of induced growth from the political environment. It was greatly 
stimulated by the political environment in early twentieth century in Sweden. Governments and 
businesses wanted to support the nation’s industrial competitiveness through the exploitation of 
indigenous and cheap electric power by way of big power stations. Theoretically this calls for a 
more primary role for the environment. The political environment actually initiated a grand 
investment scheme—“influence” is too weak a word for this active and conscious initiative. This 
is a direct lesson for today: Support for and growth of marginal energy sources in a radically new 
(decentralized) configuration, require the founding of a new agency implementing these sources 
and this configuration. 

A socio-technical system in the making can be regarded as a container. It was filled with a 
mission of modernizing the country through electrification, and was eventually filled with a mass 
of material investments for that purpose. Investments in power- producing capacity later came 
into conflict with spokespeople for the natural environment, and the political support eroded. The 
system fought for its contained mission and mass of investments, but eventually had to give up. 

Even though hydropower leads to radical changes in the natural landscape, opposition was 
weak until the 1950s. The increasing number and scale of new power stations in the 1950s and 
1960s played a role, but the birth of the environmental movement was decisive. Until the 1960s 
nature’s defenders could not present themselves, as serving a general interest that was as 
important as electrification. Local protests could not escape the image of representing particular 
interests. This changed as the “environment”, the material basis for all our lives, was threatened 
by pollution and many other threats. This gave environmentalism a hegemonic position since it 
could argue that it defended the very existence of humankind. The strength of the anti-nuclear 
movement is also to be found here. The clash between the contained growth mission of the 
system and its natural and political environment was inevitable. 

Capacity growth affects system growth. When a giant hydropower project in the far north, 
including the rerouting of rivers, did not gain political support in the 1960s, the system 
compensated for this failure with system growth instead. And when both hydropower and nuclear 
power in general met opposition and further capacity growth was blocked, system growth took a 
new leap with deregulation and Nord Pool in the 1990s.  

Coping with variations is an internal drive of the system, generated by its practices. The 
internal drive to cope with variations, load factors, economic mix, and the power pool results in 
efficient use of existing energy resources within the system. The system is thus energy efficient. 

The need to control nature provides a clue as to why a power system is reluctant to invest in 
wind-power. The story of hydropower is a story of controlling the water flow through dams and 
pipes, and of interconnecting different flows from different rivers. Nevertheless, natural 
variations cannot be smoothed out completely. Despite “industrializing” the rivers, 
supplementary fuel-based plants have always been used in a hydro-dominated power system such 
as the Swedish system. Electricity cannot be stored and must be produced in immediate response 
to consumption. This produces a certain rationale to compensate for variations in nature and in 
consumption, a longing for controllable energy sources. Fuel can be stored, and production can 
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thus be raised or lowered according the situation. A power system becomes a power supply 
system when it cannot control consumption. A power supply system prefers energy sources that 
do not depend on natural variation, such as hydropower or wind power, unless an external 
influence forces it to invest in such sources. The system itself shows a bias in favour of fuel-
based energy. 

System theory was originally a non-historical theory. Hughes went a long way in turning it 
into an instrument for historical analysis. However, there is more to be done. Relations between 
the system and its environment are not exhausted by the environment’s “influence” and the 
system’s “control”. Support and opposition from the environment calls for a more dialectical 
conceptualization—such as reactive sequences—not only of system–environment relations but 
also of the system itself. 

It seems to me that Hughes’ discussion of interconnections points to a qualitative difference 
from earlier phases in the development of the electricity system. Up to this point, organization 
and the technical network have coincided, but from now on systems will not expand through 
mergers but through cooperation between competitors. Thus the system exists above or beyond 
the organizations involved; it is something more than an organization. An obvious conclusion is 
that the system has become more systemic than before. 

Hughes talked about the mass, velocity and direction of large technical systems. This is 
understandable if we think of it as the mass of material investments made in the past and still in 
use, and the trajectory chosen to develop this mass. It is a matter of the past in the present; the 
system defending and developing existing investments inherited from the past. This mass is not a 
simple aggregation of singular production components, but a system that is rationally used 
through interconnections, pooling, and exchange, basically to cope with variations in the load. 
These inner workings of the system have a direction: system growth. As a consequence of control 
there is a bias against energy sources that are dependent on natural variations and against energy 
technologies under the control of outsiders. 

How can large technical systems be changed? The lesson from the Swedish electric power 
system over a hundred years tells us that it was stopped from the outside, while the internal drive 
continues. If the political goal is an efficient use of existing energy resources, then there is no 
need to worry—the system is doing this already. However, a radical change, such as a 
decentralized power system connected to the existing grid, or investments in energy sources 
associated with natural variations, must come from the outside. It requires a pioneering attitude 
among engineers. Load management from thousands of small-scale generators based on solar and 
wind energy will be a challenging and extremely interesting problem for a new type of manager 
and engineer. 
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Implementing the Utopian Consumer: 
“Deregulating” Electricity in Sweden 

Abstract 
Deregulation of the electricity market in Sweden followed neoclassical principles. The reform, 
implemented in the 1990s, sought to increase competition. A cornerstone of this policy was the 
fiction of the consumer, a calculating, price-sensitive and fully informed atom with no time 
constraints. What happens when the implementation of this utopia meets the real customer? The 
type of customer studied here is the ordinary residential customer, the householder. The analysis 
is done in terms of “transaction costs,” a concept exclusively used with reference to firms and 
associated with “New Institutional Economics.” A micro-level investigation revealed a broad 
range of activities in relation to the market among consumers, from the calculating to the 
alienated customer. This is discussed in relation to “price elasticity”, “double movement”, and 
“system”. 

Keywords: Deregulation, consumer, transaction costs, rules, system. 

Introduction 
Everyone knows that “homo economicus” is a fiction, but still this fiction is a belief of high 
political potential. In Sweden, as in many countries during the 1990s, a wave of “deregulation” 
swept into economic policies. This wave was an implementation of the view of the self-regulating 
market, a view very close to what neoclassical theory tells us about the market. That theory 
reduces the “market” to a price mechanism with negative feedbacks. This, in turn, requires a 
certain type of consumer in order to make the self-regulating system work: a calculating, price-
sensitive and fully informed atom with no time constraints. 

This study is not a critique of this theory; it has already been critiqued many times. Neither is 
it a critique of deregulation policies as complete failures. “Working rules,” as Commons called it, 
or “rules of the game,” as North calls it, are an integral part of the market as Commons saw it 
(but not North). Yngve Ramstad argued that “Commons perceived humans as beings who more 
or less internalize and ‘become’, as ‘wills’, the norms and values [. . .] to which they become 
accustomed”.98 This means that the neoclassical consumer can appear as a result of the 
implementation of deregulation. The hypothesis here is that we will find a lot of different 
consumers, including those close to the neoclassical fiction. Not only because people are different 
but also because there is more than one working rule (or “rule of the game,” to use North’s term). 
I will return to this discussion in the conclusion. 

Neoclassical Institutions? 
My theoretical starting point is that the market is not the result of a “spontaneous order”. The pre-
political or “natural” market does not exist. Therefore “deregulation” is a misunderstanding since 
this word implies a pre-political existence of a natural order: the fewer the rules, the closer we get 
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to the original workings of the market system. When all rules and regulations have been removed, 
we are left with the original self-correcting system. 

The basic assumptions of neoclassical and mainstream economics deliver a model of this 
utopian kind. My point is not a critique of this model, but that this model has been a constituent 
component of economic policies—“deregulation”. Market reform has through changing laws and 
organizations institutionalized neoclassical rules of the market. Paradoxically, the programmatic 
denial of extra-market coordination has taken on the coordination function. This means that 
theory is part of the object of study, a part of economic reality (insofar as it has influenced 
implemented policies).  

I will also assume that there is a general need for decentralization. Perhaps more than ever, 
this is obvious today, after huge de facto nationalizations in the US and the EU following the 
financial crisis beginning in the autumn of 2008. Governments would be over-loaded with daily 
decision-making if economic power were concentrated to the political sphere. Somehow 
decisions must be shifted down to other parties. 

The dream of a self-correcting or self-regulating economy seems to supply the solution to 
this need for decentralization. A simple move from regulation to non-regulation will do the work. 
The fiction of a deregulated market is a kind of “system”. A system is composed of several 
components with feedback. When feedback signals are negative we have a self-regulating 
system. One example of a mechanism in a self-regulating system is the governor and throttle 
valve automatically regulating the supply of steam to an engine. The output in motion is fed back 
to the input in steam creating motion, in a negative (self-regulating) way.  

In the neoclassical market competition is essential. Even though each producer is following 
his selfish interests, competition forces each producer to be a humble servant of the consumer. 
For competition to work in this way, buyers must be rational. In the basic model every consumer 
is fully informed, continuously monitoring the supply and costlessly switching supplier when one 
seller tries to raise prices. This is the utopian consumer, a necessary part of the self-regulating 
market system. 

When “deregulation” is implemented this view of the consumer is assumed. Rules are shaped 
accordingly, but the real consumers are not. However, consumers can be influenced by the rules 
by way of expected behavior. Whether this is so or not will be tested in the empirical study of the 
electricity market in Sweden, presented below. The concept of “transaction costs” will be used to 
analyze householder’s market activity. 

In short, my empirical findings show that there exist several types of consumers, not just one 
“rational”. Secondly, the rules of the electricity market after market reform were not solely of a 
“deregulated” kind. It was a mix of old and new rules. 

In the first section I will present the historical background to regulatory reform in Sweden. 
Changing rules are described in terms of old and new regulatory models. This is followed by 
results of general interest from an empirical investigation of actual consumers. The last, 
concluding, section, discusses lessons for institutional economics around three themes: a social 
analysis of price elasticity, how Polanyi’s idea of a “double movement” can be used in a mixed 
economy, and how neoclassical, mainstream and institutional view of the market as a system can 
be formulated. 

A Solution without a Problem? 
A contrast between two regulatory systems can be used as a short description of the deregulation 
of the electricity market in Sweden. Before deregulation there was a combination of a steering 
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model, a club model and a regulated local monopoly model, while the reform introduced the self-
regulating model.  

The steering model describes the dominant position of a large government-owned power 
utility. A large corporation called Vattenfall (Waterfall) had the role of implementing the energy 
policy. This policy was to make Sweden independent of fuel imports by exploiting its indigenous 
hydropower resources. Later on hydro was supplemented by nuclear power. Power generation 
and electricity distribution were regarded as “infrastructure,” common resources to benefit both 
the Swedish industry, giving it a competitive edge, and the general public. National independence 
and low prices were the goals. 

Beside this model we had the club model. This idea captures the cooperative efforts among 
power producers. The rest of the industry consisted of privately or municipally owned power and 
distribution firms. Quite a few of the power companies were subsidiaries of large manufacturing 
firms, selling surplus power to customers in their geographical areas. A small club of the larger 
power producers, including Vattenfall, initiated a power exchange, making it possible to 
momentarily transfer power from surplus areas to deficit areas. This meant that the nation’s total 
power generating and distribution facilities were used as if they belonged to one big firm. 

At the local level, where household customers met the supplier, there were distributors 
owned by municipalities, private firms and cooperatives. They were price-takers in relation to the 
power suppliers, and had to comply with the law of “self-cost” regulating municipal enterprises. 

The regulatory system worked well, at least when it came to prices and provision. The gains 
from joint production and increased density of demand were transferred to all customers, 
including ordinary households. Electricity prices decreased radically from the early 1930s to the 
mid-50s, and even more until the 1980s, both in relation to oil prices and in relation to the general 
consumer’s price index. The number and share of connected households increased, and security 
of supply improved.  

Deregulation was presented as a reform that would increase efficiency, and thus lead to 
lower prices in the end. It was interpreted as a promise among leaders of manufacturing 
industries, and among the general public. Those large manufacturing firms that owned power 
generation facilities sold them to the big power producers, since they believed in the idea of 
“efficiency.” But later they regretted this when prices rose, especially from 2003 onwards. Also 
among small customers there is discontent now; opinion polls reveal that the electricity industry 
has a bad reputation. This deregulation is seen as a failure since prices have risen quite 
drastically.99 

“Competition” has been the guiding concept in Sweden for market reform in the area of 
electricity as well as in several other areas, such as telephony. It had its special role in the late 
1980s. Vattenfall was a “public enterprise,” a combination of government agency and 
commercial enterprise. As such it covered its running costs through incomes from sales of energy 
like a commercial enterprise, but investments were applied for in the ministry in charge and 
decided upon in the parliament. For the management body of Vattenfall, investments were 
cumbersome since discussions and decisions in the ministry and in parliament could take several 
months or years. It wanted more freedom from state bodies. 

In the late 1980s an opening appeared. The state needed more income and thus raised the 
annual yield required from its public enterprises. But the state also wanted to keep prices down. 
“Competition” was the solution, and the first step was to reorganize Vattenfall into a public 
limited company in 1992. This change in form marked the new role for Vattenfall; it became one 
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among other power companies outside the state. It was no longer a bearer of an infrastructure but 
a competitor in a market. At the same time the central power grid was transferred to a new public 
enterprise. 

However, private firms, municipal utilities and small cooperatives owned regional and local 
grids. In order to create a market with competition these organizations had to be split into two, 
the seller of electrical energy, and the owner of the grid. When this was decided and finally 
implemented in 1996, it was announced that customers could choose from among a few hundred 
suppliers. At first, grid owners demanded that all customers buy new meters, an expense large 
enough to deter any customer from switching supplier. So the state decided in 1999 that small 
customers could switch suppliers without new meters. 

The decisions in 1992, 1996 and 1999 created a new regulatory superstructure for electricity. 
The role of the customer was to make active choices. In the discussions preceding the decisions 
in 1996 and 1999, “competition” was the keyword, but the nature of the consumer was always 
assumed. It was assumed that the consumer wanted deregulation and was just waiting for the 
right to choose a cheaper supplier. This is perfectly rational considering the dominant position 
neoclassical theory has on economic policies and in the public debate on economic matters. If 
customers are passive for some reason, there will be no competition. Where there is no threat of 
losing customers, no measures are taken to win them back. But this was unthinkable. The 
dominant ideology said that consumers would be interested in lowering prices through market 
activity, and that competition would prevail. 

According to institutional theory, market forces are not analytically prior to working rules. 
Rather, economic processes are considered to be artificial arrangements consisting of interrelated 
working rules endorsed by authoritative agencies. Even though Sweden has had a prominent 
institutional theorist, Gunnar Myrdal, this kind of thinking has long been absent in the Swedish 
debate. Instead, the failure and collapse of Soviet-type societies in the late 1980s and early 1990s 
gave a tremendous push in favor of “deregulation” in terms very close to neoclassical theory. The 
view John R. Commons criticized heavily, that the self-equilibrating market was a kind of natural 
force just waiting to be released from institutional distortion and rigidity, gained ground.100 

In conclusion: There were no problems of provision or price for customers, neither for big 
industrial firms nor for small householders. But there was a problem for the large public 
enterprise, and there was a fictitious problem caused by the general turn towards “deregulation.” 

The Actual Consumers 
What about the real consumers? Did they live up to the assumptions “competition” and 
“deregulation” held? My investigation started with a transaction cost approach,101 but turned out 
to be more complex. First, it became obvious that information search costs mattered, while 
negotiation costs were almost non-existent since contracts with suppliers were standardized. The 
biggest suppliers offered three types: current rate contracts where the price follows that of the 
power market, and is marked up from it; fixed price contracts, for different periods, usually 1, 2 
or 3 years, where the mark-up was bigger due to higher price risks on behalf of the seller; and 
contracts for appointed customers (see below). Standardized contracts minimize negotiation costs 
for the supplier, and for the customer they were limited to the choice among standardized 
contracts. 
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Second, laws were important. Consumers were not forced to be active in the new market. If 
the customer was passive, the grid owner had to appoint a supplier of electrical energy. In most 
cases this meant a contract with higher prices. This was a holdover from the “monopoly” era, 
implying that electricity is a necessity. I will therefore distinguish between the old market and the 
new market for residential electricity, not as consecutive phases but as co-existing rules.  

Third, consumers had only limited influence on cost through choices in the market. Only the 
price could change, not VAT or tax, nor the fee paid to the local grid owner. Approximately one 
third of total cost for electricity could be influenced through market activity. 

A questionnaire was distributed to 193 households in four different neighborhoods in one 
city in 2003. The neighborhoods were chosen to ensure a mix of respondents with low income 
and high income, and with low and high electricity bills. Questions were asked about knowledge 
about the market reform, contacts with utilities, and activities related to switching supplier. There 
were also questions about the household, including its income. 

The replies from 105 households revealed significant differences between households at 
different income levels concerning knowledge about the reform. People with relatively high 
incomes were more often aware of the right to switch supplier than people with low incomes. But 
when it came to market activity, that is, actual switching, there were no statistically significant 
differences between income groups.  

This can be explained using the transaction cost concept. People with high incomes are well 
educated, and it is easier for people with higher education to acquire information about a reform 
and about how to act. At the same time, a high income lowers sensitivity to price. An electricity 
bill of 1,000 SEK per month takes a larger share if income after taxes is 10,000, compared to an 
income of 40,000. So, what may be hidden behind these answers is a kind of “rational” behavior 
– a person may have considered switching supplier but abstained, feeling that it was not 
worthwhile. There is a cost attached to market activity, a cost of spending time searching for 
information on which supplier or contract to choose.  

The next step was conducting interviews. I selected 20 households out of the 97 replies to the 
questionnaire that had disclosed name and address. There were five in each of the four groups, 
where the groups were combinations of high or low income, and high or low electricity bill. 
Interviews were conducted in the respondents’ homes. Many of the questions were the same as in 
the questionnaire, but the information was more detailed. A new question was included about the 
exact level of electricity consumption. Notes were taken, typed and sent back to the informants. 
They had the opportunity to comment and add more information. 

The interviews revealed a very diverse picture, including within each group. Certainly, there 
were some typical answers in each group: In the low income/low bill group, lack of information 
stood out; in the high income/low bill group, “not worthwhile” was typical; in the high 
income/high bill group, technical measures such as improved insulation were prominent; and in 
the low income/high bill group, risk reduction through a long-term contract with the supplier was 
typical. Still, the individual differences were just as big and important within each group as they 
were between them. The relation to the new market was multifaceted. What I detected – and this 
may be of general interest, for other countries and for other markets – is a list of 11 typical 
strategies among householders. 

Watchful, calculating new market activity. This is close to homo economicus. This person 
carefully follows every change in what every supplier has to offer. He or she actively seeks 
information, updates continuously a lot of alternatives, compares the alternatives in detail, and 
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makes choices based on this information. This is the fictional consumer “deregulation” 
envisioned. None of the interviewees belonged to this category. 

Calculating new market activity. This consumer is also informed and actively seeking 
alternatives. But the search is occasional albeit recurring – he or she scrutinizes several contracts 
on offer now and then again at long intervals, perhaps once a year. Another label would be the 
intermittent homo economicus. I found one interviewee in this category. 

Risk averting new market activity. To this category belong those who seek information in a 
focused manner. Time spent on information search is seen as something to be minimized, as time 
could be better spent on other things. This person therefore makes limited investigations of the 
market – a few alternatives – in order to avoid bad contract terms. Fixed price is suitable since 
search costs are reduced. Doing nothing was considered to be too risky. Two interviewees 
belonged to this category.  

Collective new market entrance. Trade unions, associations of homeowners and other 
associations for tenants, farmers and pensioners, offer discounts on contracts for their members. 
The associations have taken on the task of research and negotiations with suppliers, using the 
large number of potential customers as leverage. When a beneficial contract has been agreed 
upon with one supplier, individual members of the association can sign it if they wish. Since the 
association takes on almost all of the transaction costs, it is close to a free ride for the individual. 
Two households interviewed had used this collective contract opportunity.  

Conservative new market entrance. With a limited effort a customer could switch from the 
appointed contract to another contract offered by the same supplier. What is needed is 
information about at least one of the other standardized contracts, and a phone call. I did a survey 
of accessibility of seven suppliers used by the interviewees, and found that it ranged from good to 
very good in six cases. Very good accessibility included phone hours in evenings and on both 
Saturdays and Sundays. One informant fit this classification.  

Calculating new market abstention. Into this category fall those who have considered being 
active but decided that it was not worthwhile. It is not a question of a hidden homo economicus, 
though, but a case of “limited rationality.” People in this category make a rough estimation and 
find the transaction costs higher than the gains from switching supplier or contract. I could put 
two of the interviewees in this category; neither of them had an appointed contract. 

New market hostility. Several answers from the questionnaire included negative remarks on the 
reform. One of the interviewees was very upset by the “monopoly power” and rising prices in the 
electricity market. This person had experienced reduced income due to long-term sick leave, and 
was still living in a detached house with electrical heating.  

Conservative new market abstention. In this strategy people stick with the existing local 
supplier as if the old order were in place. The reform is known, but neglected, since the 
incumbent can be trusted. Electricity is primarily something technical. Two households fit this 
category. 

Market alienation. In this category we find those incapable of taking part in any consideration 
because of a cultural barrier, and those who do not pay the bill themselves. In one case an 
immigrant household lived on social welfare and had to send the bill to the local welfare office. 
Cases of dementia, where relatives must pay the bill, would also fall into this category. One of 
the interviewees said she had spent so much time finding the best operator for her mobile phone 
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contract that she felt exhausted and could not find the strength to do the equivalent search once 
again. Three interviewees were in this category. 

Technical substitution. An alternative to market activity is reduction in energy consumption. 
One way to do that, especially in cases with electrical heating, is to switch to more energy-
efficient appliances. Other measures include improving insulation, switching to geothermal 
energy or installing a heat pump. These measures represent a partial withdrawal from the 
electricity market, or partial “exit.” Four of the interviewees had adopted this strategy. 

Behavioral savings. Another way to save energy and thus become less dependent on the supply 
of electrical energy is to use appliances in a thrifty manner. Examples of this strategy were 
maintaining a low indoor temperature, turning off lamps, switching to CFLs, or keeping the 
number of electric appliances down. Three older single women and one immigrant household 
chose this strategy. 

This list of typical strategies is primarily based on degrees of market activity inspired by the 
transaction cost concept. A threshold must be passed before manifest market activity is in place. 
That people with high incomes are less sensitive to rising prices is no surprise; neither is it 
surprising that households with big bills are more sensitive. But social structure and provision 
should not be forgotten, either.102 Different combinations of high and low income and big and 
small bills can result in similar market activity, but for different reasons. 

However, the basic reason for the existence of passive strategies is regulations. When a 
customer is passive he or she is appointed a supplier – nobody is cut off as long as the bill is paid. 
The price for passivity is thus low. Prices in appointed contracts are higher, but not that much 
higher. In June 2004 a switch from an appointed contract to a 1-year fixed price contract among 
eight of the biggest suppliers resulted in savings of up to 60€ per year in some cases, although 
others resulted in slight price increases, up to 4€. 

Switching supplier, or switching to a different contract with the same supplier, can possibly 
result in lower costs for electricity. But only the price can be changed in this way, not VAT or 
taxes, nor the fee paid to the grid owner. Therefore more can be gained from reducing electricity 
consumption than through market activity. As expected, people with high levels of consumption 
are more likely to take this kind of action than others. Technical or behavioral savings is a partial 
withdrawal limiting the exposure to price changes. 

Table 1. Distribution of customers over different types of contracts. Percent. 

Year  Appointed  Current  Mixed  Fixed 

2001  65.1    1.9 32.9

2002  63.7    2.2 34.2

2003  65.2    2.8 32.0

2004  58.1    4.0 37.9

2005  52.2    3.7 44.1

2006  49.1    6.2 44.7

2007  45.1  10.2 44.7

2008  38.3  16.2 4.2 41.3

Source: Statistics Sweden.  

                                                 
102  Graham & Marvin (2001). 
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One household could embrace more than one strategy. A complex of strategies like that is a basis 
for change, when the primary strategy is switched from one to another. Over time, people are 
learning, that is, transaction costs are reduced as people get used to the new market. Table 1 
shows this change from 2001 to 2008. Appointed customers are those who are passive towards 
the new market, while the other three categories have made some kind of choice – either a 
contract with a price following the price on the power market (current), or a contract with a fixed 
price (fixed). Mixed price is a new type of contract combining current and fixed 50/50. 

The big share for appointed contracts to begin with (and it is probable that this share was as 
big or bigger in 1996-2000) is perfectly rational. The reform was presented as a promise of 
efficiency and low prices. At first prices were falling, which seemed to confirm the promise. If 
information is cumbersome to collect, why bother being active? The automatic market will 
eventually deliver. But later it did not, and there is now a general disappointment with this 
market. 

Diagram 1. Nominal prices per month at Nord Pool (Power) and to customer (Electricity). 
Index January 1990 = 100. 

Sources: Statistics Sweden; Kundkraft 

The share for appointed customers has dropped significantly since 2003, while the share for 
customers with current price contracts has increased significantly (Table 1). This learning process 
has been driven by rising prices. Prices have risen from 2001 onwards, changing relative costs for 
electricity and transactions. But all suppliers have raised their prices, so the gain from switching 
suppliers has not increased. Instead there is a move towards current price contracts, which are 
more volatile but have a lower mark-up. Customers are more exposed to price hikes in this way – 
the risk is transferred to the buyer. This is a sign of increased readiness to be active in the market. 
A growing number of households have learned the rules of the new game. 
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This is not a spontaneous process, though. In October 2004 a new law was introduced 
compelling suppliers to present “price-comparisons” in their information material. Prices must be 
presented in a certain way making it easier for potential customers to compare alternatives.  
Beside this there have been websites where prices for electricity can be compared. As the use of 
the Internet has increased this has grown in importance. From January 2007 utilities are legally 
required to supply the Energy Market Inspectorate with relevant information for its price 
comparison site. Newspapers also contribute. Quite frequently tips and advice concerning gains 
from switching contracts are presented in the big morning and evening papers in Sweden. Similar 
to changes in the stock market, rising or falling electricity prices are a safe way to make news, 
and a list of “best prices” is a way to attract readers. This is in contrast to the fees paid to the grid 
owners – this market is not volatile and therefore not news making and consequently it is 
neglected by the press. 

In conclusion: Swedish electricity consumers have been subjected to a grand plan of re-
education, helping the small part of homo economicus in each of us to grow. But old rules co-
exist with the new ones, and a complete transformation will probably never be achieved. 

Concluding Discussion 
The Swedish electricity market was transformed in the 1990s. However, the old order did not 
disappear completely. The grid was considered to be a “natural monopoly” so regulated 
monopolies were put in place creating conditions quite similar to the old order. But also in the 
new competitive market there was something left that saved consumers from the full effects of 
the play of supply and demand. When a customer decided not to choose a supplier, the grid 
owner was obliged to appoint a supplier. 

This rule was a remnant from the old order where the electric supply system had the role of 
an infrastructure, a basic, universal service for all firms and citizens. The rule makes this market 
different from other markets—Swedes do not get a daily paper “appointed” to them if they do not 
make an active choice, nor a telephone service provider. Despite the rhetoric of economic 
liberalism, energy is treated as a basic necessity. This kind of consumer protection must be 
discovered, since nobody talks about it. 

Furthermore, this rule has effects on the price elasticity of demand for electricity. Since 
nobody runs the risk of being cut off from supply because of lack of market activity, people may 
abstain from switching supplier, and even from consider doing so. Price elasticity is thus not only 
a matter of preferences, but also of capacity for activity on the market. Some consumers are 
alienated from the market due to language problems, sickness or old age. People in situations 
such as that are easy to exploit since they lack capacity to compare and complain about price 
levels and other terms of contract. They are not exploited, however. One explanation for this 
would be that households are not subject to individual pricing, only standardized contracts. A set-
up of ready-made contracts is a way for suppliers to economize on transaction costs. But even in 
if pricing was individualized I doubt that suppliers would exploit weak customers, for moral 
reasons. 

Behind price elasticity measures there are also different strategies among household 
customers. The expected behavior is a choice between different suppliers and different contracts 
offered by suppliers. The households studied used this type of direct market activity, but there 
was another kind of action beside this: reducing consumption either by technological or 
behavioral change. This is important in a market where the buyer is materially connected to the 
flow of the good. In other monopoly markets, like mail, there are substitutes, such as e-mail. But 
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it is hard to find substitutes for electricity. Looking on electricity use over a longer period it is 
obvious that households has become more and more dependent on an increasing number of 
electric devices in the homes. However, there are substitutes for some uses: district heating, 
geothermal heating and a few other alternatives can replace electric heating. Technical 
substitution requires dear investments and therefore a long-term perspective on housing. 
Nevertheless, a few of households interviewed had replaced or were planning to replace electric 
heating. For lamps and electric appliances there are primarily energy efficient substitutes. An 
alternative strategy without costly investment is thrifty behavior, such as low in-door temperature 
in case of electric heating, or turning off stand by mode on the TV. Some of these measures are 
costly in terms of loss of comfort. 

When it comes to direct market behavior the analysis show a considerable amount of 
transaction costs associated with contract monitoring and switching supplier. This is hardly a 
surprise but it is not acknowledged in the official doctrine of deregulation. Market activity takes 
time and effort, thus there is a threshold to pass. The height of this threshold differs between 
different household customers depending on awareness of the reform, knowledge about how to 
do and the relative gains from switching supplier or contract, both in relation to alternatives 
offered, and in relation to the income of the household. The threshold was lowered in cases where 
membership contracts had been used. Large associations like trade unions reduce transaction 
costs when they negotiate contracts on behalf of their members. Unfortunately, this economical 
solution is not supported politically since individual choice in the market is the dominant view. 

The lesson for institutional economics is that there are more to the workings of a market than 
what a regulatory reform says. Beneath rhetoric and new regulations there may be old rules, 
moral self-limitation among suppliers, and strategies among buyers, that compensates for the 
deficiencies of the “free market”. A superficial analysis would result in undeserved high marks 
for “deregulation”. 

According to Karl Polanyi (1944) a policy favoring self-regulating markets is a threat to 
society because the economy is cut off from material and social livelihood. A functioning social 
order is disrupted when an economic sphere, motivated by greed and hunger, is made 
autonomous. The economy is “disembedded,” but this is also the root of reaction. A “double 
movement” can be seen when desocialization is followed by resocialization, a protective response 
to the efforts at establishing a self-regulating market. 

The electricity market is just a small part of the economy, so it’s disembedding cannot be the 
biggest threat to social cohesion. But within this limited part, a smaller “double movement” can 
be studied. In the case of market reform in the Swedish electricity sector a soft deregulation has 
occurred. Old working rules and welfare programs have softened or limited institutional 
transformation. It is a case of partial “disembedding” and therefore a milder form of reaction. 
According to Polanyi there were other economic systems, such as “redistribution” and resistance 
against attempts at making society an appendage to the market.103 The commoditization of 
electricity is softened when it occurs in an environment where redistribution co-exists with self-
regulation. In fact the neoclassical market can be more successful when implemented in a milieu 
of redistribution.104 Market activity is easier to learn if the customer can fall back on a safety net 
like appointed contracts or a welfare program.  

The lesson for institutional economics is that there may be different degrees of double 
movement depending on the specific mix in the political unit in question. Looking at households 

                                                 
103  Polanyi (1944: 81). 
104  Esping-Andersen (1999: 38). 
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and electricity it is a matter of welfare programs or rules in defense of captured buyers on one 
hand, and autonomous position for suppliers on the other. Where the former are weak consumers 
are more vulnerable and therefore a reregulating movement will be more aggressive, while where 
they are stronger the double movement will be more of a struggle of interpretation. 

Lastly I want to address the issue of system as a framework for analysis. It is possible to put 
three different views on the economy on a comparable, but still critical, stand using “system” as a 
dimension. 

A. A self-sufficient system. This is the self-regulating system where prices coordinate supply 
and demand. Assuming perfect competition and a utopian consumer this is a very flexible 
system. The environment can only disturb the system. This is the basic rationale for 
deregulation, and we can call this the neoclassical view. 

B. System and environment. Here we have an economic system corrected by the political 
environment because of self-reinforcing mechanisms resulting in market failures. Thus 
there are two kinds of markets, neoclassical and failures. The latter must be regulated and 
as far as possible imitate the true market. This can be called the mainstream view. 

C. Social system and environment. Here we have institutionalized relations between system 
and environment. The system embraces several groups, and some social groups have 
more economic power than others, for structural or temporary reasons. These groups 
struggle over form and content of institutions. A and B may be part of C. This is the view 
of institutional economics. 

The institutional view (C) is reflexive in that it can handle regulatory reforms inspired by 
neoclassical and mainstream economics. Neoclassical markets exist in this restricted meaning, 
but the real world cannot be understood using neoclassical economic theory. From this follows 
that reality is composed of different layers, and a mix of different kinds of regulations. Thus there 
is depth in reality, which calls for non-superficial analyses. 

Epilogue 
This article has delved into one aspect of the electricity market in one specific country. There are, 
of course, other sides to this market. Let me just mention three of them that I find worrying.  

First, regulatory reform in the 1990’s did not touch upon the environmental issue at all. Not 
one word was mentioned, despite the well-established policy of turning the energy system on to a 
“sustainable” path. Such a complete compartmentalization is quite fantastic. 

Second, in the 1990’s the structure of the electric supply industry changed quite radically. 
Eight big power producers were reduced to three giants between 1991 and 2003. During this 
period many middle sized local authorities sold out the local electricity supplier to one of the 
growing concerns. So did manufacturing industries, something they regret today. This 
concentration is acceptable according the Competition Authority since the relevant market has 
expanded after the establishment of a Nordic power pool. All three giants are international now 
and own the major share of power producing capacity in Sweden. The gap between these big 
corporations and public opinion has widened. 

Third, the reference price for electricity is the result of organized bargaining procedures in 
the Nordic power pool. Since the commodity, electricity, is very homogeneous from the user’s 
point of view, it is possible to set a uniform price for all kilowatt-hours, no matter how it is 
produced. But running costs differ a lot between the very low for hydropower and the very high 
for coal-fired plants. So power producers, exclusively the three giants mentioned in the Swedish 
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context, make huge profits on low-cost production (hydro and nuclear power). Huge profits are 
resources for investments, so the development of the energy system is to a growing extent 
decided by the power producers. 

Sources 
Empirical material, working paper and publication in Swedish can be ordered from the author. 

Statistics Sweden. The distribution customers over different types of contracts, price index on 
electricity and consumer’s price index. (<http://www.ssd.scb.se/databaser/makro/start.asp> ). 

Kundkraft. Prices at NordPool. <http://www.kundkraft.se>. 
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Institutionalizing Theory 
In this paper a general outline of a longer argument is presented. The argument is that academic 
theory is planted into the economy, and thus give rise to real illusions. The case is pricing of 
electricity in Sweden. 

The Relation Between Academic Theory and Political 
Economy 
A breakthrough for so-called “neo-liberal” (or “neo-conservative” in the US idiom) economic 
policy is obvious from the 1980s onwards. In 1980 and 1981 Margaret Thatcher and Ronald 
Reagan inaugurated a new type of economic policies where inflation became the number one 
target, “small government” replaced welfare programs and diminishing income gaps, and marked 
a growing trust in market solutions. Nobel prize winner and World Bank economist, Joseph 
Stiglitz, point at the change of leading personnel and change of general attitude in the IMF dating 
to the same years. IMF policies towards poor and developing countries had the same tack: Such a 
thing as “market failure” disappeared from IMF reasoning and consequently privatization and 
liberalization of financial systems were always recommended.105 

This is of course an ideological struggle going on in the political arena. Politicians cannot 
simply give voice to those organized interest groups that have supported them. They must put 
forward arguments in the name of the public good in order to gain support from other interests. 
For that purpose academic theory can be used as it lends support for certain policies. Seeking 
support from economic theory gives credibility to a policy, as it gives scientific luster. Academic 
theory has a double-sided character in that it is science (something produced within scientific 
organizations, primarily universities), but also ideological as a theory has to take a stand in 
central issues. This goes especially for theories with general claims such as aiming at making a 
complex societal economy understandable and manageable. A theory, or perhaps paradigm, often 
referred to as “neo-classical economic theory” is such a theory. 

Within a few years in the 1870s neoclassical economics replaced the classical concept of 
accumulation with an analysis of the equilibrium of supply and demand in a stationary state. 
Classical theory had failed in explaining prices and had left the puzzle of the relation between 
value in use with value in exchange. However, it was not so much weakness in pure theory as a 
change in the political climate that brought the classics to an end. Classical doctrines had 
emphasized the role of social classes and conflicts of interests among them. In the 19th century a 
growing working class and the fear of Marxist ideas gaining popularity made doctrines that 
diverted attention from class struggle welcome. In the new economics the main argument was 
concentrated on the position of the individual. Turning away from conditions in production and 
switching attention to exchange, the neoclassicals concentrated on relative prices and the concept 
of utility. Class origin of income dropped into the background and the analysis was conducted in 
terms of individuals meeting in the market place.106 

Marginal utility and scarcity became the backbone of neoclassical price theory. The price of 
a commodity is governed by its marginal utility, not by its usefulness. This solved the puzzle of 
the low price of a useful good such as water and the high price of luxury goods such as diamonds. 

                                                 
105  Stiglitz (2002). 
106  Robinson & Eatwell (1973: 34-42). 
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Léon Walras, a French mathematician and economist, specified how the market worked in “free 
competition”: There is a list of specified commodities to be traded and particular amounts of 
specified means of production. Everyone meets and by a process of haggling and haggling in the 
market, the outputs and prices of all commodities are arrived at, and position is found in which no 
individual can do better for himself by changing the amount of any commodity that he buys or by 
changing the use to which he puts labour or means of production.  

The price mechanism in the market characterized by “perfect competition” is based on some 
utopian assumptions: The number of sellers and buyers must be so big so that no-one can 
influence price; There must be no cooperation among buyers or sellers; Commodities must be 
simple and homogeneous and possible to buy in many different amounts; Consumers must have 
complete information about what is going on in the market, and be price sensitive so that they 
immediately switch from higher to lower price; Sellers as producers must have complete 
information of all relevant technologies available; Sellers must be able to enter and exit the 
market without barriers; There must be decreasing returns to scale (with increasing returns to 
scale one producer will be able to satisfy all demand on his own and thus give rise to monopoly); 
There cannot be any interference from the political level. 

The price mechanism and general equilibrium was an information system, a sort of organized 
anarchy that spontaneously gave rise to optimal solutions as to the problem of allocation of 
resources with alternative uses. The theory has a descriptive side, it explains how an imagined 
market works. It may be unrealistic and it is acknowledged that in the real world there are many 
deviations from the perfect conditions, but the closer you get to this perfection the better the 
economy works. The descriptive theory has thus a flip side, a normative side. 

“Deregulation” is paradoxical. The wording itself implies less of regulations, a reduction in 
the number and weight of laws and taxes that interferes with market mechanisms. In actual 
practice deregulation is made by way of laws and regulations forming the actually existing 
markets in accordance with a neoclassical ideal. Government ownership and government control 
over public enterprises is reduced, while new (private) entrants are promoted. Public enterprises 
are forced or encouraged to follow those maximizing and pricing policies of the imagined market, 
a sort of internal privatization. In the case of Sweden in the 1990s a new Competition Law was 
introduced, accompanied by the Competition Authority. For energy markets an Energy Markets 
Inspectorate was initiated watching over electricity, gas and district heating. 

The 1990s were the heydays of deregulation. This was a time when the Soviet Union had 
crumbled together with its Eastern European allies and Communist Parties in the West. Yeltsin 
led Russia on to the road of “shock therapy”, on the advice of Western economists. Economic 
reform in the West attacked what superficially resembled planned economies, namely those 
industries that had hitherto been referred to as “infrastructures”. Economists could make 
academic careers on possibilities of “unbundling” and “Third-Party-Access”. 

A sign of the times was a Public Inquiry published in 1991, Competition for greater welfare. 
In its first paragraphs competition and market is stated to be the  foundation for welfare:  

Free and smoothly functioning competition, enabling consumers to choose between 
various goods and services, is therefore an important part of economic policy. Through 
the controlling effect of households’ wishes and preferences, economic efficiency is 
attained. In the market-economy system, competition is constantly under threat. Through 
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mergers, cartels and other forms of collaboration that restrict competition, businesses can 
secure a market influence that eliminates competition.107  

There is a hegemonic component in this reasoning around competition. Promotion of competition 
is in a sense neutral as it attacks both private and public monopolies or oligopolies. No matter 
how the property rights are distributed, several or many sellers are always better than few or one. 
Another side to its hegemonic properties is that the consumer is protected by competition among 
sellers. No matter the level of income or other resources, all consumers are saved by a successful 
competition policy. A left-wing politician can thus use this theory in support for measures 
limiting the market power of big commercial firms. When prices rise, it is often taken as an 
indication of some deficiency competitivewise of the market in question. In closed rooms 
producers are thought to be collaborating against the consumers. This enforces the neoclassical 
interpretation of economic reality, as consumers’ right to make choices in the market, and not by 
way of political influence, is the fundamental ideal to be attained. 

However, the affinity between neoclassical theory and liberal political economy is not so 
straight forward. Since marginal utility of each commodity falls as more is purchased, the 
marginal utility of income as a whole must fall as an individual has more to spend: “A shilling is 
the measure of less pleasure … to a rich man than to a poor man”.108 Marginalism could very 
well be used for policies in favour of equalizing income, as marginal utilities are always bigger 
for the worse off, and was actually done so by Knut Wicksell who recommended progressive 
taxes. But Pareto opened for another interpretation by cutting off individuals from each other. He 
argued that individual utilities could not be compared or added up, so transferring money from 
the rich to the poor could not be said to increase total utility. Instead Pareto-optimum was defined 
where no individual would be able to have more of a commodity without depriving someone else 
of what he prefers. 

Moreover, Herman Daly has convincingly shown the successful use of scarcity and marginal 
concepts in ecological economics. The earth is limited, while the economy grows and mainstream 
economics treats environmental problems only in terms of balancing between pollution and 
wealth as if there is a correct price for every problem.109 

So, the relation between economic theory and economic policy is not a one-to-one 
phenomenon. Disregarding negotiations and compromises in the political field, theories are used, 
and used in a simplified manner. Nevertheless, the liberal (or “conservative”) can find more 
support in the neoclassical repertoire than a socialist (or supporter of “Big Government” in 
general). 

It should be noted here that the argument put forward in this paper does not say that 
economic policies always are theory-driven or theory-supported. It says that economic theory can 
guide policies, that assumptions in economic theories can be institutionalized in the form of 
Competition Authority, and that government-owned enterprises can through regleringsbrev or 
demands from government representatives on the board be made to follow rules or principles that 
are implementations of theories. It is acknowledged that this form of implementation in most 
cases is diluted by compromises and the result of political opportunities political trading. It is not 
easy to see the theoretical component in economic policies or institutionalization of such policies. 
Furthermore and as was stated in the preceding paragraph, the political implications of one and 
the same theory can be spelled in the plural—a predominantly liberal economic theory can hold 
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components of a non-liberal character, or can be transferred to another problematic were the same 
theorem gives rise to a policy not traditionally associated with market-liberalism (in the European 
meaning). 

Implementing Marginal Cost Pricing 
This section deals with import of pricing principles from academy to industry in a more direct 
way. Implementing pricing principles into leading firms of an industry, in this case Vattenfall 
(the government-owned and biggest producer of electricity) is a much more direct application of 
a theory than academic influence on government policies are. When import of theory and its 
putting into practice is made below the political level, at the initiative of the firm (properly 
“affärsverk”, an organization owned by the Swedish state selling its products in a market 
covering current expenditures, while investments had to be approved by ministry and parliament 
and financed through the tax system) it has the chance of being perceived as a spontaneous 
phenomenon, derived from the workings of the market itself. However, this is not so clear either, 
because it so happens that the electricity supply system is one important source for marginal cost 
pricing theory. This definitely blurs the thesis of theory planted into markets. 

This section is divided into three subsections. Firstly, the special nature of power systems is 
explicated, borrowing the theme of momentum from Hughes. This collaborative optimization 
drive on the part of management of a club of power producers point at an autonomous origin of 
marginal principles from within the industry, but with a different aim than that of the academic 
theory. Secondly, the origins of the academic theory of marginal cost pricing, a story that is 
difficult to separate from the former, and is the weak point of the whole argument. Thirdly, an 
interview with one of Sweden’s leading economists and member of the board of Vattenfall. His 
presence on the board is a strong indication of academic theory planted into this industry. 

Coping with Variations 

As electricity cannot be stored power systems must be managed so that use, or “load”, is met 
instantaneously. Different power sources are used, such as hydropower, thermal power (using 
fossil fuels, or nuclear), wind power etc. Each type of power and each plant have its own cost 
characteristics. Variations in load occur due to variations in use of electricity over the day and 
night, the week, and season. Hydropower, and other power sources dependent on nature, adds 
variation to the system’s supply side too. An electric power supply system, be it small as 
Edison’s Pearl Street station in 1882 covering a few blocks in New York, or be it big as the 
interconnected systems of the Nordic countries today, must cope with these variations. The 
engineering type of marginal cost pricing has its roots in management of variations. This 
management is not only coping but also economizing the total costs of interconnected systems. 
Furthermore, the kilowatthour was developed as a tradable unit in that it got a coordinating role 
among competing gentlemen. 

Thomas Hughes has illuminated this with concepts like “load factor”, “economic mix” and 
“coordination centrals”. Load factor is a term used in electrical engineering referring to the 
difference between the highest peak and the average load. Economizing means closing this gap, a 
matter of capacity utilization. Economic mix focuses on the blend of types of power plants. 
Interconnecting formerly isolated plants with different fuels and of different scale allows them to 
supplement each other. Coordination centrals manage flows between interconnected systems. 
Power resources are pooled, and producers with temporary deficits may draw supplementary 
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power from this pool. “Scheduling the power plants in an ideal mix was a challenging and 
extremely interesting problem for utility engineers and managers.”110 

In 1961 representatives of big power utilities from the Nordic countries met to discuss 
further cooperation. Papers from that meeting have been published in a monograph.111 They 
reveal the making of a market as the extension of techno-economic optimization beyond the 
borders of existing national or regional systems. In order to prepare for cross-border coordinated 
operations representatives openly informed each other of methods and problems. 

Closer to the focus of this paper is the discussion on “water values”. The problem was to 
decide when to start supplementary thermal power stations during a dry year. Normally 
hydropower had high fixed costs and very low running costs, while thermal power had lower 
fixed costs and higher running costs. The manager had a choice: Either to start the thermal power 
plant early with higher costs for power produced, or continuing tapping off the magazine and 
thereby taking a risk of shortage of hydro energy stored in the dam for the next year. Thus there 
was a trade-off between safety of delivery and costs (and prices for consumers). For this reason, 
Sydsvenska Kraft AB had invented the “minimum zone” indicating the water level of the dam 
and at the same time risk level chosen.112 

The minimum zone was an important element in a very complicated iterative method when a 
running schedule for all power stations was to be made. The complexity had not only to do with 
several types of hydro- and thermal power stations, but also for the need of long-term scheduling 
(over several years). In fact the iterative method, simplified by the use of “mathematical 
machines” was done backwards, from the very long-term, to two years, for weeks and lastly for 
the current hours. One step was to find the “average use-time for each specific thermal power 
source corresponding to that source’s running costs”. Another was to find the “value of the 
uppermost drop of water in the magazines (the water value)”. A crucial question was: what power 
station is cheapest to run to meet a small increase in the load? A formula was used resulting in an 
a-value. Now, the “value of the last kWh” could be estimated as the a-value times the water 
value. The ultimate aim was to allocate production between hydropower, thermal power and 
purchase from other systems, so that the total cost is minimized.113 

On this delegates from Vattenfall remarked that they had abandoned the “minimum zone”-
method. Instead Vattenfall used prices on energy rationed. A formula was presented: 
Hydropower production + Thermal power production = Uncut prime consumption – Power 
rationed away. The delegate then goes on saying that if you move the term “power rationed 
away” to the left side of the equation, its sign changes from negative to positive: “… from 
mathematical or power balance-technical point of view rationed power can be seen as a power 
source equal to for example thermal power.”114 

Obviously electrical engineers in charge of actual operations came very close to marginal 
principles in this pragmatic way. As the presentations were made before other practising 
engineers, for the sake of mutual understanding, trust and friendship, there were not much of 
references to academic literature. However, some references were mentioned, Pierre Massé and 
John von Neumann. According to Drèze Massé had “established an early bridge between 
operations research (of which Massé was a precursor) and economic analysis”.115 
                                                 
110  Hughes (1983: 367). 
111  Nordel (1961). 
112  Larsson (1961: 65). 
113  Ryman (1961). 
114  Nordström (1961: 77); Lindqvist (1961a). 
115  Lindqvist (1961b: 167); Drèze (1964: 5). 



 75

At a follow-up conference in 1972 cross-border cooperation between the Nordic countries 
were still in its infancy, but the domestic coordination in Sweden had taken an important step. An 
agreement had been settled between the private-municipal enterprises on one hand and the state-
owned giant Vattenfall on the other. Rules and methods were established in something that came 
to be known as the “Power optimization” or “Power exchange”. This was later called 
“gentlemanly competition” and “club-regulation” by a Swedish economist, as this electric energy 
exchange market combined openness with rivalry within a small group of big producers.116 

Later on in the 1970’s Sven Lalander, still general operation manager of Vattenfall, were 
invited to write an article for the Swedish economist’s journal Ekonomisk debatt, explaining the 
pricing principles of electricity. According to Lalander the guidelines for setting tariffs were a) 
long-run marginal cost, b) simple tariffs, c) stable and homogeneous tariffs, d) tariffs conducive 
to optimization. He also stated that short-run marginal cost, long-run marginal cost, and the 
average cost of the system, was equal in an “optimally dimensioned” system. It seems probable 
that Lalander here was influenced by Marcel Boiteux, who had stated just this in 1949.117 

Origins of MCP 

One milestone in the history of marginal cost pricing (MCP) within academia is Harold 
Hotelling’s article from 1938, in which a marginal principle was first proposed. As short-run 
marginal costs do not take investments costs into consideration, there will be a deficit. Hotelling 
argued in favour of financing bridges and railways (his examples) with lump-sum taxes. This has 
political overtones because economists like Abba Lerner and Oskar Lange saw in MCP a rule that 
could guide socialized industries in the West or in the U.S.S.R., and it has implications for the 
electricity supply system in France and Britain that were nationalized soon after World War II. 
Ronald Coase criticized this in 1946, and proposed instead a multi-part tariff that would cover 
both investment and running costs, and still give the consumer the choice between electricity and 
other goods.118  

The history of the theory of marginal cost pricing show a close association with engineers 
and practical problems concerning public works and public utilities. When Hotelling wrote his 
article he revived the ideas of Jules Dupuit, a French engineer who wrote “On the measurement 
of the utility of public works” already in 1844. However, the debate on MCP and its 
implementation took off after World War II, and here engineering-economists of the newly 
nationalized Électricité de France were at the forefront. Prominent authors were Pierre Massé, 
Maurice Allais (awarded the Nobel prize in economics 1988), Gabriel Dessus and Marcel 
Boiteux. As Drèze has pointed out the members of this school belonged “… to the staffs of the 
engineering schools or statistics departments, to the research as well as the executive divisions of 
nationalized industries, or to the administration, but not to the staffs of economics department or 
economic research institutes.”119 

Interview with Lennart Hjalmarsson 

Lennart Hjalmarsson completed his doctoral thesis in 1976 and has been an August Röhss 
professor of economics since 1979 at the economics department at the University of Gothenburg. 
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He has been working in several fields of which energy economics and deregulation are two 
relevant for the discussion here. More specifically Hjalmarsson has written several papers on 
electricity with Sweden as the case: The structure of industry, its efficiency, pricing policies, etc. 
Hjalmarsson was a member of the board of Vattenfall 1978-1988. He also had other assignments 
related to the power industry: Member of the next biggest power producer (Sydkraft) research 
council 1979-1984, and two other assignments in subsidiaries of Vattenfall 1986-1989 and 1988-
1993. He has also been appointed as inquirer or expert to fifteen public inquiries (statliga 
utredningar) of which nine dealt with matters on energy or electricity, and one specifically on 
pricing of electricity. 

The interview was made at Hjalmarsson’s residence July 19, 2010. Hjalmarsson confirmed 
that he had been a member of the board and added explicitly that theoretical discussions were 
held at the board’s meetings,  

… but more so outside the board. There was a group of younger active people in the 
leading circles of Vattenfall of which I took part and where we discussed both short-run 
pricing issues as well as more long-term strategies for Vattenfall … Every proposal of 
changes in prices and pricing principles were approved [förankrades] by me before they 
were discussed by the board. 

It is difficult to assess the historical role of Hjalmarsson. It could be argued that both internal and 
external dynamics of the power industry in general and Vattenfall in particular pointed in a 
certain direction. These forces may have been so strong and unequivocal that had Hjalmarsson 
not been around someone else would have taken his place. Hjalmarsson pointed at this himself in 
the interview immediately following the above cited statement: There was a “willingness”, 
Hjalmarsson said, inside Vattenfall to apply economic theories, because of the foregoing 
presence of other academic economists there. Professor Erik Lundberg had been his predecessor 
on the board, and the internationally renowned electricity market expert and economist Ralph 
Turvey (who had written a well-known book on pricing of electricity and investments in power) 
had been a consultant to Vattenfall and had had a great influence. 

Hjalmarsson’s general view of Vattenfall, and the Swedish power system at large, stated both 
in this interview and in his writings, is that it was a well-functioning system. In short, he 
describes the old system as one characterized by “club-regulation” with “gentlemanly 
competition” among a small group of power producers in which Vattenfall acted as “price-
leader” as the biggest actor in the field. As long as the club was a “club of investment expansion” 
(“utbyggnadsklubb”) the price leadership of Vattenfall worked allright. This leadership, in turn, 
was regulated by the government’s demand on return on the capital it had granted Vattenfall. 
Even though investment decisions worked “allright” it was not optimal, as the club adhered to the 
criterion of safety of delivery [“leveranssäkerhet”] and not profitability, where the latter is 
influenced by demand for power and electric energy. 

This is an important issue for how we understand the dynamics and history of the electricity 
system. “Demand” was certainly taken into account by the old “club”-system, as was hinted at in 
the section describing “coping with variations”. Efficiency from an engineering point of view 
considered fluctuations and costs, and fluctuations indicates the compound effects of demand 
patterns of many different users of power and energy. When power system engineers were 
keeping the balance and collaborating for the optimal use of different facilities they aimed at 
stability, in delivery of course, but also in regard to price. The economist, on the other hand, even 
though impressed by the industry’s pragmatic optimization procedures, has more focus on prices 
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as an information flow between sellers and buyers: When the prices are “undistorted” economic 
efficiency has been achieved. 

But things were changing, according to Hjalmarsson. The first oil crisis 1973-74 initiated a 
deep recession with a drastic increase in the price of fuels and lower demand for electrical 
energy, according to Hjalmarsson. And when the big nuclear investment scheme was finished in 
1985 there were no profitable investment object left. Now profits could no longer be hidden when 
costs for new investments decreased radically: 

It would have been easy for us to dump prices and crowd out private power companies, 
but we did not want to grow bigger, we wanted to maintain competition and the Swedish 
model for the power market where Vattenfall had a market share of 50 per cent. 
Competition was important for efficiency and we wanted to be judged as one firm among 
many on the market. 

Hjalmarsson returns to this problem several times in the interview—when the long period of 
investments in power producing capacity was over, Vattenfall would “drown” in profits, and 
efficiency would be in danger. The board even went to the ministry in charge and recommended a 
rise the government’s claim on return on its capital invested. Vattenfall also spent money on 
physical investments in the grid, made improvements in the main lines and laid out new cables to 
Gotland and Finland (these improvements reduced bottlenecks and made it easier to reach a 
common price area for Nord Pool later). 

As this is a turning point in Hjalmarsson’s view it is necessary to point at alternative views. 
First, what is ruled out is a tax on firms producing electricity. It was possible to introduce a tax 
that captures a growing marginal between low costs and a price level that restrain consumption 
(with low prices there is obvious risk of wasteful use of energy). Second, Vattenfall’s profits have 
been large despite deregulation, marginal cost pricing and cross-border integration of power 
systems. This has to do with low costs on hydro and nuclear when prices are determined by high-
cost power production. Actually, this marginal has increased insofar as the higher price level in 
Denmark and Germany influences the Swedish level through cross-border flows. As profits has 
soured doubtful investments have been made, on the part of Vattenfall in the form of buy-ups of 
power companies in Poland, Germany and the Netherlands. Third, sharply fluctuating prices for 
small consumers, such as households and retailers, are very irritating and confusing. The right to 
switch supplier and type of contract is understood as a possibility to gain lower prices, an implicit 
promise that has not been realized. According to the neoclassical theory price signals will induce 
consumers to reconsider their consumption of electricity, but instead we have frustrated 
householders confronting rising prices despite switching activities. 

Fourth, from the point of view of “conversion of the energy system”, the government’s 
overarching assignment put on the Swedish Energy Authority, Vattenfall could have gotten an 
important task to accomplish. The conversion talked about is a conversion to a sustainable energy 
system, where “sustainable” is spelled in terms of renewable and climate neutral energy sources 
and improvements in energy efficiency both on the production and consumption side. In the 
Swedish case this means dismantling nuclear power stations without exploiting the four 
remaining unexploited rivers. As this conversion is a huge task, involving replacement of electric 
heating and promotion of electric cars, the build up of wind and other power sources over a long 
substitution period, and programs supporting higher efficiency of millions of energy converting 
artefacts on the consumption side, it would have required a strong leadership. 
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Milestones on the Road to Deregulation 

A government inquiry presented its findings in 1981, Price for energy.120 Hjalmarsson was a 
member of the commission that wrote this public inquiry. The inquiry discussed short-run and 
long-run marginal cost pricing, and the deficiencies of the existing pricing principles. It ended up 
in a recommendation of introducing MCP. There was even an engineer’s touch added to these 
ideas. Professor Björn G. Karlsson gave his expert opinion in which he started out with a very 
clear and firm belief in neoclassical pricing. Prices should inform consumers about the real costs 
of production: “As consumers are constantly doing marginal adjustments, i.e. thinking about 
whether they should consume one more kWh or not while it is for producers a matter of 
responding to variations in demand using existing production capacity, the cost for the last 
produced kilowatthours that is the relevant cost, the so called short-run marginal cost” (page 
226). The problem for Karlsson was metering, but he was confident now because development in 
electronics for the sake of transfer, register and storing of data has made it possible to come up 
with a meter that can make this efficient pricing principle come true. This naïve view of a very 
price sensitive consumer is more straight forward in the wordings of the technologist, but 
expresses really a basic assumption in neoclassical theory. The consumer as a price automat is 
never doubted, the only problem is the lack of a metering device. 

However, the road towards marginal cost pricing, and the deregulation it requires, was not a 
straight path of one success following another. Another public inquiry, The power-intensive 
manufacturing industry during the nuclear phase-out came out against MCP.121 The commission 
was dominated by people from industries where energy, and especially electricity, prices were 
prominent among cost components. For a long time the Swedish power system was built up 
primarily for the sake of improving the domestic industry’s competitiveness through available 
and cheap electricity. Dismantling power capacity and tampering with prices was seen as a 
breach of promise. 

During the eighties another economist in Sweden wrote extensively on pricing of electricity 
in Swedish and international journals, Roland Andersson. He strongly recommended Short-run 
marginal cost pricing, and criticized Boiteux and other forerunners of their support for stable 
prices in the short-run. 

In 1992 Vattenfall was turned into a state-owned limited company, which meant full 
financial responsibility and independence, albeit under directives of the government. 

In 1996 a reform was introduced where every consumer got the right to switch supplier, 
where the old firms were split up in grid-owner (still local monopoly) and seller of electricity, 
where firms were assumed to be profit-maximizing, and where a reference price was set at an 
auction marketplace called Nord Pool common for Norway and Sweden to begin with, later 
joined by Finland and Denmark. A concentration process began immediately resulting in a 
reduction in the power producing elite to three big firms, of which all were international. Many 
municipal firms were bought up by the big three or were consolidated into bigger regional 
conglomerates. A new “affärsverk” were established responsible for the main grid and the 
national balance. The general price level decreased for few years, at the same time as the big 
three shut down reserve capacity. By way of pressure and negotiations the new affärsverk soon 
convinced the producers to open reserve stations again. The general price level has been going up 
since 2001. In recent years consumers have been confronted with price spikes in winter time, 
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especially when nuclear power stations has been out of work due to renovation. A few years ago 
owners of the nuclear power stations decided to upgrade the existing ten reactors, which have had 
the consequence of longer periods of standstill. 

Consequences of Neoclassical Institutionalization 
When Bernstein and Woodward uncovered information from an anonymous source, they dug up 
something hidden. There were lies and there were something going on behind the curtains. 
Revealing such secrets and conspiracies is what a journalist wants to do. There is a good portion 
of drama in this, especially when the perpetrator is confronted with facts amassed by the 
journalist. 

Likewise it is convenient to blame firms of using their oligopoly or monopoly position, 
implying that they conspire against the public interest, somewhere behind the scene. It is much 
more difficult to see the obvious, that which is declared open or just in front of our eyes. When 
Nord Pool was established an institution was established where pricing was externalized, not only 
from the small sellers of electricity but also from the big power producers (they who have 
something to sell on this market). Nord Pool is open for every actor in the electricity market, bids 
are disclosed, Nord Pool is a third party independent of all bidders concerned, a neutral instance. 
Compared to the club of the old system negotiations are replaced by anonymous biddings, but the 
former gentlemanly openness is also replaced by the principle of business secrets. Black curtains 
have been pulled down between the firms, but the making of a reference price is made in the 
open. 

In fact, Nord Pool is an auction market quite Walrasian in type. It gives the impression that 
prices are set in an objective way where demand and supply acts through the bidders actually 
active in the market place. The big three owns nearly of the production capacity, but this is no 
secret, and is defended by the extension of the market to include four out of five Nordic 
countries, and Nord Pool is international in this sense. The market seem to work as “the market”, 
the expected neoclassical market, or rather the way we generally look at markets, as other views 
on markets are ruled out in the public sphere. This is the reason why managers of main grid and 
the energy authority and many others in this sector, says that the market “works” (“marknaden 
fungerar”). It does what is expected of it, and cannot be blamed for anything. It delivers the 
correct price. Huge profits and price spikes must be the result of something else. 

Karl Marx put forward the idea of “commodity fetishism”. This idea can be explained as 
‘real illusion’: It is an illusion even though we know it is an illusion. To our eyes it appears as the 
sun rises and sets every day, even though we know the globe is revolving around its own axis. 
We cannot escape this illusion. The change from a cooperative club of power producers to a 
competitive format is instructive: In the old system prices were set as a resultat of the deliberate 
workings of representatives of power producers, not the result of the anonymous workings of a 
neoclassically organized market. Before, insiders could actually take part in pricemaking, after 
representatives sent bids to an auction so that the price became an outcome of isolated actions. It 
is precisely here that the real illusion originates: Not even the participants themselves knows the 
result, only the market knows. The price has thus become externalized from price-makers. It was 
external for most customers before, but now it had become estranged also for those previously 
involved. And now it was said that customers, including ordinary householders, could take part in 
price-making through choices of supplier and type of contract. 

When neoclassical theory is institutionalized illusions appear as the result of this real 
negation of human origin of prices. Competition Law, Nord Pool, etc are forms in which 



 80

activities take place, and forms allow, direct and defend activities. They are institutions 
established for the purpose of organizing activities according to an ideal, and the supernatural 
character neoclassically organized markets get, stems from the isolated actions at the 
marketplace, giving rise to the illusion of a transfer of agency from people to the market. 

Traffic is also the result of isolated actions from many individual units. Nevertheless, 
liberalism is seldom in favour of deregulation in this sphere. It would be difficult to argue that 
unrestricted driving, for instance, is self-regulating - too many innocent lives are at stake if self-
correcting mechanisms were allowed to operate. 'Traffic fetishism' does not exist because driving 
etc is regulated, unregulated traffic is neither an academic ideal nor a political goal. 

Marx discussed "commodity" fetishism because he aimed at bringing back value to labour. 
His concept of fetishism was intended to explain the real but false transfer of agency from labour 
to the result of labour. "Market" fetishism is an analogy to Marx's idea, with 'traffic' as an 
example of an underlying fetishism that has not been allowed to appear. Likewise would market 
fetishism stop surfacing when neoclassically supported institutions were dismantled and replaced. 
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Energy Efficiency and Counteracting Tendencies 

Abstract 
The development of total energy consumption is important in a world with limited resources. It is 
the result of two basic tendencies working in opposite directions: growth in number and in use 
(such as more cars and driving more) and improvements in energy efficiency (such as more fuel-
efficient engines). Since the 1970s growth of energy consumption has slowed down in Sweden. 
This means that increasing supply has been counteracted by measures improving overall energy 
efficiency to a larger degree than before. How can long-term development in energy consumption 
be analysed? This paper proposes a focus on stocks of energy-converting artefacts as a tool for 
such analyses. In order to show the fruitfulness of this approach, historical data on cars, dwellings 
and lamps in Sweden are used.  

Results from the cases in this paper show considerable gains of efficiency in fuel 
consumption in private cars, and heating efficiency in multi-dwelling houses. Demographic 
factors are important for the outcome. The approach seems to promise a way to analyse energy 
efficiency that captures both promoting and counteracting factors at both the micro and macro 
level.  

Keywords: Energy consumption, Energy efficiency, Stocks. 

Introduction 

Background 

Energy has become an important topic in economic history during the last decade. Among others, 
Paul Warde in England and Astrid Kander in Sweden have created long time series for energy 
use. The long-term view is quite revealing and somewhat surprising. It is revealing because it 
shows that we have become heavily dependent on energy for the way we live. A change away 
from fossil and nuclear fuels is very difficult, as this would result in conflict with existing land 
and water use. What is surprising is the break in trend from the 1970s onwards. 

In both England &Wales and Sweden total energy use dipped markedly after the second oil 
price shock (see Figure 1). Even though consumption later increased, a break in trend is visible 
for Sweden, while the case of England &Wales is less clear. The latter had a stagnant period 
during the world wars and the interwar period; not until 1948 did energy use reach the level it had 
in 1917. In Sweden total energy consumption has stagnated since the 1970s despite a growth 
trend in GDP, and since the mid-1980s consumption of electricity has stagnated despite the role 
of electricity as a factor increasing overall energy efficiency. Previous studies have shown a sharp 
increase in energy efficiency in Swedish industry 1973–1987.122 This was achieved through 
replacements of fuels with electricity–only about 20 per cent was due to changed structure of 
manufacturing industry. 

The important point here is that the break in trend after the oil crisis did not occur because of 
war or crisis but from a change in policy. The oil price shocks initiated a switch of focus from 
supply to efficiency. For a long time a supply perspective dominated energy matters in the energy 
sector, in politics, even in statistics. The immediate response to the consequences of the Arab oil 
                                                 
122  Schön (1990); Schön (2000). 
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embargo was rationing during the winter of 1973–74, but a long-term response came too, with 
programmes for ‘conservation’ and ‘renewable energy’. A move towards efficiency was easier 
than a turn toward renewables as efficiency could be thought of as efficient use of established 
forms of energy. 

Figure 1. Total energy use in England & Wales and Sweden 1800–2006. Petajoules. 

 
Sources: Warde (2010); Kander (2000); SEA (2009). Sweden on the right axis. 

Gales et al (2007) studied energy intensity over 200 years in four small European countries. 
While the energy intensity in Spain, the Netherlands and Italy show a remarkably stable trend, 
Sweden’s is falling in the long run, perhaps because of the need for heating in the colder Swedish 
climate. A general pattern for all four countries was increasing energy intensity in the 1950s and 
1960s, but since the mid-1970s intensity decreased. As energy intensity is the flip side of energy 
efficiency this means that efficiency has been improving steadily from the 1970s onwards. This is 
not so surprising considering the general trend in productivity in the long run in the Western 
world. Energy efficiency is, after all, a part of total factor productivity. Thus, it can be concluded 
that the development of energy consumption is the outcome of two opposing forces–
improvements in energy efficiency and counteracting tendencies. 

Change, Size, and Use of Stocks of Energy-Converting End-Use 
Artefacts 

How can development of efficiency in the use of energy be analysed? The level of energy 
efficiency at any point in time is here assumed to be the outcome of several tendencies, some of 
which increase efficiency and others decrease it. An analytical tool is needed that captures both 
kind of tendencies as well as delays due to past investments, and that is broad enough to include 
use. Here a change-of-stock perspective is explored as a starting point for the analyses. The 
usefulness of the model is tested on yearly data from Sweden indicating the direction of change 
in stocks of cars, dwellings and lamps. 

A point of departure for the model is the fact that energy is never used directly but always by 
way of some artefact—a paper machine, a car, a dwelling, a dishwasher, etc. (Howarth, 1997). 
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There is a stock of machines, vehicles, buildings and appliances that demand energy. Every type 
of such energy converter comes in different models, and they are not only energy converters, they 
also have other qualities that are important for the buyer and user. A car, for instance, has many 
“characteristics”123 of which fuel consumption is just one.  The stock is renewed through 
scrapping of old units, and through adding of new units. Additions can be of two basic kinds: 
incremental improvements on technologies dominating the stock, or radically different 
technologies surviving at the margin of the stock. 

Figure 2. Changing age structure of a stock 

A B C 

 

A B C 

 
A = (to be) scrapped; B = other stock; C = (to be) added. 

Beside changing structure of the stock, the number of units can increase or decrease. This can be 
illustrated as a bigger area for A + B or B + C in figure 2. Normally the number of units increases 
as population increases, but often more than that when general productivity allows the material 
standard of living to rise.  

An important aspect is the indication of changes in use of stocks. A challenge for the 
efficiency strategy is the ‘energy rebound effect’. It has been debated several times, beginning 
with articles by Brookes and Khazzoom in 1979 and 1980.124 From a historical and dynamic 
point of view, the neoclassical formulation of the theory is limiting. As it stands, it says basically 
that the acting factor (improvements in energy efficiency) causes a counteracting factor 
(increased use of the service in question or other services requiring energy) to operate. The 
mechanism at work is cost reduction, in practice quite similar to price reduction. This narrow 
definition is too limited because counteracting tendencies can also work in parallel without a 
direct link to price and cost of particular types of energy use. An increasing population, a 
decreasing number of people in the average household and new areas of consumption can 
increase the aggregate consumption of energy, for example. Thus, counteracting tendencies here 
are broader than the energy rebound effect proper, including increasing population, contradictory 
development at the unit level, and other tendencies independent from improvements in energy 
efficiency. Nevertheless, the rebound theory has an important side to it as it brings use into the 
picture, for instance, driving more when energy-efficient engines lower fuel costs. 
                                                 
123  Lancaster (1966). 
124  For an introduction see Madlener & Alcott (2009). 
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Improvements in energy efficiency are associated with technical change, but innovations can 
be either of a radical or a conservative character. Path dependence theory explains non-change 
basically with reference to cost advantages of existing technologies both on the production and 
consumption side.125 The ‘dominant design’ has the advantage of cost reductions in production of 
energy converters and offers advantages in consumption due to users’ familiarity in the use of 
these objects. Because of the cost advantages of widely used technologies, the most likely path 
will be incremental change: raising efficiency in gasoline cars instead of switching to electric 
cars, improving insulation in existing buildings instead of erecting passive houses, etc. An 
alternative to radical innovations is radical change in use, such as changing mode of 
transportation, in effect a switch from one stock of energy-using artefacts to another. In order to 
pinpoint the magnitudes of chosen paths, counterfactual thought experiments will be presented, 
such as: What would a phase-in of electric cars into the stock mean in terms of energy used 
compared to the actual case? 

Method 
This paper concentrates on end-use material objects, predominantly but not exclusively used by 
private households. Three types of artefacts were chosen, each associated with private 
consumption (households)—cars, dwellings and lamps. Data of aggregate stocks over the long 
run were collected from different sources. For cars and multi-dwelling houses the rate of renewal 
was estimated, also fuel and heating consumption of the average car and dwelling, respectively. 
Counterfactual developments were estimated where certain variables were held constant, such as 
car-intensity, mileage per car, longer use-life of cars, and no energy-demanding changes in cars. 
Basically the same approach was taken on heating of dwellings in multi-family houses. Due to 
lack of historical data, the development of the residential lighting stock could not be found out. 
Instead, data from a monitoring study performed by the Swedish Energy Agency was used for an 
estimation of the future of the Swedish residential lighting stock during the phase-out of 
incandescent lamps. 

These incremental changes were contrasted with radical changes. In one, it was estimated 
how much had been gained by the factual switch in long-distance domestic travel from air to rail 
and in the other, the aggregate effects of a counterfactual double-switch from gasoline to electric 
cars plus a switch from electric heating to district heating. The rationale for these cases is that, in 
the first, a radically different transport technology actually had been chosen and, in the other, 
preferred choices of technologies from a sustainability point of view were estimated. 

As society is an open system, one single factor cannot be isolated as is possible in a 
laboratory experiment. Thus, whatever method used, the result cannot be unequivocal and 
therefore can, and must, be the object of several possible interpretations. Counterfactual studies 
in social sciences can better be looked at as thought experiments, in this study closely related to 
issues of trade-offs and choices of path in energy policy. When such problems and choices are 
discussed, the relative magnitudes of gains in energy efficiency are of interest. 

                                                 
125  David (1986); Utterback (1994). 
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Results 

Cars 

The stock of private cars has been increasing in the long run, from 250,000 in 1950, to 2.5 
million in 1973, and to 4.3 million in 2009. This rate of growth has far exceeded the growth of 
population: In 1956 there were 10 inhabitants per car, while in 2009 there were 2.2. Growth of 
the stock stagnated in the late 1970s and in the early 1990s. The age of the average car in 2009 
was 9.3 years.  

Figure 3 shows that the stock of cars stagnated for a few years in the mid-1970s. When the 
stock grows, new cars become less and less important for the restructuring of the stock, while 
scrapping becomes more important. This empirical rule can be modified in several ways; for 
example, by longer life of the average car, which happened during the economic crisis in the 
early 1990s. The number of cars is the most important factor in explaining growing use of energy 
for car transport. Even though the average distance per car has been reduced somewhat (see 
Table 1 below) this reduction has only marginally counteracted the 56% growth in total mileage. 
If inhabitant per car and mileage per car had been constant, then total fuel consumption would 
have been lower in the 2000s compared to the 1970s (see row Hb in Table 1). 

Figure 3. The stock of private cars in Sweden 1950‐2009. 

 
Source: Bil Sweden (2010). 
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Figure 4. Total mileage for private cars, and mileage per inhabitant, 1950–2008. Billions of 
passenger kilometres. 

 
Source: SIKA (2010). 

There is a high correlation between the number of cars and distance driven. When total mileage 
(see Figure 4) is divided by the number of cars, then the curve is flattened out. A significant 
decrease occurred from 1973 to 1974 (from 25.1 thousand personkilometers per car to 23.0), and 
an increase to 1978 (24.3), indicating a response to the oil crisis. During this period new more 
fuel-efficient cars were added to the stock. The increase 1985–1989 (from 23.1 to 24.6) can be 
taken as a sign of an energy rebound effect. During the 1990s distance per car decreased 
somewhat, and in the 2000s it has been stable within the range of 23.0–23.6. All this point at the 
importance of the number of cars, not that Swedes are driving more and more, rather that they are 
becoming more numerous and that it is expected that everyone is allowed to drive a car as much 
as everyone else. 

The car is a complex durable commodity with several characteristics. The composition of 
characteristics of the average car changes through scrapping of old cars and adding of new ones. 
Energy efficiency is dependent not only on the energy conversion efficiency of the engine, but on 
several other characteristics, such as rate of acceleration, engine power, weight, air drag, the 
quality of tyres, etc. These characteristics, in turn, are connected to usefulness in terms of driving 
safety, passenger and luggage space, low noise level and many other issues.  

Sprei et al. (2008) investigated the conflicting tendencies in the composition of 
characteristics of new cars in Sweden: better performance on one hand and lower fuel 
consumption on the other. New cars in 1975, 1985, 1995 and 2002 were studied in regard to 
passenger space, luggage space, top speed, time for acceleration, frontal surface area, weight, 
maximum power, cylinder volume and fuel consumption. They found that increased space, 
acceleration and weight had reduced the gains from technical improvements of the engine, air 
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drag and rolling resistance of tyres. About 65 percent of the possible gains had been eliminated 
by comfort and acceleration, while only 35 percent resulted in better fuel economy. 

Table 1. Descriptive and counterfactual data on the stock of private cars in Sweden and their 
fuel consumption, 1950–2009. 
  1950‐59  1970‐79  2000‐09 

A. No of cars in stock, millions    0.62   2.65  4.14 
B. Inhabitants per car   11.5   2.9    2.0 
C. New cars as share of stock, %   17.9   8.9    6.5 
D. Scrapped cars as share of stock, %     4.3   6.7    5.7 
E. Mileage, passenger km, billions     16.6  63.8  96.4 
F. Mileage per car, km  26774 24075 22419 
G. Fuel consumption per car, l/100 km    10.15     8.32 
H.a. Total fuel consumption, index    100  115 
  b. Index when B and F constant    100   96 
  c. Slower renewal of stock    100  119 
  d. Only energy‐saving features in new cars   100  112 

The average car consumed 8.32 litres per 100 kilometres when the factual development was 
estimated, and 8.08 when a possible development of smaller, slower and lighter cars was 
calculated (index value 112 in row Hd). The slower renewal of the stock is estimated as 
equivalent to the average fuel consumption of the stock in the period 1990-99. The average car of 
such a stock would have been very old, about 20 years (index value 119 in row Hc). When car 
intensity and mileage per car is held constant at the 1970-79 level, total fuel consumption in 
2000-09 is not only lower than it actually was, but also lower than in the 1970s, despite the fact 
that mileage was higher in the 1970s.126 Note that in this counterfactual case the number of cars 
has been allowed to increase in parallel to the size of the population. The rate of replacement in 
the long run is slowing down, with additions more so than scrappings (row C and D). 

Dwellings 

The housing stock changes through a combination of building new houses and scrapping or 
rebuilding old dwellings. During a long post-war period from 1959 to 1975 new build dominated 
restructuring with more than 60,000 dwellings per year (a peak occurred also around 1991). Since 
1993 renovation of existing dwellings has dominated, at least in regard to multi-dwelling houses 
where reliable statistics are available.  

The last census including housing conditions was taken in 1990. After that year, data on 
housing has not been renewed at the same level of quality. This is the reason why a guess has to 
be made concerning the size of the average dwelling in 2008. Change of stock (row C in Table 2) 
includes demolished, refurbished, as well as new built houses. The rate of replacement (2%) is 
much lower than for the car stock (12-13%). Efficiency of heating has improved considerably 
since 1980, especially during the 1980s (and probably during the 1970s too, if the trend for multi-
dwelling houses followed that of small houses). Total heating has thus been reduced despite a 
growing number of dwellings. 

                                                 
126  SIKA (2010). 
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Table 2. Descriptive and counterfactual data on the stock of dwellings in multi‐family houses, 
1980, 1990 and 2008. 
  1980  1990  2008 

A. No of dwellings in stock, thousands  2043 2171 2440 
B. Persons per dwelling  1.70  1.51  1.53 
C. Change of stock, %  1.3  2.6  1.9 
D. Square meter per dwelling  65  78  *80 
E. Heating per square meter, kWh  295  190  145 
F. a. Total heating, TWh  39.2  32.2  28.3 
   b. Total heating, index  100  82  72 
   c. Index when B and D constant  100  66  55 
   d. Index when E constant  100  127  147 
   e. Index when B, D and E constant  100  103  111 

Sources: SCB (2010), SEA (2000); SEA (2010a). * = guess. 

Figure 5. Energy for heating and hot water per square metre 1970–2008. 

 
Source: SEA (2000); SEA (2010a). 

When household formation and size of the average dwelling is held constant, total heating is 
reduced even more (see row Fc). If improvements in heating efficiency had stopped at the 1980 
level, 47 percent more energy would have been consumed (row Fd). If changes in household 
formation and changes in the stock had been neutral in regard to dwelling size and heating 
efficiency, then total heating would have been higher than it was in 1980. 

These improvements in heating and hot water is the result of increasing energy efficiency to 
a degree more than off-setting the increase in population and the growing share for one-person 
households. The reduction in energy per unit of area was most radical in the 1970s and 1980s, but 
further reductions can be seen in the 2000s (see Figure 5). Instances of energy rebound effects are 
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hard to distinguish from data material used here but, obviously, the rebound must have been 
limited, otherwise Figure 5 would have looked different. 

A Real Switch From Air to Rail 

According to statistics, domestic air travel (from and to destinations within Sweden) increased 
from 1970 to 1990.127 After 1990 domestic air travel stagnated—in 2008 it was still lower than it 
was in 1990. Travel by railroad stagnated 1980-1992 but increased quite fast after this period. It 
seems that a change has occurred in the choice between train and aviation in long-distance 
domestic travel, in favour of train and thereby a switch from aviation fuel to electricity.  

Figure 6. Domestic travel by air and rail in Sweden 1970‐2008. Billions of passenger 
kilometres.  

 
Source: SIKA (2010). 

If this interpretation is correct, the change has lowered energy consumption for this purpose. 
Energy consumption was estimated for two cases: (1) the factual case and (2) a counterfactual 
case where rail followed a stagnating trend while air increased. In the factual case, 13 TWh were 
used for domestic travel; in the counterfactual case, 20 TWh—quite a large difference. 

An Imagined Double Switch to and From Electricity 

Part of the progress of energy efficiency in housing, however, derives from electric heating. This 
way of achieving efficiency is highly debatable. Electricity should be reserved for purposes 
where electricity is necessary, while lower forms of energy should be used for heating. 
Converting nuclear fuel to hot water and this, in turn, into electricity is a detour involving losses 
that are unaccounted for in statistics on energy for housing. And hydropower is limited because 
we want to save some rivers untouched for the benefit of coming generations. The best solution is  
‘passive houses’, that is, houses heated with free heat from insolation and waste heat from bodies 
and appliances, supplemented with some heating device during the coldest days in winter. As 

                                                 
127  SIKA (2010). 
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passive houses rely basically on very thick insulation, it is not physically possible or very 
expensive to change existing houses, and replacement by new build and scrapping will take a 
century to accomplish. A more realistic restructuring would be to convert houses with electric 
heating to district heating. On the other hand, as was pointed out in the previous section on car 
use, it is desirable to convert private cars from combustion to electric engines. What would a 
double conversion—replacing electric heating with district heating, and replacing petrol cars with 
electric cars—mean for total energy consumption in Sweden?  

Table 3. Estimated changes in energy consumption when gasoline cars are replaced by electric 
cars, and electric heating with district heating. 

  TWh 1975  TWh 2006  Index 2006 

Gasoline cars, factual  38.2  45.2  100 

Electric cars, counterfactual  10.9  12.9    29 

Electric heating, factual    9.3  22.1  100 

District heating, 
counterfactual 

10.5  25.0  113 

Figure 7. Factual and counterfactual (phase‐out of electric heating and phase‐in of electric cars 
1975‐2005) use of energy and electricity in Sweden 1800–2008. TWh. 

 
Sources: Kander (2002); SEA (2009); Johansson & Steen (1985); Smil (2008). 

Assumptions used were 20% efficiency for combustion engine and 70% for electric motor; 95% 
for electric heating and 84% for district heating.128 The phase-out of electric heating and phase-in 

                                                 
128  Smil (2008: 395); Johansson & Steen (1985: 319-321). 
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of electric cars were distributed equally for each year over the 30-year period 1975-2006. Input 
data on petrol (‘bensin’, excluding diesel) refers to total use of petrol in the transport sector, not 
just for private cars, and is thus exaggerated. It is assumed that electric heating will be replaced 
by combined heat and power production in district heating systems, but the additional electric 
energy produced has not been added to the total amount of electricity (which is a measure of 
consumption, not production). The fuel used in this counterfactual increase in CHP is left 
unspecified. 

Replacing gasoline cars with electric cars would reduce energy consumption by 32.3 TWh, 
while replacing electric heating with district heating would increase consumption by 2.9 TWh. 
The net gain would thus be 29.4 TWh. Figure 7 shows the difference in the long term for both 
total energy and electric energy use. Even though savings from the double switch are significant, 
they do not change the picture all that much, but the change in direction is still important. 

Lamps 

We do not know so much about the lighting stock. The most comprehensive study made so far is 
that by the Swedish Energy Agency 2005-2008.129 Data from this source are shown in Table 4. 
The studies reported so far are not representative of the whole household population. The number 
of households covered is small from a statistical reliability point of view because data collection 
is cumbersome due to the need to collect the essential information on hours-of-use. 

Table 4. Unweighted average of Swedish households’ use of electric 
lighting, 2005‐2008. 
  Small houses  Multi‐dwelling houses 

Number of lamps  55.2 31.2

Wattage per lamp (W)  29.3  26.6 

Hours‐of‐use per day and lamp     1.60     1.94 

Number of households (000)  1,978  2,238 

Electricity for lighting (TWh)      1.87     1.31 

Lighting/all electricity (%)  22.7  19.0 

Sources: SCB (2008); Zimmerman (2009); Öfverholm (2009). ‘Small houses’ 
include detached houses and houses with two dwellings. ‘Multi‐dwelling 
houses’ often contain shops, offices and other non‐residential spaces, but the 
main purpose is residential. 

The sample is small in relation to the population of households and the geographical distribution 
of the sample is quite narrow. On the other hand, the data cover several types of households in 
regard to housing, age, number of people, etc. and is very detailed, comprising observations on 
each appliance. With this in mind, we can let the data give us a hint of what the national 
consumption of electricity for lighting would look like. From data in Table 4 it can be calculated 
that there are 179 million lamps in total. 

                                                 
129  Zimmerman (2009). 
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Table 5. Distribution of lamp types in Swedish households, and assumed 
lifetime and price level for each type. Percent, hours, euro. 
Lamp type  Share, %  Life time, h  Price level, Euro 

Incandescent  60.5  1000  1 

Halogen  16.2  3000  4 

CFL  13.1  7000  6 

Fluorescent tubes  10.2  10000  6 

Sources: SEA (2010b); Zimmerman (2009). Currency rate assumed: 10 SEK=1Euro. 
1 USD ≈ 0.8 Euro in June 2011. 

The effects of the phase-out130 can be described as a comparison of the residential lighting stock 
before and after the transition period. It is assumed that all incandescent lamps will disappear and 
be replaced by CFL, halogen and, to a lesser degree, LED lamps.131 Then the replacement rate 
will decrease from 43 percent to 13 percent per year (or from 2.3 years to 7.7 years for the whole 
stock to be replaced). Average power will be lower and thus electricity consumption for lighting 
(assuming constant hours-of-use). 

Figure 11. Residential lighting stock in Sweden before and after phase‐out of incandescent 
lamps. 

 
Sources: See table 4. 

 

                                                 
130  EC (2009). 
131  Bladh (2011). 
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Table 6. Economics of the phase‐out. 
  2010  2013 

Replacement rate, %  43  13 

Power per lamp, W  28  16 

Electricity for residential lighting, TWh      3.2       1.9 

Lamp sales, million Euros  113  108 

Electricity sales, million Euros  483  281 

The phase-out has the chance of becoming a success in terms of energy saved. Counteracting 
factors here are the same as those for dwellings: population and smaller households. The number 
of households grows slowly over a longer period, while the phase-out has effects in a few years. 

Concluding Discussion 
The change-of-stock approach says that the stock consists of mature energy-converting 
technologies with cost advantages in production and advantages of familiarity among consumers 
and users. Because of these advantages, an incremental path of improvements in energy 
efficiency is often chosen, the path of improvement of dominating technologies; for example, 
higher fuel efficiency of the combustion engine and additional insulation of existing houses. 

Radical changes through the introduction of basically different technologies meet barriers of 
entry and must overcome the obstacles associated with path dependence. They are implemented 
only at the margin of the stock and meet increasingly higher barriers as dominating technologies 
are improved upon. This explains why the electric car has had difficulty achieving wide 
diffusion. 

Incremental changes in energy efficiency can be displaced by changes in other characteristics 
counteracting the efficiency gain. A heavier car, for instance, requires a more powerful engine, 
which can partially or completely surpass the actual improvements to the engine. The compound 
effects of all relevant changes are what matters. Nevertheless, estimations of energy efficiency 
improvements provided in this paper have been quite substantial, in heating and probably for 
lighting after the phase-out. Still, radical changes, such as a double switch from gasoline to 
electric cars and from electric heating to district heating would not only include a higher gain in 
efficiency but also a change of path. 

There are, however, counteracting tendencies of a more purely social nature that partially 
outdo the gains efficiency in the more purely technological sense. Increasing population, a higher 
number of cars per head and fewer people in the average household are examples of such 
tendencies. They play a significant role in the total consumption of energy, probably more 
important than energy rebound effects. 

The phase-out of incandescent lamps is a special case as it relies on a long period of 
preparation. The CFL has been around since the 1980s and is now more competitive in terms of 
purchase cost and familiarity among the public. The phase-out pushes consumers over the last 
threshold of a somewhat higher purchase price, forcing the user to forget the warm glow of the 
incandescent. 

In the 1990s, Sweden experienced a switch from air to rail in long-distance travel within the 
country. Many passengers changed their mode of transportation in favour of the train. This 
change was a switch from the use of one existing stock to another, rather than a change of one 
stock. Energy saved from this switch was considerable. 
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The strength of the change-of-stock approach is that it enables us to capture both promoting 
and offsetting factors, and both the details and the aggregate effects of changes related to energy 
efficiency in consumption. 
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Afterthoughts 

On systems  
Alfred Chandler wrote a book on The visible hand in the 1970's. Large professional organizations 
coordinated inputs and output for mass consumption for the sake of an efficient flow. Economies 
of throughput was gained through vertical integration backward to input and forward to sales. 
The large professional vertically integrated firm was a system. Even though input, production and 
output had been related, or coupled, earlier too, it was now tightly coupled through deliberate 
coordination inside one single organization. Chandler's focus on organization escapes Hughes' 
problem when he states that technical systems have a technical core. As soon as the core is 
defined as technical you will immediately have to place people and the social in second place, 
that is inescapable. But a sociotechnical system must have a sociotechnical core! 

Taylorism, Fordism and Just-In-Time are systems of the same kind as that of Chandler’s 
visible hand: coordination through organization. Technology here has more to do with method, 
practical work with labour, material and machines. Investments in buildings and machinery are 
certainly components, but they are not defining the basic character of the system. Instead of 
taking the steam engine or the car as the point of departure, we could do well in taking the 
railroad or auto transport as our starting point.  

Secondly, the analogy with Chandler's theory point at the need to differentiate between 
loosely coupled systems (which comes close to an interpretation, a view of real and possible 
relatedness of components, such as may be suggested in consultant’s reports), and tightly coupled 
systems where, perhaps, the consultant's suggestions have been implemented and made 
components closely interdependent. For example, minimizing stocks in a Just-In-Time system 
make the flow more vulnerable to shortages and interruptions in any part of the chain. It seems as 
if tightly coupled components are coupled for a certain purpose, and thus is given a certain 
direction, or path. 

On Environmentalism  
If the Chandlerian definition of system is used, then it is much easier to let the environment into 
the picture. Outside the system we have its environment, this is how it goes within the systems 
literature, let us stick to that. Now, it so happens that one important phenomenon influencing the 
electricity system have been environmentalism, and here "environment" is nature, while a 
system's environment can be politics. In the beginning there was harmony between the system 
and its political environment, in Sweden, but in the 1960's and 1970's this harmony broke up, and 
in the 1980's there was open conflict. Growing environmentalism in the system’s environment 
made the difference. And now there was a change from supply to efficiency, from supplying 
more and more energy through ever bigger power stations, while optimization within existing 
resources continued. 

On Behaviour  
In the academic literature on energy efficiency some authors emphasizes "behaviour". Studies of 
householders show that the level of energy consumed varies hugely from one household to the 
other. It is impossible to explain this, the authors states, with reference to the number of energy 
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consuming articles in possession, as energy consumption can vary widely even when the number 
of articles do not. Also when the type and vintage of the gadget in question is the same can 
energy consumption levels differ significantly between households. So "behaviour" must be the 
culprit, it is implied.  

But historically, or in the long-run over several decades, this cannot be a satisfying 
explanation, and thus not a base for a politically successful proposition. There is no reason to 
believe that differences among households were smaller in, say, the 1950's than they are today. 
Behaviour has not changed so much as possession of energy-converting apparatuses and access to 
energy consuming services has. The enormous increase in energy consumption over the last fifty 
years cannot be explained by our "behaviour" but rather with our possessions. The discovery of 
individual differences is rather the result of more and better data on energy consumption among 
households, in itself a result of a change in energy policies. 


