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Abstract 

Increasing importance of environmental concerns, growing demand for renewable energy, future 

introduction of electrical cars, improving energy efficiency, ambivalent attitude of society to nuclear 

power and multiple other external factors may become driving forces for future changes within the 

hydropower field in Sweden. On the other hand the dynamics for these changes can emerge from the 

value-systems, arguments, intentions and actions of the stakeholders, many of which are not satisfied 

by the present situation within the sector, but see its future changes in a different way. This makes the 

study case of hydropower in Sweden challenging for technology assessment and at the same time the 

technology assessment method, the scenario workshop that can provide interaction among the 

opposing parties and serve as a bridging event between the phase when various ways of future 

technology development are promoted by various actors and the decision-making phase. The ensuing 

research question is if the scenario workshop can be successfully applied to the hydropower case, the 

technology which is more than hundred years old, and if it can improve communication among the 

stakeholders to enhance their learning. The learning implies different dimensions such as 

 Improved articulation of the problems at hand, 

 probing each other‟s world and better understanding of the other stakeholders‟ 

positions and value systems, 

 driving forces and crucial events for the future development of the whole hydropower 

sector and possible scenarios for this development. 

In order to answer this question more than 20 interviews with the main stakeholders have been 

carried out and a workshop based on possible external and internal future scenarios for hydropower in 

Sweden was organized. Evaluation of the workshop showed that the chosen method was efficient and 

the aim, which was stakeholders learning, was reached. 
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1. Introduction  
 

Sweden has reached a very high efficiency in energy utilization during recent years and shows 

and even slightly decreasing energy consumption (Svensk Energi 2009) instead of following the 

global trend of dramatical growth of energy use. Nevertheless, one of the aims set by the 

European Union followed by the Swedish Government (Swedish Energy Agency 2009) is to 

increase renewable energy production in order to mitigate environmental problems caused by 

energy production such as greenhouse gas emissions and resource depletion. Since hydropower 

in Sweden has been developed from the beginning of the nineteenth century, the opportunity to 

install new large-scale hydropower stations is very limited by technical and environmental 

restrictions. The environmental consequences of harnessing rivers, especially biodiversity 

reduction, have led to strong opposition against further hydropower development in Sweden and 

to the prohibition of building hydropower on the four so called national rivers and on some 

unexploited parts of other rivers. This in turn has entailed the present situation in which the 

emphasis for new additional electricity production is mostly on such renewable sources as wind, 

wave and solar power. However, all these renewable sources are intermittent and hydropower 

gives good options to produce balancing power that can stabilize the grid with a large share of 

energy produced from intermittent sources. Thus the fact that hydropower provides cheap and 

stable renewable base-load and regulating power stimulates developing options to apply and 

optimize hydropower generation technologies within present limitations and without 

compromising the ecological balance.  

All the factors stated above result in a great number of different stakeholders, involved in 

hydropower development in Sweden, which pursue different interests and influence this 

development in different ways. These interests together with external future events become 

driving forces for further development of hydropower and provide the dynamics for it, 

eventhough hydropower is a technology with a long history and not an emerging one. The 

existence of this dynamics in turn makes it possible to assume that the methods based on 

Constructive Technology Assessment, which mainly has been elaborated for emerging 

technologies, could be applied for the case of hydropower in Sweden in order to assess the 

probable consequences for society of the future changes in the sector and provide a basis for 

better decision making at present. Furthermore, the variety of different stakeholders‟ opinions 

and contradictions between them shows that there is a need for a constructive dialog among the 

actors. One of the methods, which have been already successfully applied for emerging 

technologies, is Constructive Technology Assessment workshop. The challenge for this 
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experimental study is to apply and adapt this method to an existing technology, the dynamics of 

which comes from a variety of stakeholders and from external forces, which may bring future 

changes, and to determine if this method stimulates mutual learning among the actors.  

This paper also aims to describe the situation within the hydropower sector in Sweden from 

different stakeholders‟ points of view and provides a basis for further studies of hydropower 

issues. 

 

2. Project Outline 
 

The structure of this report is presented in accordance to the following outline. First, in the Goal 

and Scope section, the problem is defined in general regarding two aspects, namely, the situation 

within the hydropower sector in Sweden and scenario methods of importance for future decision 

making. The problem statement is followed by the Research Relevance part showing the 

importance of the study and research gaps, and the Aim and Objectives part with the goals to be 

achieved. 

The subsequent part provides the theoretical background with respect to scenario methods from 

the general to the special, starting with technology assessment theory, followed by the scenario 

and workshop methods, and then by the aspects of learning, which are important to be defined 

and described in order to reach the aims and objectives of this research. 

This Methodology part describes the methods used in the study, expectations from the methods 

and possible undesirable effects. The research procedure, which consists of three major steps, is 

presented in detail. The reasons of choosing a particular method in order to reach the aim and the 

objectives of this project and to perform the research procedures are also presented in this part. 

Thereafter the information about the present situation within the hydropower sector in Sweden is 

presented. It contains some relevant historical facts, the list and short description of the main 

stakeholders and the present dilemmas among them, the information about legislation and water 

management in Sweden. 

The following Results part describes the data generated in study, which encompasses the 

interviews, the scenarios, the workshop transcripts and observations and the post-workshop 

interviews. The evaluation of these data is also presented here. 

The final Conclusion and Discussion part presents the summary of results on both dimensions of 

hydropower development in Sweden and workshop scenarios. The interpretation of these results 

regarding the effectiveness of the applied technology assessment methods and the future 

sustainability of the Swedish hydropower sector is also given here. Furthermore, the results are 
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compared to previous studies. This chapter also contains an evaluationof the project and the 

degree to which aims and objectives have been achieved, some suggestions for future research, 

discussion of the limitations- and of significance of the study. 

The complete reference list is presented in the next part, followed by the appendices with 

scenarios, which were used during the research procedure, and transcripts of some of the 

interviews. 

 

3. Goal and Scope 
 

The Goal and Scope section describes the problem regarding two aspects, which are the situation 

within the hydropower sector in Sweden and the importance of scenario methods for the future 

decision making. The problem statement is followed by the Research Relevance part, which 

shows the importance of the study and identifies research gaps. Thereafter the Aim and 

Objectives part with the goals to be reached is presented. 

 

3.1. Problem Statement 
 

The general question for this experimental study is if the chosen method of Constructive 

Technology Assessment workshops can be applied successfully for the study case of hydropower 

in Sweden. To answer this question the comprehensive study of the present situation within the 

hydropower sector and defining of its possible future scenarios and driving forces for its future 

development should be done, which is a concurrent aim of the present research.  

 

3.1.1. Hydropower development in Sweden 
 

Hydropower has been a renewable source of energy, highly efficient, clean and well developed 

in Sweden during the last century. Harnessed rivers provide both base-load renewable energy 

production (supplying the country with about a half of its electricity) and regulating power for 

balancing the electricity grid (i.e. maintaining the momentary balance between electricity supply 

and demand). On the other hand, hydropower has hydrological, ecological and social impact that 

leads to a strong opposition in the country. As a result four rivers, namely the Torne River, 

the Kalix River, the Pite River and the Vindel River (Natural Resource Act, 1987), have been 

entirely protected from harnessing by the Swedish Parliament; on unexploited parts of some 

other rivers building of hydropower plants have been also prohibited. Certain environmental 
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requirements, such as building of fish ways and providing of environmental flow
1
, have been 

introduced. However, these actions did not bring consensus among the main stakeholders. The 

supporters of hydropower would like to expand the energy production from this source appealing 

to the fact that this is renewable and carbon free energy, which is of a high importance in the 

light of the climate change problem, it also provides Swedish citizens and industry with 

relatively cheap energy and renders the opportunity to the energy producers to finance expensive 

projects on other renewable energy sources. The opposition thinks that since hydropower has 

such an impact on the environment, the goals set by the Swedish Government and the Renewable 

Energy Directive by European Parliament to increase the share of renewable energy production 

and fight the climate change problem could be reached without increasing hydropower in 

Sweden. The Swedish environmental legislation and the Water Framework Directive on the 

European level also put some pressure on the hydropower sector and hinder its expansion. The 

environmentalists, which are the major part of the opposition, also refuse to discuss any 

expansion of hydropower using more streams until the requirements set by the Swedish 

Environmental Code will be fulfilled at every existing hydropower plant except those plants 

where it can be shown that there is no need for such measures. The opposition is not against the 

expansion of hydropower if it can be achieved by increasing the efficiency of the existing plants, 

without exploiting more streams. However, the energy producers often do not dare to do this 

since applying for permits for this kind of changes at their existing hydropower plants they risk 

to lose their old permits which last forever due to the legislation of the past. These and other 

concerns, such as the role of small-scale and large-scale hydropower in river ecosystems, 

justifiability of the subsidies system called Electricity Certificate, the position of Sweden in 

regard to exporting renewable and regulating power to neighboring countries and the actual need 

for this foreign aid, problems of riparians living along the harnessed rivers, and some other 

issues bring active discussions among the interested parties and also in the Swedish society. 

The future development of hydropower in Sweden may also be affected by possible future events 

such as a phase out of nuclear power plants, the introduction of electric cars and the use of 

electric vehicles for balancing the grid, the level of future integration of Sweden into the 

European grid, the future energy demand, and climate change, which affects the rainfall patterns 

and can cause changes in the seasonal flow patterns. 

The stakeholders‟ interests, the set of positive effects of hydropower and its negative impact 

together with uncertain future events, which may affect the further development of hydropower 

                                                 
1 Environmental flow is the minimum amount of water which is needed to be in a river to maintain healthy ecosystems within the 

river watershed.  
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in Sweden, will define its future, and the more society and the stakeholders are aware of these 

factors and develop joint visions of the future situation, the better decisions can be made in 

present. 

 

3.1.2. Decision making regarding the future and the 
importance of scenarios 
 

Technology moves progress and improves the quality of life of society giving. It creates the 

opportunity for a growing population to exist within the constraints of limited resources. The 

higher the level of its technological development the more competitive becomes a company or 

even a country. However, it has a cost: it increases the burden on the earth ecosystems, and 

changes culture and structure of society and thus provokes debates and arouses opposition 

(Mulder, 2006). To make better decisions at present and in the future, society should anticipate 

possible courses of events regarding technological development. This prediction should be done 

not only as a forecast considering a certain technology, but focused on its relation to society, 

anticipating probable impacts and how this development may be affected by external events and 

different actors, which influence the technology. The reason for that is that, on the one hand, 

society can avoid some undesirable effects caused by the technology development in the future, 

and, on the other hand, the companies interested in driving the technology forward in its 

development and expansion, can evade some costs related to the low acceptance of the 

technology by the public and stakeholders. The need of this kind of prediction leads to applying 

technology assessment. Technology Assessment is a study of the effects of technological 

changes on the society with the focuss on the possible consequences which were not planned 

while implementing these changes (Coates 1971). The complexity of this assessment originates 

from the uncertainties of the external future (that is beyond the influence of the technology 

developers) and the internal dynamics of the different stakeholders, which are involved in the 

issue and which have their own, sometimes diametrically opposite, visions of the situation based 

on their different interests, priorities and value systems. The difficulties of carrying out 

technology assessment also are a result of the possible long chain of effects, when the initial 

effects (direct impact of a new technology) cause second-order effects (changes of behavior 

enabled by the new technology), which may involve in turn third-order effects and so on (Porter 

1991). First-order effects are usually easier to predict, while the next effects in the chain are 

usually more important from the society point of view (Mulder, 1996) and thus they are more 

important regarding the technology assessment results.  
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Depending on the aim of a certain technological assessment, there are different kinds of it. For 

this thesis the Constructive Technology assessment was chosen as a prototype. According to its 

definitions the main distinctive feature of this kind of technology assessment is that Constructive 

Technology Assessment aims at influencing the design of the technology, therefore the process 

of technological change (Mulder, 2002). Usually the technology, which is the subject for such 

assessment, is an emerging one, innovative and not embedded yet into the society. Nevertheless, 

some of the researchers within this field, such as Schot and Rip (1997), specify that the 

Constructive Technology Assessment can be applied in case of “redesign of old technologies”. 

This allows making an assumption that if there is a potential dynamics in the development of 

already existing technology, then the Constructive Technology Assessment still can be applied 

and it can influence and contribute to the process of its further development and future changes. 

Thus, the specific point of this research project is that the assessment is applied not to an 

emerging technology, but to an existing one. The choice of this type of technology assessment 

was dictated by the complex situation within the hydropower sector in Sweden, which was 

chosen as a study case. Here there are numerous uncertainties of the future, which may drive the 

further development of hydropower in different directions, and there are various stakeholders 

involved, which also influence changes within the sector. The latter results in an obvious need 

for interaction and constructive discussion between actors and decision-makers, which may serve 

as a bridging event (Garud and Ahlstrom, 1997) for them, and which can lead to their learning as 

a result (Parandian, 2008). Learning helps to reach consensus or, at least, to reduce a 

confrontation among the stakeholders. Learning implies 

 probing each other‟s worlds thereby developing increased insight in other stakeholders 

worldviews, values etc.  

 reflexive articulation: improving argumentation structures by including  the  dilemmas 

and arguments of different stakeholders, 

 Developing new insights in  the dynamics of whole arena in which the technology 

develops (Parandian, 2008); 

The learning may also imply changing of the stakeholders‟ positions and increase of the 

stakeholders‟ acceptance of the other actors. One of the effective methods stimulating this 

learning according to the researchers within the technology assessment field is a scenario 

workshop, which provides a good environment for the stakeholders for interaction and 

discussion. 

The main challenge for this study is to apply and adapt a method of Constructive Technology 

Assessment workshops to the existing technology of hydropower, the dynamics of which 

originates not from its novelty, but from a variety of changing stakeholder visions and external 
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forces, which may bring future changes. And the ensuing research question is if the societal 

debate, may be organized through such a workshop which enhances learning among the 

stakeholders. 

 

3.2. Research Relevance 
 

Even though the technology assessment theory and its application in practice is now well-known 

in government and among the other decision-makers, it is still insufficiently practiced (Coates 

2001). One of the challenges for research ontechnology assessment arises from the changes in 

the technology assessment methodology itself. Inthe very beginning technology assessment 

implied more analytical desk research work. More recently it encompassed more interactive 

engagement of stakeholders, resulting in workshops, conferences, discussions and other forms of 

dialog, through which technology assessment was performed (Van Eijndhoven, 1997). Van 

Eijndhoven (1997) in her article about the paradigm of these changes within the technology 

assessment field emphasizes that to evaluate and find out best practices within this kind of 

studies, more experiments with different kinds of technology assessment approaches should be 

done. This study is one of such experiments. 

One of the gaps, which may be detected in present research regarding technology assessment, is 

that this method is usually applied to new technologies, for which the dynamics originates from 

the its novelty and the impact it has on societal structure and culture. The challenge for this 

experimental study is to test a method well working for emerging technologies assessment and 

show its applicability for an existing technology that is disputed.  

The main output of this experimental study regarding the hydropower itself is the discussion that 

took place during the workshop. As one can see from the answers to the interviews taken for this 

project (some transcripts are available in Appendix F), all stakeholders within the sector note that 

even though there is communication among them to a certain extent, they would like to have the 

opportunity for a more constructive discussion, especially with their opposing parties. And in 

spite of the fact that most of them are rather skeptical of the plausibility of consensus among the 

interested parties, they still would like to keep trying to approach a consensus rather than to be in 

outright confrontation. 

If one is to evaluate the contribution of this report to the hydropower issue in Sweden, it is 

important to note that quite a lot of related studies have been carried out. Mostly they were 

carried out by stakeholders, but also by more or less independent organizations, such as the 
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official research, conducted by the Swedish government that resulted in a paper called 

“Vattenverksamhet” (“Water Activities”), which has been published in 2009. 

In this paper, an attempt is made to present the situation of the hydropower technology and its 

application, the forces that might influence it stakeholder visions and dilemmas within the 

hydropower field in Sweden without bias. So the reader could get an insight into the issues and 

into its various aspects. The transcripts of the stakeholders‟ interviews taken during the research 

procedure and presented in Appendix F, can be especially interesting since they help to get a 

better understanding of the visions and the arguments of the different stakeholders. It is also 

important to stress, that most of the interview responses reflect the individual opinions of the 

interviewees rather than official corporate ones, while the latter are usually available in official 

press releases and comment letters published by the organizations. At the same time this project 

does not aim to draw any conclusions about rightness of stakeholders and their arguments since 

it would harm the learning process of the workshop.  

 

3.3. Aim and Objectives 
 

The main aim of this experimental study is to adapt and apply the workshop technologies and 

design, which was created in previous research for the Constructive Technology Assessment 

and for emerging technologies, to an already existing technology in order to stimulate 

learning among the stakeholders and evaluate it. In contrast to new technologies, for which the 

dynamics come from its novelty, the dynamics for the existing technologies comes from external 

forces, which may lead to different changes in the technology‟s future development.  

The term “learning” implies here: 

- Exploring and probing of other stakeholders world 

- Active discussion and articulation of the positions and dilemmas 

- Better understanding of the other stakeholders‟ positions and changes in perception of the 

other stakeholders and the situation within the technology sector (Mahidhar, 2009). 

- Getting new knowledge and better understanding of the possible external events and 

future dynamics of the technology. 

 These aspects of learning are explained and described more in details in the Methodology part. 

 Since this paper considers hydropower development in Sweden as a study case and at the same 

time it refers to the scenario method methodology, it has a dual aim. That means that besides 

probing and evaluating the scenario workshop method, it has an aim to make possible for the 

reader to create a comprehensive picture of the situation within the hydropower sector in 
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Sweden and to provide a basis for further independent studies on the hydropower issues. The 

word “independent” means that the author of this paper has no interests or preferences with 

respect to the stakeholders and dilemmas considered in this paper and this work is not financial 

supported by any of the interested parties. The complexity of the situation, and the importance of 

learning among and between stakeholders that might be harmed by partiality, is the reason why 

the conclusions regarding the dilemmas in hydropower development in Sweden and its possible 

solutions are not an aim for this work. 

To fulfill the aims stated above, the following objectives have to be reached: 

- Collection of information and different opinions of stakeholders regarding the situation 

within the hydropower sector in Sweden 

- Adaptation of the methods, which encourage learning, elaborated for Constructive 

Technology Assessment, to an existing technology, taking into account different driving forces 

causing the future dynamics. 

- Identifying concurrent dilemmas and driving forces for the possible future development 

of hydropower in the country  

- Choosing and creating appropriate scenarios for moving forward the discussion during 

the workshop 

- Presenting the scenarios and other relevant information in a way which stimulates 

learning and better understanding for the stakeholders of each other‟s positions, vision and 

arguments. 

- Creation of a comfortable environment and conditions for the workshop procedure, 

which leads to an improved fulfilling of the learning aim, which in turn implies providing the 

possibility for articulation of the problems and probing each other‟s world. 

- Evaluation of the efficiency of the methodology used and identifying if the stated aims 

and objectives were fulfilled. 

 

4. Theoretical background 
 

In this chapter the theory of technology assessment is presented from the general to the special. 

First the notion of technology assessment is introduced followed by its classification, and then 

the method of scenario workshops is explained and the aspects of learning are defined, which are 

directly related to the main research question of this study. Also this chapter contains the reasons 

why certain methods were chosen for this study in order to reach the aim and the objectives of 

this project and to perform the research procedures.   
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4.1. Technology assessment 
 

Technology assessment was introduced in the 70s for assessment of possible future effects of 

emerging technologies with respect to the society in order to steer decision making processes 

regarding these innovations into the desired direction and avoid undesirable consequences 

(Kastenhofer,  Bechtold, and Wilfing, 2009).  

In the 70s, when TA was established, new large-scale technologies were appearing (for instance, 

space technologies, nuclear power) (Kastenhofer,  Bechtold, and Wilfing 2009) and the old ones 

were evolving very fast (electronics, health care) (The People History, 2004). At the same time, 

in 60s-70s, the criticism related to technological development and its planning arose. The 

criticism emphasized the social and environmental impacts of this development and its costs for 

society (Mulder, 1996). Consequently the rapid and intensive technology growth on the one hand 

connected to an increasing awareness of its risks and increasing criticism on the other hand 

became a driving force for TA. This kind of research appeared in addition to „technological 

forecasting‟, which was “a prediction of future characteristics of useful machines, procedures or 

techniques” (Martino, 1993) and did not consider the consequences and costs of technological 

development for the society. TA was also introduced in contraposition to the common practice at 

that time of promoting new technology separately from its regulation, and implementation of 

these actions by different institutions. That practice disabled the political system (Beck, 1992). 

Thus, the Technology Assessment practice appeared in order to provide an effective mechanism 

to control and steer innovations in desirable directions (Arnstein, 1977) and to reduce learning 

from mistakes by introducing earlier learning processes (Rip, 1986).  

One of the early definitions of TA was given by Cetron and Connor (1972): 

“Technology assessment is an attempt to establish an early warning system to detect, control, 

and direct technological changes and developments so as to maximize the public good while 

minimizing the public risks”. 

Some other definitions identified TA as a policy instrument rather than as a tool to benefit the 

public (Mulder, 2006). Nowadays the TA practice is constantly evolving, inspired by different 

scientific disciplines, and due to that influence “TA has been institutionalized in a wide variety 

of settings, covering a wide variety of functions, goals, methods and target groups” (Van Est, 

2010). These numerous settings result in many different ways of categorizing TA. For example, 

Van Est (2010) classifies four types of TA, presented in the table below. 
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Type of TA Characteristic features Focus 

Classical TA Attempts to identify and assess the 

possible impacts of  technology in an 

early stage of its development and thus 

contribute to the process of decision 

making 

Informing the target group 

about societal and 

environmental side effects of 

the technology 

Participatory TA Aims to involve more actors in the 

debates about developing technology and 

its consequences, to provide awareness 

for the interested parties about visions of 

the issue by other actors, to organize and 

facilitate the process of the stakeholders‟ 

interaction 

Broadening debates about the 

developing technologies 

among the public, 

stakeholders and policy 

makers 

Argumentative TA In addition to a question how to reach 

certain goals and avoid certain 

undesirable consequences, this kind of 

TA brings the debates about the reasons 

why these goals have been set and why 

these consequences are undesirable. This 

is performed through analysis, discussion 

and exposing to the public the value 

systems, visions and expectations of 

different interest parties 

Deeping debates about the 

developing technology 

through bringing to the 

debates the question why 

certain consequences are 

desirable or not (from ethical 

and political points of view) 

Constructive TA Attempts not only to assess the 

technology, but also to influence its 

design and development process in an 

effort to make it conform to social needs. 

This is performed through opening up 

the issue for the debates and then 

through involvement of social actors, 

which are the parties affected by 

technology development but not 

involved in the innovation process 

directly 

Broadening the design process 

of technology 
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These types are not mutually exclusive, one kind of TA can include the features and methods of 

the others and the boundaries among the kinds are rather diffusive.  

The choice of the TA type was dictated by peculiarities of the study case under consideration, 

namely hydropower in Sweden. It is important to note that hydropower in Sweden has been 

developed since the nineteenth century, thus it is not an emerging technology. However, because 

of the strong opposition on the one hand and increasing importance of renewable energy on the 

other hand together with probable unknown future events which may affect the development in 

different ways, there is a potential dynamics within this sector. Furthermore, this dynamics may 

result in different scenarios and societal consequences, and this uncertainty along with numerous 

stakeholders and social actors involved, makes the issue rather complex and challenging for TA 

research. Moreover, in contrast to emerging technologies, in case of old technologies all the 

interested parties as well as policy makers have their own established and structured opinions 

regarding the issue (Van Merkerk and Smit, 2008), and therefore there is an obvious need for 

providing a space for constructive communications among the stakeholders in order to untangle 

the deadlock, caused by the confrontation among some of them, and forge a way ahead. This 

leads to a conclusion that on the one hand the complexity of the situation within hydropower 

makes it difficult to define unambiguously the most advantageous future for society. But on the 

other hand the improved dialog and learning among stakeholders seems to be beneficial for the 

future from an ethical and political point of view because it could influence the further 

development (or „design process‟) of technology at present in order to adjust it to future social 

needs and desires. As the Constructive TA is more aimed to stimulate the debates among the 

stakeholders rather than to reveal the “right” party and the social desirable future (Mulder, 1996) 

and its function is to broaden the design process for a given technology, then this type of TA 

seems to be most efficient for applying to the chosen study case.  

Another strong reason for the choice of Constructive TA for this project is that this kind of TA is 

one of the most progressive practices among the TA studies, since the researchers within this 

field emphasize that the communication aspects of TA become more and more important 

(Decker and Ladikas 2004) and an influencing the process of forming the attitude through these 

communications is more preferable rather than promotion of certain scenarios and effects to be 

reached (Van Est et al., 2002 cited in Decker and Ladikas, 2004). And as one can see from the 

description of the Constructive TA, presented above, this kind of TA satisfies those demands for 

progressive technology assessment research.  
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4.2. Scenarios 
 

As TA deals with predictions of possible consequences of technology, one of the ways to present 

potential technological futures is using scenarios. In scenarios one tries to depict possible future 

events and to anticipate the consequences of these events in order to raise the awareness about 

probable courses of events and “stimulate creative thinking about the future” (Mulder, 1996). 

The scenarios usually have to satisfy three major characteristics: relevance, coherence and 

likelihood (Godet, 1995).  

There are different classifications of scenarios. The common one is dividing them into three 

types: trend-based, contrasted and normative ones. The trend-based scenarios map the future in a 

business context with extension of trends at all points at which the important decisions defining 

the future can be made (Godet, 1995), the normative ones are “visions and challenging 

scenarios” (Lindgren and Bandhold, 2003), while the contrasted ones shape possible futures 

independent from its desirability or undesirability. This kind of scenarios in turn can be divided 

into deductive and inductive ones. The deductive can also be called the backcasting scenarios 

since first the possible future states are defined and then the chains of events leading to them, 

while the inductive scenarios shape possible pathways into a plausible storyline (Finger et al., 

2007).  

Another classification relevant to this research was made by Van der Heiden (1996), who points 

out two main types of scenarios, internal and external ones. The internal scenarios depend on the 

individual decisions and actions made by the actors in an effort to reach their aims. The external 

scenarios map possible futures caused by different events in the external world surrounding the 

technology development. Therefore, the internal scenarios are usually applied when most 

uncertainties for the future regarding the technology appear from the individual decisions and 

actions of the interested parties, while the external ones are usually used in case most of the 

uncertainties emerge from external events. For the current research both types of scenarios have 

been applied since there are uncertainties of both types in case of future development of 

hydropower in Sweden. In case of external scenarios the contrasted deductive type has been 

chosen since the contrast scenarios satisfy the idea of independent research by TA and are 

encouraging for the discussion among the stakeholders. In case of internal scenarios the 

normative inductive type has been applied because this set of scenarios was tied to certain 

stakeholders and presented the visions and challenges for them, and, being exposed to the other 

actors, they stimulated the discussion through arguments from supporters and counter-arguments 

from the opposition. 
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As it is said above, scenarios help in anticipation for the TA analysis. However, once the 

scenarios are defined and described they should be presented to the stakeholders and thoroughly 

discussed for achieving the goals of TA. For that one of the common practices is to use a 

scenario workshop. 

 

4.3. Scenario workshop 
 

As far back as 1988 Smits and Leyten define some trends and directions in which the transition 

from classical TA to new forms of TA should be made. One of these trends was reducing 

expectations regarding the predictions made by TA. Instead, one should emphasize 

communications and, as a result, the idea that the output of TA should be not only the report with 

the assessment of the consequences of a new technology, but also the discussion among the 

actors. The recent research in the TA field also emphasizes that the communication aspects of 

TA become more and more important (Decker and Ladikas, 2004) and this speaks for the 

methods of TA encouraging discussions among the stakeholders.  

Some of the researchers within TA, for instance Boer, Rip and Speller (2009) and Parandian 

(2008), have been working on the methods which would allow to create a protected space and 

favorable environment for the communication among actors and to bring them to a constructive 

discussion that is intended to provide further reflexive actions of the stakeholders who influence 

the technology development. One of these methods is a scenario workshop. The form of 

workshop allows bringing all the actors together and provides a favorable environment for 

constructive discussion, while the scenarios are used to stimulate participants‟ thinking about the 

future of technology and its effects. In research funded by the European Commission (Gnaiger 

and Schroffenegger, 2003) it is pointed out that the focus in the Scenario Workshop practice is 

on a “dialogue aiming at moderating the participants to develop their own visions related to a 

specific focus question and their specific area of interest, and through discussions enabling the 

participants to identify and develop suggestions on options to achieve their vision”. However, 

these visions might be very controversial for different stakeholders. In this instance the pathway 

to the consensus among the stakeholders can be divided into steps. The aim at one of these 

interim steps may be defined as stakeholders‟ learning and can also be reached by applying the 

Scenario Workshop method. This approach with defining learning as an aim of the workshop 

was chosen for the current research because of the complexity of the situation and multiple 

dilemmas among the interested parties in case of future development of hydropower in Sweden. 
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4.4. Aspects of learning 
 

Learning processes regarding emerging technologies mean the processes which allow society to 

develop an improved understanding of how the complex relations between the technology and its 

surrounding world will be affected, to reduce or avoid undesirable effects of the technology and 

to maximize potential benefits from it (Mulder, 1996). Social learning results in attitude changes 

among the actors and this in turn entails their participation in a process of finding mutually 

acceptable or win-win solutions to a problem (Webler et al.,1995). The learning within a CTA 

framework also can be defined as a defining dilemmas and issues, discussion of possible 

solutions and making decisions plans and policies to solve the defined problems. The interactive 

workshop within the CTA framework can serve as a bridging event between the technology 

development and its social embedment (Parandian, 2010) and stimulate stakeholders‟ learning in 

order to facilitate the process of their reflexive decision making regarding the technology. 

Using the previous research by Parandian (2008) and his dimensions of learning the following 

aspects of learning can be defined for this research: 

- Exploring and probing of other stakeholders‟ world, which means that the level of 

empathy of the actors rises so they can get insight what the other actors are experiencing. 

- Active discussion and articulation of the positions and dilemmas, which means that the 

stakeholders actively articulate their opinions, arguments and the burning issues they see 

regarding the situation within the technology field, its present and future. This helps the 

participants to share their knowledge and motives with others. 

- Getting new knowledge and better understanding of the possible external events and 

future dynamics of the technology. In case of an existing technology the driving forces for that 

dynamics are external events, which are uncertain at the moment and this creates different paths 

for the future development of the technology. These external events can lead to changes within 

the technology field such as changes in stakeholders‟ roles and responsibilities, changes in 

dilemmas, and new emerging dilemmas. The awareness about the range of these possible 

external events and about the probable future scenarios in which these events may result, gives 

an opportunity for the stakeholders to foresee some future unanticipated and unplanned effects 

and to make more circumspect decisions. 

- Better understanding of the other stakeholders‟ positions and changes in perception of the 

other actors and the situation within the technology sector. This means the better comprehension 

of the other actors‟ opinions and arguments, acknowledgment of their positions and its‟ 

importance. This is an essential step for further movement towards consensus among the 

stakeholders. 
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These dimensions help to assess the learning process and evaluate if the workshop was an 

effective tool in stimulating learning. 

 

5. Methodology 
 

This chapter describes the methods used in the study and the research procedure, expectations 

from the methods and possible undesirable effects. It also describes the reason of choosing a 

particular method for the methods, for which these reasons were not presented yet in the 

Theoretical Background part. 

The methodology applied and adopted for this experimental study is taken from the earlier 

research conducted by Parandian (2008) and Mahidhar (2009), where the authors apply it for the 

Constructive Technology Assessment. This choice is resulting from the aim of this study, which 

is to evaluate how the strategy elaborated for the new technologies will work for the existing one 

with respect to how it stimulates learning among the stakeholders. The term learning was 

adopted using the previous studies by Parandian (2008) and it implies: 

- Exploring and probing of other stakeholders‟ world. 

- Active discussion and articulation of the positions and dilemmas. 

- Getting new knowledge and better understanding of the possible external events and 

future dynamics of the technology.  

- Better understanding of the other stakeholders‟ positions and changes in perception of the 

other actors and the situation within the technology sector.   

These aspects are used in this work in order to evaluate the workshop and learning of the 

stakeholders as a result of the workshop.  

 

The research procedure includes the following steps: 

- Preceding activities 

- Workshop 

- Workshop evaluation 

 

The main difference from the approach used in the previous studies by Parandian and Mahidhar 

is in the workshop methodology. While these researchers use dilemmas and strategy workshops 

to stimulate a constructive discussion among the stakeholders about a new technology, in this 

study the workshop based on the external and internal scenarios is used to organize and move 

forward the discussion regarding an existing technology. The term “external scenario” means the 
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scenario driven by external events around the technology field and this type of scenarios is used 

if the uncertainty mainly emerges from unknown events in the future that are beyond the control 

of stakeholders, so the scenarios „map‟ these future. The internal or the actor-centered scenarios 

are based on the value systems of the different actors and are usually used if the uncertainty 

emerges from the actions of actors based on their different values and interests (Van der Heiden, 

1996). Since in the study case of hydropower there are both kinds of uncertainties, the 

combination of external and internal scenarios is used, where the external scenarios serve as a 

working environment for the internal ones.  

 

5.1. Preceding activities for the workshop 
 

The preceding activities help to collect and process the information regarding the case study, 

which is hydropower development in Sweden, and also to make it possible to organize the 

workshop, which will fulfill the research aim. This step includes: 

- Previous studies research regarding the scenario methods and technology assessment and 

selection of the methods for further usage to reach the study aim and objectives. Adaptation of 

the selected methods to the chosen study case with emphasis on the difference between the 

dynamics of a new technology and an existing one. 

- Literature and publications review in order to collect information about the present 

situation within the hydropower sector in Sweden, the main stakeholders and dilemmas existing 

among them. At this step there is a possibility of missing important stakeholders or important 

information regarding the issue. However, the next step helps to complete the picture of the 

situation within the technology sector and to collect the missed data. 

- Interviews with the stakeholders. The questionnaires for the first interviews are made 

using the collected information from the literature and periodicals. For the following interviews 

both this information and also the previous interviews are used, so the questionnaires are adapted 

from one interview to another. The snow-balling principle is also used during this step to identify 

additional stakeholders, which were not identified during the previous step. During the 

interviews the stakeholders are invited to the workshop and the short description of the aim of 

the workshop and its proceedings is presented to them. The possible pitfalls during this step are 

that the willingness of the stakeholders to participate could be low; the interview answers are of 

a subjective nature and could depend on the emotional state of the interviewee at the moment. 

The choice of stakeholders to be interviewed is also subjective. There is a risk of missing 

important actors. However, by consequently applying „snowballing‟, the interviewees 
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increasingly tend to refer to the group that was already identified as key actor, i.e. the risk of 

missing key actors was sharply diminishing. 

- The analysis of the stakeholders‟ interviews. This is a final step for developing a full 

picture of the situation regarding the development of hydropower in Sweden including the 

present and possible future dilemmas, stakeholders and their roles and responsibilities, the 

potential origins of future uncertainties which may emerge within the sector. This step is 

essential in order to create the plausible and consistent set of scenarios which could move the 

discussion forward during the workshop. The possible risk during this research stage might be 

that the stakeholders do not express their real intentions and values, but the ones that would 

portray them and their organizations more favorable (for example, energy producers as caring for 

the environment instead of being profit driven, or environmentalists as being reasonable instead 

of being uncompromising).  

- Scenarios creation. During this step the set of scenarios “mapping” the future, to be 

presented and discussed at the workshop, is created. The scenarios should meet criteria that 

provide fulfilling the research aim. Since the main goal is to stimulate learning among the 

stakeholders through the workshop activities and taking into account the desirable aspects of the 

learning presented above, the scenarios should provide a good basis for an active discussion, 

give an opportunity for probing the other actors‟ reality and for better understanding the possible 

ways of future development of the technology. The scenarios should also be plausible, easy to 

follow and to understand.   Each scenario should be consistent and the set of scenarios should 

encompass the main issues under debate. The way the scenarios are presented during the 

workshop is also important and it is chosen during this step of the research.  

As it was explained above in the Methodology chapter, two kinds of scenarios, namely external 

and internal (value-based) scenarios, are used for the workshop. Both kinds of scenarios are 

elaborated based on the collected information from literature, publications and the interviews. 

However, the opportunities and the threats of the developments sketched in these scenarios are 

not presented to the stakeholders, but this kind of conclusions is rather left for the participants to 

think about and to discuss during the workshop. 

 

5.2. Workshop 
 

To organize a workshop as a stakeholder dialog two kinds of tools are needed:  communication 

tools and analytical tools. The communication tools serve to create a favorable environment for 

the discussion and encourage and structure it, while the analytical tools can be used for 
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visualization and analysis of the issues to be discussed. (Stoll-Kleemann and Welp, 2006). For 

this research the communication tools are chosen based on the approach to organization and 

moderation of the workshop and the analytical tools are the sets of scenarios used during the 

workshop.  

For the workshop several stakeholders are invited to take part. The most important point at this 

step is to provide a good mixture of the representatives of different interests and parties in order 

to embrace as much as possible the different dilemmas and aspects and make the discussion 

meaningful and covering a comprehensive range of issues within the case study boundaries. 

During the workshop the prepared scenarios are presented and based on them the discussion 

takes place. 

The external scenarios forming the working environment for the workshop are presented as one 

set during the first session and are followed by a short discussion among the participants. This 

short discussion aims to assess the quality of the external scenarios set, its plausibility and 

probability. This discussion also helps for further evaluation of the quality of this scenario set in 

order to assess how it was supportive for meeting the research aim and objectives. 

The internal scenarios are presented by the participants with the special feature that the each 

value-based scenario is presented by an opposing stakeholder who represents and supports a 

conflicting value system with respect to the value system to be presented. That means, the 

participant presenting the scenario for the others is not allowed to present the scenario based on 

the values and interests he (she) advocates in real life. This step helps to enhance probing others 

stakeholders‟ world, which is one of the aspect of learning. It also helps the workshop audience 

to perceive the scenario without binding it to a certain organization or one person. Presentation 

of each internal scenario is followed by a discussion. 

The final session of the workshop is a conclusion part, during which the participants can 

articulate the experience they have got during the workshop and to assess it. This part is also 

important for the further step, which is the workshop evaluation. 

The chairman of the workshop should moderate the discussion, keeping it constructive and 

within a predetermined framework, which is limited by the goal and scope of each session of the 

workshop. In order to facilitate the further evaluation of the workshop, the first opinions of the 

participants at the end of the event should be inquired. To make the evaluation more objective 

some observers should attend the workshop, to follow the discussion and to mark evidence for 

the four aspects of learning. However, the observers cannot be representatives of any interested 

party or media, since there should be an environment favorable for the discussion without any 

pressure of publicity.  
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The risks of this stage are a low willingness of the stakeholders to come and to participate, 

misgivings regarding the presentation of an opposing party‟s scenario, inactive or unconstructive 

discussion, and the subjectivity of the observers.  

 

5.3. Workshop evaluation  
 

The workshop evaluation includes workshop transcripts analysis, observations, opinions of the 

participants at the end of the workshop and post-interviews with them.  

The workshop transcripts analysis aims to collect the evidence that the four learning aspects are 

detected during the workshop proceedings, how intensive the learning is and which of these four 

aspects are involved most. 

The observations complement the workshop transcripts analysis in collecting the evidence of the 

learning aspects. This method also helps to increase the objectivity of the workshop proceedings 

evaluation using the transcripts analysis, since different observers may notice different evidence 

of the four learning aspects during the discussion or when interacting during the breaks. Both the 

workshop transcript analysis and the observation methods are especially useful for detecting 

evidence of the probing the other‟s world and the articulation aspects of learning. 

At the end of the workshop during the conclusion part the opinions from the participants are to 

be collected in order to see how the stakeholders estimate the workshop and if they have 

experienced and acknowledge any learning effects. The four aspects of learning are not 

presented to the participants, but the general question to them is if they feel that they have learnt 

something new. These opinions are to be compared with the evidence collected during the 

workshop transcripts analysis and the observations.  

The last step of the evaluation stage consists of  post-workshop interviews with the participants. 

This step aims to collect the evidence of the learning aspects regarding better understanding of 

the other stakeholders‟ positions and changes in their perception and getting more knowledge 

about possible external events and future dynamics of the technology. The risk of this and the 

previous method is that the positive answers regarding the workshop evaluation could be dictated 

by politeness. To cope with this problem it is necessary to ask the stakeholders to answer the 

questions about their assessment of the workshop in detail and with some examples. 

 

6. Situation within hydropower sector in Sweden, stakeholders 
and dilemmas 
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According to the chosen research methods the first step is to study the situation within the 

hydropower sector in Sweden, identify the main stakeholders, their value systems and strategic 

dilemmas. This chapter describes all these aspects.  

 

6.1. Historical facts  
 

The first large scale modern hydropower station in Sweden was built in Olidan, near Trollhättan 

in the Göta River in 1910. This had a very positive economic influence for Sweden since it 

enabled to build many new energy-demanding plants along the river. At the same time the 

conflicts among stakeholders (besides electricity producers and consumers various groups of 

riparians along the river) began. These conflicts regarded shipping, water level and possible salt 

water intrusion in Gothenburg‟s drinking water system. The main consequence of these 

dilemmas was that the water flow at this station could not be regulated when the station was built 

and until 1938, when the final decision about reservoir construction was made by the Water 

Rights Court, which took into account the interests of all the stakeholders (Jakobsson 1995). 

Most Swedish hydropower plants were built in 1950s and 1960s and at the same time criticism 

of environmentalists rose against these plants. This criticism was based on the facts that 

hydropower stations modified the water bodies, caused a negative impact on the watersheds‟ 

ecosystems in adjacent territories, and hindered the fish migration routes. Eventually a 

compromise between environmentalists and industry was reached in the form of an agreement to 

leave unharnessed four northern rivers: the Torne, Kalix, Vindel, and Pite (Jakobsson 1995). 

Furthermore some parts of harnessed rivers, which had remained untouched because of technical 

and financial difficulties connected to their exploitation, were declared to be protected from 

hydropower by the Swedish Environmental Code.  

Since that time all the rivers available for large scale hydropower and not protected by the 

Environmental Code have been harnessed, and today hydropower generation in Sweden 

contributes about 47% (Svensk Energi 2008) to the country‟s total amount of electricity 

produced (Fig. 1). 
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Figure 1. Power generation in Sweden by power type, TWh/year.  

Source: Svensk Energi, The Electricity Year 2008. 

 

6.2. Present and future development of hydropower in Sweden  
 

Today Swedish energy generation is based on hydropower and nuclear power production. For 

instance, the hydropower production in 2008 amounted 68.4 TWh, which corresponded to about 

47% of the total domestic electricity generation (Svensk Energi 2009), while at a global scale 

hydropower supplies about 20% of energy produced (The Hydropower Implementing Agreement 

2000).  

The installed capacity in Swedish hydropower plants is 16.195 MW. The four largest rivers, 

Luleälven, Umeälven, Ångermanälven and Indalsälven, provide 64% of total hydropower 

production (Svensk Energi 2008). Currently the opportunities to install new hydropower plants 

in Sweden are very limited due to the fact that four of the remaining unharnessed rivers 

acceptable for large-scale hydropower are protected by the Swedish government because of 

environmental concerns (IEA 2008).  

Due to its large share in Swedish electricity production, the annual availability of hydropower 

significantly influences the energy prices in Sweden and other Nordic countries, which are 

members of the Nord Pool market, a multinational exchange for trading electricity. This annual 

availability depends on the annual precipitation and runoff and varies from year to year (IEA 

2008). The average hydropower energy production for a normal year in Sweden is 65TWh 

(Svensk Energi 2008). 
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The possible ways within future hydropower development, besides building of new hydropower, 

may be implementation of more efficient operation of the system, upgrading of existing power 

plants and building of pumped storage facilities, which provide more balancing power (NTNU 

2008). However, there are a number of obstacles for this development, because of financial 

reasons, numerous dilemmas among the different parties concerned and because of some 

peculiarities in the legislation. 

 

6.3. Peculiarities of legislation regarding hydropower in Sweden 
 

A remarkable feature of hydropower legislation in Sweden is that since the hydropower in 

Sweden was developed long time ago, the energy producers have old permits issued to them by 

the Water Law of 1918 (The Swedish Government 2009). The uniqueness of these permits 

compared to other European countries is that they are not limited in time, so they last forever. 

However, the Environmental Code (Miljöbalken) of 1999 introduced conditions under which the 

permits for hydropower energy production must be reconsidered. Among these conditions, for 

instance, is violation of the requirements stated in the Environmental Code regarding ecological 

issues or the refurbishment of the existing plant in order to increase the production capacity. As 

hydropower station owners do not want to risk their eternal permits, they tend not to invest in 

improved installations, and not to refurbish outdated stations. 

Another special feature of the Swedish legal system regarding the hydropower is that in case of 

need for reconsidering the permission, each single hydropower plant is considered separately by 

the Court. The regulatory compliance with respect to the environmental requirements is checked 

by the special commission, but since each station has to be considered separately, the 

commission can process only a few cases per year. 

 

6.4. Key Stakeholders  
 

There is a wide range of different stakeholders which may affect or may be affected by changes 

in the hydropower situation in Sweden and which have different interests concerning 

hydropower issues. One can accentuate the main parties which are energy producers and 

distributors, large energy consumers, governmental organizations, various non-governmental 

organizations and riparians. 

 

6.4.1. The energy producers and distributors  
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The largest hydropower producers in Sweden are Vattenfall AB, Fortum Power and Heat AB and 

E.ON Sverige AB which are also the largest energy producers in the country (Svensk Energi 

2008)  (Table 2). 

 

Table 2. The largest hydropower producers in Sweden, MW, January 2009 

Source: Svensk Energi, The Electricity Year 2008. 

 

There are also numerous small-scale hydropower producers, who own about 2000 small-scale 

hydropower plants in the country. The umbrella organization for them is the Swedish 

Hydropower Association.  

The Swedish Energy Network (Svenska Kraftnät) is a main energy distributor, which manages 

and runs the work of the national grid. This organization is highly interested in grid stabilization, 

which can easily be obtained by means of reservoir hydropower. 

 

6.4.2. Governmental organizations  
 

Two major governmental organizations related to hydropower issues are the Swedish Energy 

Agency and the Swedish Environmental Protection Agency, which provide a base for bills and 

proposals by the Ministry of Enterprise, Energy and Communication and the Ministry of 

Environment respectively. The Ministries in turn direct their proposals and bills to the 

Parliament, but before a specially appointed commission of inquiry examines these proposals 

and various available alternatives. The commission usually includes experts, public officials and 

politicians such as parliamentarians. At this stage some of the stakeholders may be involved and 

there can be a discussion among them. Two other governmental agencies which to a certain 

degree can be involved into hydropower issues are the Swedish National Board of Heritage (the 

agency responsible for heritage and historic environment issues) and the Swedish Board of 

Fisheries (the authority managing the fish resources in the country). 

The Swedish Government is also responsible for ensuring the implementation of the EU‟s Water 

Framework Directive. Five River Basin District Authorities guided by the Geological Survey of 

Sweden are responsible for water management. For each River Basin District Authority there is a 

Water District Board appointed by the government and responsible for decisions in water 
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management. Sweden‟s municipalities also take part in the country‟s water management. The 

main goal of the Swedish governmental organizations within the Water Framework Directive is a 

protection of water bodies in Sweden (The Swedish River Basin District Authorities, 2010). 

Now the Swedish Government is planning to dismiss the Swedish Board of Fisheries and to 

found the Marine Resource Authority, which corresponds to DG Mare in Brussels. This Marine 

Resource Authority will coordinate the five River Basin District Authorities, which work now 

quite independently from each other (Appendix F, interview with Stephan Nyström). 

 

6.4.3. Non-governmental organizations  
 

Non-governmental organizations are mostly environmental organizations such as the Swedish 

Society for Nature Conservation (Näturskyddsföreningen) or the World Wide Fund For Nature 

(WWF). The main aim of these organizations is to preserve the environment, and within this 

context these organizations campaign against further hydropower expansion. One of these 

environmental organizations, called Älvräddarna (River Saviors), has been formed directly to 

oppose the hydropower in the country. Sport fishing organizations (Sportfiskarna) is also one of 

the most important stakeholders which are against further expansion of the hydropower.  

Besides the environmentalists there is a non-governmental organization Svensk Energi, which is 

a non-profit organization representing companies producing energy in Sweden. This company 

promotes the interests of the energy-producers and serves as an information center for them as 

well.  

 

6.4.4. Other stakeholders  
 

The other stakeholders are riparians living along the rivers, fishing communities, shipping 

companies, energy-consuming industries and farmers whose interests may be highly affected by 

the presence of a hydropower station in the vicinity. Farmers are often rather influential. They 

demand low average water levels, that lead to higher agricultural yields. House-owners fear the 

risk of floods, or might sometimes be endangered by landslides caused by high water levels in 

rivers. Municipalities might also demand a minimum river flow level as dried up rivers are often 

considered to be ugly. 

 

 

6.5. Dilemmas  
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The variety of the stakeholders with different interests concerning hydropower in Sweden and 

conflicts of these interests result in numerous dilemmas, presented below. 

 

6.5.1. Environmental dilemmas  
 

The environmental dilemmas are a result of social and ecological impact of hydropower on the 

one hand and the fact that hydropower is a CO2-free and highly efficient and cheap source of 

renewable energy and regulating power on the other hand. The most significant damage caused 

to the environment by hydropower result from fragmentation and regulation of the rivers 

(Appendix F, interview with Prof. Christer Nilsson). Among the most important environmental 

concerns are modifications of water bodies, pollution stored in the reservoirs, negative effect on 

soil, mosquito problems, killing of fish by turbines, disturbance of fish migration and other 

species, resulting in biodiversity depletion. 

The environmental dilemma has been partly solved by the Swedish Environmental Code, the law 

which protects and leaves unharnessed four rivers in the north of Sweden and some parts of the 

exploited rivers. In addition it requires introduction of fish ways and a minimum environmental 

flow at the hydropower stations. However, this does not satisfy the environmentalists. The 

energy producers affirm that they could increase the renewable energy production and could use 

the protected rivers without causing any significant environmental damage, for example, taking 

only a small part of the flow, but the law unconditionally prohibits any hydropower at those 

sites. The environmental movement is not satisfied since in reality the fish ways and the 

minimum environmental flow are still not introduced at most of the hydropower plants 

(Appendix F, interview Stephan Nyström) and “the energy producers never implement any 

measures for the benefit of environment willingly” (Appendix F, interview Christer Borg). To 

this the energy producers answer that they acknowledge environmental problems caused by 

hydropower and give examples of measures they implement. These measures in addition to fish 

ways and environmental flow are cultivation of fish, supporting the environmental certification 

project, researching new techniques which would bring down fish mortality by turbines. These 

and other arguments of the environmental movement and the hydropower producers regarding 

the environmental dilemma are described in Appendix F, which contains the transcripts of the 

interviews taken for this project.  

 

6.5.2. Water Framework Directive and renewable energy 
promotion dilemma  
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The recent Water Framework Directive by EU requires less hydropower in Europe since it has a 

negative environmental impact on rivers and river valleys and because of conflicting water use 

by different riparians. On the other hand one of the goals set up by the EU‟s Directive 

2001/77/EC is to increase renewable energy production. Following this directive Sweden has an 

objective to achieve 60% of its electricity utilization from renewable sources by the year 2010 

(IEA 2008). Since hydropower is a renewable source of base-load energy and regulation power, 

the supporters promote it within this renewable directive. At the same time some of the energy 

producers apprehend that the Water Framework Directive will be implemented in Sweden too 

strictly with respect to hydropower. In contrast the stakeholders who have concurrent interests 

with the Water Framework Directive suppose that the directive is implemented in Sweden very 

softly comparing to some other countries. Furthermore the supporters of hydropower in Sweden 

would like to classify most of the rivers affected by hydropower as heavily modified water 

bodies, since according to the Directive the requirements to environmental condition of such 

water bodies are not strict and easier to fulfill. Obviously the environmentalists would like to see 

the opposite situation. 

 

6.5.3. Electricity certificate system  
 

Swedish energy policy aims at minimizing impact on the environment and health and moving 

towards a sustainable future. The transition from using energy extracted from non-renewable 

sources to energy of renewable ones should occur and all forms of renewable energy should be 

utilized as much as it is economically and technically feasible (Ministry of Enterprise, Energy 

and Communications 2004). In order to promote renewable electricity generation from different 

sources the electricity certificate system was implemented in 2003. All electricity consumers in 

Sweden, both individuals and companies, are obliged to buy certificates depending on the 

amount of electricity they consume. At the same time the energy producers get certificates for 

every MWh of renewable energy produced and by selling these certificates they can get 

additional income, which makes renewable energy production more economically feasible and 

competitive with respect to the traditional ways of electricity generation. In turn this encourages 

development of the renewable energy sector and attracts investments to it. Thus, according to the 

electricity certificate system the electricity consumers subsidize the producers of renewable 

energy. The current system is valid until the year 2012 after that it will be reviewed every five 

years. According to governmental reports the system already gives good results in promotion of 

renewable energy sources (Ministry of Sustainable Development 2006). The supporters of the 



34 

 

system also put forward the argument that fossil fuel and nuclear power do not take their external 

costs into account, unlike energy produced from renewable sources. That makes renewable 

energy, including hydropower, less profitable, so it is quite reasonable to have such a system 

which compensates the artificially low prices of conventional electricity sources. (Appendix F, 

interview with Thomas Sandberg) 

However, regarding hydropower production the system has a strong opposition. Its 

representatives think that hydropower should not be subsidized, since the technology is more 

than hundred years old, as compared to other renewable energy types, which have a greater cost 

because of their novelty. In contrast to these new technologies hydropower is a well known and 

cheap source of electricity, so the consumers should not pay additional money to the hydropower 

producers. Another problem, which the opposition of the system can see, is that the electricity 

certificates applied to the hydropower stations support the small-scaled stations which work with 

such a low efficiency that they would be unprofitable without the electricity certificate system. 

As a result these stations still damage the environment producing too less electricity compared to 

the impact they make. The opposition to the electricity certificate system is mostly created by 

environmentalists and energy consumers. 

 

6.5.4. Conflicts with riparians and acceptance of hydropower  
 

There are conflicts between the interests of riparians living along the industrialized rivers and 

other stakeholders because the building and development of hydropower often affects the life of 

the local communities in a negative way. For instance, it involves the displacement of people 

living in the watershed area, or it blocks shipping and fishing in the river. There is also a 

problem of so called “visual pollution”, when the people living along a river with a hydropower 

plant do not like the view of a dry river bed and, consequently, oppose hydropower. Another 

problem connected with hydropower for riparians may be an increased population of mosquitoes, 

which is favored by summer floods created by hydropower. (Appendix F, interview with Prof. 

Christer Nilsson) 

On the other hand there are some positive effects for the local people due to hydropower such as 

it may prevent floods of river banks, which damage crops and buildings and constructions along 

the river. In this case the opposition would be environmentalists, since the floods are a part of a 

natural water-cycle and changing in floods leads to the biodiversity losses. But farmers might 

support hydropower to lower their water levels. 
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6.5.5. The small-scale vs. large-scale debate  
 

The small-scale hydropower station (plants with capacity less than 10MW) has less 

environmental and social impact and is more economically feasible compared to the large one. In 

addition in Sweden there are still opportunities to build many small-scale hydropower stations as 

contrasted with large-scale plants. This may become an especially important argument towards 

the small-scale hydropower after the future division of Sweden into three price areas, since the 

electricity production is traditionally concentrated in the North of the country and the 

consumption is in the South. The point is that the South does not have many opportunities for 

new electricity production, while one of these rare opportunities is still small-scale hydropower. 

On the other hand the environmental damage from energy production is usually calculated and 

compared per unit of electricity produced, and in this case the impact of small- -scale stations is 

often more significant than the impact of the large-scale plants (The Hydropower Implementing 

Agreement 2000). Another argument in favor of large-scale hydropower is that the energy output 

from the small-scale installations cannot be regulated and, thus, does not provide a balancing 

power, which becomes more and more in demand. 

There is no evident dilemma between large-scale and small-scale hydropower, since these two 

kinds do not mutually exclude each other, and different streams are suitable for different size of 

plants depending on the head of the river in this place. In addition, all the large-scale hydropower 

producers own certain amounts of small-scale plants. However, those whose share of small-scale 

stations is not substantial are ready to “sacrifice” the small-scale hydropower to the opposition 

(this means that they accept the sterner environmental requirements to smaller stations), if the 

opposition agrees to treat the large-scale plants less strictly because of their importance for the 

energy production in the country. This approach has supporters and opponents among different 

stakeholders.  

 

6.5.6. Integration of Sweden into the European electricity 
system 
 

According to the energy producers and distributors, the integration of Sweden into the European 

electricity system, which has been started, is an irreversible and natural process. So it will 

increase in future, and it will allow Sweden to help Europe with renewable energy and regulating 

power, as a result reducing the energy production by coal plants, that is very important in the 

context of the climate change problem. However, the environmental movement and the energy 

consumers oppose this opinion. The environmentalists think that Sweden should concentrate first 
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on the national environmental goals, since the amount of energy which Sweden can export is 

only small in comparison to the total energy consumption in Europe and it will not change the 

situation on the European level much. The big energy consumers, which are the large industrial 

companies, think that first Sweden has to improve the transmission lines within the country and 

create favorable conditions for local industries, rather than be focused on the electricity export.  

 

7. Results 
 

The Results chapter describes the outcome obtained while following the chosen scenario 

workshop methodology. The description of the situation within the hydropower sector in Sweden 

was presented in the previous chapter. The main outcome is the interviews, the scenarios, the 

workshop transcripts and observations and the post-workshop interviews. Later on the evaluation 

of the outcome is presented. 

 

7.1. Preceding activities 
 

Following the chosen methodology the literature review was done first, in order to identify the 

main stakeholders, the existing and possible future dilemmas among them, the driving forces and 

the obstacles for further hydropower development in Sweden. During this part of research (and 

partly from the interviews) the data presented in the Hydropower chapter were obtained.  

The results of the other preceding activities are presented below. 

 

7.1.1. Interviews 
 

The next step according to the chosen methodology was preparation and collection of the 

stakeholders‟ interviews. During this step the first draft of the questionnaires was elaborated 

based on the information collected during the literature and publications review step and 

depending on the party represented by the interviewee. Thereafter the questionnaire for each next 

interview was changed depending on new information obtained from the interview answers.  

The emphasis was done on the individual stakeholders‟ positions and opinions regarding the 

hydropower issues, but not on the official positions of the stakeholders organization, since the 

official positions of the companies and organizations are available on their web-pages and from 

their publications and these official positions have been widely discussed already.  However, 

some of the stakeholders preferred to adhere to official positions in their answers. In addition, for 
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the further scenarios writing the surveys contained a question about the “dream scenario” of the 

organization that the interviewee represents, even this scenario still usually reflected the 

participant‟s personal vision through the company‟s perspective.  

Each interview contained two groups of questions. The first group was about their vision of 

hydropower in Sweden and the second one was about their interaction with the other 

stakeholders. If the answers to the first group of questions regarding hydropower varied 

depending on the interests of the interviewee, the answers to the second group were quite similar 

for all the interviewees: most of the interactions among the stakeholders were only between the 

parties that have concurrent interests. For example, the energy producers socialized with the 

energy distributors and with the governmental energy agency, while the environmentalists 

socialized to each other. Regarding the interaction between the actors with different interests, 

most of the stakeholders answered that they did not really meet each other and discuss the issues, 

or that meetings took place in Court rooms regarding a concrete hydropower station. 

As a result twenty one interviews were taken with representatives of energy producers, NGOs, 

governmental institutions and other related organizations. Most of the stakeholders showed a 

willingness to participate in the interview and the workshop and only a minority of them refused 

cooperation. Among the important actors that refused to give an interview was Holmen Energi, 

an industrial company which was a net producer and consumer of hydropower electricity. The 

reason for rejection was, “We do not want to share our vision with the public.” The full list of the 

interviewees is presented in Appendix A. The transcripts of some of the interviews are also 

available in Appendix F.  

 

7.1.2. Scenarios 
 

As it was planned in the methodology part, two sets of scenarios were prepared and presented 

during the workshop and served as supporting tools to reach the aim of the event. There was a set 

of external scenarios and a set of value-based (internal) scenarios. Both of these sets are 

presented in Appendices B and C respectively. 

 

7.1.2.1. External scenarios 
 

The external scenarios shape possible futures to which the external forces and events lead and 

this kind of scenarios is usually applied if the uncertainties regarding the future development of 

the technology mainly emerge from external events.  
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The following axes for the scenarios were defined: 

- The level of integration of Sweden into the European electricity market 

- The demand for non-nuclear energy in Sweden. 

The axes were chosen on the basis of answers obtained during the interviews and information 

from literature and publications. The resulting scenarios became: 

1. “Energy hunger.” The scenario is a result of high demand for non-nuclear energy in 

Sweden and a high level of integration of Sweden into the European electricity market 

2. “Helping hand to Europe.” This scenario may happen in case of low demand for non-

nuclear energy in Sweden and a high level of integration of Sweden into the European electricity 

market 

3. “Energy sufficiency.” This is a result of low demand for non-nuclear energy in Sweden 

and a low level of integration of Sweden into the European electricity market 

4. “More energy for Sweden.” This scenario is a consequence of high demand for non-

nuclear energy in Sweden and low level of integration of Sweden into European electricity 

market. 

The assumptions while making the scenarios were: 

- No substantial changes in GDP growth levels, 

- No revolutionary technology breakthroughs and no significant change of population 

- Government engagement regarding the hydropower sector is still high. 

   

 

Figure 2. The set of the external scenarios. 



39 

 

 

The detailed description of the scenario presented during the workshop is available in Appendix 

B. 

The scenarios were simplified to the extent possible, and that was done in order to facilitate the 

perception of them during the workshop. This set of scenarios was presented during the 

workshop by the author of this paper. 

 

7.1.2.2. Internal scenarios 
 

The internal scenarios map possible courses of events, which would be desired by different 

stakeholders and which reflect their value systems. 

Four internal scenarios were prepared before the workshop. Each of the value-based scenarios 

was written based on interviews with several people representing different companies or 

organizations but representing the same branch or interests. That means each of the scenarios 

was an umbrella scenario for a set of interested parties, but not for only one specific company, 

organization or person. The list of the internal scenarios is following: 

1. “Local for locals.” As a basis the scenario has a value system of the small-scale hydro-

power producers. 

2. “Availability and accessibility of energy.” This scenario would be favorable for the 

energy consumers. 

3.  “Economic opportunities.” The umbrella scenario for the energy producers. 

4. “Beautiful Sweden.” The scenario based on the environmentalists‟ value system. 

Each of the internal scenarios included:  

- A description of the value system which was a basis for the scenario 

- The goals of the party supporting this value system 

- The benefits of this scenario for society 

- What should be done in order to make this scenario to come true.  

The detailed description of each scenario is presented in Appendix C. 

This group of scenarios was also made on the basis of answers obtained during the interviews 

and information from literature and publications, but the set of them was chosen on the 

assumption of the list of stakeholders, which agreed to participate in the workshop, so that the 

scenarios would be interesting to this audience and stimulate the discussion among the 

participants.  
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The internal scenarios were prepared before the workshop and sent to four participants, which 

were asked to present the scenarios during the workshop. The main special feature of the 

presentation was that each of these four speakers had to present the scenario of one of the 

opposing parties. Thus the environmentalists were asked to present the energy producers 

scenario and the scenario favorable for the small-scale hydropower. The environmentalists‟ and 

the energy consumers‟ scenarios were presented by the energy producers‟ representatives. The 

willingness to present these „hostile‟ scenarios was rather low among the participants, as they 

were concerned about the public opinion and were afraid that others could think that the 

scenarios they presented were connected to the speakers‟ vision. One of the stakeholders 

presenting the internal scenarios asked before the workshop not to make any pictures or records 

of his presentation. However, all invited speakers carried out the task of presenting these 

„hostile‟ scenarios. 

7.2. Description and analysis of the workshop proceedings 
 

Twelve people attended the workshop: energy producers‟ representatives from Fortum, E.ON 

and Vattenfall, two representatives from the small-scale hydropower organization, from the 

electricity producer organization Svensk Energi and the Swedish Electricity Grid Operator 

(Svenska Kraftnät), representatives of the environmentalists‟ organizations Sportfiskarna and 

Älvräddarna, representatives of public authorities, namely the Swedish Environment Protection 

Agency and the Water authority. The full list of the participants is presented in Appendix D. 

Thus, a balanced mixture of interests was represented at the workshop. However, the energy 

consumers were not presented at the event and the Swedish Energy Agency, which was an 

important stakeholder from the governmental side, did not have time to attend, unfortunately. 

The workshop consisted of the following parts: 

- Welcome and opening remarks 

- The presentation of the external scenarios and its discussion 

- The presentation of the internal scenarios and its discussion 

- The conclusion session 

The detailed description and analysis of each part of the workshop is presented below. The 

agenda of the workshop is available in Appendix E. 

 

7.2.1. Welcome and opening remarks 
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During the first part the chairman reminded the aim of the workshop, which was learning about 

the other stakeholders positions and values, and also explained the following proceedings. Also 

the participants presented shortly themselves and the organizations they represented. 

 

7.2.2. The presentation of the external scenarios and its 
discussion 
 

During this session four external scenarios regarding the future development of hydropower in 

Sweden were presented to the participants. This presentation was followed by a ten minutes 

discussion of these scenarios. The main question was if all of these scenarios were plausible and 

equally probable. 

Most of the participants, especially from the energy producers and distributors side, reacted that 

the scenarios based on high integration of Sweden into European electricity market were much 

more probable, since Sweden was already on its way to implement this strategy. However the 

minority of the participants reacted that there were still some uncertainties regarding the level of 

these future integration. They also remarked that the high level of this integration was only 

presented with respect to Nordic countries, but not for the whole of Europe. During the following 

brake one of the participant also said that the high level of integration of Sweden into the 

European electricity market is not obvious, because of the Nord Stream project, which would 

supply natural gas to Europe and thus would imply less need for Swedish electricity in the rest of 

Europe. Another objection to the opinion that low-integration of Sweden into the European 

electricity market was probable was articulated by one of the participants, “But our politicians 

and trade unions will argue in this direction; Swedish hydropower for Swedish jobs.”  

Another axis, which represented the level of demand for non-nuclear energy in Sweden, by 

common consent, was accepted as an axis representing uncertainty and equally probable events. 

This also helped to cut down a discussion on the nuclear power during the next session. The 

issue was to be avoided as it is highly politicized, especially during the months in which this 

project was carried out (election campaign 2010). 

There was also a question from one of the participants to point out where Sweden was at the 

moment with respect to both axes, which had been considered in order to map the four scenarios.  

Some of the participants marked that the scenarios were simple for understanding and interesting 

for them to consider. 

During this session first probing of the other stakeholder‟s reality occurred, when the 

representative of an environmental organization asked the representative from the national 

electricity grid operator, “What is that rate of integration; would you say low or high?” 
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7.2.3. The presentation of the internal scenarios and its 

discussion 

 

Before the workshop four value based (internal) scenarios were written and given to four of the 

participants. These participants were asked to present the four scenarios to the rest of audience 

during the workshop so that they could discuss each of the scenarios after the presentation. The 

main specific feature of this presentation was that each of the value based scenarios was given to 

the participant representing the opposite interests in order to give them an opportunity to probe 

into the other stakeholder‟s world. It could also make a perception of the scenarios by the 

audience not tied to a certain person or organization, even if it was clear which party‟s interests 

were presented in the scenario. Each of these presentations was followed by 10-15 minutes 

discussion.   

The first scenario representing the interests of small-scale hydropower was presented by the 

environmentalist. The discussion was not very active since both of the representatives of small-

scale hydropower agreed with the environmentalists that there is a need for introduction of 

environmental friendly measures at the hydropower plants, such as fish ways and environmental 

flow. However, the electricity certificate dilemma caused the debates. The participants used 

positioning themselves, which was the way to provoke counter arguments. One of the 

participants said, “I want to say something about the energy prices as a professor…” and then “I 

want to say something about the electricity certificate system as a practitioner…”, thus he came 

into the discussion by shifting the assessment criteria, because his criteria were broader, since he 

was a professor on the one hand and a practitioner on the other hand.  

Regarding the existing small-scale dams in Sweden, which can be demolished for the good of 

environment or to be upgraded for the benefit of energy production, the arguments of the energy 

producers were that the local communities living along these rivers would be opposed to 

demolishing and the demolishing favorable for the environment could lead to a local social 

catastrophe. In defense of this idea one of the participants said, “You should not forget that there 

is a cultural system established around hydropower.”  

During this discussion the participants started anticipating the next scenarios, for example, they 

started positioning the energy consumers, which would like to have low prices for electricity, 

and this was a subject for the next scenario. This means that the scenario presented was 

provoking and stimulated the discussion in the desired direction.  
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The second scenario was presented by the energy producers and it reflected interests of the 

energy consumers. The general position of the energy producers and distributors during the 

discussion was that Sweden was already on its way to high integration into the European 

electricity system and this was of a high priority, in contrast to the scenario of the energy 

consumers, which would like to improve the transmission system within Sweden and did not 

want higher energy prices, which would be the consequence of the integration. The 

representative of the environmentalists probed the energy producers‟ reality asking, “What is this 

rate of integration if you say low or high?” But since the energy consumers were not presented 

among the participants, there was no confrontation during the discussion.   

The third scenario reflected the interests of the energy producers and was presented by the 

environmentalist, while the forth scenario based on the environmentalists value system was 

presented by the energy producers. Both discussions followed these two scenarios were very 

active and the participants opened up many issues. 

The discussion regarding the energy producers “dream” scenario started from the last statement 

of the presented scenario, which was “But the law should be more flexible with respect to 

hydropower which does not increase the ecological burden.” To this the representative of the 

legal department started defending the law, so he began with the counter statement “But the law 

is flexible”, which was also an attribute of positioning. He opened his view of the reality for the 

others and that was an articulation of his organization‟s point of view. The counter argument 

from the energy producers followed with examples showing that the law was not flexible in their 

opinion. This interaction was very important from the learning point of view, since the 

participants had never socialized with each other before and here was an opportunity to articulate 

their positions and arguments regarding the environmental law issues. 

During the discussion of the environmentalists‟ scenario the participants came back to the 

discussion of the electricity certificate system in Sweden. The environmentalists‟ representative 

said, “The electricity certificate system artificially changes the balance between the economical 

gains and the environment for the good of energy production.” The counter arguments from the 

energy producers and distributers were, “But hydropower is also a part of renewable energy, 

which has to be promoted in order to reach the energy policy goals and cope with climate 

change, and the electricity certificate system is an economic incentive which meets this 

challenge”. They also said that in this case we faced the dilemma of local environment against 

the global environment. Another argument was, “The fossil fuels and nuclear power do not cover 

their external costs, so these costs are not reflected in market prices of the conventional sources 

of energy. Renewable energy has this kind of costs and this makes them less profitable, so the 

electricity certificate system plays a role as a balancing instrument for renewable energy to make 
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it competitive on a fair basis with fossil fuels. And since hydropower is still a kind of renewable 

energy, it is entitled to have this kind of subsidies.”  

One of the main points of the environmentalists was that the “climate change issue is kidnapped 

from the ecological agenda” and was used by the energy producers to promote and increase their 

production. But “there is a wide range of issues and problems, such as the biodiversity loss, all of 

which should be solved in compliance”. Thus the participant articulated the term sustainability, 

when he emphasized that the biodiversity issue is also an element of it.  One of the 

environmentalists also disagreed that there is any “global environment vs. local environment” 

dilemma, since biodiversity was not only a local issue. To create a sense of urgency and open up 

the agenda he also made reference to “The Planetary Boundaries” report by the Stockholm 

Resilience Center. According to this report biodiversity was directly related to climate change 

and one had to follow the precautionary principle that means that “the ecosystems should not be 

changed anymore”. Another point of the environmentalists was that “Sweden should not export 

its renewable energy if it is compromising the biodiversity and the good state of the local 

ecosystems”. The counter arguments from the energy producers and distributors‟ side were that 

“Sweden is a part of European Union and it is definitely not a desirable scenario if Sweden has a 

good environmental situation, while the other countries around keep polluting the environment 

and worsen the climate change issue” and even that “the environmentalists‟ idea regarding the 

hydropower issues is a totalitarian way of handling the problem”. And here the energy producers 

and distributors switched from the defending position and started offensive: “Following the EU 

directive we have to move away from marketing instruments, which are universal.” To this the 

environmentalist said, “So what is your solution?” The answer was that, “When you produce and 

use hydropower, as a result you reduce the incentive for building coal plants through maintaining 

renewable energy.” Another participant from the energy producers side agreed, “Yes, that is a 

strong argument, we reduce the price of renewable energy.” As a counter argument, the 

representative of the environmentalists proposed to imagine that Sweden had harnessed the four 

national rivers to help Europe fighting climate change, but “what these additional 30TWh of 

renewable energy can change if the whole Europe consumes thousands of TWh generated by 

coal-fired plants?” he asked. The counter arguments to this from the energy producers‟ side 

were, “These 30TWh could balance a big amount of renewable energy from other sources”, 

“Every contribution is important”, “That is not a good approach to decide not to do any 

improvements, if they only lead to a small contribution” and “We should not look at the problem 

from the nationalistic prospective”, “We can be a positive model for the world and we cannot sit 

back while the rest of the world is living unsustainable”, “We have to make small steps to reach 

the goal and since there is so much complexity involved we cannot fix the problem at once, as 
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you propose, but we need a transition period.” The environmentalist‟s answer to that was, “We 

acknowledge that renewable energy production should grow, but then the coal use for energy 

production should be reduced and the Swedish hydropower would not help to achieve this. If we 

add even 30TWh of our hydropower to the European market, we will just help Europe to 

maintain its present unreasonable high consumption of electricity”, “yes, we can export, but 

under the terms and conditions of forcing Europe also to change their energy production 

pattern.” The environmentalist also criticized following the marketing instruments, to this the 

energy producers asked “But what are the mechanisms behind your view?”  

There was also a discussion on the assumed climate change effect that more precipitation in 

Sweden will increase the hydropower production. The environmentalists saw this as an 

opportunity for using water for the fish ways and the environmental flow without loss of 

production. To this the energy producers claimed that in case of more flow according to the 

existing legal system they would have to get new permissions in order to produce more, and in 

turn, as prescribed by these laws, they would be forced to spill more water and finally that would 

result in less production instead of its increase. 

Some of the stakeholders participated actively in the discussion, while some of them did not look 

as that they felt very comfortable and thus they took an observing position, mostly listening to 

the arguments of the opposition. 

A few times during the dispute the participants tried to shape a way to consensus, for example, 

one of them said, “I have the feeling that we are opposing each other in a destructive way. And I 

think we should be more flexible.” He also said to the most active environmentalist, “I am 

observing that you put pressure on the hydropower representatives, but I think you have to work 

together.” To this the environmentalists‟ representative repeated that he acknowledged the 

importance of renewable energy and hydropower as a part of it, but he still emphasized that its 

promotion should be done only together with energy efficiency improvement and the climate 

change issue should not be considered apart from the biodiversity loss problem. Thus, he 

repeatedly broadened the assessment criteria for renewable energy. Another remark from the 

energy producers regarding the possible consensus was: “If we speak about consensus, we would 

like to reach it and we would like to collaborate with the environmentalists, and we would accept 

the measures for the sake of environment and ensuing losses of energy production in order to 

reach this consensus. But we would like to see that the environmentalists also listen to our 

arguments and make steps towards consensus and towards us, since it is not really collaboration 

if we only lose on the way to consensus and go unheard.” 
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7.2.4. The conclusion session 
 

During the third session the chairmen asked the participants to advice to their opponents how 

should they act in order to achieve their dream scenarios, presented during the workshop. That 

question also was planned as an additional opportunity to probe the other actors‟ world. Another 

task for the participants during this part was to assess the learning effect of the workshop. To 

avoid social desirable answers which could be imposed by politeness, the participants we asked 

to explain their opinion about the learning effect in details.  

Below some of the answers to the questions of this session are presented. 

 

The energy producers and distributors: 

“We should work together and develop the future which would be acceptable by both sides” 

“We have to manage the conflict. We agree that we have to respect the local concerns, but we 

have to find a balance between the global and local environmental challenges”  

“We have a conflict, and we have to try to solve it avoiding confrontation” 

“This workshop has shown to me that we can discuss our dilemmas better than I expected, we 

can discuss them in a constructive way” 

“I think the discussion was good because it helped us to realize that we need to be more flexible 

and take more different options into account” 

“The scenarios were provoking” 

“It was an open and frank discussion. I have not learned anything new, but it was important for 

me to listen to the discussion because we are depending on the other parties‟ opinions and 

activities and so it was interesting to meet different parties and good to hear their arguments.” 

“I appreciate the discussion because it was open and constructive, and I realize that we have very 

different arguments”  

 

The environmentalists: 

“I would recommend to the energy producers to apply a more holistic view of the problem” 

“We would suggest to the energy producers to include into the conditions for getting these 

certificates a requirement for the good of environment in order to avoid our opposition against 

the electricity certificate system” 

“I have heard a lot of new facts about the energy issues” 

“I have not heard many new arguments, but still it was worth to have this interactive discussion” 
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7.3. Post-workshop interviews 
 

Short interviews with the participants were conducted after the workshop in order to get their 

evaluation of the workshop. Three questions were asked: 

- What have you learnt? Have you understood better the others‟ positions? 

- Were the external and internal scenarios prepared and presented during the workshop 

well for moving the discussion forward and getting better insight in the present and possible 

future situation? 

- Do you think that it is possible to organize another workshop which may lead to 

consensus among the stakeholders? 

The following answers were obtained during these short interviews: 

- What have you learnt? Have you understood better the others’ positions? 

The environmentalists: 

“I have not heard many new arguments, but it was interesting to meet each other face to face and 

have a kind of decent discussion. We have different positions because of our different values. 

The companies want to make profit on hydropower and we want to preserve the environment, so 

it is natural that we have different positions. However, I think it was worthy to attend the 

workshop and participate in the discussion.” 

“We need these meetings more often!” 

“It was interesting to participate in the workshop, since I could listen to the arguments of the 

energy producers even if these arguments were the ones that I expected.” 

The energy producers and distributors: 

“I have not heard much new information. But my general impression is that the workshop was 

very valuable since it connected people with different points of view and gave them an 

opportunity to discuss these points and exchange their knowledge and information. We would 

like to understand the position of the environmentalists and other parties and the workshop helps 

to do that. So for me not the content, since the content was mostly what I already knew, but the 

communication was very valuable.” 

“Yes, I think it was really useful for me. I have never actually met our opponents before, so it 

was interesting and useful” 

“The discussion was very expectable, but still interesting to listen to.” 

- Were the external and internal scenarios prepared and presented during the 

workshop good for moving the discussion forward and getting better insight in the present 

and possible future situation? 

The environmentalists: 
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“I think they were good, it was interesting and it contained some new information for me, since I 

was not that familiar about the situation within the energy sector in Europe.” 

The energy producers and distributors: 

“The scenarios were interesting and valuable. And, of course, you can always discuss scenarios 

so it was good for the discussion. However, I would recommend doing the scenarios more 

simplified. The set of scenario always risks being complicated. And as you are approaching 

different stakeholders, they perceive the scenarios in a different way based on their interests and 

values. That is why I think it would be better to simplify the set of scenarios to make a better 

basis for the discussion. Maybe you lose the scientific accuracy but you win on the 

communication.” 

“I think the scenarios were interesting and very clear, so they provided a good basis for the 

discussion”  

- Do you think that it is possible to organize another workshop which may lead to 

consensus among the stakeholders? 

- The environmentalists: 

“Yes, we could cooperate more. For example, if you use some of the rivers which are 

overexploited and it is impossible to restore the ecosystem of these rivers, you can have some 

less strict requirements regarding the environmental measures for these few rivers, which are the 

most important for the hydropower production. But you have to fulfill the environmental 

requirements for the other rivers, which are less important for the hydropower, in order to restore 

and preserve the ecosystems of these rivers. Another example is an electricity certificate system. 

We could reach a compromise if we include the environmental requirements into this system 

which must be fulfilled in order to get the subsidies.” 

“I do not think consensus is possible. But I still think the workshop was worthy and interesting to 

attend.” 

The energy producers and distributors: 

“I do not think consensus is possible in the nearest future, but it is worth to try it anyway. If you 

do not try, you will never reach it. This kind of events should take place, because we need to go 

forward. It was worth to attend this workshop.” 

“I do not expect that we can reach consensus, but it is good to have such kind of discussion 

anyway. I also think it is good for the society that different parties with different points of view 

exist and balance each other.” 

“Yes, I think it is possible in the future and we have to try to reach it.” 
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7.4. Evaluation of the workshop proceedings 
 

As it was planned and described in the Methodology part, the outcome of the study, which 

enables evaluation of correspondence between the research aim and objectives and the results, 

consists of the workshop transcripts, observations, opinions of the participants at the end of the 

workshop and post-interviews with them.  

The fragments of the workshop transcripts and their interpretation in terms of learning presented 

above shows that the participants positioned themselves and the other actors, which means that 

reflective articulation, which is one of the desirable aspects of learning, did occur.  

Another aspect of learning, probing of others‟ world was stimulated by the presentation of value-

based scenarios by the opposing parties and by the task in the conclusion part of the workshop to 

give a piece of advice to the opposition how to reach their “dream” scenarios. The interesting 

point is that most of the participants initially resisted these tasks, but during informal 

communication after the workshop they acknowledged that this was an interesting and new kind 

of activity for them. Another evidence of the fact that probing of others‟ world took place is the 

questions of the participants during the workshop, which they asked in an effort to understand 

the opposing positions. Such questions were for instance, “Which mechanisms are behind your 

view?” or “What is that rate or the integration if you say low or high?”  

The first session served as a tool to prepare the working environment for the further discussion 

and cut down some non-relevant debates which could happen and which could divert the 

discussion from a desirable direction, for example, the dispute about nuclear power. As a result 

the stakeholders discussed the scenarios and chose the scenarios “Energy Hunger” and “Helping 

hand to Europe” as the most plausible ones. However, this choice could be partly a result of 

“wishful thinking”, since the main supporters of these two scenarios were among the energy 

producers and distributors, while the other participants had a different opinion and did not 

consider these two scenarios as the only obvious options. Due to this discussion the first session 

also served as a tool for stimulating learning the aspect “getting new knowledge and better 

understanding of the possible external events and future dynamics of the technology”. 

The scenarios were provoking for the stakeholders, and that implies that the scenarios provoked 

the participants try to leave the boundaries of their usual way of thinking and broaden their 

horizons. That was one of the participants‟ opinions articulated after the workshop, but there is 

also an indirect evidence of it that is the fact that the stakeholders anticipated the next scenarios 

during the discussion.  

The discussion was constructive since the participants strived to open up as many issues as it was 

possible within the limited timeframe and to consider many different aspects during the 



50 

 

workshop. The willingness towards consensus was indicated through the remarks of the 

participants, and the ways towards the consensus were even shaped, such as the proposal 

regarding the electricity certificate system, which was articulated in the conclusion session.  

The most important success of the workshop was that an environment favorable for informal and 

constructive discussion was created during the event. That means there was a protected space 

with no pressure of publicity and the stakeholders could interact and uphold their positions by 

argumentation and counter argumentation. This shows that the workshop method may become a 

successfully supported and orchestrated bridging event between the promoting step in 

development of technology (at this step the stakeholders have their own opinions and promote 

their interests and ideas) and the comparing and selective step (during this step the decisions are 

made). The interesting point is also that so many stakeholders agreed and showed willingness to 

participate. That proves that the study case was chosen successfully and  that many actors in the 

hydropower case would like to work together to develop a solution. 

 

8. Discussions and Conclusion  
 

This chapter presents the summary of results on both dimensions of hydropower development in 

Sweden and workshop scenarios, together with the interpretation of these results regarding the 

technology assessment methods and sustainability. The results are compared to the previous 

studies and subjects for possible future research are proposed. Discussion of the limitations and 

of significance of the study is also presented together with the conclusions regarding the 

fulfilling of the aim and objectives. 

 

8.1. Summary of the results 
 

Since this experimental study has as a subject the future hydropower development and the 

scenario workshop method, the summary of the results is presented regarding both these 

dimensions. 

 

8.1.1. Summary of results regarding the hydropower future 
development in Sweden 
 

As the demand for renewable energy generation grows on a global and national scale, so does the 

importance of hydropower development and its optimization. Hydropower provides a cheap and 
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reliable base load supply and at the same time contributes to the stabilization of the power 

system.   

On the other hand, the further hydropower expansion in Sweden is restricted due to social and 

environmental limitations and conflicts of interests of different stakeholders. Among these 

stakeholders are the energy producers and the Swedish Energy Network, the governmental 

organizations administrating water use and power generation, non-governmental organizations 

presented mostly by environmentalists and riparians living along the watersheds. The most 

important issues within hydropower in Sweden are its local and global environmental and social 

impact, the increasing need for producing renewable energy and balancing power on a European 

and global scale and adherence to the Water Framework Directive at the same time.  

These dilemmas cause substantial difficulties in decision making regarding the future 

hydropower development in Sweden. Solutions will compromise the interests of stakeholders. A 

possible solution in this situation might be collaboration of different stakeholders and working 

together towards the sustainable future, taking into accounts to an equal extent all three aspects 

of sustainable development: economic, social and environmental ones. This strategy could be 

implemented best in case of so called win-win solutions, when the introduction of measures for 

the good of the local environment does not reduce the energy production, or at least results in 

some benefits for the energy producers such as good PR. More flexibility in hydropower 

regulation could be suggested in order to enable developing these win-win solutions. Another 

opportunity is in changing the legislation. That could be a real challenge for the legislation to 

elaborate incentives and laws which would make the stakeholders interested in the moving 

forward value systems of the opposing parties. An example of this kind of governmental 

regulations is presented in Norway where the tax money from hydropower goes not only to the 

state budget, but to some extent to the needs of the local budgets, where the stations are situated. 

This makes local people interested in hydropower and that reduces the problem of acceptance of 

hydropower. At the same time this money could be spent on the projects for the benefit of 

environment in the region. Some other regulations on a state level through flexible taxes, 

bonuses and punishments could make the energy producers more interested in the developing 

and implementing environmental measures. For example, as some of the interviewees proposed, 

the electricity certification system may imply that the hydropower producers must fulfill certain 

environmental requirements in order to get the subsidies. Another important point regarding the 

hydropower, as many of the interviewees suggested, is changing of the way the hydropower 

stations are considered today regarding the implementation of the measures required by the 

Environmental Code and in the Court for processing cases connected to these issues. The 

suggestion is to start considering not each hydropower station separately as it is now, but the 
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group of stations on the catchment level. These changes would facilitate the proceedings in the 

Court and would reduce time and labor expenditures. This is already a level that is relevant for 

hydropower production, because there is collaboration between the hydropower companies on a 

catchment level. (Appendix F, interview with Prof. Christer Nilsson).  

However, solutions acceptable for everybody are not always possible and constructive discussion 

and searching for acceptable ways out by all the parties have to happen. The scenario workshop 

conducted for this study is one of the ways to organize and stimulate this kind of discussion and 

the evaluation step shows that this way is rather effective and well accepted by the actors.   

 

8.1.2. Summary of results regarding scenario workshops 
 
The interviews with the stakeholders within the hydropower sector in Sweden were taken in order to 

create external and internal scenarios, which in turn served as a supporting tool for the scenario 

workshop and which have provided moving forward the constructive discussion among the 

participants. The description and evaluation of the workshop proceedings in the result part provide 

evidence that the workshop has stimulated learning among the stakeholders with respect to four 

desirable aspects of learning, described in the methodology part, specifically: 

- Exploring and probing of other stakeholders‟ worlds 

- Active discussion and articulation of the positions and dilemmas 

- Better understanding of the other stakeholders‟ positions and changes in perception of the 

other stakeholders and the situation within the technology sector 

- Getting new knowledge and better understanding of the possible external events and 

future dynamics of the technology. 

The study also shows that the participants have found the workshop event very useful for moving 

towards consensus among the different parties. The scenarios presented during the workshop were 

provoking the discussion.  

8.2. Comparison of my results with others 
 

As it said in the theoretical and methodology parts, in the previous studies (Parandian, 2008) the 

scenario workshop methods to enhance learning among stakeholders were elaborated and tested 

on emerging technologies. For this kind of technologies the dynamics originates from its novelty 

and from need to overcome certain difficulties on its way to the market. In the current 

experimental study the case of an already existing and rather old technology is considered, for 

which the dynamics comes from the external events. In spite of this difference, the results of this 

research are similar to the results obtained by the researchers who studied new technologies. This 
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means that the scenario workshop is an effective method or stimulating learning, which occurs 

along several dimensions, namely probing others‟ world, reflective articulation, understanding 

the dynamics of possible future development of the technology and changes in perception of the 

problem and the other actors.  

 

8.3. Interpretation and Analysis of the results 
 

The study has shown that the scenario workshop method is an effective method for organizing 

and orchestrating the bridging event between the step when the actors shape and promote their 

ideas and interests and the step when the decisions are made. Even though this workshop aims at 

learning rather than consensus among the stakeholders, it can be a good interim step before 

organizing another workshop which aims at consensus. However, coming to consensus may not 

be an ultimate aim for the parties, but they can agree and disagree on some issues. 

The work on this thesis has uncovered that dilemmas occur in the perception of sustainability. 

The sustainable development perception of actors depends on their interests. Sustainable 

development has three constituents (United Nations 2005), economic, social and environmental. 

One of the interviewees said, “Sustainability has three legs and if you cut one, it „falls‟ down” 

(Appendix F, interview with Christer Borg). But different actors are usually concentrated only on 

one aspect of sustainability, for example, the business organizations are concentrated more on 

the economic constituent, the NGOs on the environmental one. They will not agree if one says to 

the environmentalists that they do not take into account the economic aspect or to the energy 

producers that they do not pay attention to the environmental and social issues. However, each 

party obviously is focused mostly on their main value and accepts the other values only if they 

do not compromise their top-priority value. For example, the energy producers willingly do not 

always introduce fish ways and environmental flows at their hydropower stations, since it leads 

to production losses, so they do not acknowledge the biodiversity problem. However, they speak 

about climate change problem willingly, since it helps in renewable energy promotion. At the 

same time the environmentalists often do not pay enough attention to the economic factors and 

marketing mechanisms behind the power company‟s activities, when they speak about the 

necessary measures, so they do not take into consideration that these mechanisms are also 

important and the plants exist and produce desirable goods for society (energy in case of 

hydropower) only if they are economically feasible and competitive. The good point in regard to  

Sweden is that both of the opposing parties have a strong voice and may influence the 

government and the entire society, thus balancing the economic, environmental and social 
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constituents (and that was also a point that one of the participants articulated during the post-

workshop interview). A balance is better than an inclination towards one side. However, it does 

not provide a push forward, because the opposing parties push in different directions and, as a 

result, the problems stay put. A better solution and the way to achieve sustainability in future 

would be to move forward together. And this idea also was articulated during the workshop by 

one of the participants, who said that there should not be a confrontation among the conflicting 

parties, but they have to move together towards making better decisions for society and 

environment, and towards a sustainable future.  

As everywhere else in the world, the neoclassical economics is still the leading school of 

economics in today‟s Sweden. The example of Sweden can show that a transition is possible 

from neoclassical economics with its constant and unlimited economic growth to the ecological 

economics, where economics is a part of a finite system, the earth ecosystem, and to the 

economics which promotes qualitative development rather than quantitative growth. Of course, 

in Sweden this transition still has not happened, but the first steps take place, which inspire to 

move forward.  

 

8.4. Conclusion regarding the aim and objectives to be sought 
 

The main aim of the study is to adapt and apply the scenario workshop methodologies and 

design, which were created in previous research for Constructive Technology Assessment and 

for emerging technologies, to an already existing technology in order to stimulate learning 

among stakeholders and evaluate it. According to the results chapter the main aim has been 

fulfilled. The following objectives stated in the goal part have been reached: 

- Collection of information and different opinions of the stakeholders regarding the 

situation within the hydropower sector in Sweden 

- Adaptation of the methods, which encourage learning, elaborated for the Constructive 

Technology Assessment to given existing technology taking into account different driving forces 

causing future dynamics. 

- Identifying concurrent dilemmas and driving forces for the possible future development 

of hydropower in the country  

- Choosing and creating appropriate scenarios for moving forward the discussion during 

the workshop 

- Presenting the information in a way which stimulates learning and better understanding 

for the stakeholders of each other‟s positions, vision and arguments.  
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- Creation of a comfortable environment and conditions for the workshop procedure, 

which leads to better fulfilling of the learning aim, which in turn implies providing the 

possibility for the articulation of the problems and probing each other‟s world. 

- Evaluation of the efficiency of the methodology used and identifying if the stated aim 

was fulfilled. 

The stated aim regarding the hydropower issue was to make possible for the reader to create a 

comprehensive picture of the situation within the hydropower sector in Sweden and provide a 

basis for further independent studies on the hydropower issues. To some extent the knowledge 

about the problem finally presented in this paper is subjective, since it was gotten from 

interviews and publications, which mostly refer to certain interested parties and stakeholders and 

reflect their perception of the situation through the prism of their interests, values and priorities. 

However, the attempt to present the whole range of different visions of the problem has been 

made, so the reader has an opportunity to create his or her own opinion regarding the situation, 

after reading the interviews and the description of the problem presented in the hydropower 

chapter of this thesis. Thus, the aim regarding the hydropower issue has also been fulfilled. But 

the subjective nature of the obtained data together with the complexity of the situation is the 

reason why the conclusions regarding the dilemmas in hydropower in Sweden and its possible 

solutions has not been posed as an aim for this work but they could become a goal for further 

study. And this work provides the basis for the research in that direction. 

 

8.5. Discussion of the limitations 
 

The success of the workshop in regard to the aims and objectives of this project opens the way to 

enhance learning among the stakeholders and make steps towards agreements among them 

applying this method to other existing technologies. Nevertheless, there are some issues, where 

this approach would not help to make much progress. The case to which this method applied 

should exhibit certain properties, for example, the situation should not be very simple, but rather 

complex as it is in case of hydropower. Its present state also should not be extremely 

controversial, as it is in the case of nuclear power, as that would block a serious exchange of 

arguments. So it should be a situation when the parties have some arguments which shape their 

positions, but not when the parties already have fixed positions and try to find arguments to 

support these positions in order to win the battle. However, the above stated criteria are just 

assumptions and defining the criteria, when the situation is susceptible for applying the scenario 

workshop method, could be a topic for further research within the area of technology assessment. 
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Another limitation is a willingness of the stakeholders to move towards consensus and work on 

it, so there should be an issue at stake which provides this willingness.  

 

8.6. Discussion of significance of the study 
 

Regarding the hydropower development in Sweden, the study has made an important step for 

establishing constructive discussion and interaction among the stakeholders. According to some 

interviews they have not met the other actors, especially the opposing parties except in the Court 

during processes regarding the concrete hydropower stations. The workshop conducted for this 

study has become a first time in their practice when the stakeholders got an opportunity to open 

up the issues and discuss them with their opponents in a calm and informal environment without 

pressure of publicity. 

Another contribution of this study is that it not only describes the situation within the 

hydropower sector in Sweden, but through reading the interviews in the appendix and the 

transcripts of the workshop one can see a picture of the dilemmas and different stakeholders‟ 

opinions regarding these dilemmas and the situation considering the present and future of 

hydropower.  

For the scenario methods and technology assessment this study is important since it shows the 

possibility to use the scenario workshops for an existing technology in order to organize the 

discussion among the stakeholders, which enhances learning among them, and thus provide an 

effective way of constructing bridging events between the interests‟ articulation stage and the 

decision making step. 

 

8.7. Possible future research 
 

The subject for further research within the hydropower sector in Sweden may be the organization 

and evaluation of a workshop which would lead to a consensus or at least to some agreements 

among the opposing parties.  

Another kind of studies which may or even should be done to find a solution to some of the 

hydropower dilemmas could be an independent scientific study about certain rivers and the 

environmental measures to be implemented in these rivers, such as the optimal volume of 

environmental flow for each hydropower station on this river, the necessity to spill water in the 

fish ladders throughout a year or only during certain periods of the year and so on (Apendix F, 

interview with Stefan Nyström). Searching for more win-win solutions for the stakeholders also 
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would be a good subject for further research within the hydropower field (Appendix F, interview 

with Prof. Nicklas Dahlbäck).  

In general regarding technology assessment methods, possible future research may be devoted to 

organization and evaluation of scenario workshops or similar bridging events for the 

stakeholders within other technology fields. New technologies might be disrupting for societal 

consensus, but established technologies can be rather controversial as well. So the applicability 

of CTA methods in regard to technologies that have been already introduced in society could be 

studied further.  

Another subject for future research may be defining the criteria of the cases to which the 

scenario workshop methods could be applied successfully.  

 

9. References 
 

 

Arnstein, S.R., 1977. Technology Assessment: opportunities and obstacles. IEEE transactions on 

systems,man and cybernetics, 7(8), pp. 571-582  

Beck, U., 1992. Risk society: Towards a new modernity. London: Sage. 

Boer, D., Rip A., and Speller S., 2009. Scripting possible futures of nanotechnology: a 

methodology that enhances reflexivity. Technology in Society, 31(3), pp. 295-304. 

Cetron, M. J. & Connor, L.W., 1972. A Method for planning and assessing technology against 

relevant national goals in developing countries, in M. J. Cetron, B. Bartocha, ed. The 

Methodology of Technology Assessment. New York: Gordon and Breach. 

Coates, J.F., 1971. Technology Assessment: the benefits, the costs and the consequences, The 

Futurist, 5, pp. 225-231.  

Coates, J.F., 2001. A 21st Century Agenda for Technology Assessment 

Decker M. & Ladikas M., 2004. Bridges between Science, Society and Policy. Berlin: Springer. 

Environmental Code 2000. The Swedish Government. [Online]. Available at:  

http://www.regeringen.se/content/1/c4/13/48/385ef12a.pdf 

Finger, M., Allouche J., Luis-Manso, P., 2007. Water and Liberalisation. European Water 

Scenarios. London: International Water Association.  

Garud, R.,Ahlstrom, D., 1997 Technology assessment: a socio-cognitive perspective. Journal of 

Engineering and Technology Management, 14(1), pp. 25-48 

Gnaiger A., Schroffenegger G., 2003. Tool-kit Scenario Workshop. European Commission/DG 

12 under the Firth RTD Framework Programme. 

http://www.regeringen.se/content/1/c4/13/48/385ef12a.pdf


58 

 

Godet M., 1995. Global scenarios: morphological and probability analysis. In LIPS (the 

Laboratory for Investigation in Prospective and Strategy), Futuribles International and 

IPTS (the Institute for Prospective Technological Studies), Profutures Workshop in 

Scenario building, convergences and differences. Paris, France September 1995. Sevilla: 

The European Commission.  

Heijden, K. Van der, 1996. Scenarios: the art of strategic conversation. Chichester: Wiley. 

Jakobsson, E., 1995. Industrialized rivers. The development of Swedish hydropower. In: 

Kaijser, Arne and Hedin, Marika (eds.). Nordic energy systems. Historical perspectives 

and current issues. Canton (MA). 

International Energy Agency (IEA) 2008. Energy Policies of IEA Countries - Sweden- 2008 

Review. [Online]. Available at: 

http://www.iea.org/publications/free_new_Desc.asp?PUBS_ID=2023 

Kastenhofer, K., Bechtold, U., Wilfing, H., 2009. The contribution of established inter-

disciplines to sustainability science: ecological economics, technology assessment 

and science & technology studies. 8th International Conference of the European Society 

for Ecological Economics: Transformation, Innovation and Adaptation for Sustainability - 

Integrating Natural and Social Sciences. Ljubiljana, Slovenien 30 June 2009. 

Lindgren M. and Bandhold H., 2003. Scenario Planning: The Link Between Future and Strategy. 

New York: Palgrave Macmillan. 

Ministry of Enterprise, Energy and Communications, 2004. Energy policy. [Online]. Available 

at: http://www.sweden.gov.se/sb/d/5745/a/19594 [accessed 29 March 2010] 

Ministry of Sustainable Development, 2006. Renewable electricity with green certificates. 

Government Bill 2005/06:154. [Online]. Available at: 

 http://www.sweden.gov.se/content/1/c6/06/47/22/2c000830.pdf [accessed 29 March 2010] 

Mahidhar, R.B., 2009. Structuring spaces for interaction in Constructive Technology Assessment 

workshops to enhance learning in technology context: A case of Wireless Sensor Networks 

applications in health care. Master of Science Thesis, Delft University of Technology. 

Martino J. P., 1993. Technological forecasting for decision making. 3rd ed. New York: McGraw-

Hill. 

Mohr H., 1999. Technology Assessment in Theory and Practice. Techné: Journal of the Society 

for Philosophy and Technology, 4(4), pp.22-25. 

Mulder, K.F., 1996. Reader for a course “Technology and the Future” (WM0908TU) at TU 

Delft. 

Mulder, K.F., 2002. Reader for a course "Philosophy, Technology Assessment and Ethics for 

Civil Engineering" (WM0312CT) at TU Delft. 

http://www.iea.org/publications/free_new_Desc.asp?PUBS_ID=2023
http://www.sweden.gov.se/sb/d/5745/a/19594
http://www.sweden.gov.se/content/1/c6/06/47/22/2c000830.pdf


59 

 

Mulder, K.F. 2006, Sustainable Development for Engineers, Sheffield: Greenleaf 

Natural Resource Act (Lag om hushållning med naturresurser m.m.) 1987. (c.3), The Swedish 

Parliament Act, 1987:12. 

Norwegian University of Science and Technology (NTNU), 2008. Hydro power development for 

peaking and load balancing in a European system with increasing use of non-regulated 

renewables (HYDROPEAK). [Online]. Available at: 

http://www.sintef.no/project/CEDREN/HydroPEAK_Final.pdf [accessed 8 February 2010] 

Parandian A., 2008. Constructive technology assessment workshop: body area networks, issues 

surrounding a possible new health service. Preparatory report. Delft: Nanoned & TU Delft  

Parandian A., 2010. Future perspectives and dilemmas around nano-enabled Body Area 

Networks. (Forthcoming)  

Rip, A., 1986. Controversies as informal technology assessment. Knowledge: Creation, 

Diffusion, Utilization, 8(2), pp. 349-371. 

Smits R. & Leyten J., 1988. Key issues in the institutionalization of TA. Futures, 20(1), pp. 19-

36. 

Stoll-Kleemann, S., Welp, M., 2006. Stakeholders dialogs in Natural Resources Management. 

Theory and practice. New York: Springer. 

Swedish Energy Agency, 2009. Swedish energy research 2009. [Online]. Available at: 

http://webbshop.cm.se/System/TemplateView.aspx?p=Energimyndigheten&view=default

&cat=/Broschyrer&id=ad51a77209854b06adabfb1568b6e023  [accessed 10 February 

2010] 

Svensk Energi – Swedenergy – AB, 2009. Quick facts about Sweden and energy. [Online]. 

Available at: http://www.svenskenergi.se/upload/Om%20el/Elåret/Filer/engelsk_fickfolder.pdf 

[accessed 10 February 2010] 

Svensk Energi – Swedenergy – AB, 2008. The Electricity Year 2008. [Online]. 

Available at: http://www.svenskenergi.se/upload/Statistik/Elåret/electricity_year_2008.pdf 

[accessed 10 February 2010] 

The Hydropower Implementing Agreement, 2000. Hydropower and the world's energy future. 

[Online]. Available at: http://www.ieahydro.org/development.htm [accessed 12 February 

2010] 

The People History, 2004. Technology 1970’. [Online]. Available at: 

http://www.thepeoplehistory.com/1970s.html  [accessed 18 March 2010] 

The Swedish Government, 2009. Vattenverksamhet. Statens offentliga utredningar (SOU). (in 

Swedish). Available at: http://www.sweden.gov.se/sb/d/11597/a/125366 [accessed 26 

March 2010] 

http://www.sintef.no/project/CEDREN/HydroPEAK_Final.pdf
http://webbshop.cm.se/System/TemplateView.aspx?p=Energimyndigheten&view=default&cat=/Broschyrer&id=ad51a77209854b06adabfb1568b6e023
http://webbshop.cm.se/System/TemplateView.aspx?p=Energimyndigheten&view=default&cat=/Broschyrer&id=ad51a77209854b06adabfb1568b6e023
http://www.svenskenergi.se/upload/Om%20el/Elåret/Filer/engelsk_fickfolder.pdf
http://www.svenskenergi.se/upload/Statistik/Elåret/electricity_year_2008.pdf
http://www.ieahydro.org/development.htm
http://www.thepeoplehistory.com/1970s.html
http://www.sweden.gov.se/sb/d/11597/a/125366


60 

 

The Swedish River Basin District Authorities, 2010. Organization. [Online]. Available at: 

http://www.vattenmyndigheterna.se/vattenmyndigheten/in_english/organization.htm 

[accessed 12 February 2010] 

Schot, J., & Rip, A., 1997. The past and future of constructive technology assessment. 

Technological Forecasting and Social Change, 54, pp. 251-268. 

United Nations, 2005. World summit outcome 2005. [Online]. Available at: 

http://www.who.int/hiv/universalaccess2010/worldsummit.pdf  [accessed 15 March 2010] 

Van Eijndhoven, J., 1997. Technology assessment: Product or process? Technological 

Forecasting and Social Change, 54, pp. 269-286. 

Van Est, R., Van Eijndhoven, J., Aarts, W. and Loeber, A., 2002. The Netherlands: seeking to 

involve wider publics in technology assessment, in Joss, S. and Bllucci, S., ed. 

Participatory technology assessment: European perspectives. London: Centre for the Study 

of Democracy. 

Van Est, R. & Brom, F., (in press). Encyclopedia of Applied Ethics 2
nd

 ed. Chapter 10 on 

“Technology assessment”. Technology assessment as an analytic and democratic practice. 

[Online]. Available at: http://rathenau.academia.edu/FransBrom/Papers 

[accessed 14 May 2010] 

Van Merkerk R.O. & Smits R.E.H.M., 2008. Tailoring CTA for emerging technologies. 

Technological Forecasting and Social Change, 75(3), pp. 312-333.  

Vattenverksamhet (Water Activities ), 2009. The Swedish Government. [Online]. Available only 

in Swedish at: http://www.sweden.gov.se/content/1/c6/12/53/66/f27a8565.pdf  [accessed 

16 March 2010] 

Webler, T., Kastenholz, H. and Ortwin, R., 1995. Public participation in Impact Assessment: A 

social learning perspective. Environmental Impact Assessment Review, 15, pp. 443-63. 

 

http://www.vattenmyndigheterna.se/vattenmyndigheten/in_english/organization.htm
http://www.who.int/hiv/universalaccess2010/worldsummit.pdf
http://rathenau.academia.edu/FransBrom/Papers
http://www.sciencedirect.com/science/journal/00401625
http://www.sweden.gov.se/content/1/c6/12/53/66/f27a8565.pdf


61 

 

 

10. Appendices  
 

Appendix A. List of the interviewees  
 

 

        Anna Andersson, Analytical Department, Swedish Energy Agency 

        Christer Borg, Chairman, Älvräddarna (River Saviors)

        Christer Bäck, Operational Department, Balance Service, Svenska Kraftnät (Swedish 

National Grid) 

        Christer Nilsson, Professor, Department of Ecology and Environmental Sciences, Umea 

University 

        Gabriel Waaranperä, Technical Manager, Power Generation Sweden, Statkraft Sverige AB 

        Göran Hult, Senior Advisor, Fortum AB 

        Gun Åhrling-Rundström, Responsible for Hydropower questions, Swedish Energy 

        Gunnar Larsson, President, Vattenkraft E.ON

        Helén Axelsson, Department for Energy and Environment, Jernkontoret 

        Henrik Schreiber, Conservation Biologist, the Environmental Protection Agency 

(Naturvardsverket) 

        Johan Kling, Specialist, Water Board (Vattenmyndigheten) 

        John Sjöström, Legal Department, the Environmental Protection Agency (Naturvårdsverket) 

        Lars Holmgård, Lawyer, supervisor for “Vattenverksamhet” (“Water Activities”), the report 

by Swedish Government 

        Lars Rosén, President, the Swedish Hydropower Association (Svensk Vattenkraftförening) 

        Göran Hult, Senior Advisor, Fortum AB 

        Johan Kling, Specialist, Water Board (Vattenmyndigheten) 

        Niklas Dahlbäck, Asset Management, Vattenfall Vattenkraft 

        Göran Hult, Senior Advisor, Fortum 

        Gunnar Larsson, Chief Executive Officer, Vattenkraft E.ON 

        Christer Borg, Chairman, Älvräddarna 

        Lars Rosén, President, the Swedish Hydropower Association (Svensk Vattenkraftförening) 

        Lennart Henrikson, WWF Sweden 

        Lennart Söder, School of Electrical Engineering, Royal Institute of Technology, Stockholm 

        Erik Thornström, Civil Servant, Ministry of Enterprise, Energy and Communications 

        Sofia Arkelsten, Member of Parliament, Swedish Parliament 
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        Niklas Dahlbäck, Vattenfall Vattenkraft AB, Adjunct Professor, Department of Engineering 

Sciences, Uppsala University 

        Stephan Nyström, General Secretary, Sportfiskarna

        Svante Axelsson, General Secretary, Naturskyddsföreningen 

        Thomas Sandberg, Professor, Department of Industrial Economics and Management, Royal 

Institute of Technology, Stockholm 
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Appendix B.  External scenarios 
 

 

 

 

 

1. “Energy hunger” High demand for non-nuclear electricity in Sweden and high level of 

integration into European electricity system 

 

Possible events which can lead to this scenario: 

- nuclear accident 

- electrical cars introduction  

- low energy efficiency in Sweden 

- severe climate change and decision to close some coal plants in Europe 

- new transmission lines 

 

The scenario description: 

Many new transmission lines are introduced between Sweden and other European countries. 

Because of the severe climate change the coal plants are shut down, the nuclear plants are also 

shut down because of the radioactive wastes disposal problem and risks of accidents or even 

because of an actual accident. At the same time European countries build many new renewable 
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power plants based on intermitted sources of energy such as wind and thus there is a nigh 

demand in Swedish regulating power.  

At the same time in Sweden the massive introduction of electrical cars occurs, the plans to shut 

down the existing nuclear power plants come again into force, the substantial increasing of 

energy consumption efficiency does not happen and as a result the energy consumption does not 

decrease.  

 

2. “Helping hand to Europe” Low demand for non-nuclear electricity in Sweden and high 

level of integration into European electricity system 

 

Possible events which can lead to this scenario: 

- nuclear power acceptance in Sweden 

- high energy efficiency in Sweden 

- metal regeneration 

- new wind and biofuel in Sweden 

- severe climate change and decision to close some coal plants in Europe 

- new transmission lines 

 

The scenario description: 

Many new transmission lines are introduced between Sweden and other European countries, 

because of the severe climate change the coal plants are shut down, the nuclear plants are also 

shut down because of the radioactive wastes disposal problem and risks of accidents. At the 

same time European countries build many new renewable power plants based on intermitted 

sources of energy such as wind and thus there is a nigh demand in Swedish regulating power.  

At a national scale the increasing efficiency decreases demand for non-nuclear energy, the 

nuclear plants are still in place, new wind and biofuel power is introduced which also decrease 

demand for additional energy production in the country.   

 

3. “Energy efficiency” Low demand for non-nuclear electricity and low level of integration 

into European electricity system 

 

Possible events which can lead to this scenario: 

- nuclear power acceptance 

- high energy efficiency 

- metal regeneration 
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- new wind and biofuel 

- new renewable energy in Europe, no need for Swedish export 

- success of CCS technology 

- not many new transmission lines 

 

The scenario description: 

Not many new transmission lines are constructed between Sweden and other European countries, 

the CCS projects become economically feasible, thus the coal plants are still in place or even 

new are constructed, the same situation is with nuclear plants. At the same time European 

countries have built many new power plants including renewable ones and found their own 

possibilities to regulate the grid thus these countries do not need imported Swedish energy.  

At a national scale the increasing efficiency decreases demand for non-nuclear energy, the 

nuclear plants are still in place, new wind and biofuel power is introduced which also decrease 

demand for additional energy production in the country. 

 

 

4. “More energy for Sweden” High demand for non-nuclear electricity and low level of 

integration into European electricity system 

 

Possible events which can lead to this: 

- nuclear accident 

- electrical cars introduction 

- low energy efficiency 

- new renewable energy in Europe, no need for Swedish export 

- success of CCS technology 

- not many new transmission lines 

 

The scenario description: 

Not many new transmission lines are constructed between Sweden and other European countries, 

the CCS projects become economically feasible, thus the coal plants are still in place or even 

new are constructed, the same situation is with nuclear plants. At the same time European 

countries have built many new power plants including renewable ones and found their own 

possibilities to regulate the grid thus these countries do not need imported Swedish energy.  
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In Sweden the massive introduction of electrical cars occurs, the plans to shut down the existing 

nuclear power plants come again into force, the substantial increasing of energy consumption 

efficiency does not happen and as a result the energy consumption does not decrease.  

 

Appendix C.  Internal scenarios 
 

1. Internal scenario: Beautiful Sweden 

The major value for this scenario is the nature in Sweden and the main goal is to preserve the 

environment and natural beauty for the next generations. Therefore, the parties interested in this 

scenario would like to: 

- Prevent building of new hydropower stations in Sweden, 

- Phase out some of the already existing stations which cause greater damage, 

comparatively to benefits they produce, 

- Remove abandoned dams, 

- Introduce maximum possible measures at the existing stations (such as fish ladders and 

minimum environmental flow) in order to reduce ecological damage.  

At the same time, new power stations based on other renewable sources of energy should be built 

in Sweden and the remaining hydropower should provide the balancing power for them. This 

also means that Sweden will not export electricity to other countries. 

The efficiency of the existing hydropower stations also should be increased through its 

refurbishment. 

The parties supporting this scenario would also like to cancel the electricity certificate system 

regarding the hydropower and use this money for: 

- Energy efficiency research and measures to implement it, 

- Other renewable energy sources development, 

- Demolition of old dams and introduction of measures in order to reduce the 

environmental damage of hydropower. 

To make this scenario true the additional taxation for usage of electricity may be introduced in 

order to encourage energy efficiency improvements.  

The parties, interested in this scenario, think that the system of old permissions of hydropower, 

which last forever, should be changed and all the hydropower plants should at least meet the 

requirements of the Swedish Environmental Code and Water Framework Directive.  

Of course, they would like to keep all the national rivers and other prohibited for hydropower 

areas stated in the Swedish Environmental Code.  



67 

 

 

2. Internal scenario: Economical opportunities 

The major value for this scenario is economic opportunities. In order to expand these 

opportunities, which can affect in a positive way the GDP and the welfare of the country, the 

supporting actors would like to preserve and develop the hydropower in Sweden for providing 

not only the base load and balancing power for the country‟s needs but also for export to other 

European countries. This is economically feasible since the energy prices in Sweden are lower 

than in Europe and both Sweden and the rest of Europe might be interested in renewable 

electricity and balancing power export from Sweden. Besides the growing economical 

opportunities for Sweden that would brings some other benefits: 

- It will help to combat the climate change in Europe 

- The money could be invested in other renewable energy sources which are not developed 

enough at the moment to produce energy at a commercial scale, such as wave energy, 

geothermal energy.  

To achieve this goal there is a need to: 

- Increase the public acceptance of hydropower in Sweden 

- Facilitate the process of getting the permission for refurbishment without risk to lose the 

existing license 

- Keep the electricity certificate system 

In order to increase the public acceptance some environmental friendly measures might be 

implemented but without significant compromising the electricity production level.  The 

supporting this scenario parties announce that they have already implemented some of these 

measures. They also work at the problem of oil release accidents and dam safety issues. In 

addition, they conduct research in this field, trying to find some win-win projects which would 

be beneficial both for the environment and for the energy production.  

Depending on the demand for energy in Sweden and Europe in future, the parties interested in 

this scenario think it could be necessary to reconsider some prohibited areas for hydropower, 

stated in the Swedish Environmental Code. They acknowledge the need to preserve the 

unharnessed rivers or their parts in Sweden, but they suppose that this law could be more flexible 

with respect to new hydropower which doesn‟t increase the burden on the environment. 

 

3. Internal scenario: Availability and accessibility of energy in Sweden 

The major value for this scenario is availability and accessibility of energy in Sweden for the 

consumers, which implies the low price for it and good transmission system within the country. 

The main challenges for that are 
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- Preservation of the existing power plants  

- Development of new power plants 

- Reinforcement of the existing transmission lines in Sweden.  

This scenario catalyzes and provides the economic activity and growth in the country. 

 

The parties supporting this scenario think that before Sweden will build the external transmission 

lines to other European countries, the country has to cope with internal problems within the 

transmission system. For example, there are bottlenecks in the middle part of Sweden which 

make more difficult the energy transmission from the Northern part, where the most of Swedish 

power is produced, to the Southern Part, where the consumption is concentrated.  

 

Another aspect is that first Sweden has to focus on the national development and domestic needs, 

taking into account the interests of the local consumers in Sweden and keeping the low energy 

prices in order to make the local products more competitive on the global market. It will help 

Sweden not to lose its industry and, as a result, this will bring economical and social benefits for 

the country and people living here. There is a relatively high level of unemployment in Sweden 

now and a situation when the population migrates from the North to the South and from inland to 

the coast. Keeping and creating favorable conditions for existing and new industries will help to 

mitigate these social problems.  

 

Thus, regarding the hydropower, this kind of energy production has to be preserved and 

developed as well as all the other forms of energy production in Sweden, but mostly for the local 

use and local consumers.  

 

4. Internal scenario: Local for locals 

The main value for this scenario is the possibility of the small-scale energy producers to 

contribute to the national and local renewable energy production and development of the 

opportunities for the local communities to be self-sufficient. The damage caused by small-scale 

hydropower, which is claimed to be larger than damage from the large-scale plants per unit of 

energy produced, may and should be reduced by the implementation of the environmental 

friendly measures, but these measures should be implemented very carefully, taking into account 

cost and benefits and also without substantial reduction of energy production. At the same time 

compared to large-scale hydropower plants, the advantage of small-scale hydropower is that it 

does not affect that much the flow pattern. It is also better to produce at the same spot where you 

consume, and it becomes more important with the future division of Sweden into three energy 
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price areas. The small-scale hydropower may be a part of the solution for the most energy 

consuming South, since there are still opportunities for building new small-scale hydropower or 

refurbishment of old plants.  

According parties supporting this scenario, the small-scale hydropower should not be treated 

more strictly than the large-scale hydropower in Sweden. They would also like to bring back the 

abandoned dams, which have already been established many years ago, and taking them away 

can lead to changing of the historically established cultural and natural conditions. So they would 

like to build new small-scale hydropower plants using these dams. New companies recreating 

these old dams could be established.  

The small-scale hydropower is one kind of the renewable energy, so it also contributes to 

mitigating the climate change. That is why the electricity certificate system should be kept as one 

of the effective ways to support the renewable energy sources and also make this scenario to 

come true.  

Furthermore, all small-scale hydropower may play more important role in the local energy 

system in order to support the energy security and make the power supply less vulnerable.  
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Appendix D. List of the workshop participants 

 

The participants:  

        Gun Åhrling-Rundström, Responsible for Hydropower questions, Svensk Energi 

        Johan Kling, Specialist, the River Basin District Authority (Vattenmyndigheten) 

        Tord Eriksson, Asset Management, Vattenfall 

        Göran Hult, Senior Advisor, Fortum 

        Gunnar Larsson, Chief Executive Officer, Vattenkraft E.ON 

        Christer Borg, Chairman, Älvräddarna 

        Lars Rosén, President, the Swedish Hydropower Association (Svensk Vattenkraftförening) 

        Henrik Schreiber, Conservation Biologist, the Environmental Protection Agency 

(Naturvardsverket) 

        John Sjöström, Legal Department, the Environmental Protection Agency (Naturvårdsverket) 

        Thomas Sandberg, Professor of industrial economics and management, KTH 

        Sture Larsson, Technical Director, Svenska Kraftnät 

        Christina Lindhagen, Specialist, Sportfiskarna 

 

The workshop was conducted by:  

 Karel F. Mulder, Professor, Delft University of Technology, Netherlands  

 Olga Petrik, MSc Sustainable Technology, the Royal Institute of Technology, Sweden 

 

The observers:  

 Alireza Parandian, PhD student, Technology Dynamics and Sustainable Development, 

Delft University of Technology 

 Tatiana Spitsyna, PhD student at the Department of Industrial Ecology, the Royal Institute 

of Technology, Sweden 
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Appendix E. Agenda of the workshop 

 

Agenda 

        13:15 - Welcome and Opening Remarks - Karel F. Mulder, Professor, Delft University of 

Technology, Netherlands 

        13:25 – Our Working Environment: External Scenarios - Olga Petrik, MSc Sustainable 

Technology, the Royal Institute of Technology 

        13:40 - Discussion 

        14:00 - Coffee break 

 14:15 - Presentation of Four Internal Scenarios and Discussion by the Participants: 

- 14:15 – Presentation of internal scenario 1 

- 14:25 – Discussion of internal scenario 1 

- 14:35 – Presentation of internal scenario 2 

- 14:45 – Discussion of internal scenario 2 

- 14:55 – Presentation of internal scenario 3 

- 15:05 – Discussion of internal scenario 3 

- 15:15 – Presentation of internal scenario 4 

- 15:25 – Discussion of internal scenario 4 

         15:40 - Coffee break 

         16:00 – Conclusion and closing 
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Appendix F. Interviews transcripts 

 

Here transcripts of some of the interviews with the stakeholders are presented. The interviews 

mostly reflect individual attitude to the problem and personal opinions rather than the official 

points of view of the organizations the interviewees work at.  

 

1. The future of Swedish hydropower. Individual interview with Göran Hult, Senior 

Advisor, Fortum, Stockholm, February 22
nd

 2010. Interviewer Olga Petrik, MSc 

Sustainable Technology, Royal Institute of Technology, Stockholm. 

 

-     Do you think that now there are demands of changing something within hydropower 

sector in Sweden? If yes, in which way? 

- I think the society does not want anymore hydropower. This is a quite delicate question and at 

least only a few new hydropower plants in Sweden will be accepted at the moment. But I still 

think we need to develop our power operation and also build some new stations in future, since 

we are now expanding the wind power. And it has been a lot of discussion about the regulation 

power. If it is enough or do we need more to keep the grid stability on a good level. There are 

different opinions about that but I think we need to improve the regulation capability and the 

efficiency of the present hydropower plants. Most of the hydropower in Sweden is quite old now. 

So there is a need for renewal of equipment and when we do that, we will have also the 

possibility to improve the efficiency to get some more production. But on the other hand we have 

the Water Framework Directive and that is a problem, especially in Sweden, since we have quite 

tough approach from the authorities to the Water Framework Directive. It could lead to actually 

less production in the future since they want to build the fish ladders and lots of other different 

changes to improve environmental performance of the power plant. This normally leads to losses 

in production. If you have to create a fish way, you have to spill some water and this is a reason 

of lost in production. We have some reconsideration of our permissions and normally this is 5% 

losses. We have to pay these first 5% that is the producer has to accept 5% reduction without any 

kind of compensation. If they change it to more than 5%, we have a right for compensation from 

the society. That is one thing which is happening right now and it might be more in the future 

due to the Water Framework Directive and the way we are implementing it in Sweden. There is a 



73 

 

big difference between Sweden and Finland: the Swedish interpretation of WFD is much 

tougher, I think.  

 

- Can the energy producers keep the pattern of the river flow close to the natural one? 

- I know that this is an issue which is discussed and we have this high flow during the winter 

time and quite low flow during the summer. But the pattern we create cannot imitate the natural 

pattern, since it does not correspond to energy consumption pattern (the profile of energy 

consumption is totally different). The highest consumption in Sweden is from November to 

March. So I think to create the natural pattern is more or less impossible. But this is one part of 

the problem and another part is that it is not possible for the fish to pass because of the dams and 

turbines.  

 

- Do you know about these low head turbines which do not damage the fish? 

- You might be thinking about these vertical turbines which Uppsala University is working with. 

They can be put in a stream of water without building any dams. I think it can not replace the 

hydropower we have but it could be a possibility to produce some more hydropower without any 

big disturbances to the environment. Then we are back to this profile of natural flow, but we can 

just produce the base load, not the balancing power. It is predictable better than wind power but 

we cannot use it as a regulation power. 

And one of the things we need to do in the future is making it possible to create even more 

regulation power from the power plants which we have. For example, increasing capacity in the 

dams and installing some more turbines. Then we could get shorter duration of the operation but 

more capacity to create more regulation power.  

 

- Are there any plans in Sweden to build pumped storages? 

- I do not think there are any such plans. We have actually some pump storages. I know, in 

Fortum we have at least three of them. But one is really small. And these pumped storages are 

not used in the same way as they are used, for example, in Germany, where they have to use 

them as a regulation capacity. We have eight plants in one river and in the upper part we have 

one pumped storage power plant. We utilize it during the spring floods, when we have already 

spillages in these power plants, then we pump upwards and store in this reservoir, and then it can 

be utilized later on by all eight power plants. So it is very beneficial, but it is not used like in 

Germany, where they change direction from producing to pumping and back during the hours. In 

our case it is more seasonal storage. If you look at the electricity prices on Swedish and on 

German market,  then you can see that on German market the prices fluctuate more from day to 
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night and that is, I think, also because of lack of regulation power. But in Sweden there is no so 

big difference, so I think, it is not really profitable to build a pumped storage power plant in 

Sweden. Not now at least. It might be in the future. 

 

- So do you think a driving force for hydropower in Sweden is demand in regulation power 

rather than base load?  

- I think, if we look at the situation in Sweden, now we have quite good balance between 

consumption and capacity in production. And we have had for some years a slight export. But 

now we are going to build lots of wind power and it will create more production than 

consumption until we start closing down our nuclear plants. If we do not replace them then we 

will have a major lack of power in the end. But it seems like we will get the possibility to replace 

the nuclear power plants, however, it is not decided yet and there is just a proposal to change 

legislation. I think in Sweden we have good possibilities: we have hydro, wind power 

possibilities, at least to 20-30 TWh, we have quite good opportunities to utilize CHP (combined 

heat and power) with biofuels for the heating purposes and electricity… I think we need to 

utilize all these possibilities, even if we don‟t have a lack of production in Sweden, and then 

export it to continental Europe. There we have and will have in foreseeable future more or less 

fossil fuel based energy production. So to take our responsibility for the climate change, we need 

to consider the possibility to produce even more hydropower at some new places and not only 

improving the power plants we have.  It might be that we can produce, let‟s say, 5 TWh more if 

we renew a lot of power plants and make them really efficient to meet the standards of today but 

those who built the present power plants were already quite skilled. So it is not such a big 

difference if you build a power plant now. Even if it was built in the early 1900:s, still just a few 

percent increased efficiency you can achieve.  

But we have these four national rivers, you mentioned. Of course, we should not start using these 

rivers. But there is quite big opportunity outside these rivers still. For example, we have Ljusnan 

which is a river in the middle part of Sweden. We could produce 0.5 TWh at a new power plant 

on this river. But in total we have projects for 1.5 TWh in prohibited areas outside the national 

rivers. And I think in Sweden one can produce from 5 to 10 TWh more outside the national 

rivers where it is forbidden to build today. So I think the possibility to utilize currently prohibited 

areas, the parts of the already exploited rivers, has to be reconsidered. For example, on Ljusnan 

we have the production of maybe 4 TWh, but there is a certain area which is prohibited to be 

harnessed. So we have upstream power plants and we have downstream ones. We have this 

artificial flow-profile in the whole river, but in the middle of the river there is a part which is 

prohibited. 



75 

 

 

- Why is it prohibited? 

- Actually I do not know the background for this legislation,but I suppose it‟s there to keep some 

unexploited parts of the rivers. There is exactly the same situation in Klarälven where we have 

one big power plant and there is 40-meters head which is not exploited before the next power 

plant and that area is also prohibited. There are similar cases in other rivers also, which 

correspond to around 5-10 TWh. And I think we should seriously consider utilizing these parts 

of already exploited rivers. And then, of course, we need to have some kind of environmental 

permission.  

 

- What does hold back the development of hydropower? 

- We have several threats for hydropower. First, that is the Water Framework Directive. And 

then another thing is the eel question, which is on agenda of EU and the aim is to recreate the 

environment where eel will get stronger. The eel has been treated quite tough last years and not 

much eel is left. That might have implication on hydropower also, at least in Southern part of 

Sweden. 

The Water Framework Directive is an umbrella under which they make considerations of all the 

environmental aspects. But then there are many aesthetic reasons. The people leaving along the 

rivers do not want to see the dry river bed. It is nicer to look at the flowing water and this is 

about seeing a nice view.  We have this problem in Bollnäs (river Ljusnan). And I think there are 

several cities like that, where the citizens want to have river back. It is not based really on 

environmental issues, biodiversity and so on, but it is more about a nice view. 

 

- As for 4 national rivers, what’s your personal opinion? Should Sweden keep these four 

rivers?  

- Yes, I think there is no reason to start thinking about construction in the national rivers now. 

We have several other opportunities but I think we really should reconsider all other 

opportunities to construct new hydropower plants. That is my message. There are several 

opportunities which we are not allowed to realize today. And it will make easier to introduce the 

wind power. And possible the wave power, which is maybe slightly better than wind power from 

the prediction point of view.  

 

- Do you think, if Sweden finally decides to phase out its nuclear plants, it will be still 

possible not to touch these four rivers? 
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- Then I think we will have to reconsider it too. If we look around 2020, we have actually surplus 

of power production. It could be about 20-30 TWH. But we have still 60-70 TWh of nuclear 

power production in Sweden, so it will be significant lack of capacity. And I think we need to 

have surplus. If we have 20-30 TWh, we need to have some surplus to ensure that we have what 

we need when it comes to a very cold day like we have this winter. And we have more or less the 

responsibility to utilize our possibilities in this country. Everything we are exporting replaces 

fossil fuels use for power production. I think it is a good thing if we can export. And it is good 

for the country also, for its national economics.  If we have cheaper and more environmental 

friendly power production, we can both help our own economy and also make a contribution to 

the mitigation of the climate problem.  

 

- Is electricity in Sweden now cheaper than in the rest of Europe?  

- If you consider today, when it is so cold, then it is not. Today it is very high and it has never 

been as expensive as today. But overall, if you look at the recent period, it is cheaper in Sweden 

than in Germany and Denmark, for example.  

 

- Then if you export, will be the electricity in Sweden more expensive? 

- Yes, it will be more expensive. To make this happen we need to strain the connections to the 

continental Europe, which will increase the average price of the electricity, since we will export 

to German market, which is fossil fuel based. And then in summer time in normal period, when 

we only have nuclear and we have hydropower, we have wind power in our system, and then 

biofuel, CHP, which is a quite cheap way of producing energy. At least variable cost is quite 

low. But then we will become more connected to the fossil market in Germany and Denmark. 

And it will increase the prices, of course, because we will go to that direction. But on the other 

hand it might be possible to import at the day like this. The fossil fuel energy, produced at 

normally coal plant in Germany, is very cheap comparatively to the price we have now. This 

morning we had a price on Nord Pool 400 euros/MWh. Normally we have had around 40. In 

such situation we will have a possibility to import electricity. But, of course, this is few hours in 

a year. I think, the average price will be higher.  

 

- Do you think HVDC will be built?  

- Yes, I think so, but I am not an expert in this question. There are some plans to build it. There 

is a group working to make ten-year plan for investments in grid interconnections to make the 

European market stronger. And that includes possibility to export electricity between the 

countries. I am quite sure it will be, but partly dependent on which party will be the main party in 
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the government in Sweden, since the opposition party has been a bit negative to build these 

interconnections. It is because they want to phase out the nuclear. If we phase out the nuclear 

plants without interconnections it might be that electricity will be really expensive. Then it can 

be much more expensive than in continental Europe. I think we should have them in place. That 

is really important to utilize our possibility of environmental friendly energy production in the 

Nordic countries.  

So it might be that Sweden will build the interconnection and export the electricity, but also 

import, when necessary.  

But basically, I think we should build production so that we can export, since we have so good 

opportunities in the Nordic countries.  

 

- What is your company’s attitude to a small scale hydropower (SSH)? 

- I think we are the biggest operator of SSH. I am not sure if it is in all Nordic countries but at 

least in Sweden we have actually in excess of hundred, by the Swedish definition, small scale 

hydropower stations, which are really small. It is 1.5 MW. But of course, it is not easy to run 

them in such a big company. We have replaced some old SSH with new equipment.  

One problem of course is that, at least in Sweden, the implementation of the Water Framework 

Directive will hit quite hard on SSH. But I think this is a kind of compromise for the energy 

industry or the energy supply to try not to touch too much the big power plants. This affects 

more the production. But even it is a compromise, it is still some TWh of renewable energy to be 

lost, if we start hitting on the SSH.  

 

- Is there any estimation how much regulating power corresponds to certain amount of 

wind capacity installed? 

- Actually, there are several different calculations. Svenska Kraftnät made report in 2008 and 

they said it would be needed to add 5000 MW more of hydropower to introduce 30 TWh of 

wind. But other experts like Lennart Söder, the professor at KTH, say that no more regulation 

capacity is needed to introduce 30 TWh. So there are a lot of different opinions. And I have no 

idea who is right. But anyway, I think, it is important that we really watch out for our regulation 

capacity and if we can handle 30 TWh of wind power in Sweden. In Germany they cannot 

handle what they have today. So if we make connection to Germany we might export our 

regulation capacity to Germany also. Thus, I think if we look 10-20 years in a future, we will 

have much more integrated market and grid. And then if we have excess of regulation capacity, 

it will be very valuable for Europe.   
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You also mentioned the climate change impact in your invitation. Yes, it will happen if it comes 

to the energy production and especially to hydropower. And of course, we have looked at 

different scenarios. And it seems like it will be more precipitation and that will lead to more 

hydropower production, if we get permissions to use more water. Our permmission says how 

much we can use. And then we need to expand the business, to build new turbines to utilize this. 

It might be so, if we do not increase the capacity of the power plant and maybe also change the 

dam, this higher precipitation could lead to less regulation capacity. Lets say, today normal 

power plant operates 5000 full capacity hours per year.  If we have 10-20% more precipitation, 

then we will have 6000 hours with full capacity. And then it‟s obvious that there is less volume 

to use for regulation, since it is becoming more base-load production than regulation capacity. So 

we might have to have some more turbines in the present power plants and maybe also some 

more volume in the reservoirs to utilize this for the regulation purposes. But the production in 

TWh will increase. I am not sure how the flow-profile will look with more precipitation. Of 

course, the period is important. If it will be more precipitation in a spring period it will not help 

us at all. Then we normally have too much water. But if it will increase during the whole year, it 

will lead to more production. And in some areas it might be less precipitation, but overall it will 

be increased.  

 

- Can you see already any effects because of the climate changes? 

- No, last summer was extremely rainy, but this winter was the coldest one for the last 25 years. 

And I think the scenarios describe 10-15% changes per hundred years.  

But it will have another impact also. It will affect the dam safety, which is very important for 

hydropower. At the time being we are running a big safety program in Sweden, not only Fortum, 

but all the actors on the hydropower side. We increase the discharge capacity to make it possible 

to discharge 10000 year flood, which we haven‟t done before. And of course, if that changes 

10% in a hundred years, the dams, which we are refurbishing now, are supposed to be without 

any big changes for at least 50-80 years. And if it is 10-15% increase of flow at that time then we 

might to go back and increase the discharge capacity. But that is more or less financial impact on 

our operation.  

 

- Which crucial events can impact the future of hydropower most? For example, possible 

phase out of the nuclear power? 

- This is a very tricky question. If we decide to phase out the nuclear then we should consider 

building of lots of new hydropower. But since the same parties, which want to phase out nuclear, 

are even more negative to hydropower, I think it will not happen.  
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And the Water Framework Directive might be a very important issue for us in a hydro-business. 

Another one is, of course, the wind power introduction.  

And if we phase out nuclear then we will need even more wind. And this in turn demands more 

hydro. So I think if we phase out the nuclear plants, it will be necessary to build more hydro. But 

that will be in 20 years, and then it is obvious that we will not make it without more hydro.  

 

- Was the fact that Obama approved last week a building of a new nuclear plant in the 

USA a “green light” for nuclear power producers in Sweden? 

- No, I think it does not have any impact at all. Even the fact that we have decided to build a 

nuclear power plant in Finland will not affect very much Sweden. Even though, we maybe will 

export nuclear energy from Finland in case we phase out our own nuclear plants. We will be 

very depended on the imported electricity and maybe the main part will be the nuclear power 

from Finland, produced by the same company that should have built it in Sweden. I do not think 

many politicians in Sweden are so much affected by the world around us; even there is a positive 

attitude to the nuclear power in Europe and in the whole world at the time being. I think people 

in Sweden are also quite positive to nuclear. I believe that if we had a referendum about the 

nuclear in Sweden today, we would get “yes”, at least for replacing the old units.  

 

- What about the oil prices? Do you think they can affect hydropower in Sweden? 

- Sweden is not dependent on the oil prices. The gas and coal are more important in Europe since 

oil is mostly used for the transportation. But of course, coal, gas and oil are normally connected 

to each other, more or less proportionally in normal cases. So I think increased coal and gas 

prices will affect the power prices, especially in the south of Sweden. We have these area prices, 

which will be implemented next year. They will split Sweden into different areas and then the 

southern part, which is basically Skåne, will be one price area. And they will be very tight 

connected to Denmark. And then they will be quite dependent on the oil, gas and coal prices. As 

for hydro, it is difficult to say, it might be that increased electricity price will lead to decision to 

build more hydropower. The energy intensive industry might get the permission to build new 

hydropower, because that will be a way to keep this industry in Sweden, since they will get the 

opportunity to produce at lower prices. 

 

- Have you heard about this idea that in case of closing the hydropower and using the 

rivers for fishing and tourism, the same economic value can be produced? 

- I do not think they can do that. But even they do, it will not solve the climate change problem, 

the most important problem we have at the time being. So yes, it might be truth in some cases 
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that if you demolish the power plant, then you can earn money in some other way, but not 

everywhere and not in case of big power plants. And it does not make sense until we have solved 

this climate problem. Only then we can start thinking if we should do something else with our 

rivers.  

 

- Do you think the roles of the stakeholders can change somehow in the future? 

- I think if they get possibility to change their roles, the energy intensive business will do it to 

some extent. For example, quite big part of our hydropower production was bought from Stora 

Enso. They sold it when it was not profitable in Sweden around 2000. Then they did not 

understand why they should put money into energy production, since the energy was cheap and 

they did not earn on it. So they decided to sell it. And now, when it is expensive, they have 

another opinion and they want to get into this business. And I think that will happen. If we get 

the possibility to build new nuclear power plant, it might be possible to have some kind of co-

ownership. And the NGO, especially Älvräddarna and Sportfiskarna, they are more or less 

interested in local environmental aspects and fishing. So, of course, hydropower is destroying for 

fishing, nobody tries to convince somebody in something else, that is a fact. They will not 

change their approach even if the climate change gets worse. But I think Naturskyddförening, for 

example, might change opinion if the situation gets worse. But so far they believe that we can 

solve this climate change problem even without building new hydropower. They are taking all 

aspects into consideration and I respect them very much and I think, if they really notice that the 

climate change problem does not change, they really can change their minds. I believe, they 

would be more pro to construct more hydropower than to build nuclear power plants.  

 

- Do you socialize somehow with the other stakeholders? 

- Yes, of course we do. Svensk Energi is our organization, let‟s say, when we need to contact 

Vattenfall and E.ON and so on, and to discuss the political issues and other issues connected to 

energy production. And of course, we also try meeting the politicians, to discuss about the 

energy and help them to make a right decision. And we meet Naturskyddförening, I was 

speaking to them on the conference last year and I presented Fortum and our business, and our 

opinion about hydropower. I think they are actually really interested in knowing more and they 

do not have the same opinion as we have, but we respect each other anyway. So we cooperate in 

some cases and in some not, of course.  

 

- Do you think any new dilemmas in future can appear among the stakeholders? 
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- I think it could be. There is a slight problem if we look at the authorities and the government 

and so on, since on the national level they are responsible for the 20-20-20 target and for the 

national economics and lots of things, which really should drive the hydropower expansion. But 

the local politicians, they are living in these small villages and around the power plants. And the 

people there do not like hydropower. They might like hydropower but not in their back yards. 

And they maybe do not really take the responsibility for the global environment and the climate 

change, national economics and so on. They want to make their village nicer and good for 

fishing, and they have to get some votes for the next election, while the politicians on the 

national level have different responsibilities. So their work is not really synchronized. And that 

might be even more in the future. And if we say about this Water Framework Directive, these 

special water authorities are working with their plans for the Water Framework Directive without 

any kind of responsibility and input into climate change mitigation at the same time. So they are 

working only with a water body, biodiversity and local environmental problems without really 

evaluating impact the production has on the climate change mitigation. I think that will change 

also in a few years, and they will really get something to put into balance their actions. That‟s 

also a problem that the Water Framework Directive has a different impact on different parts of 

Europe, since they have totally different problems (chemicals, fertilizers and so on).  I mean that 

is the main problem in the rest of Europe, but in Sweden the water is quite good. The biggest 

problem we have with water is, of course, the fertilization of the Baltic Sea. Otherwise in the 

countries with small rivers the main problem is maybe the hydropower. But this situation is very 

different if you go to Bulgaria, or Hungary, or Germany, or somewhere else. I think you have 

totally different water quality problems there. And if we look at the population of Sweden, we 

have very much hydropower, but we have a lot of water also.  

 

2. The future of Swedish hydropower. Individual interview with Christer Bäck, 

Svenska Kraftnät (Swedish National Grid), Operational Department, Stockholm, February 

25
th

 2010. Interviewer Olga Petrik, MSc Sustainable Technology, Royal Institute of 

Technology, Stockholm. 

 

- What is your opinion about the situation within hydropower sector in Sweden? What do 

you think about its future? 

- I think this is an important issue for the moment how the future will end up for the hydropower 

in Sweden. Hydropower will play a crucial part also in the future especially as a dynamic reserve 

to manage differences between planning phase and real time operation. I also think hydropower 

will be competitive as automatic regulating power also in the future but then together with 
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demand response. Especially when we will have intelligent grids using as a regulating tool the 

electrical cars, or your or my refrigerator. For the moment we, let‟s say, handle with hydropower 

in order to stabilize the grid, at least to 2017 or 2018. It is because the intelligent grid most 

probably will not be in place until that time. We need the intelligent grid to be able to manage 

demand response as a reserve object especially as automatic reserve. For example, we have a 

forecast that there will be a lot of electrical cars introduced around 2020, and then they can be 

used for the regulating power, because you can charge them and you can also discharge them. 

But of course, you cannot discharge them so much that you are not able to start your car in the 

morning, when you go to work.  

 

- Do you think that now in society there are any demands to change something within 

hydropower sector in Sweden?  

- I think from historical prospective hydropower was constructed as more or less as a base load 

production. And I think most of the hydropower stations are still used for that purpose today. But 

in the future hydropower plants will have to start and stop more often than they do today. And 

they might also be needed to participate more in automatic reserves. So that will increase the 

turnover for maintenance of hydropower plants. The reason for that is that when you use 

hydropower in dynamic regulation, the wearing out happens faster. So I have a prediction that 

regulating power from hydropower will be more expensive in future, especially if you use 

automatic reserves from Kaplan turbines. 

One issue which increases the demand for regulating power is of course wind power, because 

you have a forecast which does not end up correctly during the operational hours. Therefore you 

have to use hydropower to compensate these differences both on the manual and automatic basis. 

It is because today we have 100% of hydropower used for automatic reserves. And the automatic 

reserves are divided into two different products: normal operation reserve and disturbance 

reserve. The normal operation reserve is constructed out from the stochastic deviations of 

consumption. And that will be increased when we have more wind power, because the wind 

power also has stochastic output when it is in operation. So I think we will need more automatic 

reserves for normal operation in the future. 

 

- But do you think there is a need in Sweden to build more hydropower?  

- There is substantial potential for the increasing of the hydropower system. But it is also a 

political issue, how politicians see the future, if they will allow using the “national” rivers. Both 

in Sweden and in Norway (maybe also in Finland, but I am not aware of the potential they have). 
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If to make an investigation of this potential, I think, it can be found out that one can almost 

double the amount of hydropower.  

  

- What’s your personal opinion about the four “national” rivers? 

- They have a value on both sides and I think it is necessary for us as human beings to have these 

protected rivers. But I am not sure if they should be four, or two, for example.  

 

- Do you think it will be possible for Sweden to keep the national rivers in case they phase 

out the nuclear power? 

- That might to be a problem, but I do not think we will phase out the nuclear power before 2025, 

because at the moment we are increasing the nuclear power production and old nuclear power 

plants are modernized, they are almost as new today, at least the technology. But the reactors and 

so on, they are old. I think it was around 2014, when the nuclear power should have been 

increased by 1,4TW in Sweden. And, I think, by 2015 we should also have around 5TW per year 

of wind power increase.  Today we have approximately 2TW of wind power built in Sweden. 

We had peaks for the wind production in November and December, over 1TWh of wind was 

produced during a few hours within this month.  

 

- Do you know how much more hydropower can be produced if to use the “national” 

rivers? 

- I think, it is around 40% extra. But I think you should also ask Vattenfall, since they have 

calculated it.  

 

- Do you think the election in September can cause the increasing of hydropower in 

Sweden? 

- No, maybe if we have the “blue” government that we have today, it can be possible, but if it 

goes to that “green” cooperation, then I think the door will be closed. But it is just my opinion. 

Nevertheless in the end this is a very big issue for whichever politician in authority and it will be 

a political suicide to even bring this issue up on the agenda    

 

- Do you know how much hydropower regulating capacity corresponds to certain amount 

of wind power installed?  

- We did a research in Svenska Kraftnät, but it was not possible to say a concrete figure how 

much it is needed. The most interesting thing to investigate is how hydropower can cope with the 

deviations of the wind power in the planning phase and how dynamic you can use the storages in 
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the rivers. That will be a challenge for the hydropower in the future. For example, you have a 

wind coming in, and you have forecast for that, and it says that from two o‟clock today it will be 

produced 5000MWh in Sweden. But the wind came two hours later or one hour earlier. And then 

the HP will be a source to cope with this situation. The balance work is done in different steps. 

First of all there are the balance responsible parties, which own the production and also they sell 

it on the Elspot market or Elbas market or sell it to the other companies. So they have to watch 

carefully themselves what are the expectations today regarding wind and what happens in reality. 

So they can change the plan, buy or sell more on the intraday market. Last but not least the 

regulating market manages the balance within operational hour and the responsibility is ours to 

regulate the system in the end. And we use regulating bids from producers for the regulations. 

Both automatic regulations and manual and there is cooperation within the Northern area.  

However, today we have a very bad quality of frequency in the Nordic area. It is because of the 

quadratic regulation, since the demand or the consumption increases/decreases during the hour, 

but the production has starts or stops on the hour shift. And therefore we have a lot of 

differences, you can see in the morning hour when the consumption increases in the end of the 

hour, the last quarter, and then it can be difficult to maintain the frequency. In addition there are 

also very big changes on the interconnections towards the European continent in the same time, 

so together this problem is very hard to handle.  And we are trying to find better tools to cope 

with this problem and we can see that we cannot cope with it manually. So we need more 

automatic reserve here in the Northern area. And the expansion of wind also involves the 

challenge hydropower. Because hydropower will provide this reserve, but not so far ahead in the 

future demand response will participate as well. 

 

- Do you think the present amount of hydropower will be enough to balance the future 

wind and wave energy in Sweden?  

- There is a dispute among the people who are in this business, but I think if hydropower is not 

sufficient enough, then we will find other tools. So I do not think the hydropower system will be 

expanded in Sweden. I think we have to cope with what we have today. But for the next 5-10 

years hydropower has to operate more dynamic, than today, as I said before. And that will also 

put some requirements on hydropower, the maintenance period will be closer and this reserve 

will therefore be more expensive. I think we will have lower prices on the power exchanges than 

we have today, because the power balance in the future will be quite strong.  But there will be 

increased cost for the reserves for the TSO due to increasing need of reserves both automatic and 

manually. And at the same time I cannot see any increase of consumption for the next 5-7 years, 

because the prices due to the strong power balance will be reduced at the Elspot market and then, 
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I think, the politicians will increase the taxes for end consumers. So the electrical price for the 

consumers will be the same as we have today. If you go back to the 80s, when we started new 

nuclear power plants, the politicians encouraged the consumers to build houses with the direct 

heating, because they wanted to increase the consumption, since the electricity was quite cheap. 

But that will not happen even if we have a stronger power balance for the next 10 years. 

However, the changes will come, and we will have the electrical cars which will increase the 

consumption till about 10TWh per year, of course, it depends how many cars there will be. And 

maybe there will be a couple of more interconnectors to the European continent. 

And to be able to introduce demand response as automatic reserves we will have to build the 

smart grids, but it is difficult to say when they will be in place. And what is very important for us 

is that we need continuously information to always know how much reserves there are in the 

system, which can be used. It is because there are minimum requirements for that and you have 

to fulfill that demand for reserves. Therefore we need to measure how many cars are on charging 

for the moment and how many of them can be disconnected, and maybe also be discharge. So 

that will be a challenge in future.  

 

- Do you think some factors such as rising oil prices, growing potential of India and China, 

or some other events in the world can affect the future of hydropower in Sweden? 

- I think we will/can have a situation in future, before the intelligent grid will be implemented, 

when the hydropower will be regulating power for the whole of Europe, because of the 

increasing wind power. I am studying problems that they have in Europe already today and I am 

going to Germany to speak with their system operators, and we are also going to visit the 

operators in Madrid, because Spain has a lot of wind power as well. And we will see what the 

challenges are and how they manage the system. But I find it difficult to see what affections 

areas outside Europe can have on hydropower in Sweden.    

 

- Do you think it would be good to have more grid connections with the rest of Europe and 

to export the electricity? 

- I am thinking sometimes about for whom the rivers in Sweden are. Are they for the Swedish 

people or for the all Europeans? So that is a bit political issue. But sometimes we can export and 

in some cases we can import. So we can help each other to level out the systems and maybe there 

will be a responsibility of hydropower in the Northern area to help to the rest of Europe to 

manage their wind power. We have already developed a new system service, as we call it, so if 

there is a very high penetration of the wind power in the northern parts of Germany towards 

Poland with overload on the Ge-Po interconnectors, we can transport the wind power into 
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another direction using the DC-link (we call it “DC-loop”). And the only cost is a small increase 

of losses.  

 

- Do you think any new interconnections to other European countries should be built? 

- Yes, I think it would be good if we built DC connections to Finland, to Estonia. In Finland they 

build now a new big nuclear power plant, and after they finish that, they will start to build one 

more of the same size. So I think it would be good for Finland to export power to the south, for 

example, to Estonia or Lithuania, and also through Sweden. Increasing power production in 

Sweden also calls for more DC connections to Central Europe.  

 

- Do you think the fact that Finland is building a new nuclear plant can affect the future of 

hydropower in Sweden? 

- No, I do not think so. This nuclear power plant will be the largest power plant in the system. It 

is 1600 MW. And if they are disconnected from the grid, the hydropower should react very fast 

to stop the frequency drop, so we will need more automatic disturbance reserve. But we can use 

demand for this regulation as well, in Finland they already use demand response for this purpose.  

 

- Which stakeholders can you name within hydropower sector in Sweden? 

- Of course the producers themselves but also periphery interested party‟s such as consultant 

companies, university, constructors of hydra power equipment and so on. If you look back 

historically, big companies energy-consumers (paper, steel companies) started building 

hydropower plants in Sweden. After a while they created their own power sections within the 

companies and then, when the economics became a bit tough, they sold these power plants to the 

present energy producers. But nowadays you can see those companies are coming back; they say 

that the electricity price is too high and they would like to build new power plants. But they are 

not building any hydropower plants, they are building wind farms. It is quite expensive to build a 

hydropower plant. They also have to pay a lot of money to own the possibility to build a 

hydropower plant. I think maybe if the politicians allow building new hydropower on one of 

those four national rivers, then big consumers can participate in financing and have a share of the 

new power plant. That can be a possibility. Today we have some power plants in the hydropower 

system, which are partially owned by big energy consumers. For example, Stora Enso. But their 

share is not as big as the consumption. They always have to buy marginal consumption on the 

Elspot market or via balance responsible parties. If you want to take electricity out from the grid, 

you have to have an agreement with balance responsible parties, or be a balance responsible 

party yourself. Balance responsible parties are forced to inform TSO about all their planning on a 
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hourly basis so at least in we have total control in the planning phase what will happen in the 

system the hours during the day or the next day, and also next week and next month. On the 

Nord Pool site there are urgent messages which show what the intentions are for the big 

companies for the nearest future. 

 

- Which dilemmas can you see without hydropower in Sweden? 

- One dilemma is regarding the four national rivers. I think most Swedes are happy to have those 

protected four rivers.  

As for the future, I think in order to prevent floods, the limits how we should use the storages 

may be changed (so the limits will be lower) and this will decrease the opportunity to use 

hydropower as a regulating power.  

 

3. The future of Swedish hydropower. Individual interview with Lennart Henrikson, 

WWF, Stockholm, March 16
th

 2010. Interviewer Olga Petrik, MSc Sustainable Technology, 

Royal Institute of Technology, Stockholm. 

 

- First I would like to ask you about the WWF vision of the future of hydropower in 

Sweden. What is your “dream scenario” regarding this issue for the next 30 years? 

- I can speak for WWF in Sweden. Just now in Sweden we are trying to develop a policy for the 

energy production. And of course one of the issues is hydropower. So what I am going to tell 

you is a preliminary thinking. We think that hydropower in Sweden has already used all possible 

potential. It is because if we look at the rivers in Sweden, there are just four of them, as we call 

“national rivers” which are not affected by hydropower. There are a lot of small-scale 

hydropower stations; I think about 1200. This means that many of the small streams are also 

affected. So today we just have these four “national” rivers and we have some parts of the main 

rivers which are not affected by hydropower. Our position is that we do not want further 

expansion of hydropower in Sweden.  

But there is an opportunity to make the hydropower stations we have today more effective. So 

we would like to see that the hydropower producers make their stations more effective. At the 

same time as they make the environmental improvements. And we know that there are several 

hydropower plants, which do not function very well. These are the stations producing very small 

amount of energy and at the same time they have a dramatic effect on the ecology. So we want to 

demolish these stations. 

 

- Are these stations large? 
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- No, they are small-scale. 

 

- How many are they? 

- We do not have the exact numbers yet.  

And we are also against any subsidies like the Electricity Certificate for the small-scale 

hydropower, because these subsidies will change conditions for the legal process. Now the 

hydropower producers get a lot from the customers like me and you, which means that when the 

authorities compare the benefits of hydropower to the damage on the ecosystem, the benefit for 

production will be greater. And I think this is a common view for many of the environmental 

organizations including the sport fishing organization in Sweden called Sportfiskarna. 

  

- Will you accept new hydropower if they will have the fish ladders, environmental flow?  

- In principle, no. But of course if they can show that there will be no large negative effect on the 

ecosystem, then maybe we can reconsider this point of view. And as for the ecological effect, 

then it is mostly talking about fish, but fish are just one part of the biodiversity. There are lots of 

other species and this means that a fish ladder is not a solution. Yes, it makes easier for fish to 

pass a dam, but there are other damages on the ecosystem. For example, invertebrates, insects, 

mussels are also affected by hydropower, especially by short-time regulation of the flow. And 

there is also a dramatic effect on the riparian area. This area is very rich in species, which are 

important for large animals such as deer, moose, for their grazing.   

The hydropower is considered as a clean production. Yes, of course it is very clean comparative 

to oil and coal, for example. But is changes the water chemistry, it increases the level of mercury 

in the water, which is transported from the soil, where it was deposited by the air pollution. 

Hydropower also changes the amount of sediments, because the dams hinder the sediments 

transport, which is an important ecological process. So in rivers where we have hydropower 

dams, the formation of delta is impeded. But this delta is a hot spot for many species.  

 

- Will the water spill help in this case? 

- No, because sediments will stay in the dam anyway.  

 

- But has it already happened in Sweden that the delta has disappeared? 

- I do not have any examples in Sweden. But now the WWF is going to cooperate with the 

Swedish Hydropower Association and we are going to apply for money from the Swedish 

Energy Agency to get synthesis of the scientific knowledge about hydropower impact. And this 
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is also one of the reasons why I am talking now about our preliminary position, because we 

would like to get a good overview about all the ecological effects.  

 

- If we talk about the increase of the effectiveness of the existing plants, I already had an 

interview with some of energy producers and they say that if they want to refurbish an 

already existing plant, then they have to get a new permission. So they say it is often better 

for them not to touch it at all. 

- It happens because the legal system around it is very old fashioned. Some of these permissions 

last forever. Today it does not function like that. No other activity in the modern society has such 

permission. For example, the hydropower station, which is near where I live, got permission in 

1960. One of the reasons was that they made a dam in the river and then the water stopped in the 

river and then went into a lake which they used as a reservoir, so when they gave the permission 

they thought it would be better water quality in the lake. Maybe it was true in 1960, but during 

the next ten years polluted water from the city upstream went into the lake and killed almost all 

fish there. So these permissions and this legal system are not up-to-date. We want permissions 

which check how the station functions. And what you said if they want to increase the 

effectiveness of the station they have to go through this complicated legal process. I think there 

should be some kind of certification for this process.  

 

- Do you know what kind of organization Kammarkollegiet is? What kind of law do they 

use as a basis? 

- I think they represent the Swedish society. Several years ago they got some money to get new 

permissions for the hydropower stations which do not function very well. But I do not think they 

have got many new permits because it is complicated and very expensive. And if some other 

stakeholders, for example, Kammarkollegiet, want to change the water levels or how they use the 

water, then they have to pay to hydropower.  

 

- So do you think that there is no possibility to avoid completely the negative effect of 

hydropower? 

- As far as I know, if you have the hydropower station, you have a dam, and when you build a 

dam, you change the ecosystem around. But if there is a possibility to use some new kind of 

technique, when you can put the generator just into water and use it, then it is no problem. I think 

the biggest problem is if they build a dam in the stream where there is no dams.  

 

- Do you think the climate change will affect the future of the rivers and hydropower?  
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- Yes. The amount of precipitation will increase and it will be beneficial for the hydropower, but 

we think that if the climate change will lead to more water then it is a perfect opportunity to use 

this water for ecological purposes.  

 

- Can you grade somehow the negative effects of hydropower? 

- It is difficult to do. Everybody think about fish if it comes to hydropower, but as I said, it is not 

only one thing we have to care. Of course, in case of fish it is easy to count the population and to 

estimate the impact of hydropower. Then you also can put some money on the loss of fish, but 

you can not put any money on plants in this riparian area. I do not like saying that the effect on 

some species is more serious than the effect on the others, because it is damage on the whole 

ecosystem. And most of the damage, as we can see today, is irreversible.  

 

- What the consequences can you predict if hydropower’s damage will not be mitigated?  

- The damage is already done. I do not think it will increase. But on the other hand if we make 

environmental improvements, we even can get some additional money, for example, from 

different fishing activities, tourism.  

 

- Do you think the SSH (small-scale hydropower) damage on the environment is less or it is 

the same as in case of large-scale hydropower? 

- If we compare the benefits, or damage per unit of production, SSH has a larger negative effect. 

But that is why, as I said, we are going to cooperate with the Swedish Hydropower Association 

to investigate it.  

 

- Do you think that the increasing need for renewable energy and probably for hydropower 

in Sweden will be worse for the rivers? 

- Yes, that will be a problem.  

 

- Do you think there can be any way out?  

- I think we can use for regulating power needs some rivers like the Lule River, which is already 

totally damaged by hydropower. We realize that the hydropower is important as the regulating 

power, but I think the energy producers emphasize too much on that and use this as an argument 

to build new hydropower. 

 

- What is your opinion about nuclear power plants? Do you think it would be better to 

phase out them in Sweden?   
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- The WWF does not have any precise opinion about nuclear power, but we think this is not 

sustainable. There is not only a risk problem, but also the problem of uranium mining.  

 

- Lets imagine the situation when, because of phase out of nuclear plants and reduction of 

hydropower in future, the energy consumers can just move their production to other 

countries to remain competitive on the world market. What do you think about the social 

impact in this case? 

- I think they are always talking about this. When for example, in seventies the problem of 

acidification was revealed in Sweden, we said that there was a need in 90% reduction of the 

sulphur deposition in Sweden. And then the energy producers also said that we would move to 

Asia or Africa, since it would be impossible to do. But finally the new law has been implemented 

and they are still here. So I think if in Sweden we get higher price for energy because we do a lot 

of good things for the environment, in the long-run it will be the same situation in other 

countries. First in the European Union and then in other countries. As we can see now in India, 

China, Brazil, they are aware about the environmental issues.  

 

- What else stakeholders can you mention concerning the hydropower in Sweden? 

- The environmentalists: WWF, Älvräddarna, Naturskyddsföreningen, Sportfiskarna, 

Fiskevattenägarna and people who own the water, different tourist‟s organizations, LRF.   

 

- Do you socialize with these stakeholders and energy producers? 

- Not, yet, but we have just started this work. I am going to talk to the stakeholders and also to 

some scientists who study hydropower impact, for example, to Dr. Christer Nilsson, a professor 

at Umeå University. And, of course, we are going to socialize to the energy producers, since we 

would like to find this balance between the ecology needs and the energy production.  

 

4. The future of Swedish hydropower. Individual interview with Christer Borg, 

Chairman, Älvräddarna (the River Saviors), Stockholm, March 17
th

 2010. Interviewer 

Olga Petrik, MSc Sustainable Technology, Royal Institute of Technology, Stockholm. 

 

- What’s the aim of your organization regarding the hydropower? 

- Our organization was started in 1974, in Sweden at that time there were plans for building more 

big hydropower plants. But then the end of big exploration of hydropower in Sweden came and 

the Swedish government said that Sweden would have four protected rivers. And one of the 

reasons for that was this organization actually. It was formed by small groups living along the 
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rivers so the first fights actually were at the local places and with local people. And this 

organization is a kind of umbrella organization for all those different groups. At the time being, 

since the last 20 years the risk has perhaps been diminished, the minimum age in these groups is 

increasing. So one of my goals now is to get more support members from the whole Sweden. 

Today we are about 2800 members and we are growing steadily. We are obliged to talk in the 

Courts. And the main our goal is to keep the protection for the big rivers and also for the small 

streams. I think small-scale hydropower is an equal ecological catastrophe compared to the 

large-scale plants, because if you consider each stream as one ecosystem, from the beginning to 

the end, then if you build a dam, the connection between two parts of the stream is lost and then 

not only the fish, but everything that is floating down in the stream is stopped in the dam. Today 

98% of Swedish hydropower is not equipped with fish ways. I think it is really frustrating and 

provoking when the hydropower industry says that they would like to build more hydropower, if 

they have not equipped the old ones with fish ways and so on. It will never be like it was before, 

but with the fish ways there is at least some kind of the ecosystem which is similar to the 

original. We are supporting the Water Framework Directive work and we are expressing that 

there should be the fish ways built at every dam, at every power station. And I think it is not a 

big deal because the hydropower companies earn so much money. So it is provoking when they 

say: who should pay? It is strange. In every country that has signed the Rio Convention there is a 

PPP law (Polluter Pays Principle) but it does not work when you talk about the hydropower in 

Sweden. It is because the first law appeared in 1918 and there were exploration laws, when the 

state aimed to modernize Sweden. We have new environmental laws but the old judges, the old, 

we call, treaties, which are still valid. They are valid for the eternal future. And the government 

organization, which works at the reconsidering of these permissions, Kammarkollegiet, they are 

only five lawyers for the whole Sweden and they also have to take care about all the wind power. 

Thus it is a tricky situation. And our mission is to save the rivers which are still left and try to 

make the energy producers to build fish ways for the existing stations.  

 

- So your aim is not to remove all the hydropower plants?  

- No, our aim is not to remove all the dams. As a starting point, 5 % spill water, because that is 

what our modern environmental laws consider as the least spill. And then if we improve our 

energy effectiveness then there will not be any need for new hydropower. I have read a lot of 

studies from scientists and researches of energy effectiveness (from Linköping and other 

institutions, Björn Karlsson, for instance). And they show that Swedish industry use 2-3 times 

more electrical power per unit produced than their fellow companies in Europe. So it is 

ridiculous. And that is because in 80s we had 2-3 years when we had the cheapest electrical 
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energy in the world. And still today people are complaining, but we still have the cheapest 

energy in Europe. And in future besides 30TWh of new wind farms, we will have additional 5-

10TWh of wave and geothermal power by 2030, and let‟s see if the solar panels will be involved 

and also a sea-based wind farms outside Norway will be built. The technical potential outside 

Norway is 14000TWh, which is ten times as much as the whole Europe. That is why there will 

not be any need for new hydropower and it will be possible even to shut down all the coal and 

nuclear plants.  

 

- Yes, but hydropower is also a regulating power for the other renewable sources, so we 

probably need it?  

- Last year, I think, in Sweden energy organization Swedish Energy (Svensk Energi) tried to 

convince people that we have at least to keep all the hydropower we have or perhaps to build a 

little bit more to regulate wind power. But actually now scientists from Elforsk which belongs to 

Swedish Energy presented the report last autumn called “Balancing of wind power and hydro 

power in Northern Sweden”, the report number 09:88, where they say that we could regulate 

30TWh of wind energy in Sweden using hydropower that we have today inside the framework of 

all the treaties which we have now. So my conclusion would be that yes, we need regulating 

power. And yes, it is enough with our contemporary hydropower. And NO, there is no need for 

more hydropower for regulations; there are other ways which are better because of the 

devastating environmental effects of hydropower. 

 

- Then what would be your dream scenario concerning to hydropower? 

- Well, in a long distance future I hope they can phase out all the hydropower plants. I think it is 

possible because it causes so much ecological damage. And there are other sources which are 

renewable and have less ecological impact such as wind power, wave power. But for the moment 

next 30 years our dream scenario is that all hydropower plants make the fish ways. If you do that 

in every dam we will lose about 3.5TWh. But on the other side the hydropower companies today 

refurbish the plants (the turbines, generators and so on) getting up to 0.8-1TWh more efficiency.  

So then we have 3.5 minus 1. And then if you talk to the Swedish Meteorological Institute, you 

can conclude that because of the increasing rain around the year 2030 there will be 3-5TWh 

more energy produced by hydropower stations just because of the climate change. So even if we 

build the fish ways we will still have surplus in production.  

 

- But if the energy producers want to increase the efficiency of hydropower, their old 

permission can be reconsidered, so they usually prefer not to open up the case.  
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- Yes, because they do not want to obey the Swedish Environmental Laws, which is based on EU 

Convention. Now we have laws since 1999 which say if you do major things like this, then they 

have to get a new permission, and it is up to them. If they build the fish ways they would still 

have more energy because of the modernization and so on, so what is the problem? Of course, it 

is not just fish ways, you have to have an ecological flow. I have talked to a scientist in the North 

of Sweden, Birgitta Renöfält, from Umeå University, she studies ecological flows and ecological 

impact of hydropower. And I think when we introduce more wind power then during the next 

years they will spill water besides the turbines because of the mistakes in wind prediction. When 

dam is filled already and it is still blowing they have to spill water. That means the need for more 

hydropower will decrease and if you count on these models regarding the water that you will 

have to spill outside the turbines, perhaps it could be used for ecological flow more. If you take 

care of water before you have the dams filled up, you will have a kind of spring flows. 

 

- What is that ecological flow and how does it work? 

- Now in hydropower regulated rivers you have a kind of upside down flows. From start you 

have a low flow in winter and than late in spring you have a top flow, so we will never have this 

natural pattern again along the harnessed rivers, of course, but if you have spill water, for 

example, 18-19%, you can make a kind of this spring flood. This is really essential for the 

species.  

 

- I have asked some of the energy producers and they said it is not economical feasible. 

- No, and that is also a thing with hydropower industry and any industry. If you are talking about 

the European concept of sustainability, in the paper it is said that it has three legs: environmental, 

social and economic. But in the real life we can see just the economic one. So as long as we talk 

only about economic part of sustainability, we will have unsustainable world. It is so simple.  

 

- What do you think about possible consequences, for example, if the electricity prices 

increase, the biggest energy consumers in Sweden can move their production to other 

countries because they have to compete on the world market producing in Sweden with 

Swedish energy prices? 

- If to compare some amount of unemployed people, even 100 000-300 000 unemployed, it is 

still better to have this unemployment than to have devastated nature. And I also think that they 

just talk about that, and we still have the cheapest electricity in Europe.  

 

- Do you accept as a consumer that the prices will get higher? 
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- Yes, of course, I do. But if we have these four protected rivers, and if you would actually build 

hydropower on these rivers, even 10 additional nuclear power plants, the price for the electricity 

in Sweden will be the same, because we are connected to Europe. In Europe we have 

consumption of 5200TWh and in Sweden it is for the moment about 140TWh, so it is only 5%, 

and if we can export, let‟s say, 5, 10, 20TWh of renewable energy in the future, next 10-20 

years, it will not change the situation on a European scale very much. Last report from IPCC 

(they have different scenarios for the climate change) says that we are now on the bad curve, so 

called 6-degree curve, if it comes to climate change scenarios. And there is no sign that we are 

going to get off that curve. And 6-degree curve means that 95% of all living species will be 

extinct. There is a report “The Planetary Boundaries” made in Stockholm Resilience Center, so 

they describe nine boundaries and try to estimate the pressure level on them. One of them is the 

climate change and they agree that we have already passed the sustainable level. But there are 

eight others and one of them is biological diversity and the situation with that one is far worse 

than even the one with the climate change, since the modernization in Europe started in 1850s.  

So fighting the climate change we forget about the biological diversity which is on the other end 

and it looks like your house is on fire but instead of trying to put it out, you burn out your 

kitchen. So I think we have to try to decrease the energy use. With economic externalities, with 

neo-liberal economy, which is ruling the world now, free market and so on, they have always 

told us since 1950s that when the GDP is rising, you can decouple the environmental pressure. 

And today it is true that up to a certain point these two things are linear with each other, and then 

when the GDP still increases, the other curve will also increase, as long as there is a connection 

between these two things. And at the moment no economists who can show us in real life that 

this decoupling can happen, and it has never happened as we can see. 

 

- So do you think the compromise for the next 30 years for you would be that all the energy 

producers will build the fish ways and spill some water for the environmental flow?  

- Yes, fish ways are important, but if you have only a fish-way that does not help to have all the 

biological diversity. So you have to have some kind of ecological flows. It is essential that you 

have to do at least something to mitigate the impact, you cannot regulate the rivers depending 

only on what Nord Pool and electricity prices say. And now the power producers are trying to 

convince the government and the fishery to have only one river with all this environmental 

measures implemented according to the Eel Directive and the other rivers would be just like 

usual. And this is an old way of looking at nature and the biological diversity. And the climate 

change is only one of different parameters that show us that we are on the wrong way now, the 

Northern world as it is called… I suppose that you have heard about the peak oil. For the 
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moment they say that the consumption and production are even. A chief analyst of IEA 

(International Energy Agency) last September published that there was really a trouble because 

so few government leaders in the world were aware of the fact that we were going to hit peak oil 

latest in nine years. But we can reach it next year, nobody knows exactly, since the OPEC 

countries give figures what they have left but nobody can check if these figures are real. It is 

because they can export a certain amount of oil depending on the amount they have left, so it 

may be profitable for some of them to inflate the amount of oil left. So when this peak oil 

happens, that will be good for the climate change problem since we will have decreasing of 

carbon dioxide emission. And I think it is just a waste of nature if we build new hydropower in 

Sweden. And all those talks about the hydropower helping to solve the climate change problem 

are just green washing.  

 

- But still what about the regulating power which hydropower provides for the other 

renewable sources? 

- I suppose you have heard about the smart grids? 

 

- Yes, but they will be in place only around the year 2020. And I have heard that the smart 

grid will just handle the regulation to some extent.  

- Yes, of course, but at the same time we will build new wind power, 30TWh, until 2030 

approximately. And it will be a good regulation source. We do not propose to take all the 

hydropower away, of course, but this existing capacity together with smart grid would handle the 

additional wind according to many scientists, such as Porf. Lennart Söder from the Royal 

Institute of Technology, scientists from Elforsk, Svensk Energy‟s own scientists. So what we 

would like to do is to implement environmental flows at existing plants, cancel the electricity 

certificate system for the hydropower, especially for small plants, because they cause the biggest 

damage per unit of energy produced. Today we have in Sweden 1062 small-scale hydropower 

plants. Together they produce around 1.5-1.8TWh. But if we have one or two of these small-

scale hydropower power plants in each river, then we talk about 300-500 ecosystems which are 

smashed out.  

 

- Have you heard something about the turbines which do not damage the fish passing by? 

For example, now in Uppsala University they work on the vertical turbines. Would you 

accept those kinds of turbines? 

- Yes, of course, if to replace the old ones with these new turbines, it would be better. In our 

organization we say total “no” to any new hydropower, to any one millimeter of water harnessed, 
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before they will change the old plants. And we are rather successful in this work. The energy 

producers never make any step willingly in the right direction. This organization, Swedish 

Energy, they have the law firm, called Alrutz, and they have been living very well on 

exploitation of hydropower system. They are a kind of evil on the shoulder of Swedish Energy, 

because what they always tell to the energy producers is that it does not matter why there is a 

need to spill water (is that because of biological diversity or some other reasons), we always will 

take it after the highest level in the Court, but we will never do it voluntary. And as long as they 

do like that, we will have the same attitude. We will oppose any single additional turbine in this 

country before they equip the existing plants with the fish ways and so on.  

During the last five years we have changed all the electrical meters in our houses for the new 

ones, and actually we could have had one hour readings on your bills, but this company, Swedish 

Energy, which tells us that they are fighting the climate change, they have blocked these changes 

with one-hour meters. It is because if you are a consumer of electricity, and you suddenly get 

aware when your peaks are and how much you pay, then you can regulate your consumption and 

spend less money on electricity, of course.  

 

- Last year Vattenfall was promoting the energy saving lamps, why did they do it if it led to 

less consumption of the electricity? 

- First thing is that it is a European law now. So these lamps will substitute the old ones anyway, 

so why not to take this issue and make a kind of green washing. It is the same company that 

builds more and more coal plants putting 90% of their money for development of coal plants.  

 

- But they invest in that CCS technology to make the coal energy production carbon 

neutral. 

- Yes, but that will be too late in real life. And we do not know now if it will work for sure. 

Latest discoveries are that the total of old holes and cavities from coal- and oil exploration only 

will do for about 10 % of the CCS. That is if it works at all to be said. And 90% of the 

investments are not for CCS projects, most of them are for building the new coal plants. And that 

is a problem that the politicians think that the only way to save the world from all the troubles is 

economic growth and they forget that the most important is to save the life and prevent its 

extinction in one hundred or one hundred and fifty years.  

 

- I have heard that in Norway they accept the environmental impact of hydropower more 

than in Sweden, why it so? 
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- First in Norway they have different laws and certain amount of money for hydropower goes 

back to the local communities. But still when they built the last big hydropower plant in Alta, 

there were five hundred policemen. And ten years after the government said “sorry” and that 

now they would not have built it. And from environmental measures point of view Norway is far 

better than Sweden. Statkraft itself in Norway reorganize the permission in a way that they 

always must have some spill water. But in Sweden the energy producers never do anything 

voluntarily. 98% of regulated rivers in Sweden do not have fish ways. For example, Vattenfall, 

they are so big and they really think there can be an exception from the Water Framework 

Directive. They think that they can negotiate with the Swedish Government about it.  

 

- Some of the stakeholders suppose that Sweden has tougher approach to the Water 

Framework Directive implementation than the other European countries. 

- I do not agree. I am in a contact with people from the water authorities in Sweden and they say 

that Sweden is one of the worst countries regarding to the Water Framework Directive 

implementation. The others are two-three years ahead of us. We are discussing if we should 

build fish ways and the other countries just build it. Of course, the hydropower companies in 

those countries are also in struggle for the economy. But on the governmental level they have 

decided that they should have fish ways, because it is said so in the Water Framework Directive. 

 

- What are the consequences if Sweden will not change its approach to the environmental 

issues regarding the hydropower and if the new hydropower will be built in Sweden? 

- I do not think it may happen. The only party which says it is kind of open to hydropower is the 

right wing. But in that imaginary case I think the local groups will gather together and will 

oppose that. And if it comes to the ecological situation, more biological diversity will be lost in 

case of keeping following the present course for hydropower or building new stations. And then 

more rivers in Sweden will become ecologically flipped. We already have 85% of such rivers in 

Sweden and then it will be even more. And whatever you do in your local community it always 

affects the global community. I also think that civil disobedience will be one weapon if the 

energy producers try to build more hydropower. 

 

- But if the hydropower plants have been working for hundred years is the ecological 

situation stable now or it gets worse in the course of time? 

-  I think it is at the same level. But it depends on a river. I think it can get worse in some cases. 

For example, it got worse when the regulation of the rivers became remote. Before those who 

regulated the rivers lived close to the rivers and the saw the effect of the regulation and now they 
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sit far away and just look at the prices and regulate based on them. And now rivers go up and 

down faster and those who regulate do not have any conscious since they cannot see the rivers.  

 

- I have talked to Svenska Kraftnät and they say that in future hydropower might be used 

more intensive for the regulation rather for the base load production. Do you think it will 

be worse for the environment? 

- That is worse, of course. Svenska Kraftnät always looks only from technological prospective. 

The hydropower companies only look from economic prospective. And this kind of thinking is a 

foundation of unsustainability, I suppose. If you look from the technological point of view, of 

course, hydropower is the best regulating power. But if you use only hydropower to regulate the 

new wind power, then you will increase the ecological damage. So that is not one thing that we 

could do. So we need to search for other solutions as far as it is possible. Smart grid is one of 

such solutions. The consumers should have the meters which measure the electricity 

consumption every hour and they also should have a possibility to know the prices for the 

electricity so they can regulate their own consumption.  

If you change the whole car fleet in Sweden and substitute it with the electrical cars that will 

increase the electricity consumption around 10TWh. Then I can assume the scenario that in the 

year 2030 we will have 65TWh of hydropower as we have today but with the fish ways. The loss 

of the production because of the fish ways will be compensated by more precipitation. Then we 

will have 30TWh of wind power, and now we use also bio energy and that is already about 10-

12TWh, so it can be 20TWh in 2030. And perhaps the wave and geothermal energy will be used. 

So we can have between 120-125TWh. Now we have consumption in Sweden about 140-

145TWh. And if we really increase the energy efficiency, what is feasible already now then we 

can have the same life as we have now and with the same amount of industry using only 95TWh. 

Then even if we add the electrical cars we will only have 105TWh needed. So we can phase out 

the nuclear power and we do not have to build new hydropower. And we still have even some 

electricity to export. That is the scenario I would like to see. And the politicians can make it true.  

 

- But if all the existing hydropower stations in Sweden implement the fish ladders and spill 

water for the environmental flow, will you accept new hydropower? 

- Yes, in this case why not. At least then we can discuss it. Before building the fish passages, it is 

just provoking to even talk about more “environmentally friendly” hydropower! 

 

- What other stakeholders within hydropower can you name? 
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- First, it is our organization. We consider not only fish questions but we see the river as an 

ecosystem, both on ecological and social grounds. And now the hydropower companies just 

kidnapped the climate change question from the agenda and use it to promote new hydropower, 

new nuclear power. One of the important stakeholders is Naturskyddsföreningen, actually I am 

the member of that organization also. Another important organization is Sportfiskarna. And the 

local communities are, of course, also stakeholders. And on the other side there is hydropower 

industry. They cannot really discuss the issue. And the energy consumers are also the 

stakeholders, but in my opinion, they cannot really discuss the issue, since they think the 

problem is high prices and if we build more hydropower we will get the prices down. But that is 

not true. And they are also fighting for the growing GDP.  

 

- Do you think in future the roles of the stakeholders can change? 

- Yes, I hope so. I hope the environmental issues will play more important role.  

 

- Do you think any new dilemmas may appear in the future?  

- No, I do not think so, if we talk about the hydropower.  

 

- Do you communicate with the other stakeholders? 

- Yes we do, but I would like to meet the opposition more often to have a dialog. I think there is 

even an opportunity for hydropower producers to get more consumers by implementing some 

measure for the environment voluntarily. But, as I see it, Swedish Energy says to their members 

that every member should do as Swedish Energy defined, and that is no fish ways without 

lawsuit in the Court. There is perhaps between 1 and 1.5 million people in Sweden which could 

be open for the advertisement and could chose buying the energy from the company which 

implements environmental friendly measures.  And I have my own company, so I know the way 

of thinking of the energy producers. You have to buy as cheap as it is possible and sell as 

expensive as you can. And always be on the edge what the law says. So I do not have any 

problems to understand the energy producers‟ agenda, but they cannot understand our agenda. 

And if we talk about the sustainability, it has three legs which are economic, social and 

environmental aspects. And the energy producers take only the economic one. 

5. The future of Swedish hydropower. Individual interview with Johan Kling, Water 

Board (Vattenmyndigheten), by telephone, March 19
th

 2010. Interviewer Olga Petrik, MSc 

Sustainable Technology, Royal Institute of Technology, Stockholm. 
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- From your point of view, as a representative of the Water Board, do you think that now 

there are demands of changing something within hydropower sector in Sweden? 

- Yes, if we look at the hydromorphology and ecological status of water bodies in Sweden, we 

can see that many of the water bodies with existing hydropower stations do not reach good 

ecological status.  

 

- What would be the ideal scenario for the Swedish Water Board concerning to 

hydropower in Sweden? 

- It would be compliance with the Water Framework Directive, but it depends on each specific 

plant. Some of them should be improved regarding their environmental impact, and some of 

them, not efficient ones, even removed.  Anyway, cost efficiency analysis together with analysis 

of the value for the energy system should be done in each case in order to evaluate measures. In 

Sweden we have ap. 2060 hydropower plants, 200 of them are large-scale. The large-scale plants 

produce the majority of all hydropower production in Sweden and they are important for the 

regulating power production. Taking this into account, we should treat them less strictly and use 

heavily modified water bodies with good ecological potential, if the requirements are fulfilled. 

Small-scale hydro has to be reviewed case by case. There are also some small-scale plants which 

run without any recent legal permit, because of the so called “urminnes hävd” (“traditional 

right”). This means that in many cases we do not have information how the plant is operated and 

which environmental impact it causes. This has to be investigated. 

 

- Do you think that the small-scale hydropower (SSH) damages the environment more than 

the large-scale plants, if to consider damage per unit energy produced?  

- It is not possible to generalize to large scale or small-scale hydropower, it depends on the 

configuration of the specific plant, location of the plant in the catchment etc. Small-scale 

hydropower plants are more commonly run-of-the-river plants and this usually indicates less 

environmental impact compared to large plants with reservoirs. On the other hand, they are 

usually located in the upper part of the catchment within more sensitive ecosystems and in 

breeding areas for migrating fish.  

Large scale hydro is more efficient with respect to environmental impact per kWh but may be 

more damaging when it comes to stream regulation. Size of the plants is less important compared 

to plant construction and how the plant is operated. 

 

- So what will be the list of measures which should be implemented from your point of 

view? 
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- There should be carried out an Environmental flow assessment (EFA), with respect to long 

term changes for geomorphology, ecosystems and habitat. Especially the long term effects were 

rarely included in the original environmental impact assessment. The measures should target the 

entire system rather than certain species and should be based on each specific case rather than 

standardized measures. 

 

- What do you think about the possibility to build new hydropower plants in Sweden?  

- I think it is better to optimize and make more efficient already existing plants or at least use 

streams which have low ecological potential. 

 

- But to modify an already existing plant the owner of the plant must get new permissions 

and these new permissions are often stricter than the permission according to which the 

plant was built. What do you think about it? 

- Yes, it happens because of the history of hydropower development in Sweden. Many small-

scale hydropower plants were built 60-70 years ago and therefore have permits according to the 

water legislation of 1918. Very few plants have passed a revision of the permit compared to the 

total number of plants in Sweden. Some were constructed by converting very old mills into 

power stations. The permit that was given at the start remains in force for an indefinite time. If a 

new plant is build, the permit will follow the new environmental law, which in many cases might 

be stricter compared to law from 1918 or older legislation. Most changes in the plants have to go 

through the Courts in Sweden, and this also might lead to increased environmental requirements. 

In some cases of SSH plants the new requirements of the Environmental Code of 1999 

(Miljöbalken) are more favorable regarding minimum flow requirements, if we compare to the 

old ones. It is because before there was quite common to have a requirement for hydropower 

plants to have a minimum flow exceeding average minimum flow. The present law states that up 

to 5% of the production value, converted into 5% of the average flow, can be used for the 

minimum flow requirement without compensation from the State. It is possible to use more 

water but in those cases, the State has to compensate financially to the plant owner. And 5% of 

average flow is usually less than the average minimum flow. 

 

- What about some kinds of turbines which do not damage fish, would you accept them? 

- Do you mean new types of Kaplan turbines? Yes, there are some new turbines which do less 

damage to fish, but of course, it is better if fish do not go through the turbines at all, but bypass 

them. Rapid pressure changes in the turbine house are still a problem in most hydro power 

stations even though they do not kill the fish always. For example, there are several new projects 
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with sloping grid in front of the inlet instead of traditional vertical grid, and these new grid saves 

the fish and at the same time might even slightly increase the energy production. This is a 

standard requirement in, for example, Scotland together with a requirement for maxim inlet 

velocity. This type of measures, which provide little impact on the hydropower production, but 

still good ecological benefits, is the kind of measures that most likely will be the initial target 

within the Water Framework Directive. 

 

- Do you have a list of standard requirements for hydropower plants in Sweden? 

- No, because such requirements are different for every plant. There are some standardized 

requirements like the minimum flow requirement and the requirement to have fish ladders. These 

requirements are commonly used, but they are usually only targeting a few fish species. We have 

to look on the entire aquatic ecosystem as well as terrestrial ecosystems dependent on the water 

in the considering water body. In some countries, for example in the UK and France, there are 

general requirements for all hydropower plants and these requirements represent a more 

complete list of measures. 

What we have to do now is to examine the plants and to determine the most important of them 

for the energy production and the most efficient plants, to give them the priority. All the 

measures we would like to implement do not always mean a reduction of the energy generation. 

Thus it can be even trade of one water body for another in order to keep the demanded energy 

production. We also have to remember that the median size of the hydro power plants is very 

small. In the County of Västra Götaland, the median size is less than 1/2 of the average size of 

the wind power plants built today.  

 

- What do you think about the electricity certificates in Sweden? Many environmentalists 

are against it, as far as I know. 

- I think the system could be more efficient. If they put some ecological requirements to get the 

support guaranteed by this certificate, especially if the support for existing hydro power plants is 

continued after 2014, then it could provide benefits for the Water Framework Directive 

implementation. For example, in German feed-in tariff system works like that. But regarding the 

Swedish hydropower, electricity certificates system has not provided many new hydropower 

plants, this system has mostly supported and expanded the capacity of the existing plants. 

I also think that one of the problems is that in Sweden physical changes of the water bodies are 

not well known (but in fact they are not less and even more than these changes in some other 

countries). Swedish hydropower sector has to fulfill less environmental requirements, for 

example, compared to France, Switzerland or England. Taking into account the fact that Sweden 
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exports electricity to other European countries (for example, to Germany), the system of 

requirements should be harmonized for the whole Europe or at least for the Nordic countries. 

Presently a project to harmonize the criteria for heavily modified water bodies is in a planning 

stage. 

There was also an interview with the public in entire Europe in order to determine the level of 

public awareness regarding problems with water quality. The result showed that Sweden has one 

of the least knowledge on the environmental impact of hydropower compared to other European 

countries.  

 

- If to imagine that nothing will be changed in the hydropower sector regarding to 

environmental measures implementation, do you think the situation will get worse? 

-  I think since hydropower in Sweden is quite old, the physical system is now close to a dynamic 

equilibrium with the present state. High electricity prices could however push to produce more 

regulating power using hydropower and changing some streams into a more unstable condition. 

The increasing short-term regulation is worse for the environment, but on the other hand it will 

be implemented on the large-scale plants, where the ecological systems are already heavily 

damaged, so this will not change a situation considerably. In addition, if you increase the 

regulating power production smart, then it should not be a substantial problem. We also 

understand that the regulating power generation will be more important in future than the base 

load production.  

 

- Do you think there could be need in Sweden to build more hydropower in future, for 

example, because of the fact that new wind farms will be built? Would you accept it? 

- If it comes to wind power, there is a paper by Dr. Lennart Söder from the Royal Institute of 

Technology, in which he shows that we do not need to build new hydropower to provide 

regulating power for the wind farms which we plan to build in Sweden. With the present 

configuration of the market, it might be a problem, but operating the hydropower in a system 

with more wind power might be less problematic. There are also some studies from Risö 

research unit showing a smoothing of the variation in production with increasing number of wind 

power plants. It is unlikely that there is no wind in entire Sweden at the same time. 

On the other hand, I think, country-wide implementation of electrical transport system can 

strongly affect the situation, especially during the “peak hours” of demand, when everybody will 

charge their cars, for example. 

 

- Do you socialize with the other stakeholders? How? 
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- Yes, we have meetings with the power sector. It is important to have continuous dialog in order 

to provide the most efficient solution to reach the goals of the Water Framework Directive. The 

operators of hydropower also have important knowledge which is needed to find a balance 

between the Water directive and the Directive for Renewable energy. There is definitely a 

challenge to bring in compliance the Water Framework Directive and the Directive for 

Renewable energy in Sweden. 

 

- Is it possible theoretically?  

- It is quite difficult, but some countries have managed to do this. For example, Germany and 

Austria have implemented a minimum flow requirement for all the hydropower plants. 

 

6. The future of Swedish hydropower. Individual interview with Lars Rosén, 

President, Swedish Hydropower Association (Svensk Vattenkraftförening), Stockholm, 

March 22
nd

 2010. Interviewer Olga Petrik, MSc Sustainable Technology, Royal Institute of 

Technology, Stockholm. 

 

- Do you think that now there are demands of changing something within hydropower 

sector in Sweden? If yes, in which way? 

- We know that the heavy majority of Swedish people like hydropower. Around 95% of Swedish 

people think that we should generate more electricity or at least not cut it done. Around 40% is 

for keeping what we have and around 55% is for increase of production. So the average opinion 

is very positive. This is because people know the Swedish industrial traditions and development. 

And we have extremely good natural resources for hydropower, as you know. Our country is 

quite big and the density of population is quite low, we have slopes and differences in heights 

and that is known in Sweden. But we have the fact, maybe I should call it a problem, that we are 

a bit spoiled like children, by having tremendous number or rivers. And some of us, some very 

loud minorities, and a few percent of Swedish people are speaking with a very loud voice saying, 

“Do not touch the rivers, they should be as they are or they should be even cleared out if there 

are hydropower stations in them.” So we have an influence from this small number of people but 

they are powerful in their voice, so to speak. And this is quite natural, because in Sweden, many 

people engaged in the traditional environmental movement does not totally accept the really big 

environmental problem, which is the climate change. I mean, they have not yet fully accepted 

that responsibility. They are more traditional in their views on nature so they have more “micro” 

than “macro” approach. When you mention hydropower, most of these people think of big 
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hydropower stations, the ones with big reservoirs, big manmade lakes to regulate, which is 

important to back up power when it is needed, etc. But those big plants, they are, of course, 

creating some very clear influence on the local environment by shifting the water level and so 

on. One week you can see a moon landscape and few weeks later it is a big lake. So it is natural 

that people has a negative attitude to it. There is a big difference when you come down to the 

small-scale hydropower since there are few, but very few exceptions, while the normal case is 

that these small plants fit very well in the nature using a part of a river. When it comes to small-

scale hydropower, the local environmental impact is very limited if you look at it from the 

scientific point of view. These are facts which are not very well known because the opposition 

against small hydropower puts small-scale and big-scale “in the same bucket”. And we have not 

been very successful in bringing the message in a correct way.  So I was asked mostly to end this 

and to change the Swedish Hydropower Association from very technically oriented organization, 

which was almost a club for technical specialists, to the environmental organization to some 

extent. It is because some of us have a very strong feeling of responsibility since we know that 

we can cope with the CO2 problem and many of these other pollution problems, if we go a little 

bit further with hydropower in Sweden. It is easily done. There are very well known techniques, 

some new techniques when it comes to control and optimization, using of modern software and 

IP-oriented electronic equipment. In short, modern technique, modern knowledge on 

environmental responsibilities and modern mindset plus the forth and the very important factor 

on the international level, which is the price level of clean electricity, can guaranty your 

investments. Given those four factors the goal is pretty easy to reach. So that is what we are 

working on now to.     

 

- When you say that we should increase small-scale hydropower production in Sweden, do 

you mean that we should optimize the existing stations or build more? 

- There is a challenge here. The world, not only Sweden and Europe, shall successfully get rid of 

being fossil fuel dependant. I compare burning fossil fuels with using narcotics. It is easy to do 

and you can buy it, but it is pretty expensive. And it creates some very dangerous habits. We 

have to take that step and to be successful in doing this since there are countries that have “low 

hanging green apples”, I mean green energy. Those countries have to go much further than those 

not very daring commitments. We should cope with pollution and the climate problem, since 

climate is the biggest of all so far known environmental problems. That is why we should really 

do more, and we can do more. The first and very natural step is to increase efficiency, expand 

and make more efficient existing running plants, but very close to that step is the step of 

restarting a big number of dams and plants that were shut down around fifty years ago, when 
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electricity in Sweden was very close to free. The price was close to nil, so close that you did not 

even put energy as a significant cost into your calculations in Swedish industry. I know from my 

own experience how those calculations and investment plans looked like. The electricity was 

extremely cheap. That was when the large-scale hydropower was built and put into production. 

Then we looked at electricity as a national thing, so electricity was something only for Sweden, 

we did not care about other parts of the world, we looked at Sweden as a closed system. That 

was a mistake, of course, but we did. You can see it also if you look at the grid, how it is build, a 

part of it is pretty amusing, when you realize how we thought at that time.  

So if it comes to small-scale hydropower, we define it in a European way up to 10MW, they are 

very small, but there are a big number of them in Sweden. This is a very rough figure, but there 

are 2000 small-scale hydropower plants in production, and there is at least the same number 

which is closed down. So with the demand and prices we have now, we could restart those ones 

which are not running, if we could get formal permissions and some support for not being too 

negative on the local environmental part of it. To a big extent the resistance against small scale 

hydropower is driven by minorities, for example hobby fishermen. I happen to be a member of 

one of these societies myself, so I know what most of my fellow members think. So here we 

have an opposition, and if you could cope with that and make the process of getting permissions 

to start and restart easier, if you could simplify that, we could pretty soon start another two 

thousands small-scale hydropower plants.  

That brings us to the third step. The first one is to make more efficient the running plants, the 

second step is to restart those which are standing now and the third step then is build up new 

plants where it is suitable. It is not a matter of maximizing the number and using every fall and 

stream, it is rather a question of optimization. Sweden has resources big enough to make this 

way of hydropower generation economically feasible and if you look at the Swedish map 

knowing about how much rains we have, falls and so on, than you can also see how big the area 

must be for producing hydropower. We have defined the water falls or streams big enough to 

support a plant, and the number of such streams is 40000. And today only 2000 are producing. 

That is a high number compared to the percentage of the total potential in TWh, which looks 

small. So only 5% of all suitable streams are used and there is a big potential. Today small-scale 

hydropower in Sweden is producing something between 4 and 5TWh. Taking the first two and a 

little bit of the third step, we could make that grow to at least 7TWh. And 7TWh in Sweden is, 

for example, more than you need to drive all the trains. Or for another example, if you look at all 

kind of lamps and illumination private and industrial, then small hydropower is every second 

lamp. The opposition says that it is so small, you could have it or you could skip it since it is so 

small that it does not mean anything. But small-scale hydropower gives about 10% of all 
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hydropower production in Sweden. The opposition now and then says, “Well, it sounds very 

good, but we are going to create tremendous overcapacity with too much electricity.” This 

comment is rather often used. And it is a sign of lack of knowledge how it works, because we 

must cope with environmental problems, especially the climate one. Then you must realize that 

we have to cooperate. If you calculate the volume of electricity knowing that 85% of the global 

energy is provided by fossil fuels, then you can see that it is a terrible mistake to keep this 

volume of fossil fuel produced electricity in the calculation when you add up how much we will 

get, because the task is to get rid of it. So translating from Swedish we would call it a circle 

argumentation.  

 

- To which grid are the small-scale hydropower stations connected to? To the local ones or 

the regional ones? 

- Historically the development started with creating local nets, islands more or less. I have such a 

plant myself that is originally very local. Then the development has changed so most of them are 

exporting to the net, to support the grid, the voltage and frequency in it. But also, of course, these 

plants produce for the electricity consumption. It also depends on where you are, where it fits in 

well. You should also know that we have had some very tough storms, which we are not used to 

in Sweden, and which have happened for the same climate reason. That has hurt us a lot and the 

discussion has started again if it maybe would be wise to combine the local net thinking with the 

total net thinking, so you could switch and the small hydropower plants could support the small 

areas when the total net has collapsed. We have such a project running, to see if we could 

scientifically test these hypotheses. So we do not know yet, but the discussion has started in 

Sweden now.  

 

- The environmentalists say that the environmental damage caused by small-scale 

hydropower is higher per unit of energy produced if to compare to the large-scale 

hydropower. What do you think about that? 

- Luckily not all of them have this opinion, it has to do with to whom you speak, because it is a 

way of looking at it that is a little bit old-fashioned. In my opinion there is a logical error in this 

thinking because even if it was correct, what the conclusion could we draw? Maybe the 

conclusion is that we should concentrate on big hydropower plants and skip the small ones? It 

could be a temptation to think like that, but it is totally ironic, because what we have to do is to 

safeguard our environment. It is not a matter of producing as little environmental damage as 

possible per unit of energy produced, because the environment is a sum of thousands of areas, 

and you cannot have all untouched environment in one area. You must have electricity 
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everywhere, you must support the grid everywhere, and you must see to it that we are not so 

vulnerable when things go wrong. That means we have to spread out the production, being local, 

consequently pretty small, renewable and environmentally clean. These are four fundaments. We 

have started (and so far it works very well) regular meetings with the Water Authorities, for 

instance, and we ask them if they think they should look at those things with a total overview 

including both the traditional environmental aspects and international environmental problem 

and also the responsibility to support the society, providing clean energy and supporting growth 

and things like that. So the question is, “Do you think you have that total vision?” Unfortunately 

their answer is, “No, we have to have more of that total overview when we look at the plants and 

how to reach our goals about running clean water.” They are very understanding in my view, and 

they know the big points pretty well.  

 

- Some of my interviewees said, “Yes, if it comes to small-scale hydropower, some of them 

are good, but some of them, especially the old ones, are really bad so we would like to shut 

them down.” 

- You should have value of damage and probability of damage and create some cost calculations, 

built on expected costs, environmental and total society costs. You should have that and apply 

such a logical thinking, for instance, on nuclear power. You would have a fantastic cost level on 

the nuclear part and on the fossil part. But today we do not have that total cost approach, but 

there are, however, attempts in the world to reach that. As a consumer you think, “Oh, it is very 

expensive”, but compared to the true cost it is not expensive. If you had that total cost approach 

then the price would be so high that even the small-scale hydropower plant could handle the 

reconstruction cost to adapt to modern knowledge and modern mindset, but with the price we 

have today it is difficult. You could, of course, buy those stations for taking them down. But 

again if we shall be successful in the work with clean energy globally to cope with the climate 

problem, we must confess that all clean renewables are needed. So it is a mistake to shut down 

the stations. But I must confess, there are extremes, even I would not support. And I know that 

we have many small plants which even the Water Authorities will support if anybody tries to 

touch them. So the Water Authorities have not only one eye open. And they say that they have a 

lack of scientific knowledge. There are many different opinions, evidence knowledge, because it 

seems logical, but when you test it scientifically some of those truths can be disproved.  

We also have collaboration with Greenpeace because we have the same opinion in practically 

everything. Now they have their own scientific board, if you look at their page on the internet, 

they discuss the water issue and they comment on small-scale hydropower that small-scale 
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energy catches the rivers energy without taking away too much of the water from its natural 

flow.  

 

- What is your personal opinion about the four protected rivers, should Sweden keep them? 

- Yes, I think it is wise. We have so many resources that there is no reason of using them all. 

 

- Do you encourage somehow members of the Swedish Hydropower Association to 

introduce some measures to reduce the environmental impact from hydropower? 

- Yes, as I told you earlier about the transformation from technical specialists to the organization 

which is more interested in environment and social responsibility, and I was more or less asked 

to try to transform the organization. So the answer to the question is yes. For example, there is a 

big project in Sweden and internationally over the globe about eel. And, of course, we should try 

to support that project. The Swedish Board of Fisheries (Fiskeriverket) has found out that the 

problem with the eel number declining, is not as it has always been said something that is 

connected with the hydropower in Sweden. So they have really revealed one of these myths. And 

we came to discuss a lot with the Board and they said, “We would appreciate a lot if you could 

do things to support the project even if we know that your small plants are not the main problem 

at all”, which I think was smart. So we try to support the project arranging the “ålsläpparnätter”, 

that is nights, when the plants release the water so eel can pass. You have to observe the eels 

carefully to give you the signal:, “Now it is time, eel are here, they want to pass.” So you have to 

observe and act, and invest water in the eel project. The electricity production you so to say 

invest in the eels during these nights is, in my view, good investment. We also have a project 

going trying to design equipment to detect and alarm when the eels gather wanting to pass. 

Another thing we support is informing in such a way that our members (the owners, the 

producers) invest in modern by-passes and things like that, to take down old-fashioned and not 

working fish ladders, installing instead modern fish-ways applying what we know today and 

what we did not know a few years ago. Of course, these activities do not fit in practically 

everywhere, but at least you should know about these things. In my personal opinion there is also 

a need for political acting so that the investments in environmental improvements should also 

qualify getting the certificates, not only the traditional technical investments, but also 

environmental investments because the society demands clean energy on the one hand and clean 

free rivers on the other hand. So both are true demands and if the same person, the power plant 

owner so to say, invests in a turbine or in a new fish way, that would be a qualifier in my view.   

We also now try to get money to finance a big education and information campaign on those 

things to our members. 
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7. The future of Swedish hydropower. Individual interview Professor Thomas Sand-

berg, Department of Industrial Economics and Management, Royal Institute of 

Technology, Stockholm, March 22
nd

 2010. Interviewer Olga Petrik, MSc Sustainable 

Technology, Royal Institute of Technology, Stockholm. 

 

Do you think that now in Sweden there are any demands to change something within 

hydropower sector? If yes, in which way? 

- I would say, it is a common understanding that the existing hydropower stations must be 

developed to make it possible for fish and other species to go by upstream and downstream. And 

that is gradually coming. It is difficult and it is big money. And it is also difficult to design the 

fish ways so that they will function properly. But nowadays, during the last five years or so, 

quite a lot of research is going on and it is quite promising.  

 

- But do you think it works both for small-scale and large-scale plants?   

- I would say for both. And perhaps more for small-scale or middle-scale rather than for really 

big hydropower plants in the northern part of Sweden, since physically the head and the flows 

are so big that it is difficult to manage it. But it is done in some of the large-scale hydropower 

plants, they also have much bigger resources to develop and implement such changes. 

 

- Are you a member of the Swedish Hydropower Association?  

- I am a member from the very beginning in 1980 and I am quite active in the Association in 

many respects. 

 

- What do you think holds back the development of hydropower in Sweden? Or maybe it 

should not be developed more? 

- When we are talking about the big-scale plants, I do not think we will have more big-scale 

hydropower plants. But the development is going on in upgrading the existing big hydropower 

plants, for example, change of the runner or new design of intake or outlet. I have not seen any 

arguments against that. It is a way of increasing the coefficient of performance without doing 

any harm. When we are talking about small-scale hydropower, there is a potential about 1.5-

2TWh for the stations up to 1.5MW, then there is a potential about 2-3TWh between 1,5 and 

10MW. And I am not in favor of building new hydropower plants where the stream or the river 

has not been harnessed before. We have in total more than 5000 dams and we use 2000 of them 
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for the hydropower. Most of the dams are located in villages or medium size towns, big towns, 

and those places have grown up, in relation to the use of hydropower. You can follow that down 

in the middle age and most of those dams you cannot take away since in this case you will 

change both cultural and natural environment in a way you cannot do. And I cannot see any 

strong arguments against using an existing dam for hydropower production. You can make bad 

design of the building or you can operate the hydropower plant in a bad way, but these mistakes 

must not happen. You can use the existing dams by building new plants, and then it is necessary 

to operate them in a good way. Then I would say you can have up to 5TWh more produced by 

these new small-scale hydropower plants built on the existing dams.  

 

- What were these dams built for? 

- Many of them originally were built for flour-mills, saw-mills and for other traditional but 

today old-fashioned activities. Over the years many of them were changed to hydropower plants. 

In 1950 we had 4000 hydropower plants and today we have around 2000,  the other plants were 

closed down in the 50s and 60s, when we built big-scale hydro. So most of the dams existing 

today were not hydropower dams from the beginning. In connection with the First World War 

and with the Second World War very many flour-mills and saw-mills installed light turbines, 

light both in the meaning of being small and giving electricity for lighting. It was difficult to get 

oil products for lighting purposes during the two wars.  

 

- But when they shut down the hydropower plant how did it look like? 

- It is different, of course. But to a large extent, the hydropower plants were in operation as far 

as they were possible to operate. And when some vital component broke down, they, hopefully, 

closed the door, but often they even did not close the door and left the plant. And then you can 

imagine in what shape it is after 40-50 years. In other cases the equipment was old, but used 

turbines and generators had a value, and the rest was sold as scrap.  

 

- So can we say that these abandoned hydropower plants do not damage the environ-

ment? 

- No, the impact on the environment is caused by the dam. If you have an intake or a canal, 

which is a tube two hundred meters long, then you have two hundred meters of the original river 

with less water. Or if you have an outlet canal, which is two hundred meters long, then the 

original river has less water in two hundred meters, but when we are talking about small-scale 

plants it is mostly not the case. And that you can regulate by prescribing minimum amount of 

flow in the original river, which, I think, one must do. That is my position.  
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- Do you think there are any possibilities that the measures for the environment could be 

not only a kind of “evil” for the energy producers, but also give some opportunities for 

their business?  

- When I hear the big-scale power producers they are not very strong in their criticism. They 

accept these measures I would say. What they do not accept is that if they want to do minor 

adjustments to be more environmentally friendly, and when they apply for the permission to do 

that, the state says, “then you have to make a whole new permission for the whole operation.” 

And then they do not dare to do that. Then they are afraid of too far going measures. I can 

understand them in this case. I would say that some of the state authorities are occupied (this is a 

strong expression, but still I would say that) by environmental fundamentalists. I speak about the 

Environmental Protection Agency, Kammarkollegiet. I cannot see that Kammarkollegiet has a 

balanced view in the way of treating the hydropower permissions or hydropower operations. And 

that also may be true for the County Administrative Boards (Länsstyrelserna), but it is very 

different between different County Administrative Boards. Some of them have people which are 

very familiar with hydropower, and they have a balanced view. They can have quite strong 

demands on changes, but still it is a balanced view. Other ones are more or less in the hands of 

environmental fundamentalists, I would say. And a new problem is that Kammarkollegiet is 

trying to control the decisions of the County Administrative Boards. 

 

- What is your personal opinion about the four national rivers? Should Sweden keep 

them? 

- Yes, I am in favor of that decision. I think it is quite easy for us to keep them. We have very 

good possibilities to produce the power we need without those four rivers and also without 

nuclear power. The wind is coming and bio power has a big potential also.  

 

- Do you think the climate change may affect the future of small-scale hydropower? 

- Yes, I would say yes. The need for the energy will change and system reorientation will take 

place, which means a more positive situation for small-scale hydropower. And there can be 

threats to the four national rivers, of course, especially if there will be a new way of building 

hydropower without big dams. But I would prefer keeping those four rivers and at the same time 

use the already existing dams, which we have all over the country.   

 

- The environmentalists say that the small-scale hydropower damages more than the 

large-scale one, at least per unit of energy produced. What do you think about that? 



114 

 

- Both small and big dams are blocking fish and other species going up and down. So that is a 

similarity between small and big hydropower plants, the small ones blocking a smaller amount 

and the big ones a bigger amount of fishes and other species. You also have another 

environmental impact caused by big hydropower which is flooding of very large areas. That is 

not the case for small-scale hydropower. And in case of small plants the dams we have today are 

one hundred years old or even several hundred years old. So they have become an integrated part 

of the landscape. You can be near this dam or hydropower station without understanding that 

five hundred meters downstream there is a hydropower station. But in case of a big hydropower 

station you can be even five kilometers upstream and still realize that there is a plant. So I am not 

willing to agree with that opinion.  

 

- Which possible future events do you think may affect the hydropower development in 

Sweden?  

- I think the environmental arguments, and especially the last years the climate arguments, 

which are promoting all kinds of renewable energy production, may be one of the factors. And 

you can also see here in Sweden that hydropower is now regarded to be even more valuable due 

to the possibility to change the production instantaneously and to balance the power produced by 

the intermittent energy sources. My opinion is that the need for balancing the wind power is not 

as high as most people think, nevertheless the regulating power is very valuable, you can use it 

not only in Sweden, but you can also use it for the regulation purposes in the neighbor countries. 

 

- Do you like the idea of increasing integration of Sweden into the European grid? 

- Yes, I am in favor of that for different reasons. One reason is that we have very good power 

production opportunities in Sweden: water, wind, bio, so we need the cables to other countries to 

be able to export the surplus. Another argument is that Swedish hydropower is a way to shut 

down as much coal plants as possible. And the interconnections between different countries also 

mean that you do not have to build the same capacity everywhere and as a result you can keep 

the investment a bit lower.  

 

- I have talked to the representative of the Water Authority and he thinks that the law in 

Sweden is not that strict with respect to hydropower than in some other European 

countries. And he thinks it is not really fair to have different requirements if there is a 

common market.  

- The Water Authorities are also occupied to a big extent by environmental fundamentalists. I 

am not that familiar with the water laws in other European countries, but my impression is that it 
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has been easier to build hydropower plants in Sweden, but it is not easier today. Today the legal 

instruments of the state authorities like Kammarkollegiet are quite strong, I would say. And there 

is a fear of what the Water Authorities will do here in Sweden due to the fact that they are 

interpreting the Water Framework Directive in a different way if we compare with other 

countries. In Sweden we have such a state of the rivers that you can go more or less everywhere 

and drink water without any problems. You have the same situation in the whole Europe with 

hydropower, but you cannot drink water in rivers in most countries.  

 

- Do you agree that the energy producers have to pay 5% of spilled water for the 

environmental flow, defined by the Swedish Environmental Law? 

- I think we accept it and I have not heard really strong reactions against that. I can accept that 

myself. But it is a question how to allocate those five percents throughout a year. And I have 

heard last week at a conference that changes in the minimum regulations starting with more flow 

earlier in spring and going down to less flow earlier in autumn could be positive both for the fish 

going upstream in spring and for fish going upstream in autumn. So there will be the same 

amount of water but the allocation of it over the year changes starting and ending a month 

earlier. So what I said in the beginning is that it is quite natural that we should have fish ladders, 

but it is difficult to design them in a way that they are functioning well. I have participated in a 

couple of conferences devoted to that question and it is quite obvious to me that this is difficult, 

but the research is coming forward. For example, in the Ljusnan River they have changed the 

minimum regulation so they started earlier and ended earlier. It is difficult but it is possible. But 

it is nonsense just to say that you must allocate 5% all over the year. You should know that fish 

is moving up and down stream in the river and what time they want to move up and down and 

give them water enough to pass in those periods, but not spread the flow evenly throughout the 

year.  

 

- So do you think that there is even technological obstacles now, since it is difficult and 

expensive to design and build those fish ways? 

- It is expensive but I would say that the knowledge about how to design water ways and to 

influence fish and other species to use the new fish ladders upstream and downstream, that 

knowledge is not enough so far. It is growing all the time but it is a lot more to do research on.  

 

- When I talked to the Water Authority’s representative, he said it is not only fish, but 

there are many other species, so they would like the hydropower producers to care about 

them as well, not only about fish. 
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- I do not know very much about other species.  

 

- Do you socialize to other stakeholders? To environmentalists, for example? 

- Well, I am a member of some environmental and nature conservation organizations and I 

have been a member for many years, but it is seldom when I bring hydropower issues up. 

Sometimes I do it just to be provocative. But mostly I get quite interested and positive reactions. 

I think negative attitude towards hydropower is very much located in the national organizations 

and not so much in local organizations.  

 

- Do you think the public opinion about hydropower in Sweden is more positive or 

negative? 

- If you make an inquiry I would say that the result will be totally dependent on which 

organization is behind this inquiry. But I think most people do not have any idea about what it is. 

But on the whole, I think, it is more positive than negative. 

 

- What do you think about the electricity certificate system and the fact that the 

environmentalists do not like it regarding hydropower? 

- For me the starting point is that the fossil fuel and the nuclear power do not take their 

external costs. And that makes the power price artificially low and makes other power producing 

alternatives less profitable. So for me electricity certificates are compensation to the renewable 

power producers for the artificially low electricity price from conventional sources. And 

basically I think that all renewable power producers should have these certificates. Hydropower 

should be regulated through the environmental laws that we have, and if it is permitted according 

to the laws, then it should have the same economic conditions as any other power producing 

alternatives. I can understand that people do not like giving certificates to the big hydropower 

producers since they earn so much money anyhow. And it is not so easy to give the big 

hydropower producers certificates with one hand and take the money back with another one 

through taxes (which nevertheless is done, as the real estate tax on hydropower has increased 

four times during the last years). 

 

- Do you think that it is not possible to remove the abandoned dams?  

- Of course, there are some dams that could and even should be removed, but there are many 

dams that could be used for hydropower plants. 
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- But if someone wants to build a hydropower plant, is there any law using which one can 

decide if the dam could be used for new hydropower or should be removed? 

- The water law takes care of that. You must have a permission to build a dam, and you must 

have a permission to leave a dam. The problem is that there are many dams that were used for 

transporting the trees without tracks using the rivers for about a century. And those dams were 

owned by organizations that do not exist anymore. So the state is supposed to take care of them. 

If you want to take care of the dam, then you must find the owner and buy the dam, which is 

possible, but if you are allowed to start the hydropower production, that is another question. 

 

- If the dam should be removed, were there any cases when the state did it? 

- Yes, there is some money which you can apply for by the Environmental Protection Agency 

to remove dams.  

 

- What would be your “dream” scenario regarding the future of hydropower in Sweden 

in 30-40 years?  

- Well, no major changes in the big hydropower we have. It also should be developed and 

adjusted better to environmental conditions, fish ladders and such things should be implemented. 

Small-scale hydropower should also have fish ways and I would like to see another one thousand 

small hydropower plants. And I would like very much to see all small-scale hydropower plants 

playing more important roles in local energy systems, being a base for energy security and 

making power supply less vulnerable, especially in the countryside where most of them are 

located and where the use of electricity is not that big. As you know if you have asynchronous 

generators the grid must be functioning, but if you have synchronous generators, then you can 

decouple the connections to the big grid and you can just operate in island mode and I think it 

would be nice for security reasons to have more possibilities to operate not only the hydro, but 

hydro together with wind and with PV-cells and then in an island mode, when it is necessary. 

-  

- But what should be done to make this to come true? And do you mean that new stations 

should be built taking into account this idea or there should be some changes done in the 

existing system? 

- Many of the existing hydropower stations have synchronous generators, but they are not used 

in that way despite that only quite small investments are necessary. The last decades every new 

hydropower station or nearly every generator has been an asynchronous generator. When I 

renovated one of my small stations, I asked the grid company if it would be interesting to have a 

synchronous generator to be able to operate a part of the small society, a small place with 500 
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inhabitants, the store, the waste water treatment plant, fresh water treatment plant, when the big 

grid is not there. Well, they have diesel generators in case of an emergency, located in some of 

those places, for example, at the water treatment plant. So the grid representatives said “no” to 

my offer, they were insulted by the idea and they said “The grid is there all the time, of course.” 

However, there is a regional grid that fails from time to time, and they have learned that even if 

their grid is very good, from time to time, an hour in a day or two days the grid is not present. So 

I am in favor very much of local energy system. If you could operate your own power system I 

would like that. At the same time, of course, it is very good to have a big grid to use for storing 

your surplus production on the grid and later taking back the deficits you have in production. It is 

coming. Smart-grids which are not that special I would say. It is a concept, it is more changing of 

minds and conceptions than physical changes. 

 

- What about those 2000 small-scale hydropower stations in Sweden? To which grid they 

are connected mostly? 

The small-ones are all connected to local grids, and the local grids are connected to regional 

grids, which are connected to the national grid. There might be medium-scaled, let‟s say 5-

10MW stations, which are too big for a weak local grid. Then you have to connect them to the 

regional grid. We have the same situation now when we are developing the wind power. How 

many wind farms can you have inside a local grid? Perhaps, in 10kW grid you can have 5 times 

2-3MW, and then you must connect the wind park to the regional grid. 

 

 

8. The future of Swedish hydropower. Individual interview with Professor Lennart 

Söder, School of Electrical Engineering, Royal Institute of Technology, Stockholm, March 

24
th

 2010. Interviewer Olga Petrik, MSc Sustainable Technology, Royal Institute of 

Technology, Stockholm. 

 

- As I know you are the expert who wrote an article about the regulating power, since 

many of my previous interviewees referred to it, when we talk about how many regulating 

power Sweden needs in order to meet the goals set by the Swedish government to build 

more wind energy in the country.  

- Yes, that is right. We have made several reports and this is an extremely big issue, I have 

written a report about what balance in hydropower is. Then, of course, if start discussion what is 

balance within an hour, within two, five hours, one year… there are so many definitions of that, 

you can never provide figures about it. I cannot just say, “You need a certain amount of power”, 
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I mean if wind changes a lot you will need something that is balancing wind power, so the need 

is increased and that is not necessarily the same thing that you need to build new power stations, 

because when you need very many resources to start up, which is in the situation when you have 

a lot of wind power, then the other plants are run at the low level. And that means that you 

cannot automatically draw a conclusion that, “because of more wind power we need more 

hydropower”, it is just simply wrong. But then the question is if it is rational to build more 

hydropower and it is a totally different question. I mean there is some kind of misunderstanding 

sometimes and you have to distinguish between what you need. And you also have to define 

what you mean with the word “need”. That is so important because everyone uses different 

definitions. Some people say that you “need” something when it is economically profitable, then 

I am sure that you “need” to build hydropower on one of the untouched rivers already today, 

because it is profitable. And then with this definition of “need” as the same as “economically 

profitable”, then you have to build more hydropower and it has nothing to do with wind power. 

Then you can also say that you “need” to build out wind power if we have more transmission 

lines to Germany because if we have more transmission lines to Germany, then we can use 

Nordic hydropower to change its production more. But it is not connected with the Swedish wind 

power. If you define word “need” as “economically profitable” or “more renewable energy”, that 

is a very strange definition of word “need”, so the question is what you mean with “need”. Do 

you mean that otherwise you get a blackout?  

 

- Yes... 

- Then it is totally wrong to say that you need more hydropower. In the Nordic system we have 

currently 47000MW of hydropower. In Norway they are discussing now expansion of 

hydropower and also building of pumped stations. And this is because they are planning new 

transmission lines to the Netherlands. They do not “need” this hydropower because of the 

transmission lines, but the point is that it is profitable. You buy cheap power in the night from 

the Netherlands and then you can say that you use the Nordic system as a pumping of the 

Netherlands‟ system. And every expansion in the system has always to do something with 

economy in some way or another. So it is a strange way of discussing the word “need”, because 

it depends what you mean with “need”. We have made a big study concerning the hydropower in 

the northern part of Sweden, but then we have not said anything about balancing the 

consumption in the southern part of Sweden. Currently we have around 5500MW of 

transmission capacity between the Nordic system and the surrounding countries. The plans now 

are, at least from the Swedish point of view, 3500MW, there will be a cable to Lithuania, 

between Sweden and Finland, more cables to the Netherlands and so on. So there will be more 
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transmission lines. This is independent from what I know about the wind power plants, or, let‟s 

say, they are planned at the same time. If we have more transmission lines to our neighbors, of 

course, we can trade more with the neighbors. And this trading is a competition with the 

hydropower changes. But everything is economy. I am absolutely sure if we build a lot of wind 

power in Sweden and no more hydropower, what and we do not build any grid, then in some 

occasions the power in Sweden will be extremely cheap. And then, I am absolutely sure, if we 

offer the price of one or two ore per kilowatt hours, then Lithuania, Germany will buy it. So 

there is no “need” in the definition of a technical need. You can talk to anyone, to Svenska 

Kraftnät, to hydropower producers, they know it. And this is a huge amount of money, because, 

for example, from Vattenfall‟s point of view if you put a lot of wind power in the northern part 

of Sweden, while you have a price area northern part of Sweden, and at the same time you do not 

expand the transmission system, then several hours per year you will get a very low price in the 

northern part of Sweden. And there Vattenfall has a huge amount of resources, so it is not good 

for them. And, of course, it is not a rational way of using the system, so Vattenfall‟s point should 

be that it is not rational, because they get lower paid. From Svenska Kraftnät point of view, that 

is not rational because if you have cheap power source in one place, you should, of course, 

transport it and use it in a rational way so you can decrease other power plants which are more 

expensive. And this means in reality that from the system point of view it is economically 

rational to have more transmission. And from Vattenfall‟s point of view it is economically 

rational, of course. And then they define these lines as you “need” them. But this is not the same 

thing as we get a blackout if we do not build them. The whole idea in Sweden now is to build 

more power. And I have not heard anyone saying anything about taking away the hydropower. 

We are expanding the nuclear power, there is a discussion about new nuclear stations, discussion 

about new wind power. How can anyone discuss that there is a risk of power deficit in Sweden? 

So it has nothing to do with that. So the problem is if we put a huge amount of power in Sweden 

and we do not have enough transmission lines for that, then we press down the prices. And, of 

course, we will sometimes reduce the biofuels units, which are environmentally friendly, and at 

the same time, sometimes, if we have lines, we can export to Germany or to somewhere else, 

where we can get better prices. So the big utilities are interested in more transmission lines, of 

course, since that is in their economic interest and it is rational, but that is not the same thing as 

“need”. And some people sometimes use the word “need” of physical need as an economical 

need, but that is something totally different. But what is a bit strange that they always motivate 

these kinds of things with wind power. Then you have to go back to the definitions. If you define 

“need” as to be economically profitable, then you can say that more transmission lines will 

increase the “need” of regulation in hydropower. You can also say that you need to build more 
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hydropower already today, because it is economically profitable. You have to go to this really 

because this word “need” is so strange. You have the same thing all everywhere in the world. If 

someone is building wind power then a lot of actors see the possibilities to motivate their 

interests in blaming the wind power so to speak. And then, of course, yes, it is not incorrect. But 

why do they always use the wind power? Why do not they say that these new transmission lines 

will require more regulation, because that is exactly what is happening. But it is always the wind 

power that comes up, you have it everywhere, in Finland there is the same discussion that 

because of the wind power they “need” to have more controlling, they “need” to expand 

hydropower stations, and when they want to expand the hydropower they always motivate it with 

wind power.  But then you really have to go to basics what you mean with “need”. 

 

- So have I understood correctly, if you introduce a lot of new wind power, but do not 

expand the hydropower, then it will not affect the system physically, but affect the prices 

sometimes? 

- No, that is not the whole truth. Then, of course, you can listen to me and that is some people 

doing, for example, the environmentalists, they are listening to me and say, “OK, Lennart says 

that we do not need to build more hydropower”. But then you have another problem, and you 

have to be serious in the discussion, and that is very often that there are stakeholders, who have 

their own ideas, and they try to motivate, because they have their own agenda. And everyone 

here, they have their own agenda. And then let‟s say we do not expand the transmission system, 

we do not expand the hydropower stations, but we expand much more wind power. The balance 

has to be performed somewhere. That can sometimes lead to that you have to use more fossil 

fuels in some situations. And there is a lot of discussion that you can have electric cars, for 

example, that can balance, and that is the environmentalists always talk about. Yes, that is 

technically OK, technically you can probably do a lot of things, but is that better from 

environmental point of view?  You can balance a lot of things using gas turbines, which is also 

technically possible, and is that the best way from the economical point of view? I do not know 

currently. But, of course, if the hydropower station is more economically profitable, then one 

does not care about the environmental issues, because that is the question all the time. And then 

if you do a lot of things in the rivers, then you do not have to do so much in the thermal stations. 

If you have a combined cycle, then you have a very high efficiency, if you do not control it too 

much since that is costly. And that means if you have all the control in the hydropower stations, 

you can have this combined cycle working at higher efficiency and then you get lower emissions 

per kilowatt hour. In general I cannot say anything about the size of this problem. And there is a 

discussion currently to have combine cycles and to have more constant efficiency for wider 
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range of operating points, because if you design, for example, nuclear stations, at least in 

Sweden, they work at the designed level at maximum and if you run them on another level you 

get lower efficiency. And if you, let‟s say, buy a combined cycle, today on the market, and you 

say I would like to run it on maximum all the time, then, of course, they design it so they have 

absolutely perfect efficiency on that operating point and if you decrease it with 10% or 20%, you 

get lower efficiency. And all these kinds of things are mixed together. So if you do not change 

any operation in a hydropower system, then you have to take all these balancing in the thermal 

stations. That is technically possible, of course. It is what they do in Germany today. It is what 

they do in Ireland, they have much more wind power than we have in Sweden, and they perform 

all balancing using the thermal system. And their system from economical point of view is 

absolutely best system. So we have this kind of competition: should we control using hydro, or 

should we use something else for that. And then there is a discussion about the environmental 

consequences because if you have low efficiency at the gas fired station, for example, then you 

will emit more CO2 for the same kilowatt hours. But to say something in figures about that, like, 

“if you do not build on this river and allow more changes, then you get this amount of emission”, 

that is absolutely impossible. That is why we have a research in our division
2
.  

 

- But interviewees I have already talked to, say that in your report there are some figures, 

20-30TWh of wind, which may be introduced in Sweden without any changes in 

hydropower system. Is that correct? 

- It is like this. But I have heard that it is misinterpreted sometimes. We have Sweden and we 

have northern part of Sweden. And there you have wind power and hydropower stations. What 

we have done is that we have put a big amount of wind power in the northern part of Sweden to 

see if that can be balanced with the hydropower locally. And the result is, yes, we can have 

30TWh of wind power in the northern part of Sweden balanced with the hydropower. But, and 

that is perhaps not understood if you read the details of our study, today this hydropower is also 

used to balance the load changes in the southern part of Sweden. But if we press in the load 

power in the northern part of Sweden, if we put 30TWh of wind power in this area, there no 

thermal power stations in this area which will decrease. So what we will in reality do is sending 

out totally 30TWh more per year. And that means that we are exporting to southern part of 

Sweden sometimes and that means if we export huge amount of power we will have more or less 

constant transport. And that means in reality that all the balancing in the southern part of Sweden 

can no longer be performed by the hydropower in the northern part of Sweden. So we are taking 
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away some part of that. But then, of course, the people from hydropower can say that they do not 

care about the south of Sweden. And then formally you can say that this is not technically wrong, 

because you can tell to these people, “OK, from now you can import power from northern 

Sweden and it will be cheap, but if you want to balance, then you have to do it in another way.” 

But it is not a technical problem, it is just that the price will be very low sometimes. In general if 

you add 30TWh more in Sweden, then there have to be changes in the export. I mean, what 

should we decrease in Sweden? Nuclear power? There is no discussion about that. So if you 

press in 30TWh then you have to change the export methods. And then the question is how 

strong the grid is. I do not say that it is impossible to keep this going on. But it is really a big 

issue to press so much power in an area where all the other power production is so cheap. I mean 

the hydropower since its operating cost is close to zero, and nuclear power cost around 10 ore 

per kilowatt hour, and in the surrounding world the operating cost is much higher so, of course, 

everyone wants to buy our cheap power. And Vattenfall and the other producers in Sweden that 

owes the nuclear stations, for example, they are extremely afraid that we press in the huge 

amount of wind power without expanding the transmission. Then they will get extremely low 

payment for these investments and they do not like that obviously. So everything is about 

money. But that is nothing wrong with that because you should use this in a rational way. And it 

is a very rational way to replace the coal power in the surrounding world with the Swedish wind 

power. But then you have to have enough transmission capacity for this really will be the 

consequence. We do not have to decrease the combined heat and power in Sweden, which has 

very low operating cost. And also you have a lot of the combined heat and power based on 

biofuels in Sweden. And if the price goes down enough you will start to shut down these ones. 

And that is not a rational way of using the wind power, if we still have fossil fuels in our 

surrounding world.  

 

- But if they decide to phase out all these combined heat and power plants in Sweden, to get 

rid of fossil fuels at all in Swedish system? 

- That is not so much. I mean there are mostly biofuels. There are also some coal-fired plants but 

not so many. There are newly built gas stations in southern part of Sweden, in Gothenburg, in 

Malmo. But if you ask the owners of these plants, which are the same as hydropower owners, 

they, of course, see the vision of the company, but no one, no hydropower producers neither, 

want low energy prices. And if you see it from the whole economics point of view, I do not think 

it is rational to have low prices. Why should the electricity be cheap since the challenge in the 

world is that we do not have enough clean energy? So we should expand the system. And it may 

be more rational to balance with more hydropower, but you cannot say that it is “needed”.  And 
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you can never get a blackout if you just put in more energy. And there are a lot of studies about 

what the consequences are if you introduce a lot of hydropower and the general conclusion is, if 

you have a certain system with a certain amount of consumption and certain amount of 

production, and then you just put in wind power in that system, the consequences are always 

lower prices. And if you do that kind of study the consumers always say, “Oh, that‟s nice”, and 

the politicians may say that it is good, and power producers, of course, do not like it. On the 

other hand that is based on the whole assumption that the wind power comes in and nothing is 

taking out.  

 Some people speak about expanding the hydropower. And then again you have to define what 

you mean saying this. Do you mean more energy produced by hydropower? That is one extreme. 

You can never say that wind power itself will cause an extra need of energy from hydropower. 

And if you define “need” as “being economically profitable”, then introduction of wind power 

will decrease the need of energy from hydropower because the prices will go down. So it will be 

less economically profitable to invest into hydropower energy to develop new rivers. So that is 

about energy expansion of hydropower. But then you also have capacity expansion of 

hydropower. Capacity expansion means that sometimes you can produce more capacity than it is 

today. That may be profitable, but on the other hand when do you need a lot of capacity? I just 

try to find reason why you should need more capacity. Assume that you have a certain situation 

today and you can manage the load and everything, the only thing can happen is that it can be a 

situation when there is no wind. But then you have exactly the same thing as you have today 

without all new wind power. And today we can manage the situation. There could, on the other 

hand, be the following scenario: assume that a lot of wind comes, and you have a spring flood at 

the same time. Then you have a lot of water in the reservoirs and then you want to release as 

much water as it is possible during the limited amount of hours. And in this case if you have 

more capacity, then you can easily do this. So you have really to go to the details when you say 

“expansion of hydropower”. And then there is another kind of expansion which is larger 

reservoirs. On the other hand I have never heard anyone coming with that because there are 

normally physical constrains, so you can just not build bigger reservoir. I think a big challenge is 

the minimum production. If, for example, it is June and there is a lot of water and wind comes, 

then you would really like to produce as little as possible. I have talked to the energy producers 

and they do not think that this is a big issue, but I think that this is may be an issue. I mean if you 

are forced, and that is requirement of environmentalists as well, which is to have always some 

water in the river. And if there is a lot of water and it is windy, then you have to spill the water. 

But that is not a technical problem, it is an economical problem, because we do not get any 

money from the water in this case.  The speed when you have to increase fast the hydropower 
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production is not a challenge for this source of energy. It is a challenge for thermal stations, but 

not for hydropower.  

 

- Do you think Sweden will be able to export the surplus of electricity, I mean if the 

neighbor countries will be interested in Swedish power? I have attended the conference 

“Energiting 2010” and there was a presentation made by Vattenfall during which they took 

up this question.  

- Vattenfall has always said that we should not build too much, and in general they are maybe 

correct. But if this is correct, why do Vattenfall even talk about new nuclear power stations, if 

they really think that it is not possible?  In general Vattenfall has a huge amount of resources in 

the Nordic system. The more we press into Nordic system without building new transmission 

capacity, the lower the price will be. SO was that report correct or not? I do not know. Vattenfall 

is always saying this, Fortum has started saying similar things, but I wonder what kind of 

simulations are behind this. Technically in general it is correct. But from Statkraft you do not 

hear these things, Statnet is currently planning lines to Great Britain, they are building lines to 

the Netherlands, and they have a lot of this kind of expansion. But, of course, if we build 30TWh 

of wind power in the Nordic system, then we will press the prices. On the other hand the lines 

are not fully used today. So there are possibilities to export and they put up those kinds of 

problems. Why do they choose to talk about these problems, I do not know. I cannot see any 

kind of simulations where they show that this amount of power we need to get the following 

prices‟ consequences. But their conclusions may be correct.  

 There is also another discussion what will happen to the other plants in the system in the long 

term. For example, what is currently discussed is that in Denmark there are some coal stations 

that are used so little because of the wind power and other things, so they will be probably taken 

out. Vattenfall is currently discussing the possibility to stop using the oil-fired power plant 

Stenungsund in Western Sweden. And this depends on the prices very much. On the other hand 

if this was the truth why does Finland plan building of three new nuclear stations? So how can 

they say that this is important or is it only about the wind power? I have not really heard any 

motivation for that and have not seen any report.  

 

- The energy producers’ side says that Sweden has to help to Europe with its regulating 

power.  

- It says all business in the world. If someone needs something and you can deliver it and make 

money on it, then you have to do it. And it is probably cheaper to regulate using regulating 

power from Sweden than to use other methods. Then it is an economy and you need it. And in 
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case Sweden introduces a lot of wind power, but will not build additional transmission lines, then 

it will be very profitable to build pumped storages. And the pumped storage is a turbine and a 

generator in case of hydropower. And this is extremely common in most countries in the world, 

so when the prices are extremely low, the water is pumped into the opposite direction and then 

you release the water down when the electricity is expensive. If we have very high changes in 

the prices in the Nordic system, it will be much more profitable to build pumped storage. And 

then the question is if it is classified as an expansion of hydropower or not? Yes, it is, because 

you do something. But you do not change the water flow, you do not exploit new rivers or 

streams, but you get much more regulating power. Another possibility if you have very cheap 

energy is that you can put the electricity to the district heating. Now you use oil, heat pumps and 

so on. Then the district heating will be even cheaper than in case of using other sources for that. 

So that will be a rational way of using the electricity. So big fluctuations of prices will create a 

market for pumped storage, electric cars, flexible consumption and so on.  

 

- If to assume that Sweden will phase out nuclear plants, what can be the substitution for 

this power?  

Then we come back to money again, because the question is the price. Then the question is 

which price do we want to see in Europe if we really want to have sustainable Europe? If we 

want to have sustainable Europe then all the coal plants should be phased out since they are a 

source of CO2 emission. But then we will have significantly higher price for the electricity than 

we have today. And then the question is what the consumption is. And another question is if 

Sweden should export or import or just supply itself with the electricity. This is connected with 

the issue of managing the whole Europe. And probably it would be rational to use more 

electricity from renewable sources. And it is extremely rational to have more transmission. There 

are a lot of projects of transition to renewable energy production in Europe, for example, 

building a lot of solar panels in Europe and Northern Africa and combining them with the Nordic 

hydropower and so on. And you do not get the investors involved if you do not make money on 

it. What I really wonder, what kind of consumption will we have in Sweden, if we have a price, 

let‟s say, three times higher than today. I think there is a huge amount of possibilities to decrease 

the consumption. We are so used in this country to low prices. As far as I know, we consume 

double as much as Germany per person. But that is not the whole truth, because one reason is 

that we produce so much paper and steel in this country. And they consume a lot of power. Of 

course, if it is a small country, you can stop this production and start importing paper, steel and 

so on. I have talked to people from paper making industry. There are two ways of making paper. 

One way is when you take wood and mechanically make a paper from it, that consumes, I think, 
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around 10TWh in Sweden. And then there is another method when you boil and take out the 

lignite from wood and then you burn the lignite. That is called chemical pulp and paper. In this 

case you produce electricity. When do you apply the electricity consuming method? Of course, 

when you have low prices for the electricity. And then the question is how the competition in the 

world is. But what I have heard on the other hand is that this kind of glossy and thin paper that 

you use for magazines can only be produced using this mechanical treatment. So we probably 

need this method of paper production. On the other hand if the prices increase then probably we 

will stop producing this kind of paper, and then the electric balance is changing totally. But the 

paper manufactures, of course, do not like this kind of discussion since they do not want higher 

prices. They will just move out from the country, I think. They said when the prices were 18 ore 

per kilowatt hour that if the prices were increased because of the tax, they would leave the 

country. And now it is up to 40, but they have not left yet. So the companies are always claiming 

something but it is really difficult to find out what the truth is. This is in their business and I do 

not blame them for it. I just accept that people from business never say anything else than what is 

good for them. So I have heard many times that some companies said they would move out, but 

they are still here. But another question is if we want to take the risk and the politicians say, 

“No.” This is the balance for the whole Europe, because there is a discussion about decreasing 

this CO2 emission. If you do that, perhaps all industry will leave Europe and move, for example, 

to China. And then you have not solved any problems at all on the global level. And then there is 

a question how to handle this and that is the globalization, I think. 

 

9. The future of Swedish hydropower. Individual interview with Professor Niklas 

Dahlbäck, Vattenfall, Älvkarleby, March 30
th

 2010. Interviewer Olga Petrik, MSc 

Sustainable Technology, Royal Institute of Technology, Stockholm. 

 

- Do you think that now there are demands of changing something within hydropower 

sector in Sweden? If yes, in which way? 

- The awareness that HP is a big part of sustainable power system should be increased. Even if 

some steps have started to be done last years, it‟s still always forgotten that it has to move 

forward together with the other parts of the system. Looking at the future it‟s often happens that 

one focuses on new technologies, but still our major part is HP, if we speak about renewables. 

And there is a discussion what to take into the next generation. 

Furthermore, there are always changes in demands in society, for example, increased demand for 

safety, for environmental protection. And then we have to adapt to this all the time.  
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- What does hold back the development of HP in Sweden in your opinion? 

- Today we have those 65 TWh produced by HP in Sweden and if you want to increase total 

production, then one thing which holds it back is that you can see that the consideration of new 

opportunities is not balanced with respect to the environmental effects per TWh and output you 

can get compared with the other options, for example, with wind power or bio power, since all of 

them cause some environmental impact. And now what you look at is that you just compare if 

you do like this type of energy source or not, instead of weighing costs and benefits for different 

sources. And by definition of the rivers that are taken away from possible development you just 

define the HP as a kind of blocking possibilities. But it is not always like that and there are 

opportunities to explore parts of the rivers with very minor effects on the environment. 

Unfortunately, there is no such discussion to a big extent.  

In the 50s the HP development was increasing a lot, and then we came to the discussion that we 

had to stop HP expansion because of the environmental damage. And now, if we look at the next 

step, we have to see that there are some possibilities to increase the energy production without 

substantial changes in ecosystem. For example, when you are just taking the minor part of the 

flow, around 10%, but the biggest part of the river is still untouched, that is a kind of 

development for the HP and it does not imply significant changes for the river. However, it‟s 

written today in the law you cannot do even that. So I think, the environmental criteria should be 

evaluated and it should not be written in the law that it is just prohibited. The WFD in this case 

could be a possibility, because, the way the WFD discusses the issue gives the possibility to 

involve new projects, if you do balancing of benefits and costs. And this approach could be a 

base for the discussion of the parts of rivers where you have the prohibited areas for HP. In some 

cases if you took away the existing plant and instead build a new one at another place, you can 

get benefits both for the environment and for HP. One of the projects within Elforsk we have 

started is looking a little at that type of discussion. We have an example, if you look at the 

Ljusnan River, there is one part in the middle of that river which is prohibited, and then you have 

existing plants there. And if you take away two of the plants and build one at the prohibited area, 

then you will get benefits both for the environment and for the HP. So you will have better 

production, because those two plants, which are close to the sea, are low-head plants.  And it is 

better for fish since it has more contact with a sea and fish can more easily migrate. But it is hard 

to discuss today how to go into the prohibited area and this discussion is not really successful 

because of the different positions of the stakeholders. So that will be a possibility in future to 

look at. And if you look in a broader prospective you can also think how you can develop the 

river and which part it is better to harness or leave unharnessed. But as for the total amount of 
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energy produced by HP, I think we will be around the same numbers or its increase will be only 

few TWh.     

 

- If the nuclear power plants are phased out in Sweden in future, do you think it will be still 

possible to keep the four national rivers?   

- That is a difficult discussion for me, because no one wants to open up it really. But, let‟s say, if 

you could take care of 20% of one of the national rivers without doing more than 1% harm, it 

should be discussed then and compared to other options. On the other hand if you have one 

waterfall or maybe a river, which has potential of 4-5 TWh, and you want to take care of less 

than 1TWh, you cannot increase those 65TWh too much. There are also scenarios that you can 

reduce current amount of production or keep it. But it is not just talking about going further, it is 

also about where we are. So it could be different ways in all stakeholders‟ prospectives. 

 

- If you want to refurbish the existing HP plant do you have problems with reconsidering it 

and getting a new permission? 

- Yes, one of the things is that you don‟t want to open up the permission. So we have today the 

permissions which last forever. And it‟s a little uncommon if you compare to other European 

countries. But still we have some obligations connected to the permissions. So those obligations 

we can change a little, but if we open up the whole case, then we don‟t know how we end up. 

We can get so many obligations that this will not be an economic project anymore and it would 

be better to close it at all. So there is some reluctance to do that. As a result that means also that 

sometimes you do not try to change the situation and do not use the potential to do things a lot 

better.  

 

- Do you think the present HP installed in Sweden will be enough to balance 30TWH of 

wind introduced in future? 

- You have to look at our HP plants. They produce two major products: one is generating of the 

electricity and another one is generating of service for the total power system (quick changes that 

stabilize the system and balancing power which regulates due to changes in demand). You 

should not say that this cost is connected to only hydropower, since in this case it is connected to 

the wind power creating the need for balancing. But if you ask more technical question, if you 

mean what happen if you add 30TWh of wind, then it is of course a heavy load. The difficulty is 

that wind is more intermittent, but our existing system should be able to take care about 10 TWh 

of wind quite easily. Of course, if it is 30 TWh, then it is more stress for the system and the cost 

for using relates to environmental effects. That means that if you have storages today, then you 
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have limits for them, but with more need for the balancing power you start using the possibilities 

much more, and if you increase the use of it, which means that you more often reach the limits, 

then you increase the effect on environment.  

And you can look at this energy discussion within national prospective, but at the same time 

more and more European prospective becomes involved. And looking at that prospective, the 

base what we have in northern Sweden, gives much more balancing possibilities than the rest of 

Europe have. And then you have to look, what are the options. You have options of storing of 

hydropower and use that, you have options to have some gas-fired power plants, or you have 

options to have pumped storage projects. All of them cause environmental effects; you have to 

think, which the best options are. And what we have in Sweden and Norway something that it is 

possible to offer to the other parts of Europe if you have connections. If you look forward in the 

fifty years prospective you may have more integrated European power system and more 

developed market. And that will be different situation comparatively to that we have today. 

 

- So in this case if we look from European prospective do you think that Sweden can help 

the whole Europe with its regulating power?  

- Yes. 

 

- But what will be the consequences of the additional 30 TWh of wind if the hydropower 

system will not be changed? 

- The first consequence is that at some places you have to change the transmission system, so 

you can get the connection between wind power generation and storage capacity. It‟s because 

they are not situated at the same sites. The next thing is (and that‟s a kind of work we are doing 

at KTH with Lennart Söder) that we try to forecast what will happen in the system and there are 

different scenarios, how stressed the system will be. But in the very far end you can say that 

introducing of a power source like wind, which is not controllable, can cause significant 

problems in the system. It will need balancing services. That means that in the very far end there 

will be a kind of investment brake for wind projects, since these balancing services become 

expensive. And this may appear before 30 TWh, because of the economic reasons.   

 

- So are there two ways out: to build more interconnections to Europe to cope this 

additional wind and to build pumped storages? 

- Yes. In Germany, for instance, or in some other parts of Europe today you have some pumped 

storages. And they could increase their wind and they can, of course, discuss if they should 

introduce more pumped storage or if they could have transmission lines so they could buy this 
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service from Scandinavia. What‟s missing is a connection line which has some cost connected to 

it, and the market development in Europe before you could come to that far. I believe that it will 

be more economically feasible for them to buy Scandinavian power before building new pumped 

storage. It is like just extending of what we had in the Swedish system from the very beginning, 

when from the North to the South we had a lot of demand variations in the South and balancing 

in the North and long transmission lines for that. So we already have that type of system. And we 

can extend it more from our South to Germany. It is not a technical problem really, but it is an 

investment problem.  

 

- Svenska Kraftnät anticipate that the smart grid will be introduced around 2017-2020. Do 

you think it will affect somehow the development of HP?  

- As I see, smart grid comes mostly at small-scale view. If you are on a distribution network and 

if you are well connected on the distribution network, you have an option of balancing your own 

network together with the transmission network. And then you can use the storage which is far 

away, perhaps power plant at a large-scale. If you compare the capability and the cost there are 

large differences. And smart grid with the local storage can be a good solution if there are 

bottlenecks. 

 

- If it comes to Vattenfalls interests and energy producers’ interests in general, is it good if 

the consumer can see each hour how much energy he spends and adjust his consumption to 

peak loads? And to do his or her laundry at night, for example?  

- Of course, if you are a generating plant and looking just for generating kilowatt-hours, you 

want to have a plant that could be working normally without big difference between loads. And 

this is mostly about thermal plants, a kind of base-load plants. And then you do not need other 

investments. And if the need for a kind of peaking loads is reduced due to the customers acting, 

then it is, of course, good for that type of investments. Looking at the hydropower, we have also 

a possibility to make the base load, but as it has been in Sweden, we have based the other 

services in the power system also on the HP plants. Then we already have that option and it is 

quite an economical way to offer that balancing services. And that means that you are getting in 

a good economics and good stable system and, in total, in a good society situation. That really 

was the issue within the original Vattenfall organization (from which Svenska Kraftnät 

originated later on) to build power system, not just to build power plants. So what we are 

discussing now is that if we have good capabilities why not to use them. If we just take away all 

the HP storages then that would be a lot of other things to do, then we will need gas fired plants 

and lots of battery storages, for example, and that will maybe have higher environmental cost. If 
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you look at the plants‟ owners like Vattenfall, we have nuclear and other kinds of plants. And if 

we compare them with hydropower, it is not really the same business, because in a HP plant you 

have already have the balancing possibilities and, of course, you do not want to end up without 

using these possibilities. So for the HP plant it is a kind of competition with a smart grid, one can 

say.   

 

- If it comes to small-scale HP, is it interesting for Vattenfall?  

- We have small-scale, you can say we have more SSH plants than large-scale plants, but their 

production is less, of course. But the problem with SSH that it is more costly in maintenance 

part. It‟s much more costly by 1kWh than the large-scale HP, so if you have SSH, it should be 

more robust, it should be perhaps of less efficiency, but instead also more robust that there is no 

need looking after too much. But then you have a problem with SSH which is in general higher 

environmental load per kWh. So we think the better option is to have already large-scale projects 

and perhaps possibilities to extend them, than to increase SSH. And when we do investments, 

large part of our investments goes to change old equipment and to change equipment runners and 

so on to increase the efficiency and total generation.  

 

- Do you think the climate change will affect the HP in Sweden in future and if yes, in 

which way? 

- Yes, there are different scenarios and we are looking into them and, of course, there are 

different reasons for looking into the scenarios. First, there is the safety reason, if we are able to 

be capable of handling new situation, high flows, so that is the dam safety. And that is what we 

are looking at and we already have a high dam safety and we are capable of handling 10000 

years flood. But the climate change in some cases may increase the floods or in other cases 

reduce it a lot, it depends on the situation. Thus, it can be that we will change the criteria a little, 

when we increase the dam safety. So that will be one issue. It has not changed too much yet 

because it is looking at 10000 years prospective, so fifty years prospective, we are talking about 

now, is not that much. 

 The next step is a hydrological balance and how much it will affect our generation. And in the 

scenario that was made for Scandinavia, there will be some positive changes for HP, the 

precipitation will increase in some northern parts and it will decrease in the South. But as we 

have most of our plants on the North, then it will not affect us too much. However, probably the 

total precipitation will be increased and it will increase annual generation. But we have not 

changed our investment program yet because of that.  
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Then next step is looking at the seasonal changes. And that we are maybe aware of, but have not 

put up all the types of possible scenarios yet… but if the climate will change significantly that 

means it will be different situation in summer and winter. And we will have less snow on the 

mountains that means we will not have big snow storage, so it will be less seasonal storage. We 

may have more heavily rains that mean more peaking in the flow, and we will have more up and 

down seasonal temperature, and then more ice problems will appear. So that is a type of 

situations may happen in several decades, but we will have some awareness and handle it.  

And then you have the European prospective, again. So we talked about the balancing, but if you 

look at the European prospective, dryer Mediterranean, hot summer and similar events may 

happen. It will be helpful if we have seasonal storage possibilities from the North. With that you 

will have good possibilities to reduce problems in Europe, of course, if you have transmission 

system.  And this is also an additional reason for building the transmission lines, so it is not just a 

short-time economics, but also a long-term one.  

 

- Which possible political events in the world, in Sweden or in Europe can affect the HP in 

Sweden?   

- We are looking at what will happen with the WFD, if there will be a base for discussion that we 

may agree on, which is the idea that you should balance ecological impact and benefits of HP. So 

that will not be a problem for us. But the problem might appear if you write rules from it which 

we do not think are the right way to solve the situation. That is, if these rules will imply that you 

do not have a complete holistic view that you are doing best things in total. Instead of putting a 

lot of changes in one place, then you can do it in another place and do much more ecological 

improvements using this approach.  

We have a good example, regarding the eel question. When you try to save the amount of eel, of 

course, you can do it in different parts where it is breeding and migrating in different countries, 

so you can do less load, you should reduce the fishing of small eel and improve the possibilities 

of eel to grow up. Then you can look at the Swedish prospective because of the eel directive in 

Europe. So in Sweden by agreement with the Fishery Agency, the Swedish Energy Agency and 

other participants you are doing one common thing, when you have the goal to improve the mass 

of eel to 40 percent of what it was original. And to achieve this you can do improvements, just 

some small ones and just in some places. You do not do it on every river or on every project, just 

do it to get these 40% in effective way. So that is kind of this view. And then you can start 

looking at the other ecological issues, other fish or other biological species. In one case by 

implementing some measures in the certain river we can get a very good effect. But if we do it at 

another place, in some cases we do not improve the situation more, so why should we do it?  
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- So do you think it is better to consider different plants and parts of the rivers than to 

introduce the same directives for the whole HP system?  

- Yes, exactly.  

 

- In some European countries they have general rules for all the plants but in Sweden each 

case is considered separately in the Court. Do you think that this Swedish approach is good 

because then the improvements can be more efficient if you consider each plant separately? 

- Yes. We had a long discussion of that issue in Sweden and then the balance between the 

different stakeholders was established through the Court. And in the past there was mainly the 

battle between the users of the river. There were also some environmental effects, still there was 

fish discussion. So there always has been that balancing from the very beginning. If you had 

made, e.g., dam, reservoir and it was flooding some agriculture then you had to give some 

money for that owner or perhaps replace the plant. And then, of course, you can always discuss 

if those laws were made one hundred years ago and it has changed a lot.  

 

- One of the opinions of the stakeholders is that the energy producers never implement any 

environmental measures willingly. Everything happens only through the Court. What do 

you think about this? 

- That is a complicated question, because when you built the plant, there was some base for the 

investments for your business, so that is not easy just to say that we will change it. But that is 

just one starting point. And then I do not agree that we don‟t do anything without fighting. We 

are aware that we need a good opinion in nearby societies and also in the total. And this is a 

driving force for going forward, for doing research and doing investments in changes, but we do 

changes without going to the Court. So it depends on a concrete issue. If you consider the fish 

issue then the stakeholders like Sportfiskarna always try to get some changes and that is always a 

kind of battle. If you go for the environmental effect of emissions, when it maybe some accidents 

when oil releases or some other problems, then we make changes. When it is possible to do 

changes without major effect on the power plant, then we do some changes to decrease the 

environmental effect because you know that if a problem appears, it will result in a bad opinion. 

For instance, we work with oils within our plants, to reduce its amount or change to other type of 

technology. We also drive the research to find new technologies.  
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- Do you agree with this statement that energy producers should pay 5%  of this 

environmental cost? There are opinions about the HP producers that “they earn so much” 

and the maintenance cost is very cheap, they have to pay these 5%. 

- Most of our cost is future investments. So when it comes to the result it seems like it is a very 

good business. But you needed money for the investments. And you do the investments for a 

very long time prospective. That means that when we reinvest in a HP plant, then it takes more 

than 50, maybe 75 years before it was reinvestment. If we consider the power plant in 

Älvkarleby, for example, looking at the years before the reinvestment, it was one of the most 

profitable plants, and after the reinvestment it became a very bad business. But we are looking in 

a long time prospective. And that is the situation we usually have. We have to cope with the fact 

that we are investing all the time. Then the prices go up and down and that means sometimes it is 

a very good business, but sometimes it becomes not that good. And this kind of fluctuations may 

happen within 5 or 10 years. And, of course, we are getting very high cash in some situations but 

the biggest part of it goes to the investments. And when you are looking at “5% discussion”, 

there is some risk in the law, that says, if you come to the situation when you find out that you 

are obligated to do changes, because of the environmental effect, then the power company can 

not claim any costs up to 5%. If it would be more than 5% of the economy, then the power plant 

can claim from the one who wants to have changes. But that have been translated in some cases 

that you should always release 5% of the flow. And if you think that you should always to 

release 5% of flow, it is completely ineffective way of ecological thinking. You should look at 

each case, because in some cases these 5% may not bring any benefits for the environment but 

lead to losses in production. And if it comes to 5% for doing activities, it should not be that it is 

just stated 5% like a kind of taxing. We already have high taxing on the property, which is about 

3-4 times exceeding our maintenance cost. I would say that we could use that money for the 

different issues within the rivers and so on. But they just go to the state and used for other 

purposes.  

And looking at the reinvestment plans I was talking about, we are not using all the cash flow we 

get for the hydropower. The HP cash flow is used for power investments too. That means we 

need that money to invest, for example, in wave power.  

 

- What is the contribution of Vattenfall to the state economy through taxes and so on?  

- It is a big contribution. I do not know the exact numbers, but I guess Vattenfall is giving to the 

state as an owner around 5 billion SEK per year. The major part of it comes from hydropower. 
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- Do you socialize directly to the environmentalists or you do it only through Svensk 

Energi? 

- We do both, because we have different drivers for that. When it comes to safety and also to 

environment, we found out that it is hard to look into different companies and you can see that 

there a kind of branch issue. So if one of the branch companies is doing something bad or dam is 

failed, it affects the whole branch. That is the reason why we are doing that together. One other 

reason is that it is a non-competitive area. When you do it together it means that you could take 

your resources together and quicker. At some point it is maybe a competitive area, but that 

means that you will have a better opinion for your company. And that will be a driver for doing 

some environmental parts on your own. For instance, in case of the technologies reducing oil, we 

conduct it on our own. Looking at the fish ecology issue, we make decisions and act with the 

entire branch.  

 

- So if you do something with the entire branch, then you do it through Svensk Energi? 

- Yes. And we have Elforsk. Svensk Energi is the lobbing organization looking at the branch 

opinion into the law suggestions. Elforsk is a group for research. So you can say Elforsk in some 

cases generates the background for Svensk Energi to go further.  

 

- Do you think that in future some roles of the stakeholders may change and some new 

dilemmas may appear?  

- If you look backwards, Vattenfall has grown as a company developed and grown in Sweden. 

And some other power companies, which were small, have been bought up by the foreign 

companies. So there is a discussion that if the Vattenfall was bought, then it would mean that the 

natural resources in Sweden were bought from abroad, and it is a kind of losing control a little bit 

on natural resources. If we compare with Norway, for example, when Vattenfall or others were 

trying to buy Norwegian plant it was difficult, because they guarded their natural resources. If 

you say if it does not go well for Vattenfall or by political reasons Vattenfall will be divided into 

different parts, and then sold, we will get other interests in our natural resources coming in. As 

long as Vattenfall has now grown up as a company, we have some economical muscles. While 

the Vattenfall is state owned, the society has some connection to our natural resources.  

And there is another society related dilemma, which is our inland, coastland prospective. That 

means that we have power plants along the rivers up in the North where there are not too many 

people, where communities have some problems to survive because they do not have too much 

jobs and so on. And we are, of course, somehow dependant on these communities. But there is a 

kind of urbanization in the society from the inland to the coastland and from the North to the 
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South that means it will be less people, less opportunities. And it is a dilemma, since it will be, of 

course, bad for us that there are not so much people living in the North. And we can not affect it 

much, so we cannot solve the problem by ourselves, but we could work as a catalyst in some 

parts and we do some kind of investments for projects in these areas. We have even some 

obligations and there is also some money going for activities in this direction.  

 

- What’s about the dream scenario of Vattenfall?       

- In our dream scenario we already will have a balance, we do not have a dream which can not be 

fulfilled, so we are realists. Another thing is the possibility of getting our arguments established. 

And if it comes to the HP development, there is a dream that you could be able to use potential 

where it is realistic.  

The next step of our dream is that, we have a transmission to Europe so we are integrated more 

into the European system.  

 

- As for the electricity certificate system, do you think it works well?   

- I think it works well. Before it has been affected the investment project in that way that you 

have done the investments, that increase the efficiency, getting more power from the water, and 

this will not be done in the same way if you did not have this certificate system. If you look at 

the certificates in HP plants, that works well. The European Commission likes Nordic electricity 

market and electricity certificates system.  

 

- Some of the environmentalists say: We want fish ladders everywhere, we want spill water 

everywhere”. Is it always possible in your opinion? 

- It‟s not a good thing, because as I said before in some cases we even can get negative impact 

with this environmental flow. And then you are just taking away the power opportunities and 

that is not a good situation. And if it comes to fish ladders, if you consider the Lule River e.g., it 

does not help much, because we do not have the breeding places left there. So you have to look 

in a total prospective. You could not do the same that it should be like this in every project. And 

that is difficult for the HP industry and technology, there is an ecological individual situation 

everywhere, there are no general solutions. There are no exactly the same plants or even the 

exact neighbor units. It is not the same if it comes to a coal plant, for example, when it is always 

that you use the same law.  

I would also like to mention one dilemma. And it is in the reality already, when you start talking 

about the Swedish Hydropower Center. Historically there was a moment when we had a very 

peaky development of all HP plants that meant also peak in the development of our competence. 
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And that peak was about 50 years ago, and that means today we have to do other actions to be 

able to have enough competence, to handle the current issues. And that is really the background 

for SVC (Svenskt Vattenkraft Centrum) action and that means it comes to all types of levels both 

from the educating of base level engineers and up to a specialists level.  So that is an important 

issue and we have addressed it and have been working at it for some years. If you look into the 

sustainable system, you need to be able to keep the competence. Our current research is divided 

into four fields: environment, safety, technology and competence. 

10. The future of Swedish hydropower. Individual interview with Stefan Nyström, 

Sportfiskarna, Stockholm, March 31
st
 2010. Interviewer Olga Petrik, MSc Sustainable 

Technology, Royal Institute of Technology, Stockholm. 

 

- Do you think that now there are any demands for changes within hydropower sector in 

Sweden? If yes, in which way? 

- First you have to look upon how many hydropower stations we have. It is extremely built up 

source of electricity supply in Sweden. Perhaps 80% of the economically feasible potential has 

already been built out. It produces about a half of our total electricity demand and it has 

tremendously high ecological cost with created water deserts. So we put on values on the water 

and destroy ecological system there. Then it is obviously that we should use in a rational way the 

hydropower that we already have today. And we do not want any new hydropower in 

unexploited water flows. We would like to preserve them for future because we have an 

obligation to do so since it is a part of our heritage. The rivers have a high value for other 

purposes besides hydropower. In order to reach the goals defined by the Swedish Environmental 

Protection Agency in “Levande sjöar och vattendrag” (Flourishing Lakes and Streams) 

document, and also to reach the biological diversity goals that we have both within Sweden and 

as a part of the European Union, we need to preserve the water flows that we still have left. 

We also think that it is wrong to subsidies smaller hydropower stations as we do today, but the 

market should decide if a hydropower station is profitable. The electricity certificates were 

introduced to facilitate the process of entering the market for renewable energy since it has a 

higher cost. But it is not related to hydropower since it is a hundred years old technology. And 

the investments have been made long time ago and the running cost is very low. You cannot 

compare hydropower technology with solar, wind and bio energy which still have very high 

research and development cost. So we do not understand why hydropower should be within this 

electricity certificate system. And what you can also see is that the already existing small-scaled 

hydropower stations receive the certificates. The whole electricity certificate system was 
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implemented in order to get new energy to the market, but these stations are not new energy 

sources. And the three largest companies E.ON, Fortum and Vattenfall received 264 000 000 

SEK from that electricity certificate system for their already existing small-scale hydropower 

stations. I think we should not subsidize that kind of companies with that money without 

receiving anything for society in turn.  

Then I think that today we produce around 140TW per year in Sweden, and the demand is about 

the same. And after I read the Swedish Energy Agency‟s (Energimyndigheten) long-term 

prognosis, my understanding is that around 170-175TWh will be produced between 2025 and 

2030. And the demand will be 145TWh, perhaps. This is with the current legislation, with the 

current political decisions and with the current subsidies system. Then that study says that 

0.4TWh extra hydropower will be produced compared to what we generate today, and this is 

mostly due to making large hydropower stations more efficient, without any new dams. And still 

in only 20 years we will have a net surplus 25-30TWh. In this prospective we will manage our 

“20-20-20” goals in EU and we manage goals within the framework for renewable energy 

without any new hydropower.  

 

- What are your major objections to the hydropower? 

- Our main objection to the hydropower stations is that they reduce the possibility of animals 

and other organisms to migrate in the water. For example, when it comes to fish, hydropower 

obstructs their migration to spawning places. Biological life is cut off if there is a dam and if 

there is no possibility of passing that dam on the side. And we think that there are good 

possibilities of combining good ecological thinking and sustainable waterpower production, but 

for that you have to stop that practice of taking 100% of water and you have to put 10-15% of 

the water on the side.  

 

- But the energy producers say that when they invested in their plants, they did not take 

into account those 15-20%, so now if they introduce this environmental flow, it will be not 

profitable anymore to have the plant. 

- The energy producers are obliged to have environmental flow and fish ways (I would rather 

call them fauna passages, because they are not only for fish, but for other species as well) since it 

is required by the law. According to an investigation which was done recently by the government 

and presented in a paper called “Vattenverksamhet” (Water Activities), we have 8000 dams, 

around 2000 of which are used for the electricity production today. In principle the law demands 

fish ways in all these locations, if there were no exceptional circumstances which made it 

possible to construct a dam without a fish way. And there are fish ways only at 150 places out of 
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8000. And even this number 150 is also just approximate and nobody really knows the exact one, 

even the counting administrations, which are supposed to keep track of them. And perhaps in 

50% of those 150 stations, which may have fish passages, the passages do not even function. 

And nobody cares. So my view is that the energy sector should take these questions not so 

lightly and put a little effort on them, more long-term.  

 

- If the energy producer take only, let’s say, 20% of water flow in the unexploited yet river 

and then give it back, will it be acceptable for you?  

- No, that is unacceptable. These rivers should be untouched for the future generations. There 

would be demonstrations in case they were allowed to do so.  

 

- Would you accept the idea of removal two plants in the river close to the sea and building 

one instead of these two in the middle of the river? For fish it is good since it has better 

connection to the sea, and for hydropower it is good because the head is higher in the 

middle of the river so the energy production will be also higher, even in case of one plant 

instead of two.  

- Well, it also depends on the sites and what values do you lose higher up if you produce energy 

there and what values do you get downstream. But in general I think we should have deals like 

that. For example, on the Ljusnan River we have around 20 dams, and according to the law they 

have to retry the permits, and then you retry them one at the time, which is not smart from either 

economic or ecologic point of view. It is wise to look at the whole river system at the same time. 

There could be used an idea of implying environmental measures at several plants together, 

when there is a task for them, for example, to reduce certain emission by 30%, and they decide 

on their own the reduction at each plant, but the overall reduction should be the required one and 

thus they can chose the more cost efficient way than in case if they just reduce emission by 30% 

at each plant. So this idea should be explicitly put into environmental law. That has been done 

but not for hydropower. And that is why in case of Ljusnan from environmental side we have 

tried to have an overall try of all the permits at the same time to see how we can get a good flow 

and where the most precious ecological values are. That is what we should talk about to the 

Water Councils. And then we could perhaps have a permit when they need to spill less water in 

some of the dams. This took ten years and lots of efforts. And at the end Fortum just said, 

“Sorry, we are not interested anymore.”  And for us that cost so much money and so much 

energy for working without profit, like we do, and they have lost nothing. So their credibility is 

low in our view, from practical experience in the past. If they show that they are serious actors, 

and they show that they really want to see how we save the environment and enhance the 
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ecological values, but at the same time getting from us the standard, then perhaps there will be a 

possibility of win-win. And we are interested in that. But then we always have to look once again 

if we really need more electricity. We also have to keep in mind that all producers‟ 

argumentation is originated from selling more electricity at higher price. And it is up to society 

to say, “Yes, you can do that, but you have obligations.”  

 

- I talked to one of the energy producers’ representatives and he said they did not really 

like the idea of implementing the environmental measures at all plants together, but they 

prefer to consider each case separately. That is they did not like to have a law saying that 

they had to have 5% environmental flow for every station, because sometimes this flow 

should be less, or more or it did not help to the environment at all. What do you think of it?  

- But that is precisely the view I share. Today we have the law which says it should be minimum 

flow 5%, and it is not always followed obviously because the energy producers are so strong. 

And then the Environmental Code says, when you retry a permit you can demand up to 15-20%. 

And as it was shown in “Vattenverksamhet”, it does not happen. The losses of retrials of the 

permits, losses of the electricity production, when they let go water besides the turbines, these 

losses are extremely low. But my idea here would rather be the same as of this energy producer 

you talked about. Perhaps it is smarter to have 20% at one plant and 1% at another one. I think it 

would be a solution if a kind of agreement can be done between the environmental movement, 

the energy producers and the authorities to make a case study about the environmental flow 

which would be the best option at each site. And then you can see if it is better to consider the 

whole river system with different environmental flow at each station or it is better to do like we 

do always.  

 

- What do you think about the Water Framework Directive? Are you satisfied with its 

requirements? 

- It depends very much on how it is going to be implemented and what do they consider as 

“heavily modified water bodies”. The electricity companies are lobbying very hard at the 

moment and at least for Sweden they want to see all our waters as more or less heavily modified 

and that means they do not have to do anything to improve the environmental situation. Perhaps 

you cannot reach the same high level of water quality for heavily-modified water bodies 

comparatively to non-heavily modified ones, but that is not really true that you cannot do 

anything to improve. However, in general I think it is a good directive and a good way of 

looking at water. This means not looking at it just commune by commune, but it is better to see 

the whole flow and treat the whole system as one. And now we will see how the Directive will 
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be implemented. At the moment there is a lot of criticism of the Water Authorities 

(Vattenmyndigheterna), since they implement the Water Framework Directive, but it is not 

obvious that all of them do it in the same manner. For example, the farmers complain that 

different authorities within Sweden have different requirements, so they have to pay different 

money to fulfill the requirements, but then they compete at the same market and then it is an 

unfair competition. The environmentalists complain that nothing actually happens and it is just 

talking as always. So let‟s see what comes out of it. And at the moment the government is going 

to shut down the Swedish Board of Fisheries (Fiskeriverket), which is one of the authorities 

managing fish resources in Sweden, and they are going to take a lot of people from the Swedish 

Environmental Protection Agency and people from the Swedish Board of Fisheries together and 

found the Marine Resource Authority (it corresponds to DG Mare in Brussels). At the moment 

there is a situation when you have the five Water Framework Directive Authorities and they are 

quite independent. Now you are going to have this Marine Resource Authority coordinating 

them. I think this is a good thing and this is something that has been lacking. I also think that it is 

very good that all the stakeholders meet in the Water Delegations. We have Sweden divided into 

five districts, and in each part you have this Water Framework Directive Authority, which is a 

part of the County Administrative Board (Länsstyrelse) and for each of them we have a Water 

Delegation (Vattendelegation), which is appointed by the government and in this delegation you 

have representatives of the stakeholders. And then since the rivers are not limited by these 

districts, we also have for each of the main rivers what you call Vattenråd and these Vattenråd 

are coupled to the Water Delegations. Within it all the stakeholders meet and share their views. 

The triggering factor in order to achieve better environment within the whole system is that 

Vattenråd and the Water Delegations are supposed to come up with action plans. And my 

experience is that when you sit down and talk to people, lots of practical ideas come out. And 

they share each other‟s views and the differences diminish instead of growing. So I think that is 

also a good thing. The main risk with it is that in the commercial side they have an economic 

interest, they will participate in these meetings, and they have lots of resources. But the NGOs, 

they have to take vacation from work and pay from their own pockets to go there. So we are 

reproducing even a larger divergence between powers. Still they meet, but that is something that 

you have to keep an eye on so as not to reproduce a system when you just increase the difference 

between different forces and actors.  If you work in a factory and you are in Sportfiskarna or any 

environmental NGO, you have to ask your boss if you are allowed going to this meeting and you 

lose your salary because of that. And the lawyers from big energy companies are obviously paid 

for doing this. However, still I think we have to keep the model since it is good, and we need to 

get closer, but not further from each other.   
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- Do you think that was a good idea proposed in this report “Vattenverksamhet” when you 

define the most important rivers and streams for the energy production and also which are 

already damaged much and then you treat them less strictly than the others?  

- No, I do not think that is a good idea since 5% is a fair demand and the energy producers 

would still be able to use 95% for power production. And one has to think about the fact that 

there are people living in the areas of those damaged rivers and there are also ecological values 

in those areas, so is that OK by law to treat some regions, where people live, as less important 

from environmental point of view? And at some places one can still save a lot, for example, in 

case of the Lule River, which produces 18TWh, more than 25% of the total hydropower 

production in Sweden. The ecologists say that at particular places at the Lule River if you just 

provide some water running besides the dam, you can gain a lot of ecological values. So I think 

it is important to make an environmental evaluation for each site and see where the water is most 

valuable for the biological values. And it is the same for the small hydropower stations, which 

we are against very much. But there are obvious spots where it does not matter if you have a 

dam, because there are so high natural falls that no species can move through it anyway. Then 

we are not opposed to that kind of plants since they do not damage much ecological values.  So 

let it be, but still do not subsidize it, we think.  

 

- The owners of small-scale plants say that there are some cases when you do not have to 

have the environmental flow all the time. For example, eel moves few times a year passing 

by a hydropower station, so they ask why they should have the environmental flow during 

the whole year. What do you think about that? 

- But what happens with the rest of species, with the rest of ecological values, which usually 

need to pass throughout the year?  If all of them can be taken in account, when the environmental 

flow is provided, then this is a good idea to make it flexible like this. Once a year you have to 

look at what values there are at stake and then you can find intelligent and, so to speak, 

conscious way of combining the electricity production with the ecological values. And I think 

the energy producers have to come up level with us.  Most dams were built when nobody 

thought about the environmental values and everybody just wanted the electricity. The first 

ecological movement started in the beginning of 60s, when most of the dams were already built. 

And there was a culture cultivated at the energy companies that has disregarded more or less of 

these values. But I think that now we shall deal with together, instead of being in confrontation.  
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- The energy producers say that if they want to do, for example, refurbishment of an old 

plant and increase its efficiency, then they have to get a new permission and sometimes 

these new requirements are so strict that it is not anymore economically feasible to run this 

plant and it is easier to shut down this plant at all than to fulfill all those requirements.  

- Have they shown any concrete examples?  

 

- I did not ask actually. 

- Oh, please do that, if you have an opportunity. Then it should be a case study done in order to 

analyze it and present to the government, for example, because we cannot have it like this, of 

course. Yes, speaking to Kammarkollegiet, I think you will get an answer that if an energy 

producer reconsider the permit in order to improve something then Kammarkollegiet will 

demand the reconsideration of the permit for the whole dam, because this organization is so short 

of resources. In this book (“Vattenverksamhet”) it is said that retrial of all dams in Sweden 

should be made within perhaps 10 or 20 years, but with the current resources of 

Kammarkollegiet and Länsstyrelserna it will take a hundred years to retry all the permits in all 

Sweden. So they have to take chance. But then what happens if there are such cases for which 

the cost is more than they can earn. There should be a study done about it in order to make it 

visible and transparent for everyone. For example, if I was an energy producer and I made 

changes at one of the plants to take away all the lubricant oils, and then Kammarkollegiet 

reconsidered my permission because of that, I would ask the Swedish Energy to make a case 

study about that so nobody else could face this kind of problems in the future. And I am 

absolutely certain they would.  

 

- What do you think about the need of hydropower for regulating power? 

- The Swedish Energy and all power plant owners have to put forward the idea that we will need 

more hydropower, when we build out the planned wind capacity. But as far as I understand 

things, if you look upon the long-term energy prognosis from the Swedish Energy Agency and 

take into account 10TWh of wind, which is now reconsidered to 7- 8TWh, that come around 

2025, then the regulating power from the current hydropower stations is more than enough and 

that was stated by Elforsk, which belongs to the energy producers but still represents a kind of 

independent research. However, in “Vattenverksamhet” it is said that this is a big problem, 

which needs to be solved and therefore we need more hydropower and therefore we need to 

reconsider and make less strict the regulations in order to make it easier to build new dams. So 

the whole book was built on that assumption. And looking at what is really going to be a 

problem in Sweden with these 175TWh, is that the production companies want obviously to 
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export the surplus. But we do not have enough grid capacity for it. The grid capacity is about 

10TWh increase from now, we can sustain 150-155TWh and it depends where in Sweden you 

are, so we will need more transmission lines. So it is not really a matter of regulating power, and 

there is nothing about that in “Vattenverksamhet”. And of course, if we really needed the 

regulating power, then we would accept it. And in addition this study does not consider the 

possibility of not using energy at all. They always look at the supply side instead of looking at 

the demand side.  And the government investigation has been done which shows that 20-25TWh 

of energy (but not the electricity) could be saved easily. So there is so much to gain from doing 

that, but this is not taken into consideration neither in this kind of books, nor in the program of 

the Swedish Energy Agency. And sometimes I wonder if one can introduce a system when the 

energy producers gain when we do not use the energy that they sell.  

 

- What do you think about this certificate system "Good Environmental Choice" (Bra 

Miljöval) organized by the Swedish Society for Nature Conservation 

(Naturskyddsföreningen)? Do you think their requirements are enough? 

- When this system was introduced in Naturskyddsföreningen in the middle of 90s, it almost 

divided the organization into two parts, I think. The one did not want to acknowledge as a “green 

energy” the hydropower stations that they had been fighting. And the other part thought that 

since the dams were already in place the energy producers had at least pay for the benefit of 

environment and still the organization could oppose constructing any new dams. That side won 

and the green certificates were introduced. There were two steps, I think. The first criteria which 

were introduced originally, I do not think they became a lift for the environment so to speak. It 

was less than one ore per KWh that was put into funds that were supposed to be used for 

environmental purposes. How much money has gone into the funds, what they have been used 

for and one of the environmental results I would like to see, as a member. Otherwise I cannot 

evaluate this certificate system. And the second stage was that a couple of years ago they 

introduced higher standards for those who wanted to be a part of the system. I would like to see 

in a couple of years, where did this lead to, what environmental improvements could we see by 

introducing those higher standards? So I am bivalent with respect to this certificate system. You 

cannot just say “no” to everything, but I want to see the benefits transparently.  

 

- Do you socialize to the other stakeholders within the hydropower sector? Have you ever 

attended any meetings where there were the energy producers and the environmentalists at 

the same time? 



146 

 

- We meet in the Court… But we also do socialize, yes. I am in a constant contact on a regular 

basis to small-scale hydropower stations owners‟ chairman, Lars Rosén.  And I also speak to the 

Swedish Energy, and I meet the big energy producers, and in two weeks we are going to meet 

smaller companies close to Linköping, where we are going to discuss removal of a dam together. 

We also work with rock artists in Sweden, we have released two albums together and all the 

money goes into the fund which we can use for fighting hydropower. For example, from this 

fund the money could be taken to compensate for that dam owner, whose dam we are going to 

remove… So yes, we socialize and we talk a lot, but still I think not enough. But we are a small 

organization and our whole turnover is about one third of what the energy producers put into 

commercials on television each year.  

 

- Do you think any new dilemmas may appear in the future between the stakeholders? 

- Definitely. I do not know which ones, but there are always new dilemmas appearing. And one 

dilemma which is going to stay a bit higher on the agenda generally is how to find a compromise 

between the renewable energy production and environmental requirements. If you come back to 

climate change, you promote renewable energy including the hydropower. But then you work 

against the governmental document “Levande sjöar och vattendrag” (Flourishing Lakes and 

Streams) and biological diversity, so the environmental goals which have been decided by the 

government and by the Parliament, are standing in opposing each other. Now climate change is 

obviously the shield which the energy companies are holding in front of them.  

 

- Taking stock of what we said today, what would be your “dream” scenario regarding the 

hydropower in Sweden? Is that “no new hydropower and fish ways and environmental 

flow at each station”? 

- No, I would like to see investigation which answers where we can enhance life in the water by 

introducing these measures for the environment. You should do the same for every station, this is 

not cost efficient from many points of view. So you should make an investigation where the 

measures are meaningful and then to implement them, of course, not just to talk. And also it is 

going to come 15-20 % more rain in Sweden, so we will have 10-20% more production at the 

already existing stations and then of course this possibility should be utilized, the dams should be 

reinforced and the stations could be refurbished in order to produce more and this can done by 

subsidies, if they really need it, even I do not think it is necessary to subsidize it. So I would like 

to see the efforts put there and increasing efficiency and, as a result, increasing production at 

those dams. But then Sweden does not go for the small stations, because the damage on the 

environment is so much and the gain is too little. 
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11. The future of Swedish hydropower. Individual interview with Professor Christer 

Nilsson, Department of Ecology and Environmental Sciences, Umea University, by 

telephone, April 16
th

 2010. Interviewer Olga Petrik, MSc Sustainable Technology, Royal 

Institute of Technology, Stockholm. 

 

- Do you think that now there are any demands of changing something within hydropower 

sector in Sweden? If yes, in which way? 

- I think some rivers are overexploited, so the extent of hydropower generation should be 

reduced in these rivers to favor environmental values instead. I am speaking for example about 

rivers that block the passage for migrating fish. In cases where there is a good spawning further 

upstream but the fish cannot make it up there, there is room for improvement. We have one 

example in the lower Ume River where the power station called Stornorrfors efficiently stops 

80% of the migration of salmon up in the Vindel River which joins the Ume River upstream of 

the power station. And there is also a power station in the lower part of the Pite River, which 

also stops some of the migration upstream. And both these power stations kill a lot of fish that 

are moving downstream. The small ones might be able to go through the turbines, at least some 

of them, but the kelts, which mean the fish that has been spawning, are bigger and they are 

usually killed when they pass the turbines. Such modifications could lead to reduction of 

hydropower capacity. There are two important interests competing, but, in my opinion, in such 

cases the environmental interests are strong and should be valued higher than those of power 

production.  

I have another example in the lower Dal River. They have huge problems with mosquitoes and 

the mosquito population is very much favored by summer floods, which are created by the way 

hydropower is generated. So I think the hydroelectric schemes need to be modified taking into 

consideration also the mosquito problem. That could mean reduction of the capacity, but 

mosquitoes are really a trouble for people living in that area.   

 

- How could the hydropower producers solve the mosquito problem? 

- That is dependent on the way they regulate the entire flow in the channel. I mean, formally 

most of the melting water from the snow in spring went with the river out into the sea. Before, 

when there was no regulation, the spring flood water was still cold, below 10-12 C° and that 

meant it could not trigger or initiate any development of mosquitoes. But now the hydropower 

companies store most of this melt water in the reservoirs further upstream in that particular river 

and they release it during summer or they might release it during next winter, but if there are 



148 

 

rainstorms during the summer they have filled all the storage capacity of the river and that means 

that the rain storms go straight through and in this case summer floods are created. That would 

not have happened if the water had been low as it is during natural conditions. So in case of rain 

storms in summer time large areas adjacent to the river are flooded and this, in turn, causes the 

mosquito problem. Thus I think, the hydropower companies really need to release more water in 

the spring and maintain some extra storage capacity that they do not use during summer, so they 

can take care of the rain storm water and, so to say, have a buffer against the summer floods.  

 

- Do you mean they should have bigger reservoirs? 

- Or the same size, but they should not be filled up completely. But that will also mean loss in 

hydropower generation. So it is not easy to make it true, but the Environmental Court could 

make decisions about that.  

 

- Do you know any measures which will be win-win situation for both hydropower 

generation and environment? 

- Unfortunately I think in most cases wins for the environment mean losses for the hydropower 

production, at least in terms of electricity generation. I mean, the hydropower companies might 

get some good PR if they produce a bit less and favor the environment, but in terms of electricity 

it is always a loss.  

 

- Some of the interviewees I have already talked think that not all the rivers need the fish 

ways and in some cases it will not help. What do you think? 

- That is true because many of heavily regulated rivers are so heavily regulated that they just like 

a stairs of reservoirs and dams, so there will not be any spawning ground and there is no point in 

helping the fish to pass the power stations since they cannot find any spawning areas further 

upstream.    

 

- Is there the same situation with the environmental flow? I mean that in some cases it is 

enough to have 5% of it, in some places you need 20% and in some other places you do not 

need it at all? 

- Yes, that is also true. I think it is unfortunate that each dam has to be treated individually by the 

Court. I have sometimes suggested that if you have twenty power stations in the river, you 

should be able to take out the lowest or the uppermost one. You then take it out completely 

instead of reducing the production by five percent in each of them and that will lead to higher 

gains by the environment. But it is not possible to do it like that because of the way the 
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Environmental Code is formulated and the way that the Environmental Courts work. Of course, 

it could be changed, but it might not be easy. And also, if you want to use environmental flows, 

then I think you should restrict that to areas where you have a dry channel since then the 

environment would be favored if you had a constant release of water throughout the year. Then 

new wildlife would form there. But in many cases the upstream water level and the downstream 

water level join the dam so there is no real channel to benefit from a release of extra water. In 

those cases I do not see a point in reducing the hydropower generation.  

 

- Then do you think that it is better to consider each hydropower station separately in the 

Court, but not all the hydropower stations in the country at once?  

- I think the best level for such consideration is the catchment level. And that is also the level 

that is relevant for hydropower production, because there are associations between the 

hydropower companies on a catchment level. It is so since an upstream power station needs to 

consider the downstream ones in its release of water, so power stations need collaboration. And 

regarding the ecosystem it is also the most reasonable level, the functional level. So that is what I 

think they should do.  

 

- If you implement all the possible measures to reduce the environmental damage of the 

station, will it be still harmful for the nature? 

- It will always have some impact. The basis for the hydropower generation, at least in Sweden, 

requires that the flow is regulated. I mean, the ideal situation for hydropower in Sweden would 

be that we have a reasonably low flow in summer and high flow in winter or at least the same 

flow throughout the year. But the natural flow does not work that way and naturally we have a 

very low flow in winter and much more during summer, so that does not match the needs of the 

electricity consumers. So if you like to produce hydropower in an economic way, you need to 

regulate heavily. And that always implies damage to the ecosystems.  

 

- If the energy producer will take only, let’s say, 20% of water flow in the unexploited yet 

river and then give it back, will it still be harmful for the river?  

- It depends on how they do it. I mean formally they built power stations like that, they took 

parts of the water flow and the power station was built beside the rapids. And that kind of 

damage is reasonably small because the main channel will never be dry. The old Water Act 

required that you could not build a dam across the river. But as soon as you build a dam across 

the river, then you introduce the major damage since then you fragment the river. And besides 

the regulation, the fragmentation is a serious impact. But I would say that there is no useless 
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water in the river, so all the water has some kind of impact. A free flow river system is very 

dynamic and this dynamism is very important for productivity and biodiversity. So what the 

hydropower companies always talk about is that they want stability. And if those extreme events 

happen, a very high flood, for example, they can take the extra water from it, but the water is 

very important for the environment because it creates a natural disturbance that opens up space 

for invasion of species and for rejuvenation of vegetation. You will lose a lot of dynamism if you 

start taking away the water. And there is also another aspect and that is how most of the rivers 

are already affected by hydropower. But for future generations and for future education, for 

future research and recreation and many other reasons you need to protect some rivers entirely. I 

also see a risk that the recent talking about reducing the hydropower generation in some power 

stations might increase the pressure on the free flowing rivers. I do not want that to happen. So it 

is a delicate balance.  

 

- Do you think that if Sweden builds more wind and the hydropower is used more for the 

grid balancing, then that will be worse for the environment? 

- I think it will be worse if they increase the degree of the regulation and introduce more 

variation. But I have heard different opinions about that, because if they build wind power 

stations all over Sweden, the wind situation will not be constant around Sweden and it will 

always be wind somewhere in the country. So I have heard from many sources that they are 

exaggerating the problem. It might not require more regulation in the rivers if they introduce 

more wind power.      

 

- Could you name the worse impact of hydropower on the environment in your opinion? 

- The worse are the fragmentation and the regulation. And the regulation means many different 

things, it means everything from impounding of large areas to leaving channels completely dry. 

And the worst case of fragmentation is when you make it impossible for organisms to pass the 

dam, at least to go upstream the river and in many cases also downstream since they have to pass 

the turbines and they get killed there. Those are the two worst general impacts.  

 

- There is an opinion that the fish passage can be open not during the whole year, but only 

during some time when the fish is coming, do you agree? 

- It should be open the whole year, I mean there are different kinds of fish and we know very 

little about migration of more resident fish. So what these people are talking about is fish that 

usually migrate in the ocean and the rivers, so they might need to release some minimum flow 
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for those long-distance migrating fish, at least for the upstream migration. But in most cases the 

downstream migration is forgotten. So it is not a very good situation.  

 

- If there not be any changes in hydropower situation in Sweden, will the situation get 

worse, or is it balanced now? 

- We have dealt with this question over the years and we see for example from large reservoirs 

that there is a tendency during the first thirty years that plants, for example, riparian plants, will 

recover. They are heavily impacted when the reservoir is created because impoundment is often 

involved. But then species start to recolonize. But after thirty years the erosion reaches such an 

extent so then the species pool starts deteriorating. And we have not seen the end of this. So I 

think the final stage might be a completely barren riparian zone. I mean between the higher and 

low water levels in the reservoir without any fine material. Then there will not be any habitats 

for plants to grow in and that means that the nutrients level in the reservoir will be extremely 

low. And such effects can go on for centuries. In that respect it will be worse and worse. In the 

main river channels with series of run-of-the river impoundments and dams I think we have 

more balanced situation. So it depends at which part of the river system you are looking at.  

 

- There are many abandoned dams in Sweden, some of them are very old, for example, fifty 

years old, with established culture and environment around it, do you think it is always 

better to remove them or it would be no much harm if to build a hydropower plant on such 

dam?   

- We have studied that, I have a PhD student working with that and our conclusion is that it is 

always better to remove an old dam. But if you have lots of sediment in the upstream reservoir 

and if those sediments are poisonous, it might be very expensive to deal with that, so in such 

cases you might come up with this conclusion that it is better to maintain the dam and think 

about the future solution for the poisonous sediments. But if you do not have such situation, then 

it is better to remove the dam.  

 

- What do you think of the Water Framework Directive? Do you think it will help to cope 

some of the problems?  

- Yes, that is what a lot of people are doing right now. Hydropower industry just wants as many 

developed rivers as it is possible to be characterized as heavily modified water bodies because 

then they do not need to do anything for the rivers in this case. And the nature conservation 

authorities want as few as possible to be characterized like that. So they are arguing about that. 
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But if they do not characterize too many as heavily impacted, then we really need to do 

ecological improvements. So in that respect it will be better.   

 

- But do you agree that if the river is really heavily modified by hydropower, then one can 

leave it like it is and no measures will help much? 

- If we did not need any hydropower generation, if we could come up with a new way of 

producing energy, then I would recommend that we take out all the dams because there will be at 

least some recovery in all those river systems. But as long as we need hydropower, we might 

classify, at least the major producing rivers, as heavily impacted and maintain the hydropower 

production. But if we consider the ones with very small-scale hydropower production, maybe not 

with very serious impact, then I would really recommend restoration of the environment in those 

cases.   

 

- Do you agree with opinion that small-scale hydropower is worse because they have bigger 

impact per unit of energy produced? 

- That is basically true. 

 

- Do you know why is the hydropower prohibited in some parts of the rivers in Sweden? 

- You should know that in almost all cases where there are undeveloped river reaches, it is 

because they were expensive to develop. It costs a lot and there is no concentration of falls so a 

hydropower development would require a lot of excavations, tunneling, making channels and so 

on to concentrate the fall in a power station. So that is the reason why such areas are remaining 

and it is the same for the main rivers. I mean the national rivers, the ones which were most 

difficult to develop, were left. The Torne River does not have really concentrated waterfalls, it 

has just long gently sloping rapids, and the surroundings are also very flat. So this river would be 

very difficult to develop. And the Vindel River is kind of similar and it does not have any good 

lakes in the upstream region. So when hydropower companies planned to develop it, they had to 

make completely artificial reservoirs in the upstream reaches and impound a lot of nature. And 

the same is true for the Kalix River, where they planned to construct artificial reservoirs in 

forestland. So that is the reason why such reaches are remaining, they were very difficult and 

expensive to be developed.   

 

- So did they include into the Swedish Environmental Code all unharnessed rivers or their 

parts? 
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- Yes, that is right. There have been several studies, scanning the Swedish Rivers and I have 

taken part in several of them.  And during those projects the rivers have been ranked in terms of 

value and several values have been considered. So those ranking lists have been transformed into 

law then. That is how it worked. 

 

- Did they prohibit all the unharnessed rivers at that moment? 

- No. In some cases undeveloped river reaches were not considered so valuable, so they were 

open for hydropower development. And another important aspect to remember is that if we were 

able to do this work before any large-scale hydropower development had started, I think the 

protected areas would be different from what we have today. For example, in the Lule River 

there were giant waterfalls and rapids and huge environmental values, and in the Ume River 

there were extremely valuable lakes. Those are completely gone. So it is not the case when the 

best environmental values are left. First hydropower producers took what they considered was 

best for hydropower production.  

 

- What do you think of the electricity certificate system if it comes to hydropower? Do you 

think that it should not be applied to hydropower? 

- It should not be applied for hydropower. I think that was a serious mistake because now they 

can even renovate old power stations by referring to those electricity certificates and I do not 

think it was intended to be that way.  

 

- Would you accept the electricity certificate system if to get these subsidies the 

hydropower plants had to meet certain requirements regarding the environmental friendly 

measures? 

- At least it would be better. But I think we could reach that goal without the certificates, because 

old power stations need to be renegotiated after thirty years and then, I think, every ten years. 

And lawyers have discussed that and that was when they came up with the idea that five percent 

of the water could go for the environment. But I have not really seen any good cases when that 

has come true. So there are still possibilities to make the improvements without the certificates.  

 

- Do you think any new dilemmas between stakeholders regarding hydropower may 

appear in future? For example, because of the climate change? 

- Yes, that is a good question because according to the predictions, for example, by IPCC, if we 

look upon Sweden, most rivers are predicted to get a higher discharge, especially in the North 

and central Sweden. And within the next ninety years it is predicted to be up to 20% more. So 



154 

 

who owns that water? Will it go automatically to the power production or does it belong to the 

environment? That is a very interesting question. I could think about a compromise because it 

would be a very elegant way of increasing the hydropower production without using more rivers 

and without increasing the extent, the magnitude of the regulation. But I am sure that nature 

conservation or management authorities would like to have something for nature too. So I think 

we should be prepared for that and start already today a discussion about how to deal with those 

questions because it might not be the case that the present hydropower stations are built in such a 

way that they can use all that extra water. So maybe simply for technical reasons they have to 

bypass some of it. At the moment I have not seen serious discussions about how the energy 

producers will use the increasing average discharge. And in the future this increased discharge 

will also be accompanied by an increasing air temperature. And the electricity from hydropower 

is used a lot to heat the houses. So the need for that will be reduced simultaneously.  Maybe we 

could use it for the electric cars.  

 

- Do you think that Sweden should help to Europe with its regulating power and renewable 

energy? 

- That is a political question. I do not think we should support the rest of Europe with electricity 

produced by hydropower if it means that we need to develop more rivers. But if we do not have 

use for the present production, then, of course, I think we should share the electricity because it 

might be that other countries will reduce their use of coal, for example. But I would not support a 

situation where we develop everything which is possible to develop and then export a lot. It is 

because if you think about Central and Southern Europeans, many of those people would really 

like to visit free-flowing rivers in our country. So we should not forget about the environmental 

value too. I have studied the entire world in terms of degrees of regulation and I can see that 

Europe is the area which has impacted most of its rivers compared to other countries. And the 

only remaining rivers are basically in the Northern Scandinavia. I think those rivers are 

extremely exotic and valuable for many Europeans, so we should consider those things too. 
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