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Best regards
Julia Wiebert and Minna Sahlsten

Abstract
The operation of hydropower plants in Sweden is regulated by certain Water Rights Permit. When new
permits are to be applied for, for instance when wanting to make an upgrade or build new units or
hydropower plants, this is done through an application process. This application process can be long and
complex, and it has uncertain outcomes. Energy companies such as Fortum may therefore at times avoid
applying for new permits, which results in an untapped potential of power output for the hydropower
plants in question. The objective of this master thesis is to investigate how these application processes
have impacted the power output from hydropower plants. This aspect is important due to expected
changes in the legislation, which may increase the rate at which these applications for new permits are
made. It is therefore important to learn from past processes and take these lessons into consideration in
future cases. To investigate this, a number of case studies have been conducted in order to see which
considerations have been made regarding whether or not to apply for new permits.
Through investigation and evaluation regarding how different criteria impacts on the case studies, it was
found that each case was unique. Different studied aspects affected the application process to a different
extent, and at different stages. Some combinations, such as suggesting building a new hydropower plant or
unit if the surrounding area is under protection according to the Environmental Code, were shown to
impact the process and its outcome extensively in the studied cases. It was shown that a lot of potential
upgrades have not been realized. An increase of only 10 %, out of an estimated potential of 26 %, was
actually achieved in the studied cases. When comparing to other reports in the same field, it was shown
that even further potential could be reached if using a systems approach.
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Executive Summary
The main expansion of hydropower in Sweden occurred between 1940-1960, resulting in a large amount
of the Water Rights Permit being based on the laws and regulations from that time period. Throughout
the last century, the legislation has changed until the introduction of the Environmental Code that is
applied today. When new Water Rights Permit for existing hydropower plants are applied for, in order to
make an upgrade of the hydropower plant, adjustments have to be made for the upgrade to be in line with
the current legislation. Due to these required adjustments, the permit process can be lengthy and complex.
This results in energy companies, such as Fortum, more frequently getting either unwanted outcomes
from these processes or choosing not to enter these processes in the first place. In the summer of 2017, a
new proposition given by the Government to the Swedish Parliament indicated that the existing Water
Rights Permits may have to be replaced or reassessed to a larger degree. In conjunction with the current
inefficiencies of the permit application processes, this makes it highly interesting to learn from old cases to
see how the potential of hydropower may be affected, and what can be learnt for the future.
The objective of this master thesis is to investigate how the application process has impacted the
upgrading of hydropower and how large the loss of potential power output has been. Case studies
covering twelve hydropower plants in Sweden owned by Fortum were carried out in the investigatigation.
Included in each case study are the scope of the project, the legal process, the environmental protections
in the surroundings and the potential power output according to feasibility studies. The criteria used in the
selection of the case studies are used for analyzing their impact on the case studies. These are the
following; Building of a new hydropower plant or unit, Submission of a permit application, Constitutes a bottleneck in the
river section and Hydropower plant lies within protected areas. These criteria were found to impact the studied
cases in different phases of the process of the project, as some only impacted the scope and some the
entire process and its outcome. The overall impact on the process from a single criterion or a combination
of them also differed. The criterion Building of a new hydropower plant or unit was also shown to impact more
when combined with the criterion Hydropower plant lies within protected areas, especially when the area was
protected according to chapter 4, section 6 in the Environmental Code.
The report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av potentialen för effektutbyggnad i befintliga
Svenska vattenkraftverk“ released in 2016 by Sweco was used for comparison in this thesis. The report
showed that there is a large untapped potential in hydropower. The study includes all hydropower plants
in the largest Swedish river systems while excluding the economic aspects as well as the environmental
protection requirements. Thus the report by Sweco focuses on the technical aspects and not on the issue
of implementing these upgrades, or how the application process looks like. This aspect is investigated
throughout this master thesis, as the focus lies on a more qualitative rather than quantitative study of a
number of case studies.
The second part of the analysis concerns the potential power output for the cases. From this, it is shown
that there was a potential to increase the power output by 78,9 MW or 26 % according to the feasibility
studies, but only an increase of 54,6 MW was actually applied for, corresponding to an increase of 18 %.
The increased output currently achieved for the twelve studied cases amounts to only 28,7 MW or 10 %.
This shows a significant gap between the possibility for upgrading the hydropower plants and what is
actually achieved. By comparing the results in this thesis with that of the report from Sweco, it was shown
that a lot may be gained from using a systems perspective when upgrading hydropower plants. The
potential estimated in this report was substantially larger than what was even considered in the feasibility
studies.
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Complications have also been shown to emerge when attempting to apply for a new permit for a
hydropower plant that gained its current permit when a different legislation was in force. This is so
because there are different opinions regarding what environmental measures should be required according
to the different parties involved in the court process. There seems to be a lack of shared consensus
regarding this between the power companies and several parties. If this would be established before
entering an application process, the latter might be substantially shortened.
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1 Introduction
Hydropower has been an important resource for power throughout history (Energimyndigheten, 2011). In
Sweden, the major expansion of hydropower occurred during the period 1940-1960. After 1960 the
expansion stagnated due to resistance concerning the environment (Energiföretagen, 2017). Parallel with
the expansion and development of hydropower, the laws and regulation concerning hydropower and
other water operation changed and developed as well. From using civil agreements and immemorial
prescription initially to then in the late 19th century to introduce the possibility for applying for Water
Rights Permits at local Courts. In 1918 the first Water Law was then introduced, which developed into an
updated Water law in 1983, to the Environmental Code that applies today (Naturvårdsverket, 2007b). For
each water operation a Water Rights Permit applies, which describes the approved way for the water to be
regulated. Looking at the Water Rights Permits that exist today, many of them are based of the elder laws
and regulation that applied during the time the permits was given (Länsstyrelsen Örebro län, n.d.).
If a water operation is to be changed, for example if the hydropower plant is to be upgraded to have a
larger rated discharge than the current Water Rights Permits allows for, new permits must be applied for
by the one holding the current permits. Authorities hold the right to request the existing Water Rights
Permits for a water operation to be reassessed. In both of these cases the permit is to be adjusted to the
laws and regulations that apply today, which can for some situation complicate the future operations. It is
more common that the one holding the current permit applies for a new permit than it is for an authority
to request a reassessment of a permit (Naturvårdsverket, 2007b). The rate at which this is done might
however come to change with the proposition that is expected by the autumn of 2017, which originates
from the continued work that has been conducted since Vattenverksamhetsutredningen (The water operations
investigation). Vattenverksamhetsutredningen was initiated by the Swedish government back in 2012 and led to
a report proposing that certain water operations, with Water Rights Permits from before the establishment
of the Environmental Code, should have their permits replaced. This would be done through removing
the old Water Rights Permits and make new permit applications for the water operations, or alternatively
by reassessing the current Water Rights Permits. This was partially motivated by that some of the
hydropower plants and dams today might not necessarily have permits with environmental standards in
level with those stated in the Environmental Code (SOU 2013:69).
Several reports in this area have been released during the last years. In June 2016, an Energy Agreement
was reached by a majority of the Swedish Parliament. This agreement describes the intended way forward
for the Swedish energy system. Hydropower is included in the plans as well as its intended development
path. It is suggested that the hydropower industry should be responsible for the costs that will arise due to
the reassessments of the Water Rights Permit. Further on according to the Energy Agreement,
hydropower is expected to play an important part in the future energy system, both as base and regulating
power (Regeringen, 2016). The high efficiency level of hydropower that reaches over 90 %, the ability to
store energy and to increase or decrease the production on short notice to balance the frequency in the
electricity system are some important advantages (Fortum, 2016e). To function as base power becomes
important as the energy system move towards a 100 % renewable, which is a goal set by the Government
to be reached by 2040. Hydropower is also used in order to balance the intermittent energy sources which
are assumed to have a larger share of the electricity production in the future. Since hydropower will be a
key resource, the potential to further increase both the capacity and energy production should be
considered at the existing hydropower plants according to the Energy Agreement (Regeringen, 2016).
In addition to the Energy Agreement the Swedish Energy Agency, Havs- och Vattenmyndigheten and
Svenska Kraftnät (SvK) released the report “Vattenkraftens reglerbidrag och värde för energisystemet”
(The balancing regulation contribution and the value provided by hydropower to the energy system) in
November 2016. This report is a follow up to the National Strategy for hydropower in Sweden as it tries
to show which hydropower plants and rivers that are most vital to the energy system. The aim is to
highlight the importance of the power balance regulation provided by hydropower plants, and to
discourage actions that could decrease this capacity in the most important hydropower plants and rivers
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from an energy system perspective. Environmental actions normally cause a reduction of the ability to
regulate the water level or flow, and can thus be a conflict of interests. This might limit both the energy
production and the power balance regulation provided by the hydropower plants. In the report the
hydropower plants are divided into three different classes depending on the ability to provide power
regulation, where Class 1 is considered most important. The report is intended to act as a base for
choosing where to implement environmental improving measures, as discussed in the earlier report
released in 2014 (Regeringen, 2016).
As can be seen from the number of reports released in recent years, hydropower is, on one hand
becoming increasingly important but on the other hand becoming increasingly restricted in its operations.
The reports also imply that we might be moving towards a legislation that requires the old Water Rights
Permits to be replaced to some extent. Replacing the old Water Rights Permits would be both resource
and time-consuming. Although it is realized that hydropower holds an important role in the future
sustainable energy system and that its regulatory services should be protected.
A report was released from Sweco in 2016 named “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys
av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“. In this the upgrading potential of the
existing hydropower plants located in the largest Swedish river systems is investigated. This unused
potential is shown to be quite extensive, and the potential increase in power output is estimated to be
around 24 % for these rivers. The report from Sweco is however restricted in its scope to exclude the
economic aspect and the environmental protection that applies. The investigation in the report has
thereby been conducted in a quantitative rather than qualitative manner. The focus lies with the technical
possibilities, and not on the realization of the potential and issues that may arise during the permit
application process. It is therefore of interest to investigate this subject from a more qualitative point of
view, with the difficulties of implementing these upgrades taken into account. This is done in this Master
Thesis through the analysis of a number of case studies. This in order to investigate how large the loss in
potential power output has been in earlier cases, and what reasons are behind this lost potential.
This subject is thus becoming more relevant. It is important to learn from past cases regarding both the
current inefficiencies in the processes and how different factors impacts the outcomes. If these processes
are not conducted in a more efficient manner, they may cause profound problems in the future as the
number of replacements of Water Rights Permits increase. This master thesis, which has been conducted
in cooperation with Fortum Sverige AB, focuses on the effect that these application processes may have in
terms of tapping the full potential of hydropower. To attempt to answer what potential power output that
has been lost, and what can be learnt from past cases, a number of case studies of past projects in
hydropower plants are conducted in this thesis.

2 Objective
The starting point of this master thesis is the potential additional power output and energy production
that Fortum may have missed out in the cases studied, where the choice was made not to apply for a new
Water Rights Permit. The choices made are often based on the uncertain outcome of the processes when
applying for the permits, as well as the fact that the process itself can be protracted. The hypothesis is that
there is in fact a lost potential related to uncertainties in the process.
The main goal with this master thesis is to answer:
-

How have the application processes impacted the upgrading of hydropower plants?

To the main goal there are some sub questions, to help further define the main goal, which are:
-

Which considerations have been made in previous projects regarding whether or not to enter a
process for applying for a new Water Rights Permit?
What factors have the highest impact on the outcome of the permit process?
How large was the loss of potential power output (in MW) in the cases when Fortum decided not
to enter such processes or gotten unwanted outcomes from these?
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-

What can be learnt from past cases?

3 Methodology
The main goal was formulated with the aim to provide insight regarding the application processes that
might be used in order to minimize future potential losses of power output. To answer the questions and
reach the goals formulated in the objective a number of case studies of ongoing or closed projects
regarding hydropower plants were conducted. Other background information was also required to be
obtained within the subject. A set of different methodologies were therefore used.
The methodology that has been used in this master thesis is:
1. Literature studies and studies of archive documentations of previous projects, hydropower,
legal regulations and other relevant background information. The aim of the literature study is to
provide background information about hydropower and which legal provision that regulates its
operations. The aim of the study of archive documentations is to provide information about the
cases that are to be analyzed. Information regarding the studied hydropower plants is to be
gathered, as well as regarding the legal process at large. The potential increase in power output
that was estimated for the specific case is included, as well as what increase that was applied for
and what increase the project actually resulted in.
2. Field trips and interviews were conducted to increase the knowledge about the studied
hydropower plants, as well as to increase the understanding for the considerations made in the
projects that are evaluated in this thesis. Interviews were held with people with knowledge within
hydropower, legal aspects and other areas of interest for the thesis. The interviewed persons have
duties such as project managers for hydropower projects, business developers, lawyers and other
persons of interest within Fortum.
3. Analyzing and evaluating the different projects by comparing the different considerations and
outcomes. Such considerations are regarding whether to enter a permit application process or not,
as well as different options investigated for the scope of the project. The validity of these
outcomes will be tested by comparison to another recent study made in the same area. This is a
report released by Sweco in 2016 regarding “Rapport Effektutbyggnad Vattenkraft: En kvantitativ
analys av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“. An analysis of these case
studies were conducted to show how different criteria had affected the outcomes of the studied
cases. The criteria referred to is introduced later in section 3.2 Selection of case studies below. These
criteria were also used for choosing which projects to conduct case studies for, which is also
described in section 3.2.

3.1 Limitations
The scope of the master thesis is limited to Fortum’s hydropower plants and associated rivers located in
Sweden. Limitation for the study has also been made to only consider projects that are not more than 15
years old. The number of case studies were also restricted, and determined by the selection process
described in section 3.2. The number of case studies that remained after the selection process were twelve.

3.2 Selection of case studies
In this section, the choice of which projects or cases to use in the study is explained. The scope of a
project can vary. The projects are within Fortum usually divided into four categories; Growth,
Productivity, Maintenance or Legislation. The projects classified as Legislation mainly revolved around
dams and dam safety. The Maintenance projects revolved around different maintenance measures, such as
different electrical systems and computers in the stations. The projects within the groups Growth and
Productivity revolved around refurbishment of turbines, building new units or hydropower plants.
The selection of which projects to include as case studies were based on certain criteria. First a list was
compiled comprising all Fortum projects in Sweden that had been initiated or ongoing during the past 15
years. To produce this initial project list, a list obtained from Fortum was used which included all turbines
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in hydropower plants owned to some extent by Fortum. The list also showed the age of these turbines.
From this list all hydropower plants with an age of the turbines ranging between zero and fifteen years
were picked. The selected hydropower plants had to be connected to a project, and this was done by
searching in both old project portfolios and hydro investments plans. Almost every selected hydropower
plant was identified and connected to a project. Additional projects, both ongoing and future, was
compiled from Project Portfolio 2017-2019, where all projects concerning hydropower plants owned by
Fortum in Sweden1 were chosen. The projects that included some sort of work with the turbine, such as a
refurbishment of an existing unit or building a new one, were chosen. Projects that concerned building a
new hydropower plant in the selected areas were also chosen. This choice in scope of the projects were
based on the intent to study the loss in potential power output due to the application processes.
Therefore, the scope had to be related to turbines to some extent. In addition to the selection of projects,
additional future projects were added to the initial list of cases. These were acquired from the Hydro
Investment Plan dated from 9th of January 2017 as well as from the Ten Years Plan. The same selection from
these documents was used as from the Project Portfolio 2017-2019. This refers to the areas where the
hydropower plants are located and the project scope (work on a turbine, a new unit, building a new
hydropower plant) as mentioned earlier.
The compilation of the chosen projects resulted in a list of almost ninety projects. In order to reduce the
number of projects that were to be investigated further, two rounds of selections were performed. Each
selection had a group of criterion that determined if a project was to be included or excluded. The criteria
used in the first selection are referred to as A-Criteria while the ones used in the second selection is
referred to as B-Criteria. All of the criteria for the first selection, the A-Criteria, had to be fulfilled in order
for a project to proceed from the first selection. Most of the criteria used in the first selection is what has
already been described in detail above. In addition to these criteria two additional were chosen, where one
regards the current phase of the project. Since there is little to investigate and not much to use for making
deductions if the project is in the start-up phase, it was decided to only consider projects that had reached
the TG1 phase at the least. The abbreviation TG1 is explained later in the report in chapter 10 The
investment process. In short it can be explained as the point in the project were it is decided whether or not to
apply for a new Water Rights Permit.
The second additional criteria, in the first selection, concerned the classification of the projects. In the lists
used for the selection of projects, different classifications of the projects are included. The classification is
as mentioned earlier in this chapter within the groups; Growth, Productivity, Maintenance or Legislation. The
projects classified as Legislation and Maintenance were excluded from the list as their scopes were not
suitable for this study. The projects classified as Growth and Productivity revolves around refurbishment of
turbines, building new units or hydropower plants. The projects connected to Growth and Productivity were
thereby chosen to proceed with to the next selection.
Summarized below are the criteria for the first selection as described above:
A: Criterion that have to be fulfilled






The project is either classified as “Productivity” or “Growth”
The scope of the project has to do with the turbine, new unit or new hydropower plant
The project has taken place in the last fifteen years
The project is either in the TG1 or a later phase
The hydropower plant is located in Sweden

The projects that did not fulfill these criteria were excluded and after the first selection, a list of around
thirty cases remained. In the other selection processes, a second group of criteria was developed. These
criteria are in this study referred to as B-Criteria. For a project to proceed from this selection, one or more
of these B-Criteria had to be fulfilled. This since it was deemed that if at least one of the criteria from the
1

The areas within Sweden are referred to as the areas of Dalarna, Värmland and Norrland in this project portfolio.
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second selection was fulfilled, the project would be of interest to the study. These criteria were based on
our perception of which projects would be of interest for the study, with the performed background study
as a base. The reason for using the criterion Submission of a permit application was since the thesis focus on
the lost potential due to the permit application process. Therefore we wanted to look further into all
relevant cases were such a process had been initiated. The reason for choosing Building of a new hydropower
plant or unit as a criterion was to make sure that the upgrading projects were not excluded for reasons due
to not having a permit application in the project scope. This would be the case when an old permit for
doing these measures already exists. The reason for including the hydropower plants that Constitutes a
bottleneck in a river is due to there being a potential for upgrade here. Since there would be a natural desire
to increase the rated discharge for these hydropower plants it would be important to look at all of these
cases. This in order to not miss any relevant cases where an application was not sent in for upgrading the
hydropower plant even thought it was considered. These cases were deemed interesting for this reason.
There is a slight similarity to the reason behind the choice of including all projects that Lies within protected
areas. This is since it might be hard to get permits for expansion of hydropower in protected areas. Permit
application processes in order to expand the power output might therefore have been avoided if it was
deemed hard to get an approval. These cases were therefore important in order to learn more about how
environmental protections affects the choice in scope, amongst other things, for hydropower plants.
Protected areas have been defined here as those under the protection by the Environmental Code or have
been defined as a Natura 2000 area. The criteria for the second selection are summarized below:
B: One or more criteria/criterion has to be fulfilled





Building of a new hydropower plant or unit
Submission of a permit application
Constitutes a bottleneck in the river section
Hydropower plant lies within protected areas

After the second selection the final list of the projects to be included was compiled. A total of twelve
projects were selected and are the following:













Avestaforsen
Bergvik
Edeforsen
Eldforsen
Frykfors
Hansjö
Laforsen
Linnvasselv
Ljusne Strömmar
Skedvi
Sunnerstaholm
Untra

4 Hydropower
Throughout history hydropower has played an essential part of the industrialization. It has developed
from only consisting of a simple waterwheel used to power smaller facilities to become an important
energy source globally. The waterwheel first appeared in China and South Europe around two thousand
years back. The usage was in the beginning primary grinding grains, which differs substantially from the
applications of the modern hydropower plant. Laws considering how to build water mills have been found
in Sweden dating back to the 13th century. In France in 1830 the very first water turbine was constructed.
In 1845, not far after the introduction of the turbine in France, the very first Swedish water turbine was
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built in Brevens Bruk in Närke. This became the beginning of a continued manufacturing of water
turbines in Brevens Bruk (Energimyndigheten, 2011).
Initially the hydropower plants were mainly used to power mills, sawmills and smithies. Due to limitations
in transporting the energy these facilities were initially located close to the hydropower plants and thereby
the rivers. This was the case even before the hydropower plants were used for producing electricity.
Initially the different facilities, such as mills and factories, lay directly in connection with the hydropower
plants (Energimyndigheten, 2011). This was since the energy harvested by the rotating water wheel was
transferred directly to the machinery in these (National Geographic, 2017). It was not until 1879 in the
United States that the first hydropower plant for electricity generation was constructed. Only four years
later, in 1882, the very first Swedish hydropower plant intended for electricity production alone was put
into operation. The location for this hydropower plant was Rydal in the river Viskan, in Västergötland
(Energimyndigheten, 2011).
Due to the losses occurring when transferring the electricity over long distances before the introduction of
the AC-generator, the industries had to be located near the hydropower plants. As the three phase ACgenerator was introduced in 1890 (Tekniska Museet, 2016), the industries were able to locate their
business further from the rivers and the hydropower plants (Energimyndigheten, 2011). The very first
commercial hydropower plant utilizing the three phase AC-generator was Hellsjön HPP. This was
achieved in 1893 where the transfer of electricity occurred between Hellsjön HPP and the mine of
Grängesberg. The demand for more electricity increased in line with the expanding mining of ore in
Grängesberg. The total length of the electricity transfer was fifteen kilometer where a power output of 0,3
MW was transferred (Tekniska Museet, 2016).
In a global perspective hydropower contributes with 16 % of the world’s electricity generation. This
makes hydropower the largest contributor to the share of electricity generation from renewable sources,
with a share of approximately 85 % of the electricity generated by renewables worldwide. In many
developed and developing countries, hydropower is a key player in the country’s energy mix (IEA, 2017).
In the Nordic energy system, hydropower has for a long time played a key role. Only by looking at the
total electricity distribution in the Nordic energy system hydropower contributes with 45 % (Fortum,
2016e). However, there are different kinds of impacts on the environment related to hydropower. These
are due to a regulation of water flow that differs from the natural seasonal flow variations, dams that
changes the with and depth of the rivers and lakes as well as contributes to fragmentation of the rivers.
Due to these impacts, certain actions has to be considered in order to meet regulations and legislation set
by the Swedish Government and the European Commission (Rudberg, 2013).
Looking at how the hydropower has developed in Sweden, it can be seen that the real expansion of
hydropower started in 1940 when hydropower plants were constructed in rivers such as Indalsälven,
Faxälven and Ångermanälven. The expansion and exploitations continued until the 1960’s when it
stagnated. This was due to resistance of further expansion, resulting in restrictions and regulations
concerning further expansion of hydropower in several rivers, especially the rivers Piteälven, Kalixälven,
Vindelälven and Torneälven. In history, this happening has further on been referred to as “Freden i
Sarek” (The peace in Sarek) (Energiföretagen, 2017). These four mentioned rivers came to be referred to
as “National Rivers” and were determined to be preserved. This implied that no construction of
hydropower plants would be allowed in these rivers. The national rivers have an estimated potential
electricity production of 15 TWh/a (Byman, 2015).
The expansion of hydropower is today very limited. Instead of building new hydropower plants, the
existing ones in rivers already exposed to hydropower are either refurbished or replaced. In 2014 a share
of around 42 % of the total annual electricity production came from hydropower, which corresponded to
a yearly production of 64,2 TWh. In Sweden approximately two thousand hydropower plants are in
operation (Byman, 2015). Amongst the Swedish hydropower plants approximately two hundred has an
output of 10 MW or more, where approximately fifty of them has an output of at least 100 MW.
However, the main part of the hydropower plants in Sweden are relatively small. The output of these
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plants usually range from a couple of tens to several hundred kilowatts (Energimyndigheten, 2011). Due
to the previous expansion of the Swedish hydropower system, it currently covers approximately 75 % of
the larger river systems (Rudberg, 2013).
The usage of water and water resources has from a historical perspective been seen as a part of the Civil
Code. From the end of 1879 and the beginning of 1880 and forward there have been different laws and
regulation controlling water operations and the permit application connected to these operations.
However, changes of these laws and regulations have occurred during the last centuries, from initially
relying on immemorial prescription in conflicts of interest to currently using the Environmental Code in
similar occasion or other legal processes. In Fel! Hittar inte referenskälla.Figure 1 below, a time line
over how the legislation has changed and during which time periods different laws and regulations applied

Before 1879
• Byggningabalken i 1734 års lag
• Jordabalkens bestämmelser om
urminnes hävd
• Fiskerilagstiftningen med
särskilda bestämmelser om
kungsådra
• Näringsrättslig lagstiftning

Between 1919-1983

Between 1999-Now
(2017)

• 1918 års Vattenlag

• The Environmental Code

Between 1879/18801918

Between 1984-1998
• 1983 års vattenlag

• 1880 års vattenrättsförordning

(Naturvårdsverket, 2007b).
Figure 1. Schematic figure over when each law and regulation applied from before 1879 until the legislation that applies
today (Naturvårdsverket, 2007b).
Before 1879, there was no clear stated law or regulation regarding how permit applications or other legal
processes were to be handled. Instead one had to either rely on immemorial prescription or Byggningabalken
i 1734 års lag. In the later one, it can be seen that as long as the utilization of the water did not threaten
other interest, the right of utilizing the water for a land area was ascribed the landowner. Each single
landowner or other individual had the responsibility to on their own determine the extent of the rights and
obligations that they were to obey. However, if a conflict arouse, it was to be solved in court. Since no
court that specialized in this type of conflicts were established at this time a regular court had to resolve
these conflicts (Naturvårdsverket, 2007b).
When in court, one had to rely on immemorial prescription since there was no clear stated law or
regulation controlling the water operation or application processes. Uncertainties regarding the continued
operations could occur among the companies conducting these water operations when other parties or
stakeholders showed interests in using the same water resource, even if it had been utilized by the
company in question for a long time. By using immemorial prescription, the company could receive some
sort of “protection” in court. The usage of immemorial prescription, or in Swedish “urminnes hävd”, was
based on the regulation Jordabalkens bestämmelser om urminnes hävd (Regulation of immemorial prescription
based on the Code of Land Law). Immemorial prescription applied if one had utilized or farmed a certain
land or water area for long enough so that none could really tell when and why ones ancestors started
doing this. The right to claim ownership of the area could then be done by the one utilizing of farming the
land or water area. This implied that immemorial prescription was to be utilized when one could not find
proof of when the claimed right was given due to the age of the claimed right. Further on, this claimed
right was then to be respected by other parties and interest. Some hundred years later from the first stated
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regulation regarding immemorial prescription, a new Code of Land Law was introduced in 1972. There are
however no regulation regarding immemorial prescription in this law. Still, the rights received according to
immemorial prescription that had been given up to this point continued to be valid (Naturvårdsverket,
2007b).
Beside these two regulations and laws mentioned above, two additional laws impacted the legal field
during the same time period. These were Fiskerilagstiftningen med särskilda bestämmelser om kungsådra and
Näringsrättslig lagstiftning. The first one, Fiskerilagstiftningen med särskilda bestämmelser om kungsådra, regulated
the areas where the water operation was allowed to be exploited within. In water areas protected by this
regulation exploitation for water operations was allowed in two thirds of the water area. This implied that
one third of the water area was protected from exploitation and was to be held open. For the water areas
not protected by this regulation, the area to be unexploited by water operations was only one sixth of the
water area. Reason for keeping some part of the water area free from water operations was to enable a
continued operation of timber transportation or fishing. Another intention was also to limit the impacts
on the land areas upstream of the water operations (Naturvårdsverket, 2007b).
The second law, Näringsrättslig lagstiftning, controlled the relation between the rights to perform a certain
operation and to perform it. It was not always approved to actually perform an operation just because a
company inherited the right to perform it. Before 1864, when the right to perform a certain operation was
given and approved, additional permits given by authorities could be needed in order to perform an
operation within the industrial sector. To be allowed to either construct or operate a hydropower plant
such permits could therefore be required. However it was still considered that, with the base in the Civil
Code, certain impacts caused by the operation had to be accepted by the surroundings. With the
introduction of 1880 års vattenrättsförordning, the trial processes was standardized with a set of regulations.
The trial process here implies to the process a landowner had to go through when intending to construct
or re-build a hydropower plant. In order to get an approval for the operation, the same condition as
before the induction of 1880 års vattenrättsförordning applied. What impacts were regarded as acceptable
were based on the socioeconomic balance resulting from the operation. This balance was taken into
account when deciding regarding the permits for the operation (Naturvårdsverket, 2007b).
In 1918 the first Water Law, 1918 års Vattenlag, was introduced. The Water Law implied further
regulations for the trials for permit applications. The possibility for reassessment of permits for large scale
operations, after a certain time had passed since the permits were admitted, was introduced in this law.
The focus increased on the socioeconomic aspects of the operations, were the balance of the cost and the
gained benefits had to be reasonable. More protection for the interests of other parties were introduced in
this law as well. The trial or reassessment started to take place in the newly formed Water Courts that was
introduced in conjunction with the Water Law (Naturvårdsverket, 2007b). At the same period as the
introduction of the Water Law in 1918, the Vattenkraftslånefonden was introduced in 1919. The purpose of
this fund was for companies, unions or private parties to receive loans in conjunction with expansion of
hydropower owned by the Government. The loans could also be given for funding private hydropower
plants that played an important role for the public. It could for instance be small local hydropower plant
producing and supplying minor communities with electricity (Socialdepartementet, 1935).
Changes of the Water Law from 1918 occurred in 1983, which resulted in the new Water Law named
1983 års Vattenlag. The main change of the Water Law considered an introduction of four sections which
consist of a merging of the regulation concerning the condition for the permits. Besides the remained
condition for the hydropower plants to be socioeconomically profitable three other aspects were included
in the four sections. These imply that public interest were not to be impacted in a to high degree, and
furthermore the operations were not to go against either the public plans or the specific detailed plans.
Another change of the Water Law from 1918 was the possibility to reassess all types of permits, not only
those related to largest water operations, which used to be a restriction. The change implied that after a
certain time period reassessments were allowed for all permits. Regards to changes that occurred in the
surrounding from the time when the permits were initially given, was to be included in the reassessment.
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The Water Law from 1983 was in force until year 1998 when the Environmental Code was introduced,
which is the law that still applies today (Naturvårdsverket, 2007b). A more detailed description of the
Environmental Code can be found in chapter 5. The Environmental Code.

4.1 Technical
In a hydropower plant potential energy is converted into useful energy in the form of electricity, where the
conversion process has several steps. First potential energy, resulting from the difference in altitude
between the inlet and outlet of the power station, is converted into kinetic energy that is harvested as the
water flows through the turbine. The rotating turbine generator shaft then drives the rotor to rotate within
the generator where an alternating magnetic field is created. This induces a current in the stator, and by
using a transformer the desired voltage output is achieved (Vattenfall, 2013). There are several different
design choices and possible variations that can be made concerning a hydropower plant. This can be seen
in the choice of dam construction type, turbine type, number of units and the choice to construct a station
above or below ground (Berggren et al., 2013).

4.1.1 Hydrological aspects
The hydrological patterns are quite constant over longer time periods, but if the changes are observed
over a shorter fraction of time the variation is much larger. This is due to several cycles in nature that
induces a larger or smaller inflow compared to the average value over time. When several factors that
would reinforce the inflows coincide, their effects might stack. The inflow also varies over the year, with
the largest inflows taking place during the spring when the melted snow flows into the rivers (Lindholm,
2017). When the inflow is above average for a year this is considered to be a “wet year”, and in the same
way if below average a “dry year”. The difference in inflow can vary substantially between a wet or dry and
a normal year, a variation of up to 30 % is not unusual (Vattenregleringföretagen, 2017). Some of the
factors contributing to the occurrence of a dry or wet year are the variation of sunspots and the amount of
snow or precipitation in a certain catchment area. When designing the maximum discharge capacity for a
hydropower plant and the belonging dam the “worst case” scenario must be considered, which is usually
taken as the maximum flow that would occur only once every ten thousand years. This could take place at
a time when the above mentioned factors coincide and reinforce each other. Such as in a scenario when a
thick layer of snow melts in a short period of time, at the same time as large amounts of rain occur, both
within the catchment area upstream a hydropower plant dam (Bergström, 1991).
The available storage reservoir for a hydropower plant refers to the volume upstream a power station
where the water levels are permitted to be regulated between two set limits; the minimum water level (in
Swedish sänkningsgräns) and the retained water level (in Swedish dämningsgräns). The volume of water that
occupies this defined volume is referred to as the regulation volume. The minimum water level specified
for a certain storage reservoir is the level under which it is prohibited by the Water Rights Permit to let the
water level drop. The retained water level for the same storage reservoir is by the same reasoning the
highest level allowed for the water to rise. The retained water level can be based on the effects that a
higher water level will have on the surroundings, such as shores ending up under water level or effects on
nearby constructions. The minimum water level can also be set in regards to effects to the surroundings
and the environment. The retained and the minimum water level can in addition also be set downstream a
power station, in regulated lakes, or in other sections of rivers that could be located in between two
hydropower plants for example (SMHI, 2017).
The size of the reservoir connected to a hydropower plant sets the limitations for the type of regulation
that can be performed in that specific case. The variation in size of reservoirs is immense even in Sweden.
Some hydropower plants can store large amounts water in their upstream reservoir, and thereby energy,
and adjust the production according to the demand at a seasonal basis. For these it is possible to optimize
the production over an entire year. This is denoted as seasonal regulation. The reservoir sizes varies from
those suited for seasonal regulations down to hydropower plants having to run the current inflow through
the turbines or gates at all times in order not to overflow. The latter ones are denoted as run-of-river
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stations. The variations within the run-of-river plants reservoir capacity also varies and some can therefore
optimize the production to a larger extent than other. Some hydropower plants are in addition equipped
with a pump, enabling it to switch from electricity production to using electricity to pump the water from
a lower level to a higher one and thereby increase the stored potential energy (IEA, 2012). In these kinds
of hydropower plants, so called Pumped Storage Plants (PSP), the pump is used during hours of low
demand and electricity price and generates electricity when the price and demand is high. This results in
both an economic profit and an increased possibility to reduce frequency variations on the grid. The
reservoirs of these power stations are usually large enough to allow for the possibility to store water until
the demand is high enough, such as Letten’s pumped storage plant located at Klarälven (Byman, 2015).

4.1.2 Turbines
The head, defined as the height difference between the two water levels before the inlet and after the
outlet that results from the difference in potential energy between the inlet and outlet, can differ
substantially between different hydropower plants. The head strongly affects the choice of turbine as
different designs work well at different heads. The curve describing the efficiency related to the percentage
of the rated output also varies between the different designs, and some are more suitable for a larger
variety of flows while some are only close to peak efficiency at near the rated output (IEA, 2012). The
most common turbine designs for hydropower plants are the Pelton, Francis, Kaplan and Bulb types
(Hölke, 2002), where Kaplan and Francis are the most common used in Sweden (Vattenfall, 2013). Kaplan
is the most common choice of turbine for hydropower plants with low head and are usually used up until
this reaches 50 meters in height (Hölke, 2002). This is due to this being the technical limit in head for
these turbines during the period of expansion of hydropower in Sweden. Nowadays Kaplan turbines can
handle heights up to 150 meter, but are usually designed for up to 100 meters (Bjerhag, 2017). Kaplan
turbines are equipped with adjustable runner blades and guide vanes which enables these turbines to
operate at a higher efficiency for a wider range of different flows (Hölke, 2002).
When the head exceeds 50 meters, a Francis turbine is more suitable since the Francis turbine can
withstand larger hydraulic forces and can therefore be used for hydropower plants where the head is up to
500 to 700 meters (IEA, 2012; Bjerhag, 2017). Francis turbines have fixed runner blades but adjustable
guide vanes, which results in that these kind of turbines have a more limited range where they work at a
high efficiency. Francis turbines are for these reasons usually operated close to its full load in order to
have a high efficiency (Hölke, 2002). There is a turbine type denoted as “double Francis” or “Twin
Francis” that can still be found, for example at some old hydropower plants in Sweden. These consists of
two Francis turbines, on the same turbine shaft, that discharges the water from the turbines in opposite
directions (towards each other). By controlling the flow into each turbine the hydraulic forces can cancel
each other out. This construction was more common before the knowledge of how to construct proper
bearing, since this construction did not have the same requirements for resistant bearings as the forces
could be spread along the turbine shaft instead of focused under the generator where the bearing is
nowadays (Leyland, n.d.).
To calculate the utilized power from a hydropower plant the Fel! Hittar inte referenskälla. Equation 1
below is used:
∗

∗

∗

∗

[1]

P= Utilized power [kW]
Q= Flow [m3/s]
H= Head [m]
g= 9,82 [m/s2]
ρ= density of water [kg/m3]
η= Combined efficiency of the turbine, generator etc.
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Without any substantial error the empirical Fel! Hittar inte referenskälla.Equation 2 below can be used
instead of Fel! Hittar inte referenskälla.Equation 1:
∗

∗ 8,7

[2]

Where P, Q and H are the same as stated above, and 8,7 is an approximation of g combined with ρ for
water, the combined efficiency of the turbine, generator etc. and is not heavily dependent on the choice of
turbine. This formula has been deemed accurate enough for approximating calculations in this study
(Bjerhag, 2017).

4.2 Power regulation
Hydropower plays a vital role on the energy market partially due to its regulating abilities. What makes it
stand apart from other non-intermittent power sources are the possibility to do regulations with fast
response. This regulatory services are usually referred to as primary and secondary regulation (Persic,
2007).
The frequency of the electricity grid drops when the demand exceeds the supply; there is not enough
power being produced. The opposite applies for a rise in the frequency. The primary regulation are the
fastest response in order to prevent the frequency from diverging to far from 50 Hz. The primary
regulation takes place within seconds of such a disturbance by using excess capacity in certain power
stations. These stations regulate automatically when this happens. In practice this means that the turbines
are set to not run at maximum production if primary regulation has been sold for that particular
hydropower plant so that an increase of the production is possible if the need arises. The increase or
decrease depends both on how large the frequency deviates from 50 Hz and the power regulation. The
power regulation describes how much the power output changes with the frequency in MW/Hz.
Secondary regulation is slower and takes place in the range of minutes after the frequency change. In
hydropower plants this is done by using back up capacity by either starting a hydropower plant or
increasing the load off an already running turbine (IEA, 2012; Persic, 2007).
Besides regulations on a short term basis hydropower is used to adjust the electricity supply curve to fit
the demand curve over the year. The inflow pattern to the Swedish hydropower plants does not fit the
demand profile, since the majority of the water is supplied during the spring flood. The inflow is in
addition to this at its lowest during the winter when the demand is at its highest. This is since the
downpour is partially bound as snow or ice during this period. The adjustment of the supply to the
demand is therefore possible since water can be stored over longer periods in the larger reservoirs. Water
from the spring flood is thereby stored to later be used for electricity production during the coming winter
(Vattenregleringföretagen, 2017).
When several different energy production companies owns hydropower plants in the same river the
changes in water discharge from the other hydropower plants must be taken into regard when planning
the operations. Hydropower plant owners that have assets in the same river therefore often create a Water
Regulation Company to coordinate their operations in the specific river. “Vattenregleringsföretagen” is a
Water regulation company consisting of several Water Regulation associations for different rivers. The
rivers these companies cover are Umeälven, Ångermanälven, Indalsälven, Ljungan, Ljusnan and Dalälven.
Fortum is one of the major co-owners of the Water Regulation Company. (Vattenregleringsföretagen,
2017).

4.3 Technical and economical lifespan
The different components that a hydropower plant consists of have quite different lifetimes. This is
important to keep in mind during investments and other considerations. The definition of the economic
lifetime is as follows
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“The period over which an entity expects to be able to use an asset, assuming a normal level of usage and preventive
maintenance.”
The economic lifetime sometimes corresponds to the technical lifetime, but can also be shorter. The
definition of technical lifetime is as follows
“The total time for which equipment is technically designed to operate from its first commissioning.”
The unit that technical lifetime usually is expressed in is [years/hours of operation] (UNFCCC, 2009). The
investment calculations for new equipment are based on the economic lifetime, and the equipment should
therefore be used for at least this long since it might not be a profitable investment otherwise. Since these
lifetimes are quite long the aspect of upgrading the component might arise when the time comes to
replace the old ones. The longest lasting investments are those regarding the buildings for the power
houses and the dams. The turbines and generators are assumed to have a shorter lifetime than the
previous mentioned, and the electrical equipment even shorter. The components having the shortest
lifetime is the modern control equipment since these can disappear from the market after some years and
replacements can after that be hard to find as well as the competence regarding how to operate the
equipment. The exact lifespan for the different components will not be discussed further as these vary
between different companies (Bjerhag, 2017).

4.4 Environment
When introducing a hydropower plant in a river, the surroundings and environment close to the dam and
hydropower plant is affected. Since the potential energy difference results from the height difference
between the inlet and outlet of the power station (the head), this difference is desired to be as large as
possible. This is done by using natural occurring height differences in sections of rivers, as well as
elevating the upper surface level and lowering the lower surface level when constructing the dam.
Upstream where the surface level is elevated, the natural riverbed widens and certain land that initially was
above water may get flooded. Downstream the result is the opposite; the natural riverbed becomes
narrower and land that initially was located below the river surface gets drained (Berggren et al., 2013). In
some cases the natural waterways gets altered to an even larger extent, as when building an underground
hydropower plant. In this case the natural waterway from one reservoir (the upper) to another gets
drained completely sometimes, in order to instead lead the water through a tunnel into the power station.
From the power station the water is then lead out through the draft tube into the lower reservoir, into
which the natural waterway would originally have flowed. This may lead to a decreased inflow to some
lakes, as the original inflow is diverted into the hydropower plant. This means that the water thereby
bypasses the lake in order to be dispatched to a lower reservoir into which the lake would have flown
originally. This may in turn affect the lakes equilibrium water level. In order to prevent the drainage of
these lakes, thresholds can be placed at the narrower parts where the water “exits” the lake. Altering the
lakes in this way results in calm lakes with a decreased flow through and a steadier water level, due to these
characteristics these lakes are usually called “mirror dams” (Berggren et al., 2013).
In order to reduce the effects on the surrounding ecosystems there are sometimes requirements for a
minimum flow in certain sections of a river. This in order to prevent that these sections dry out which
would have a negative effect on the flora and fauna in these waters. The hydropower plants and dams also
creates barriers in the river, which stops fish and other fauna from traveling in the river. Although some
fish survive swimming through the turbines, fishways can be built in order to enable the bypassing within
these parts of the rivers. These solutions can be in the form of fish-stairs, but more often bypass channels
are requested. A bypass channels is a stream going parallel to the hydropower plant and are usually only
suitable at a low head (Berggren et al., 2013). Trash racks can be used to prevent the fish from entering the
turbines. By having the trash racks inclined at a big enough angle the velocity of the streams are lowered
enough to stop the fish approaching the intake, but not make them stuck against the trash racks. This is a
way to divert the fish from the turbines into a bypass channel or another way of transporting the fish
downstream (Svensk Energi, 2012). The responsibility of a reducing fish population due to the operation
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of a hydropower plant lies with the energy company. Requirements such as measures for maintaining fish
farms and paying for the damages to the fishing activities might therefore be included in the Water Rights
Permit (SFS 1998:808).
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5 The Environmental Code
In 1999 Sweden introduced the Environmental Code, in Swedish known as Miljöbalken, and thereby
substituted several previous environmental laws. The purpose of the Environmental Code is to gather all
laws and regulations concerning environmental aspects in one place. These laws are enforced to ensure a
sustainable development, with the aim to enable the existing as well as future generations to live healthy
lives in a good environment. In addition to the Environmental Code, there is a law called “Lag (1998:812)
med särskilda bestämmelser om vattenverksamhet” (Law with certain regulations about water operations) but that
is often referred to as “Restvattenlagen” (the Residual Water Law). This law contains the remainder of what
was not implemented into the Environmental Code that concerns water operations (Naturvårdsverket,
2015).
The Environmental Code contains approximately 500 sections divided into 33 chapters, which are further
divided into seven parts. A number of regulations and laws works as supplement to the content in the
Environmental Code and are applied in occasions of trials or assessments. The Parliament has the
authority regarding the decision of which laws that are to be included in the Environmental Code. The
Parliament can however delegate to the Government to communicate regulations within certain areas.
After it has been decided on governmental level the responsibility for the regulations are assigned to
agencies within different areas of interest. The agencies may also provide guidelines and advice in addition
to the many regulations that are included in, or connected to, the Environmental Code (Naturvårdsverket,
2015).
Several chapters in the Environmental Code are of significance to hydropower operations and the permit
application processes associated to these. Chapter 2 covers the common consideration rules that are to be
considered when dealing with permit applications. Knowledge requirement, BAT (Best Available
Technology) and the precautionary principle are some of these that are included in the consideration rules.
There are however exceptions, as explained in section 7 of chapter 2, where the plausibility levelling is
treated. In short the plausibility levelling implies that one can partially ignore the requirements for each
principle in sections 2-5 of chapter 2 in the cases where it is unreasonable for the operations to fulfil the
requirements. What is deemed unreasonable is evaluated in relation to the economic means required for
an action in contrast to the protective gain, regarding the environment and other aspects, from this action
(SFS 1998:808).
The requirements in sections 2-5 as well as the first part of section 6 applies in the extent that it cannot be deemed
unreasonable to achieve them.
(The Environmental Code, chapter 2, section 7)
In chapter 3, section 8 in the Environmental Code it is stated how land and water areas are to be
protected against actions that may complicate the utilization or exploitation of these areas for certain
industrial activities, if these areas are particularly suitable for such activities. The industrial activities can for
example refer to industrial production, energy production, energy distribution and water supply. Chapter 4
contains regulations regarding how to utilize certain land and water areas. In section 6 in chapter 4, it is
described how hydropower, water regulation and diversion or any other operation related to power
generation is restricted and where these activities are allowed. Torneälven, Kalixälven, Piteälven and
Vindelälven are all denoted as national rivers in Sweden. These are, as well as their respective water
bodies, protected from any kind of operation related to hydropower. Beside the national rivers, there are
parts of other rivers and their sources and tributaries, which are protected from exploitation of
hydropower. Some of the restrictions applies to rivers where Fortum operates hydropower plants. In the
first part of section 6 in chapter 4 the restriction of water areas covers both the water areas itself as well as
their sources and tributaries. The areas included in this part that are of interest to Fortum, due to Fortum
owning hydropower plants in these rivers, are cited below (SFS 1998:808):
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In Dalälven
o
o

Västerdalsälven upstream of Hummelforsen
Österdalälven upstream of Trängslet



In Ljusnan



In Ljungan

o
o
o


Voxnan upstream of Vallhaga

Ljungan upstream of Storsjön
Gimån upstream of Holmsjön

In Indalsälven
o

Åreälven, Ammerån, Storån-Dammån and Hårkan

(The Environmental Code. Chapter 4, section 6 part 1)
The second part of section 6, chapter 4 states the restrictions for performing water operations in certain
sections of rivers. This does not affect the sources or tributaries connected to the water areas. The river
sections of interest to Fortum are the ones stated below (SFS 1998:808):


In Klarälven



In Dalälven

o
o
o


The river section between Hede and Svegsjön
The river section between Laforsen and Arbråsjöarna

In Ljungan
o
o



Västerdalälven downstream of Skiffsforsen
Dalälven downstream of Näs Bruk

In Ljusnan
o
o



The river section between Höljes and Edebäck

The river section between Havern and Holmsjön
The river section downstream of Viforsen

In Indalsälven
o

Långan downstream of Landösjön

(The Environmental Code. Chapter 4, section 6 part 2)
However, an addition to this section it states that if the water operation has an insignificant impact on the
environment, the regulations in section 6 can be ignored. Meaning that one may exploit or perform
operations related to hydropower in the restricted water areas only if they have negligible effect (SFS
1998:808).

5.1 Water operations
Chapter 11 in the Environmental Code covers the area of water operations, containing specifications for
when permits are required for water operations. What is considered a water operation is defined in chapter
11 section 3. The relevant definitions of a water operation are as cited below (SFS 1998:808):






Construction, changing, repair or demolition of a facility in a water area
Filling and piling within a water area
Removal of water from a water area
Digging, blasting and cleansing within a water area
Another action within a water area which aims to change the depth or position of the water

There are certain criteria that have to be fulfilled in order for a specific water operation to be allowed. A
vital one is mentioned in chapter 11, section 6 which is that the costs and damages must be outweighed by
the benefits that are gained from both a private and public perspective. Further in section 7, in the same
chapter, it is stated that the water operations should be governed in such a way that they do not limit other
significant activities in any way. The activities referred to are those promoting significant private and
public purposes and holds the possibilities of utilizing the concerned water resources. Certain operations
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are therefore limited due to section 7, but there are however exceptions. The regulations in section 7 can
be disregarded in the cases where these criteria would induce unreasonable cost on the execution of the
water operations. As stated in section 8, in the same chapter, regard has to be taken towards fish and other
aquatic crustaceans and molluscs in the waterways. There are certain conditions concerning preservation
of wildlife that needs to be considered when performing water operations. Two examples of actions that
are to be taken by those responsible for performing the water operations are to preserve the fishery and
enable the migration of fish. In section 8 a levelling of the costs versus the benefits is considered. If this is
shown to be unreasonable then the operator may disregard the requirements described in this section (SFS
1998:808).
In order to perform water operations, one must have legal right to use the water area for the operations.
For water areas within a property, the legal right to use the water area belongs to the property owner.
There are also situations where the legal right to use the water area is given to one either by leasing or
forcedly. The legal right to use the water area over an area of flowing water, e.g. a river, is divided equally
between the owners of each side of the river. This despite if the water flows equally on the different
involved properties, or if one side of the river have a larger inflow compared to the other. This is
concluded in chapter 2, sections 1-3 in “Lag (1998:812) med särskilda bestämmelser om vattenverksamhet” (SFS
1998:812).

6 The Water Framework Directive
On October 23rd year 2000 a framework was introduced to unite the countries in Europe with a common
directive regarding house holding of water. This is called the Water Framework Directive and aims to
make the countries strive towards a common goal to improve the water quality and usage. The Directive is
divided in 26 articles, each covering certain regulations or descriptions (Europaparlamentets och rådets
direktiv 2000/60/EG). There are several purposes of the directive, such as promoting the work of
protecting and restoring the natural aquatic flora and fauna and different type of water areas. Another
purpose is to secure a steady supply of clean drinking water. The directive also aims to ensure that both
companies and individuals maintain a sustainable water usage and to reduce the levels of pollutants in
water bodies. According to the directive, the quality status “good” was to be achieved by 2015 in the
European water bodies such as lakes, rivers and groundwater. This is to be achieved by improving the
current conditions in these water bodies through different actions (European Commission, 2017). The
implementation of the Water Framework Directive was done in 2004 in Sweden. This was then done
partly through the introduction of the regulation “Förordning (2004:660) om förvaltning av kvaliteten på
vattenmiljön”. The Water Framework Directive is also implemented in the Environmental Code in chapter 5
as well as in “Havs- och vattenmyndighetens föreskrifter (HVMFS 2013:19) om klassificering och miljökvalitetsnormer
avseende ytvatten” (Naturvårdsverket, 2007a).
Sweden is divided into five different districts, with a different Water Authority governing each one
(Vattenmyndigheterna, n.d.). This division is made since the work differs between the districts due to the
variation in challenges, location, organization and how the work proceeds within the districts (SFS
1998:1388). The division of the districts is done with regards to the major ocean basins
(Vattenmyndigheterna, n.d.), where the districts are Bottenviken, Bottenhavet, Norra Östersjön, Södra
Östersjön and Västerhavet. This way of dividing results in several municipalities and counties belonging to
several different districts, as these borders are not considered (SFS 1998:1388).
Besides dividing the water in Sweden in five water districts, the water is divided into water bodies. The
definition of a water body, according to the Water Framework Directive, is the smallest area of a water for
which individual judgements or descriptions of are to be made (SMHI, 2017). A water body is either a
surface water body or a groundwater body. Categories that are included in a surface water body are
sections of a river, a lake, a coastal area or a transition zone. A similar principle of division applies for
groundwater bodies. Instead of a water body being a part of a river or lake, a limited part of the
groundwater represents a groundwater body (Europaparlamentets och rådets direktiv 2000/60/EG).
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Each water body is classified as either a natural water body or a heavily modified water body (HMWB).
The definition of a water body that has been classified as HMWB is that it has been significantly exposed
physically by human activities and impacts. The result of these activities and impacts are changes of the
characteristics of the water body. Whether a water body is to be classified as natural or HMWB is up to
the country, as long as the classification follows the guideline set by EU (Europaparlamentets och rådets
direktiv 2000/60/EG). For each classification, different requirements for quality status applies. The
quality status also depends on where the water body is located, since the location and type of water body
determines which quality factors are to be used. For rivers and lakes the quality status is measured by
ecological status and chemical status, while for groundwater areas it is measured by chemical status and
quantitative status (Länsstyrelsen, 2016b).
Depending on the classification of a water body the ecological status utilizes different conditions and is in
addition titled in different ways. Status is used when referring to a natural water body, while potential is
used when referring to a HMWB. The quality factors for a natural water body are measured on a five
grade scale, from “high status” down to “bad status” and for a HMWB, the quality factors are measured
from “maximum ecological potential” down to “bad potential” (Länsstyrelsen, 2016a). The requirements
for achieving a certain quality status differs between a natural water body and a HMWB. There is a general
description for the requirement in order to receive “good” as quality status regarding the ecological status
for a natural water body (Europaparlamentets och rådets direktiv 2000/60/EG). The requirement is as
cited below:
The values associated to the biological quality elements for the surface water body type show minor disturbances caused by
human activities, but only deviate slightly from the values that would normally be associated with the surface water body type
under undisturbed conditions.
(EU Water Framework Directive. Annex 5, table 1.2)
For a HMWB, the requirement for achieving the quality status “good” for ecological potential is that the
implementations of all possible actions that will results in improving the ecological status have been done.
When choosing what actions to implement in a HMWB consideration shall also be done towards the
water operation that caused the water body to gain the classification HMWB (Länstyrelsen, n.d.). For
natural water bodies there is therefore considerably higher requirements compared to those for the water
bodies classified as heavily modified (Europaparlamentets och rådets direktiv 2000/60/EG).

7 Natura 2000
The European Commission developed Natura 2000 as a tool or “network” for increasing the bio-diversity
by protection and preserving of high value flora and fauna threatened of extinction. The responsibility lies
within each member country to contribute in securing the conservation of flora and fauna. It is also each
country’s responsibility to decide which areas that are to be protected (Naturvårdsverket, 2016). All of the
European Union’s 28 member countries are included where approximately 24 % of the total area of these
countries is protected by Natura 2000. Both land and marine areas are protected (European Commission,
2016). In Sweden, each County Administrative Board proposes areas that are to be protected by Natura
2000, after consultation with different authorities and landowners. Before the Government submits the
proposed areas that are to be included in Natura 2000, the Swedish Environmental Protection Agency
reviews the proposed areas. A total of four thousand areas in Sweden have been approved and are thereby
included in the protection of Natura 2000 (Naturvårdsverket, 2016).
When deciding whether an area is to be protected according to Natura 2000 or not, two directives stated
by the European Union are used as a foundation. These two directives are the Habitat Directive2 and the
Bird Directive3. In these directives a total of nine hundred flora and fauna of high value as well as one
hundred seventy habitats are listed (Naturvårdsverket, 2016). Managing the areas, protected by Natura
2
3

Council Directive 92/43/EEC on the Conservation of natural habitats and of wild fauna and flora
Council Directive 2009/147/EC on the conservation of wild birds
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2000, in both an ecologically and economically sustainable way is each country’s responsibility (European
Commission, 2016.). Additionally, Natura 2000 does not imply automatically that a protected area
becomes a nature reserve, activities by humans are still allowed. The activity has to be in line with the
objectives of Natura 2000 regarding the conservation. However, many of the Swedish areas protected by
Natura 2000 were already classified as nature reserves or national parks (Naturvårdsverket, 2016).

8 Water Rights Permit
A Water Rights Permit is a certain permit that has to be applied for and granted in order to be given the
rights to perform water operations. A Water Rights Permit limits the way in which the water operations
may be conducted. The permit often determines the allowed amount of water that may pass through a
hydropower plant’s turbines, also referred to as the rated discharge of the hydropower plant. A minimum
flow may also be specified, in order to prevent certain stretches of rivers to dry out. The upper and lower
limits for the water levels are normally also included. These levels are called the retained and minimum
water levels respectively. The retained and minimum water levels can also change over the year, due to
changing water inflows or desired water levels in the lakes during different seasons. The Water Rights
Permit are today decided at the Land and Environmental Courts, where changes of existing operations are
the most common topic of the decisions. The Land and Environmental Courts also makes decisions
regarding the introduction of new water operations (Länsstyrelsen Örebro län, n.d.). In Sweden there are
five different Land and Environmental Courts and the cases are divided amongst them according to their
geographical location. Each of these belong to different district courts which are located in; Nacka,
Värnesborg, Växjö, Umeå and Östersund (Sveriges Domstolar, 2016).
As mentioned in the introduction, out of the existing Water Rights Permits today many originate from the
period of the major expansion of hydropower in Sweden (Länsstyrelsen Örebro län, n.d.). Many of these
permits are therefore based on the Water Laws from this period. However these laws, which the permits
are based on, have today either been taken out of force or been superseded by the Environmental Code
(Energimyndigheten et al., 2014). Even though this, according to section 5 in “Lag (1998:811) om införande
av Miljöbalken” (Law regarding introduction of the Environmental Code), it is understood that the permits
which are based on the previous mentioned elder laws are still valid (Naturvårdsverket, 2008).
In practice each Water Rights Permit is unique for the specific hydropower plant it applies to. In each case
there are different regulations regarding the retained and the minimum water levels, the required minimum
water flow in certain river stretches for the preservation of fish and ecosystems, as well as the maximum
total rated discharge allowed through the hydropower plants turbines. This was shown thought the case
studies conducted, where the Water Rights Permits for the twelve hydropower plants were studied.

9 Permit application processes
As mentioned in the section regarding Water Rights Permit, these permits have to be applied for in order
to be allowed to perform water operations. The application for the permits is done in line with the
Environmental Code, which is stated in chapter 11, sections 9-16. In the cases where no new permit is
required for the operation, a notification is instead required for the water operation. The cases where this
applies are referred to in chapter 11, section 9a in the Environmental Code (SFS 1998:808) and regulated
in Regulation 1998:1388, section 19. According to this regulation some operations, such as digging,
construction and filling, only requires a notification. A more detailed description of such operations are
found in the citation below (SFS 1998:1388):




Construction of a facility, filling or piling within a stream, if the bottom surface of the area where the activity
operates covers a maximum area of 500 square meters,
Construction of a facility, filling or piling within a different water area than a stream, if the bottom surface of the
area where the activity operates covers a maximum area of 3000 square meters,
Digging, excavation, dredging, blasting or similar action within a stream, if the bottom surface of the area where the
activity operates covers a maximum area of 500 square meters,
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Digging, excavation, dredging, blasting or similar action within a different water area than a stream, if the bottom
surface of the area where the activity operates covers a maximum area of 500 square meters,
Changes of a water operation examined by an authority, if the change regards an activity that has to be announced
according to items 1-10. Regulation (2007:168)

(Regulation 1998:1388, section 19)
According to chapter 11, section 9b in the Environmental Code, a period of eight weeks has to pass after
the notification has been made for an operation, before it is allowed to be initiated. This applies to the
operations according to section 9a same chapter, where the operations only require a notification. In
chapter 11, section 12, there is an exception to the requirement for permits or notifications. The exception
applies if it can be proved that it is obvious that no impact will occur on the water condition from both a
private and public perspective (SFS 1998:808).
Chapter 6 of the Environmental Code covers the requirements for an Environmental Impact Assessment
(EIA) as well as other foundations for the decision making. When applying for a permit for water
operations an EIA has to be included in the application. The reason why it is important to perform an
EIA when applying for permit, is for receiving an overview of potential areas where direct or indirect
impacts may occur. By identifying and describing these impacts, it is easier to develop measures to prevent
or ease these impacts that can affect humans, flora and fauna, water or land areas as well as the
environment at large. When developing the EIA it is compulsory to conduct a consultation with the
relevant authorities and affected parties. These authorities are normally the municipalities, supervisory
authority, County Administrative Board and other governmental authorities. The content to include in the
EIA is stated in chapter 6, section 7 and is cited below (SFS 1998:808):
1. A description of the operations or the measure with information about location, design and scope,
2. A description of the actions that are planned in order for harmful effects to be avoided, reduced or eliminated and
how to avoid that the operations or measure contribute to an environmental quality standard, according to chapter
5, not being complied with,
3. The information that is required to show and judge the main impact on humans health, the environment and
management of land and water as well as other resources that operations can be assumed to cause,
4. A presentation of alternative locations, if such are possible, as well as alternative designs together with both a
motivation for the choice of a particular alternative, as well as a description of the consequences for the operations or
measure not being implemented, and
5. A non-technical summary of the information specified in 1-4.
(The Environmental Code. Chapter 6, section 7)
As mentioned earlier, the application for permits is examined and judged by the Land and Environmental
Courts. If one wishes to make changes in a water operation to the extent that would be outside of the
frame of what the existing permit allows, a new permit can be applied for. A permit can also be requested
to be reassessed by an authority if they wishes so. This is possible to do after ten to thirty years have
passed since the permit was first given. The time to have passed for it to be reviewed depends on which
law the permit was given according to. This is thirty years for permits given according to the law from
1918 as well as the Water law, and ten years for those given according to the Environmental Code
(Naturvårdsverket, 2007b). The reassessment could include change in the extent of production
possibilities of the operation. These regulations regarding the revision of permits can be seen in chapter
24, section 5 in the Environmental Code. The result of a reassessment or an application for a new Water
Rights Permit can be varying, where it does not always necessary lead to an increase of the allowed
production. It could result in the opposite (Byman, 2015), where the conditions and regulations for a
permit could be further restricted or repealed (SFS 1998:808).
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10 The Investment process
In this chapter the investment process is introduced broadly. This process may look different in different
companies and is here based on the process used at Fortum. In Fel! Hittar inte referenskälla.Figure 2
the different stages that the process constitutes of are shown. As can be seen different expressions such as
TG0, TG1 and so on is used. TG stands for Tollgate and simplified it can be explained as the names of the
process stages used internally in Fortum. The most important one for this study is the TG1 decision. This
is the stage were the decision regarding whether or not to apply for a new Water Rights Permit is made.
This is also used as a criterion in the first selection in the methodology for choosing which cases to
include in this study. This is mentioned in chapter 3 Methodology in section 3.2 Selection of case studies. Further
than this the TG stages will not be explained in this study (Bjerhag, 2017).

1. Explore investment
opportunities

Exploration
and
invetsment
planning

2. Implement investment
Project
start
(TG2)

(TG1 decision)
Pre-enginering

Feasibility
study (TG0)

Project closure (TG4) +
warranty period (TG5)

Project
execution
and take
over (TG3)

Figure 2. The investment process.
The application for new permits is only a part of the entire investment process, which is quite extensive
for hydropower. The process looks similar for most energy companies, but the specifics here are with
regards to the process used at Fortum. It can take from five to ten years from the point of formulating
what needs to be done in the long term plan to finalizing a project. The investment process can be divided
into two main-parts: 1) exploring the investment opportunities, and 2) implementing the investment. The
first main-part is conducted in three sub-parts;
-

Exploration and investment planning
Feasibility study (TG0)
Pre-engineering (TG1 decision)

The first subpart includes all the work that leads up to formulating the long term plan. This plan is usually
denoted as the ten year plan. This describes which investment projects that are to be conducted the
coming ten years and when these are to be implemented (Bjerhag, 2017).
The second subpart is the feasibility study. This one includes a compilation of all the different alternatives
that are considered in a specific project. Some of the different possible alternatives that are usually
considered are “doing a renovation with no specific changes”, “expanding the production, which requires
applying for a new Water Rights Permit” or “doing nothing”. The alternative of “doing nothing” is usually
denoted as the zero-alternative. The number of different alternatives considered at this stage, can be up to
twenty separate ones in some cases, but normally are around three to five. In the end this is boiled down
to one or two different alternatives that are further considered. The process of the feasibility study is
normally conducted in six to twelve months but could take up to two years. At this stage, depending on
which alternative is chosen, it becomes clear whether or not a new Water Rights Permit has to be applied
for. If this is the case the application process is initiated at this stage. It is therefore at this stage, precisely
before entering the pre-engineering phase, that the TG1 decision is made. In some cases the application
process alone have lasted for ten years. This prolongs the project time substantially, as the project cannot
proceed without the new permit (Bjerhag, 2017).
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When the application eventually is approved, the process can move on to the pre-engineering phase.
During the pre-engineering the procurement of the potential suppliers is conducted. As soon as a firm
grip of the costs is achieved a final investment decision is prepared. After the investment decision is made,
implementation of the investment phase is initiated. Contracts are signed with the different suppliers and
the planed actions are implemented. Finally the hydropower plant is commissioned and a trial run for
normally two weeks executed. If no problems surface, then there is a take-over of the hydropower plant.
After the take-over, there follows a warranty period of normally two years. Before this period ends a
warranty inspection is made, and when this is approved the project gets officially closed (Bjerhag, 2017).
If the choice made between the different project alternatives instead would have been to simply renovate
the plant according to the existing Water Rights Permit, this process would have been noticeably shorter.
This is the case when the measures included can be classified according to the exception in chapter 11,
section 12 in the Environmental Code. Due to the issue of time delay, costs and unknown conditions, the
application process for a new Water Rights Permit might therefore be avoided (Bjerhag, 2017).

11 Electricity certificates
In 2003 an electricity certificates system was introduced in Sweden (Energimyndigheten, 2016), which is
an economic support system on a market basis. The purpose of the certificates is to in a cost effective way
increase the share of electricity generated by renewable sources. Renewables included in the electricity
certificates are for instance hydropower, wind power, biofuels, solar power and geothermal energy
(Energimyndigheten, 2015). For an approved facility an electricity certificate is received for each produced
MWh. Only facilities that have been commissioned after the introduction of the certificates has the
possibility to receive electricity certificates for the entire production (Energimyndigheten, 2016). When
increasing the production in a facility commissioned before the introduction of electricity certificates, it
may be possible to receive certificates for only the increase of production (SFS 2011:1200). However, a
time limit for the certificates apply for these facilities, where the time for which certificates are issued for,
the new facilities is limited to fifteen years. Despite when the approval of a facility for issuing certificates
was given, the same expiring date applies for all certificates which is set to year 2035 (Energimyndigheten,
2016).
The certificates work by the Government giving the producer electricity certificates for each produced
MWh. This applies only for the facilities that have been approved to receive these. The certificates can
later on be sold by the producer to different suppliers of electricity or other buyers. The trade is
performed on an open market where the seller and buyer determines the prices. The result becomes an
additional revenue for the producer beside the revenue from selling the electricity (Energimyndigheten,
2016). On the market there are actors with quota obligation. Quota obligation regulates that amount of
electricity certificate an actor must hold. Besides holding the electricity certificate, the actor is also
obligated to cancel certificate. The amount of certificate is determined in relation to the amount of either
the sold or used electricity. Actors that are obligated with quotas, beside suppliers of electricity, are as well
electricity user that either consume self-produced electricity or consumes electricity bought or imported
from the Nordic electricity exchange. Industries that are registered and has a large usage of electricity, are
also actors that are obligated with quotas (SFS 2011:1200).
The 1st of April each year, the amount of electricity certificates for cancellation are to be held by the
actors. The same applies here regarding the amount of certificates that are to be held. The sale or usage of
electricity determines the amount of certificates. The size of the quota is regulated by the law regarding the
electricity certificate where the size of the quota is varying. For now the quota is determined and is valid
until year 2035. Looking at the quota, an increase can be seen until year 2020, where it turns and start to
decrease until 2035 (SFS 2011:1200).
The market for electricity certificates in Sweden is since the beginning of 2012 joined with the same
market in Norway. The amount of renewables on the Swedish-Norwegian market is decided to increase
from 2012 with an amount of 24,8 TWh/a until year 2020 (Energimyndigheten, 2015). An additional goal
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for the increased share of renewables on the Swedish-Norwegian market has been decided as a result of a
new financial goal on a national level. This goal implies that from year 2002, the amount of renewables are
to increase with 30 TWh until year 2030 (Energimyndigheten, 2016).

12 The Sweco report
In 2016 a study was conducted by Sweco regarding the potential increase of power output for the existing
hydropower plants in the Swedish river systems. This report is called Rapport Effektutbyggnad Vattenkraft:
En kvantitativ analys av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk. As this report covers
essentially the same area as this master thesis does, it has been used for comparison with the results
obtained in this master thesis. A comparison is made between the estimation made for each hydropower
plant in the report by Sweco and the estimations made in the feasibility study for each case study.
There is however an important difference between the assumptions made for the feasibility studies and
the ones made in the report from Sweco. In the report from Sweco, the estimations od potential increase
of the existing hydropower plants are done from a systems perspective. The rivers are re-dimensioned
with regards to one or a few hydropower plants current rated discharge. For some hydropower plants this
implies that the suggested upgrade is based on rated discharges of the up- and downstream hydropower
plants that differ from the current existing ones. In the feasibility studies, this estimation is instead done
on the prerequisites of the existing rated discharge of the up- and downstream hydropower plants. This
can in the report from Sweco differ as the entire river is to be re-dimensioned at the same time. Even if
the same rated discharge would be implemented as suggested in the report by Sweco, it is not certain that
the maximum power output stated would ever be reached. This is due to that the up- and downstream
hydropower plants might not be re-dimensioned according to the suggestions in the report from Sweco,
which would therefore have lower rated discharges than the hydropower plant in question.
To show why the results from the report conducted by Sweco is not appropriate for a direct comparison
to this study it will be shown how this way of estimation affects the results. To do this, the assumptions
for the re-dimensioning presented in the report from Sweco will be presented below with explanations on
how these would have affected the outcome of the feasibility studies. The rivers that will be considered
are those that include the hydropower plants that are included in the case studies. These rivers are
Dalälven, Västerdalälven, Faxälven and Ljusnan. The remaining rivers where hydropower plant included
in the scope of this thesis are located within, such as Oreälven and Norsälven, were not included in the
report from Sweco (Sweco, 2016).
Västerdalälven. In this river the rated
discharges of the hydropower plants
have been dimensioned according to
that of Mockfjärd HPP. An exception
have been made for the hydropower
plant Horrmund HPP, which instead
have been dimensioned for six times the
size of its mean inflow. This is
mentioned to be due to it being a peakpower hydropower plant. The same
suggestion has been made for
Linnvasselv HPP as can be seen further
below (Sweco, 2016). This suggests that
six time the mean inflow might have
Figure 3. This corresponds to figure 12 in the Sweco report (Sweco, been used as a rule for peak-power
hydropower plants.
2016)
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Dalälven. In both Västerdalälven and
Österdalälven there have been an
increase of the rated discharge. This
result in a higher inflow to Dalälven. As
can be seen in Fel! Hittar inte
referenskälla.Figure 4, Skedvi HPP
has been re-dimensioned to match the
rated discharge of Långhag HPP and
for the hydropower plant downstream
of Avestaforsen HPP, these have been
re-dimensioned to match Lanforsen
HPP. This result in, amongst other
things, Untra HPP receiving a higher
inflow than it currently is when
estimating its potential power output
(Sweco, 2016).
Figure 4. This corresponds to figure 14 in the Sweco report (Sweco, 2016).
Faxälven. It is suggested in the
report by Sweco to increase the rated
discharge for Linnvasselv HPP to six
times the mean inflow to this
hydropower plant (Sweco, 2016).
This may be feasible since
Linnvasselv HPP have a big
reservoir. It is unclear however if this
might lead to spillage in the
hydropower plants downstream if
these are not upgraded as well.

Figure 5. This figure corresponds to figure 6 in the Sweco report (Sweco, 2016).

Ljusnan. In Ljusnan the hydropower
plants rated discharge are redimensioned according to that of
Norränge HPP. This leads to the
studied cases of Bergvik HPP, Ljusne
Strömmar HPP and Laforsen HPP
getting a higher potential inflow than
now. This affects what rated discharge
is suggested for these stations
compared to that of the feasibility
studies presented in the case studies in
the coming chapter (Sweco, 2016).
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Figure 6. This picture corresponds to figure 11 in the Sweco report (Sweco,
2016).
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13 Case studies
As described in the methodology chapter the case studies were chosen using several criteria. The criteria
used were selected with the aim to sort out the most relevant and interesting cases for the scope of this
study. By studying the cases the aim was partially to analyze the assumptions and decisions behind
whether or not to enter an application process for new permits, as well as the outcome of these processes
due to different factors. The criteria in the second selection, denoted as B-criteria, will shortly be motivated
below. The hypothesis are that these selected criteria have a high impact on the process, the choice
whether to enter an application process or not and the outcome of it. The following elaboration of the
choices are made with the aim to show why the resulting selection of case studies are of interest for this
study.
Building of a new hydropower plant or unit: This criterion was introduced in order to prevent that
cases with old permits for building a new hydropower plant or units fell out from the final selection. In
the analysis it is also interesting to analyze the cases from both the influence of changed regulations of the
water, and that of introducing a new hydropower plant or unit into the river.
Submission of a permit application: As the permit application process was initiated in these cases, these
are of interest for this study as this is the specific process that is in focus. Both the feasibility studies and
the argumentation leading up to a decision to submitting the application are of interest, as well as the
opposition met during the court process and finally the outcome of the process. This criterion was later
slightly inclined in the analysis to focus on the actual changes in regulation of the water that was applied
for. This was done with the purpose to distinguish it from the previous criterion.
The hydropower plant constitutes a bottleneck: When a hydropower plant constitutes a bottleneck in
a river section there would naturally be a will to increase the rated discharge in order to remove this
bottleneck. This on the prerequisite that it is shown to be economically profitable. Therefore, it is
interesting to study these cases to see what lies behind an application being made or not. As will be shown
in the case studies and the analysis section, it is not solely economic reasons behind the decision to not
apply for an increased rated discharge. The definition of what constitutes a bottleneck is in this report as
follows: a hydropower plant that has a significantly lower rated discharge than the closest hydropower
plants up- and downstream of it.
The hydropower plant lies within protected areas: The reason behind including this criterion is that in
many cases, the hydropower plants are located in protected areas and this impacts on the outcome of the
application. In some cases, one might even avoid submitting an application in the first place due to this.
Therefore all hydropower plants located in protected areas were included in order to analyze how this
criterion affected the cases overall.
These criteria resulted in the final selection of twelve cases. These are summarized in Fel! Hittar inte
referenskälla.Table 1. In the table it is also shown which criteria that were fulfilled for each case. As can
be seen for some cases several criteria were fulfilled, while for some only a single criterion. The cases are
further analyzed in the analysis section from the viewpoint of the fulfilled B-criterion regarding how these
affected the overall process.
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Table 1. The final selection of case studies.
Hydropower
Building of a new
plant
hydropower plant or
unit
Avestaforsen
Yes
Bergvik
No
Edeforsen
Yes
Eldforsen
Yes
Frykfors
Yes
Hansjö
No
Laforsen
No
Linnvasselv
No
Ljusne
Yes
Strömmar
Skedvi
No
Sunnerstaholm
Yes
Untra
Yes

Submission of a
permit
application
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes

Constitutes a
bottleneck in the
river section
Yes
Yes
Yes
No
No
Yes
No
Yes
Yes

Hydropower plant
lies within protected
areas
Yes
Yes
Yes
No
No
Yes
Yes
No
No

No
Yes
Yes

Yes
Yes
Yes

No
No
Yes

In the case studies below the main content regarding the scope of the case study, the legal process and
Water Rights Permit, eventual protected areas as well as the potential power output are presented. A more
detailed version of each case study can be found in each corresponding appendix. The number of the
appendix for the case study corresponds to the number they occur below, with the extended version of
the case study of Avestaforsen HPP in Appendix 1, that of Bergvik HPP in Appendix 2 and so on.

13.1
Hydropower
plant
Avestaforsen

Avestaforsen HPP
Building of a new
hydropower plant or
unit
Yes

Submission of a
permit
application
Yes

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
Yes

Avestaforsen HPP is located in the river Dalälven, where Skedvi HPP is located upstream and Avesta
Lillfors HPP is located downstream. Parallel with Avestaforsen HPP lies Avesta Storfors HPP, which is
located on the right side of the river. Before Avestaforsen HPP was built, Månsbo HPP was located on
this exact spot, namely on the left side of the river (Naturvårdsbyrån Orback AB, 2003). The rated
discharge of Avestaforsen HPP is 300 m3/s (Fortum, 2015a) which is stated in the current Water Rights
Permit that was given in conjunction with the approval of building Avestaforsen HPP in the
Environmental Court judgement from the 8th of October in 2004. The approved rated discharge of 300
m3/s is stated as nominal, implying the permission to divert the amount of water equal to the amount of
water that the turbine has the ability to divert, if constructed for the rated discharge of 300 m3/s
(Stockholms Tingsrätt, 2004).

13.1.1

The case in short

No main refurbishment had previously been made on Månsbo HPP, the reason why a replacement of it
started to be considered (Fortum, 2003b). Also, Månsbo HPP and Avesta Storfors HPP constituted a
bottleneck with a smaller rated discharge compared to upstream and downstream hydropower plant
(Naturvårdsbyrån Orback AB. 2003). In October 2002, a submission of an application for new permits
concerning the demolition of Månsbo HPP and replacing it with a new hydropower plant with two units,
as well as constructing a new dam, was made (Fortum, 2003a). The total rated discharge of the new
hydropower plant would be 500 m3/s (300 m3/s + 200 m3/s) (Naturvårdsbyrån Orback AB, 2002).
Change of the scope of the permit was made during the application process to only comprise of the
installation of one unit with a nominal flow of 300 m3/s (Fortum, 2008e). Before the approval was given,
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the Government had to pronounce its opinion about the application, which they found to be in line with
the approval of the application given by the Environmental Court in December 2004. The construction of
the new hydropower plant and dam started in 2005 and the hydropower plant was taken into operation in
2007, while the dam was finished one year later (Fortum, 2008b).

13.1.2

Environmental protection

There are some protected areas nearby Avestaforsen HPP which can be seen in Fel! Hittar inte
referenskälla.Figure 7. The blue dashed lines symbolize water protection area and the green dashed lined
symbolize nature reservation area (Naturvårdsverket, 2017). These protected areas concern national
interest areas for conservation and
nature reservoirs, which are Nedre
Dalälven, Döda fallet, Isaksboholmen and
Åsboholmen. There are as well high
recreation values held in the area
around Avestaforsen HPP, considering
both areas of historical cultural values
and the possibility for bathing and
fishing. No major impacts on the
surrounding was estimated from the
project (Naturvårdsbyrån Orback AB.
2003). A more detailed account of the
Environmental protection is found in
Appendix 1.
Figure 7. Map showing protected areas near Avestaforsen HPP. The red
oval shows the location of Avestaforsen HPP (Naturvårdsverket, 2017).

13.1.3

Potential power

The alternatives included in this section is the proposed alternative and the alternative comprising of
replacement of both Månsbo HPP and Avesta Storfors (Fortum, 2003a).
 Alternative A
This alternative was the proposed one that later on was conducted. It comprises of a replacement of
Månsbo HPP with a new unit on the same site but with a rated discharge of 300 m3/s. An application for
a new Water Rights Permit was submitted and approved (Naturvårdsbyrån Orback AB, 2003). The
proposed alternative was shown to be profitable from an economic point of view in the feasibility studies
(Fortum, 2003a).
 Alternative B
The alternative comprised of the demolition of both Månsbo HPP and Avesta Storfors HPP, which were
to be replaced with a new hydropower plant on the same site as Månsbo HPP was located. The new
hydropower plant was to be installed with two units, one unit for replacing Månsbo HPP and one unit for
replacing Avesta Storfors HPP. The total rated discharge was to be 600 m3/s where each unit would have
a rated discharge of 300 m3/s each (Fortum, 2003).
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Table 2. Summary of the increase of the installed power output for the previous mentioned alternatives and from the report by
Sweco (Naturvårdsbyrån Orback AB, 2003; Fortum, 2003a; Fortum, 2003b; Sweco, 2016).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A4

10 (7)

25 (40)

Profitable

Alternative B5

10 (16,1)

25 (49,1)

No estimation

4

28 (43)

No estimations

Alternative C (Sweco)

As can be seen from the table above, using Alternative A instead of Alternative B results in a loss in
power output of 7,4-9,1 MW. In the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” by Sweco, a suggested expansion of the total
rated discharge for Avestaforsen HPP and Avesta Storfors HPP would be 593 m3/s. That corresponds to
an increase of the power output by 4 MW, to a new installed power output of 28 MW in Avestaforsen
(Sweco, 2016). The total installed power output for Avestaforsen HPP and Avesta Storfors HPP is 43
MW, which gives a lost potential of 1,3-3 MW. For the data assumed by Sweco, see Appendix 1.

13.2
Hydropower
plant
Bergvik

Bergvik HPP
Building of a new
hydropower plant or
unit
No

Submission of a
permit
application
Yes

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
Yes

Bergvik HPP is located in Ljusnan in between the two lakes Bergviken and Marmen (Ahlfors, 2015b).
Bergvik HPP is a bottleneck in this river section due to that the hydropower plants up- and downstream
of Bergvik HPP have a higher rated discharge. Both Landafors HPP and Höljebro HPP rated discharges
of 300 m3/s (Fortum, 2014b; Fortum, 2014e). The rated discharge is specified in the Water Rights Permit
from the 30th of December 1961 to be nominally 240 m3/s (Österbyggdens vattendomstol, 1961). To
upgrade the rated discharge in Bergvik HPP is therefore a considered option as the units are approaching
the end of their technical lifetime (Ahlfors, 2015b).

13.2.1

The case in short

As the turbines in Bergvik HPP are reaching the end of their technical lifetimes, feasibility studies were
done regarding refurbishment. The main alternatives considered in the feasibility study from 2014 was to
renovate the hydropower plant to different extents at the same rated discharge, or to increase the rated
discharge to 290-300 m3/s for the entire hydropower plant. The alternative including upgrading the rated
discharge was chosen to proceed with as this was deemed the most profitable (Norconsult, 2014).
The consultation regarding the project in Bergvik HPP was held in November 2015 (Fortum, 2015d). The
application was then sent to the Land and Environmental Court the following year (Östersunds tingsrätt,
2016a), as well as the notice to the concerned parties regarding this (Östersunds tingsrätt, 2016b).
Complaints were received regarding the EIA and this was complemented by Fortum and then resubmitted to the Land and Environmental Court (Fortum, 2017b). Opinions from Kammarkollegiet were
received on the grounds that the change in hydrological regime could not be judged with the EIA as a
base. The County Administrative Board of Gävleborg expressed amongst other things the need for
specifying the maximum rated discharge more clearly as 300 m3/s (Östersunds tingsrätt, 2017). Fortum is
to respond to this and the case is not settled yet.
The number stated in the brackets regards the combined power output for Avestaforsen HPP and Avesta Storfors
HPP.
5 The number within the brackets regards the power output for the new hydropower plant replacing both Månsbo
HPP and Avesta Storfors HPP.
4
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13.2.2

Environmental protection

Bergvik HPP is located in a section of Ljusnan that is protected according to chapter 4, section 2 in the
Environmental Code. This is the river stretch between Färila and Bergvik and the protected area is defined
to end shortly downstream of the hydropower plant. There are other national interests in the area, which
are sites of cultural values. There is a shore protection originating from the comprehensive plan (in
Swedish översiktsplan) for the municipality of Söderhamn which is valid 2010-2030. According to this
plan the river stretch known as Ljusnans Dalgång is a national interest as well. This ends shortly upstream of
the hydropower plant, but the municipality want this protection to stretch further downstream (Ahlfors,
2015b).

13.2.3

Potential power

The alternative applied for is here denoted as alternative A, and would result in a rated discharge of 290
m3/s for Bergvik HPP (Fortum, 2014a). The power output from the new turbines is not mentioned in the
feasibility study, it is therefore approximated using the Fel! Hittar inte referenskälla.Equation 2. This
gives a power output of approximately 20,2 MW.
290

8

8,7

20184

20,2

A calculation of the potential power output for Bergvik HPP is presented in the report “Rapport
Effektutbyggnad Vattenkraft: En kvantitativ analys av potentialen för effektutbyggnad i befintliga Svenska
vattenkraftverk” by Sweco. The entire river Ljusnan has been re-dimensioned to fit the rated discharge of
Norränge, and proposes a new rated discharge of 368 m3/s for Bergvik HPP. Norränge currently has a
rated discharge of 310 m3/s, which is not suggested to be increased in the report by Sweco. It is also
suggested that the hydropower plants closest up- and downstream of Bergvik HPP should have a rated
discharge close to that suggested for Bergvik HPP. This estimation by Sweco is referred to alternative B in
Table 3Table 3 below (Sweco, 2016).
Table 3. Summary of the increase of the installed power output for the previous mentioned alternative and from the report by
Sweco (Fortum, 2014h; Sweco, 2016).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A
Alternative B (Sweco)

4,2

20,2

8

24

Profitable
No calculation found

At the moment it cannot be judged how large potential power output that is lost as the process is not
finished yet.

13.3
Hydropower
plant
Edeforsen

Edeforsen HPP
Building of a new
hydropower plant or
unit
Yes

Submission of a
permit
application
Yes

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
Yes

In the river Ljusnan and south of the town Ljusdal, Edeforsen HPP is located. Upstream of Edeforsen
HPP is Laforsen HPP located and downstream is Norränge HPP located. The hydropower plant and the
regulating dam were commissioned in 1920, but were refurbished in 1989 (Erelöf, 2012). The rated
discharge is 20 m3/s and the installed power output is 0,8 MW. The annual production is 3 GWh (Fortum,
2014g). Comparing to the hydropower plants up- and downstream, Edeforsen HPP can be seen as a
bottleneck in the river section (Fortum, 2011b). The valid Water Rights Permit is the one given on the 1st
of December 1989 by the Water Court and approves of a hydropower plant with a total rated discharge of
20 m3/s. The regulation of the water is also stated in the permit (Stockholms Tingsrätt, 1989).
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13.3.1

The case in short

Refurbishment of Edeforsen HPP was decided on, and the scope of the proposed project was to replace
Edeforsen HPP with a new hydropower plant consisting of one unit with a rated discharge of 110 m3/s.
The installed power of the new unit would be 4 MW with a new annual energy production of 23 GWh.
The existing dam would also be demolished and replaced with a new one slightly further downstream of
the existing one (Erelöf, 2012). The proposed alternative also included changes of the water management,
since a new rated discharge during the winter was proposed. The aim was to simulate how an unregulated
water flow would look like in the river (Fortum, 2014g).
Since the project comprised of building a new hydropower plant, an application had to be submitted to
the Land and Environmental Court (SFS 1998:808). Even if Edeforsen HPP is situated in and near areas
protected by the Environmental Code and Natura 2000, it was found that there were several good reasons
to submit an application (Fortum, 2014g). An application was submitted to the Land and Environmental
Court in 2014, but was rejected though the judgement from the Land and Environmental Court on the
25th of September 2014. The reason for the rejection was that it could not be proved that the
environmental impact from the proposed alternative would be insignificant6 (Östersunds Tingsrätt, 2014).
An appeal from Fortum was submitted in November 2014, which was approved in February 2015 and
was then send to the Supreme Court (Fortum, 2014g). However, the Supreme Court rejected the appeal in
December 2016, since they did not find reasons to announce the appeal. That implied that the rejection
given in judgment M 2640-12 still applies (Högsta Domstolen, 2016).

13.3.2

Environmental protection
Edeforsen HPP in located within and near
Mellanljusnan, which contains high nature
values and is strictly controlled by chapter
4, sections 1, 2 and 6 and chapter 3, section
6 in the Environmental Code (Fortum,
2011a). The area upstream of Edeforsen
HPP is classified as a Natura 2000 area and
are called Mellanljusnan-Korskrogen-Edeforsen
(Erelöf, 2012). In Fel! Hittar inte
referenskälla.Figure 8 the protected areas
can be seen, where the blue dashed lines
symbolize the Natura 2000 area regarding
the Habitat Directive. The green dashed
lines up to the left in the figure symbolize
the area of nature conservation
(Naturvårdsverket, 2017).

Figure 8. Map showing protected areas near Edeforsen HPP. The red
oval shows the location of Edeforsen HPP (Naturvårdsverket, 2017).

13.3.3

Potential power

The power output for the proposed alternative, denoted as alternative A, is stated in Fel! Hittar inte
referenskälla.Table 4 below. Alternative A comprised of building a new hydropower plant with increased
rated discharge from 20 m3/s to 110 m3/s. An application was submitted but rejected, the reason why this
project never was conducted. No additional alternatives evaluated comprising of an larger increase of the
power output then what was expected in the proposed alternative (Fortum, 2014g), why no other
6

Based on the exception in chapter 4, section 6 in the Environmental Code.
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alternatives are included in Fel! Hittar inte referenskälla.Table 4. Since the proposed project was
rejected, no increase of the rated discharge and by that a loss in potential. The potential increase the
alternative would give can therefore be seen as a loss. This gives a loss of potential of the power output of
3-3,8 MW (Fortum, 2014g).
Table 4. Summary of the increase of the installed power output for the previous mentioned alternative (Fortum, 2014g).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A

2,4

4,2

Most profitable

Edeforsen HPP is not included in the report by Sweco, why no comparison is made between Sweco and
the proposed alternative (Sweco, 2016).

13.4
Hydropower
plant
Eldforsen

Eldforsen HPP
Building of a new
hydropower plant or
unit
Yes

Submission of a
permit
application
Yes

Constitutes a
bottleneck in the
river section
No

Hydropower plant
lies within protected
areas
No

Eldforsen HPP is now a new hydropower plant in Vansbro municipality in the river Västerdalälven. The
old hydropower plant was operated as a run-of-the-river hydropower plant which is also the case for the
new one. The rated discharge was increased from the old to the new plant to enable a larger share of the
flowing water in this river section to pass through the turbines to produce more electricity. The
construction of the new hydropower plant started in 2007 and was finished in June 2009. Eldforsen HPP
is located in Dalarna where the upstream hydropower plant is Hummelforsen and the one located
downstream is known as Skiffsforsen HPP (Ahlfors, 2010).

13.4.1

The case in short

The scope of the project was to build a new hydropower plant to replace the old one. In addition to this,
some work was done on the channel downstream and on the dam for it to be high enough to raise the
retained water level after the finished construction. The construction of a bio channel, referred to as
Eldbäcken, was also included in the project (Ahlfors, 2010).
In 1989 the current owner of Eldforsen HPP received permission from the Water Court to build the new
hydropower plant and to increase the retained water to +246,8 m. The permissions for the construction
was renewed one time as the new hydropower plant would not be finished by the set time. The time was
prolonged by ten years with the 1st of July 2009 as end date. Due to the Water Right Permit being set in
1989, before the introduction of the Environmental Code, the project should be judged according to the
Water Law current at that time. This is what Fortum claimed during the arguments in the Environmental
Court, as answer to amongst other Kammarkollegiet that requested an EIA to be made. Other opinions
were also expressed by Kammarkollegiet, Fiskeriverket and Banverket. It was then decided that an EIA
and a consultation was required for the process to continue (Nacka tingsrätt, 2011). The consultation and
the submission of the EIA was done in 2010 (Ahlfors, 2010) and the process continued in the
Environmental Court. Further opinions came from Älvräddarna regarding a misinterpretation that the
hydropower plant would be used for short-term regulations, which was not the case (Nacka tingsrätt,
2011). There were opinions regarding the EIA lacking in several ways by Fiskeriverket, the County
Administrative Board, Kammarkollegiet, Swedish Environmental Protection Agency and Älvräddarna
(Nacka tingsrätt, 2011).
Fortum was then given permission to take the hydropower plant into operation from the Environmental
Court in January 2011 according to the previous permits from 1989. This was possible since the operation
met the requirements according to the Water Law that was the current law at that time with some
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adjustments on the safety and precautionary aspects according to the Environmental Code (Nacka
tingsrätt, 2011). This verdict was appealed against to the Environmental Superior Court by
Kammarkollegiet, two private persons, Swedish Environmental Protection Agency, Sveriges sportfiskeoch fiskevårdsförbund and Älvräddarnas Sammorganisation. This appeal was rejected (Svea Hovrätt,
2011). Then Kammarkollegiet and Älvräddarnas Sammorganisation continued in April 2011 to appeal to
the Supreme Court but was rejected there as well (Högsta Domstolen, 2011).

13.4.2

Environmental protection

Eldforsen HPP is not located in a river stretch protected according to the Environmental Code chapter 4,
section 6 (SFS 1998:808). There is a protected area according to chapter 3, section 6 in the Environmental
Code in the river upstream of the hydropower plant. This area is denoted as Görälven-Västerdalälven is
deemed a national interest for nature conservation. Due to the retained water level being higher after the
construction of the new hydropower plant this area was affected to some extent by this (Ahlfors, 2010).
There were also discoveries of the red listed species freshwater pearl mussel in the area upstream of the
hydropower plant. These was therefore relocated to Risforsen in combination with the construction of the
new hydropower plant and was to be moved back to Eldforsen HPP after the bio channel were deemed
an appropriate habitat for them (Ahlfors, 2010).

13.4.3

Potential power

As the loss in production in this case was due to the delayed start of the hydropower plant this lost
production between June 2009 and February 2011 (Fortum, 2010a; Nacka tingsrätt, 2011). This
corresponds to approximately 68 GWh in energy production.
Eldforsen HPP is also included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“ from Sweco where it is suggested to increase
the rated discharge in Eldforsen HPP to 144 m3/s with a corresponding power output of 12 MW. This is
based on the prerequisite that all hydropower plants in Västerdalälven is dimensioned according to
Mockfjärd HPP (Sweco, 2016).

13.5
Hydropower
plant
Frykfors

Frykfors HPP
Building of a new
hydropower plant or
unit
Yes

Submission of a
permit
application
Yes

Constitutes a
bottleneck in the
river section
No

Hydropower plant
lies within protected
areas
No

At the time the considered project was initiated Frykfors HPP consisted of two hydropower plants at the
same site, one built in 1907 and the other in 1988 (HydroTerra, 2007). The original hydropower plant had
four units (Fortum, 2004a), with only three these still in operation. The station from 1988 has a single
vertical Kaplan unit. The 1907 hydropower plant has currently a rated discharge of 42 m3/s and the one
from 1988 a rated discharge of 30 m3/s (HydroTerra, 2007). The total power output from Frykfors HPP
was before the project 4 MW (Fortum, 1992). Frykfors HPP has big reservoirs upstream known as
Frykensjöarna, where the lake closest to the hydropower plant is known as Fryken. Downstream of the
Frykfors HPP is Edsvalla HPP with a rated discharge of 70 m3/s, which is approximately the same rated
discharge as Frykfors HPP. Frykfors HPP does not constitute a bottleneck in the river, but is mainly
considered due to the project scope including the construction of a new hydropower plant. Shortly
downstream of Edsvalla HPP, Norsälven flows into the lake Vänern. There is with no other hydropower
plant in between Edsvalla HPP and Vänern (Ahlfors, 2006).

13.5.1

The case in short

In 2003 a feasibility study was initiated in order to explore the different options for Frykfors HPP. In this
study old feasibility studies from 1988 and 1997 were considered as well as new alternatives. The different
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alternatives considered mainly constituted of building a new hydropower plant to replace the old one from
1907. An alternative to expand the existing hydropower plant from 1988 with one unit was investigated as
well. The alternatives differed in location and configuration. Different alternatives of rated discharges were
studied as well from 70 m3/s to 100 m3/s for the entire Frykfors HPP. Due to financial reason one chose
to apply for the alternative constituting of excavating the hydropower plant from 1907 and building a new
one at the same spot. No increase in rated discharge was applied for (Fortum, 2004a).
Consultation was held the 21st of September 2006. The County Administrative Board made the judgement
that the proposed project would not induce any environmental impact of significance, a short time after
this consultation (Vänerborgs tingsrätt, 2007).
The application was then sent to the Environmental Court the 19th of January 2007 (Fortum, 2006b).
There were comments from Fiskeriverket regarding safety precautions for the sake of fish during the
construction and the need for a fishway. As a side note there is a previous judgement for Frykfors HPP
where the requirement to construct a salmon ladder was removed. The Environmental Court did not
agree on the point regarding the fishway. In a judgement from the 20th of June 2007 the permission to
within the next five years demolish and construct a new hydropower plant, according to the proposed
plans, was given (Vänerborgs tingsrätt, 2007).

13.5.2

Environmental protection

According to the County Administrative Board there is no significant flora and fauna in the area
surrounding the hydropower plant or in the river. The fishery in the area is located further downstream of
Edsvalla HPP and therefor is not of great significance to this case. The hydropower plant and the
buildings located nearby is however of cultural value which is taken into consideration in the project.
There is a comprehensive plan for the municipality of Kil which includes a shore protection that ranges
up to 150 meters up from the shoreline (Ahlfors, 2006).

13.5.3

Potential power

The proposed project was approved in this study and will below be referred to as alternative A. The
highest rated discharge for the new hydropower plant that were proposed were 100 m3/s, and is referred
to as alternative B below. There were however no economic calculations made for the higher discharges of
this alternative which makes it unclear whether or not those would be economically feasible (Fortum,
2008d).
Table 5. Summary of the increase of the installed power output for the previous mentioned alternatives (HydroTerra, 2007;
Fortum, 2004a).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A

1

5

Most profitable

Alternative B

-

-

No calculation found

Frykfors HPP is not included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco (Sweco, 2016). Since the proposed
project was approved there are in fact no lost potential in power output in this case. Although it seems
like there was a higher potential for Frykfors HPP. A calculation for the power output for alternative B
using Fel! Hittar inte referenskälla.Equation 2 is included below.
Rated discharge 100 m3/s:

/

100

8,3

8,7

7221

7,2

If taking this unused potential here is thereby 2,2 MW even though the alternative that was actually
applied for got approved (Fortum, 2004a; HydroTerra, 2007).

-35-

13.6
Hydropower
plant
Hansjö

Hansjö HPP
Building of a new
hydropower plant or
unit
No

Submission of a
permit
application
No

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
Yes

In the river Oreälven, Hansjö HPP is located, where upstream hydropower plant is Unnån HPP.
Downstream located is the reservoir Silja. Hansjö HPP was commissioned in 1956 with the unit G1
together with the dam construction. In 1985 a refurbishment was partially made on the generator. The
current installed power output is 3,3 MW and the annual production is 18 GWh. The installed rated
discharge is 40 m3/s (Fortum, 2010b) which is smaller compared to the upstream hydropower plant, why
Hansjö HPP could be seen as a bottleneck. Due to cavitation and bad efficiency, Hansjö HPP cannot
operate at its full potential (Fortum, 2009b). The current Water Rights Permit is the one given through the
Water Court at Österbygdens judgement from the 10th of January 1956 when Hansjö HPP was
commissioned. In the judgement permission to discharge an amount of water through the hydropower
plant of 40 m3/s is stated (Österbygdens vattendomstol, 1956).

13.6.1

The case in short

When deciding the scope of the project, several alternatives were investigated. These alternatives
comprised of building additional units to the existing one (Fortum, 2007ma), increasing the rated
discharge of the existing unit (Fortum, 2009b) as well as partial refurbishment of the existing unit.
However, the chosen alternative for the scope of the project comprised of refurbishment and upgrading
of the turbine with the remained rated discharge of 40 m3/s (Fortum, 2010c). Since the scope of the
project neither included upgrading the hydropower plant, installing an additional unit or building of a new
dam, no application was submitted to the Environmental Court (Fortum, 2010b).

13.6.2

Environmental protection
The area around Hansjö HPP is a part of the national
interest area Siljan-Skattungen (Fortum, 2010c) which is
stated in chapter 4, section 2 in the Environmental
Code (SFS 1998:808). This area inherits high values
such as nature conservation regarding both fish and
bio-ecological aspects. However, no changes in the
environment or impacts would occur since no change
would be made of the rated discharge, giving
remained condition for the area around the
hydropower plant (Fortum, 2010c). Fel! Hittar inte
referenskälla.Figure 9 shows the protected area,
where the area with blue dashed lines leaning right is a
water protection area. The area with blue dashed lines
leaning left is a Natura 2000 area regarding the
Habitat Directive (Naturvårdsverket, 2017).

Figure 9. Map showing protected areas near Hansjö HPP. The red oval
shows the location of Hansjö HPP (Naturvårdsverket, 2017).
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13.6.3

Potential power

The proposed project was approved in this study. The power output for the proposed alternative is
together with consideration from the profitability calculation presented in Fel! Hittar inte
referenskälla.Table 6 below. The additional alternative comprising of increase rated discharge is also
presented below.
 Alternative A
This alternative was the proposed alternative and comprised of refurbishment of the unit G1 with
remained rated discharge. By refurbishing the turbine and generator, the efficiency would increase where
the total increase was estimated to be 4,2 % (Fortum, 2010b).
 Alternative B
This alternative was evaluated in the feasibility study from 2009 and comprised of building a new
hydropower plant for replacing the existing one. With the new plant, the rated discharge was to be
increased to be either 50 or 65 m3/s (Fortum, 2009b). The rated discharge that will be used here for later
on comparison is the rated discharge of 65 m3/s.
Table 6. Summary of the increase of the installed power output for the previous mentioned alternatives (Fortum, 2010b;
Fortum, 2009ma).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A

0,5

3,8

Alternative B

2,7

6

Most profitable
Profitable but less than
alternative A

Hansjö HPP is not included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco (Sweco, 2016m). From calculation
of the power output of alternative B, a loss of power output would vary between 2,2-2,3 MW (Fortum,
2009b; Fortum, 2010b).

13.7
Hydropower
plant
Laforsen

Laforsen HPP
Building of a new
hydropower plant or
unit
No

Submission of a
permit
application
No

Constitutes a
bottleneck in the
river section
No

Hydropower plant
lies within protected
areas
Yes

Laforsen HPP is located in the river Ljusnan, where Öjeforsen HPP is located upstream while Norränge
HPP and Edeforsen HPP is located downstream (Fortum, 2016c). Laforsen HPP consist of three units,
where the units G1 and G2 were commissioned in 1953 and G3 in 1956. The rated discharge of Laforsen
is 210 m3/s, where unit G1 and G2 have a rated discharge of 55 m3/s each and the unit G3 has a rated
discharge of 100 m3/s. The total power output is 58 MW and the total annual production is 331,5 GWh
(Fortum, 2015b).
The Water Rights Permit given through the Water Court at Österbygdens judgement the 5th of July in
1963 remained valid with the project since the proposed alternative was within the frame of what is stated
in the permit (Fortum, 2015f). The Water Rights Permit approves of a hydropower plant consisting of
three units where two of the units were to have a combined rated discharge of 110 m3/s. Approval of a
third unit with a rated discharge of 80 m3/s was also given. It is important to clarify, which was made in
the judgement from 1963, that the approved rated discharge is nominal. This implies that the right was
given to divert a flow of 190 m3/s or the amount that the turbines together can discharge (Österbygdens
vattendomstol, 1963mb).
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13.7.1

The case in short

When deciding the scope of the project different alternatives were evaluated, where the alternatives
comprised of varying extent of refurbishment of the turbine and generator in unit G1 and G2. The
recommended alternative, however, comprised of major refurbishment of both the turbine and the
generator in unit G1 respectively unit G2 (Fortum, 2016b). Since no upgrading of the rated discharge was
planned for or building of a new unit or hydropower plant, no application was submitted to the Land and
Environmental Court. However, the project had to be announced to the County Administrative Board
(Fortum, 2015f).

13.7.2

Environmental protection
Several regulations controls and protects actions
in the area downstream of Laforsen HPP. The
area is both a Natura 2000 area (Fortum, 2016b)
as well as a nature reserve called Mellan-Ljusnan
(Fortum, 2015b). The area is also protected by
the Environmental Code (SFS 1998:808). In Fel!
Hittar inte referenskälla.Figure 10 the area
marked with blue dashed line is a part of a
Natura 2000 area considering the Habitat
Directive. The area market with green dashed
lines is a nature reserve (Naturvårdsverket, 2017)
called Mellan-Ljusnan (Fortum, 2015b).

Figure 10. Map showing protected areas near Laforsen HPP. The red oval shows
the location of Laforsen HPP (Naturvårdsverket, 2017).

13.7.3

Potential power

The power output for the proposed alternative is presented below. The power output is also presented for
the additional alternative comprising an increase of the rated discharge increasing. The most important
part from the profitability calculation for these two alternatives are also stated below (Fortum, 2016b;
Fortum, 2015f).
 Alternative A
This alternative was the proposed one and comprised of major refurbishment for both the turbine and the
generator in both units G1 and G2. The rated discharge was to be remained due to both uncertainties in
receiving an approval for increasing the rated discharge as well as there was found that there was no
reason for upgrading the hydropower plant at that time (Fortum, 2016b).
 Alternative B
This alternative was evaluated in the feasibility study from 2015 and comprised refurbishment of the
turbine and generator with increasing the rated discharge to 60-62 m3/s (Fortum, 2015f).
Table 7. Summary of the increase of the installed power output for the previous mentioned alternative and from the report by
Sweco (Fortum, 2015f; Fortum, 2016b; Sweco, 2016).
Alternative
Increase power output New power output Profitability
[MW]
[MW]
calculation
Alternative A

5-6

63-64

Most profitable

Alternative B

10,2

68,2

Profitable but there was
no need for upgrading

Alternative C (Sweco)

18 MW

75 MW
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-

Alternative B would give a large power output, where the difference in power output between alternative
A and B can be seen as a loss of potential. This loss of power output corresponds to 4,2-10,2 MW
(Fortum, 2015b; Fortum, 2015f). In the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” by Sweco, it can be seen that Laforsen HPP
has a potential expansion of the rated discharge to 276 m3/s, which gives a new power output of 75 MW
(Sweco, 2016). With the estimated power output by Sweco, it would on the other hand result in a loss of
power output of 11-17 MW. This can be seen in Table 7 above.

13.8
Hydropower
plant
Linnvasselv

Linnvasselv HPP
Building of a new
hydropower plant or
unit
No

Submission of a
permit
application
No

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
No

The hydropower plant Linnvasselv is located in the river Faxälven (Brännälven) (Fortum, 2016a) near the
Norwegian border and the town Gäddede (Fortum, 2011c). Upstream of Linnvasselv HPP the Norwegian
hydropower plant Röyrviksfors is located and downstream the Swedish hydropower plant Gäddede HPP
is located (Fortum, 2016d). Linnvasselv HPP is an underground station (Fortum, 2013a), with a supply
channel leading the water from Norway to Sweden. Two units were installed in the hydropower plant
when it was commissioned in 1962. The total rated discharge is 79,5 m3/s, where unit G1 covers
approximately 52 m3/s and unit G2 approximately 28 m3/s (Fortum, 2014c). Compared to the
hydropower plants upstream and downstream, Linnvasselv HPP constitutes a bottleneck (Sweco, 2016).
Further on, the installed power output is 84 MW and the annual production is 199 GWh (Fortum, 2016a).
Regarding the Water Rights Permit, the one that is valid now was given by the Land and Environmental
Court in the judgement from the 2nd of October 2012 and states the right to have a rated discharge of 79,5
m3/s or the amount of water the turbines are able to discharge. A time limit was given the Water Rights
Permit, which will last until the 4th of July 2062. The time limit also depends on the permit considering the
regulation of Limingen, in such way that the time limit can also expire at a certain time given by the permit
for the regulation of Limingen (Östersunds tingsrätt, 2012).

13.8.1

The case in short

Both units were in need of refurbishment even if a major refurbishment was done in 2001. The final
scope of the project was refurbishment of the turbines and the generators in both units with a remained
rated discharge of 79,5 m3/s. Reasons for that was that could be seen from the duration curve. No
additional production would be achieved by upgrading the hydropower plant, since Linnvasselv HPP
function as a so called peak power hydropower plant. It was also found through internal discussion that
there would not be any guaranteed benefits from upgrading Linnvasselv HPP (Fortum, 2011c).
Since no change of the rated discharge or the water management was suggested, no application for a new
permit had to be submitted to the Environmental Court (Fortum, 2013a). A notice had to be submitted to
the County Administrative Board describing the scope of the refurbishment of the units G1 and G2. It
was also said in the notice that since the water management will remain the same, no impacts on interest
from either public or private aspect would occur (Fortum, 2014c).

13.8.2

Environmental protection

As mentioned in the notice to the County Administrative Board, the work with the project would not
impact either public or private interests (Fortum, 2014c). There are as well no protected areas in the
nearby area that would be affected by the project (Naturvårdsverket, 2017).
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13.8.3

Potential power

The propose alternative was approved, which comprised of a refurbishment on the turbine and generator
in both units G1 and G2. The proposed alternative is denoted as Alternative A below, where the potential
production as well as the power output are stated. The outcome of the profitability study for alternative A
is presented below as well. No other alternative comprised of increase rated discharge (Fortum, 2016a),
why only comparison to the report by Sweco is made below.
Table 8. Summary of the increase of the installed power output for the previous mentioned alternative and from the report by
Sweco (Fortum, 2016a; Sweco, 2016).
Alternative
Increase power output New power output Profitability
[MW]
[MW]
calculation
Alternative A

9

84

Alternative B (Sweco)

69

142

Most profitable
-

None of the evaluated alternatives comprised of increasing the rated discharge and thus no lost potential
could be calculated. Linnvasselv HPP is however included in the report “Rapport Effektutbyggnad
Vattenkraft: En kvantitativ analys av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco
about potential expansion of hydropower plant. In the report, a possible expansion for the rated discharge
would be 156 m3/s, giving an increase of the power output of 69 MW, to a new installed power output of
142 MW (Sweco, 2016). Looking at the comparison with the power output estimated in the report by
Sweco, it would give a loss of power output equal to 58-69 MW.

13.9
Hydropower
plant
Ljusne
Strömmar

Ljusne Strömmar HPP
Building of a new
hydropower plant or
unit
Yes

Submission of a
permit
application
Yes

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
No

In the river Ljusnan, approximately 2 km upstream of Bottenhavet, Ljusne Strömmar HPP is located.
Höljebro HPP is located upstream of Ljusne Strömmar HPP and Ljusnefors HPP is located downstream.
The commissioning of Ljusne Strömmar HPP occurred in 1949-1951 when two units G1 and G2 where
installed with one Kaplan turbine each. Ljusne Strömmar HPP is of the type run-of-the-river hydropower
plant and are therefore depending on the flow from upstream hydropower plants, where it is desirable to
have the same flow through these hydropower plants. From comparison with the up- and downstream
hydropower plants, it can be seen that Ljusne Strömmar HPP constitutes a bottleneck. By being a
bottleneck, Ljusne Strömmar HPP limits the production in a negative way (Fortum, 2006a).
The current rated discharge for Ljusne Strömmar HPP is 260 m3/s and the installed power output is 37
MW (Fortum, 2014f). The annual production is 253 GWh. However, Ljusne Strömmar HPP has the
potential for an increased rated discharge with regards to the hydrological aspects. (Fortum, 2006a). The
Water Rights Permit that is valid is the one given in the judgement from 27th of August 2009 by the
Environmental Court, which implies an approved total rated discharge of 330 m3/s. Regarding the third
unit G3, the approved nominal rated discharge was either 70 or 90 m3/s (Östersunds tingsrätt, 2009a).

13.9.1

The case in short

The proposed alternative comprised of installing a third unit in the hydropower plant with a rated
discharge of 90 m3/s. The location where the third unit was to be installed in spillway one. This alternative
was the most profitable one from both a technical and economical point of view (Fortum, 2008f). An
application was submitted to the to the Environmental Court in 2008 regarding the new unit (Fortum,
2009c), with a nominal rated discharge of either 70 or 90 m3/s (Fortum, 2008a). With this, the total
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maximum rated discharge of the hydropower plant was to be kept at the same level that was approved in
the permit given in the judgment on the 17th of January 2003 given by the Environmental Court, namely
330 m3/s (Östersunds tingsrätt, 2003).
Approval of the application came in conjunction with the judgment from 27th of August 2009 given by the
Environmental Court , where the approval covered what was stated in the application (Östersunds
tingsrätt, 2009a). However, in 2011-2012 when new feasibility studies were performed, the proposed
alternative was proven not to be profitable. A reason for that was since the project relied on electricity
certificates for the entire unit G3, it became dependent on the electricity price. During this period, a drop
of the electricity price occurred making the proposed alternative not profitable any more. Instead, a
change of the scope was made to only include the dam safety actions (Fortum, 2012b).

13.9.2

Environmental protection

Looking at the area where Ljusne Strömmar HPP is located, the area is not part of any national interest
area that are protected by the Environmental Code. The area is not protected by any other regulations
either and contains no habitats of high values for nature conservation that could be effected by the
project. Regarding the cultural environment, there is an ancient monument located downstream of the
dam. Along with the project, positive impacts are to be expected where for instance placing the third unit
on the left side would prevent the left shore from erosion. Regarding the fish that migrate up- and
downstream, no impacts would occur from the proposed work (Fortum Generation AB, 2008).

13.9.3

Potential power

The proposed alternative comprised of a new unit G3 with a rated discharge of 90 m3/s. This alternative
is denoted as alternative A in Fel! Hittar inte referenskälla.Table 9 below, where the installed power
output is presented as well as the outcome of the profitability calculation.
Table 9. Summary of the increase of the installed power output for the previous mentioned alternative and from the report by
Sweco (Fortum, 2008f, Sweco, 2016).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A

10

46,5

Alternative B (Sweco)

13

50

Most profitable
-

Since it was decided not to perform the proposed alternative, the potential increase the proposed
alternative would result in can be seen as a loss. That corresponds to a loss of 5,3-9,5 MW (Fortum,
2012b). Looking at the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av potentialen för
effektutbyggnad i befintliga Svenska vattenkraftverk“ by Sweco, it can be seen that Ljusne Strömmar HPP has a
possible expansion of the rated discharge of 356 m3/s The increase in the installed power output would
thereby be of 13 MW (actually 13,6 MW) giving a new installed power output of 50 MW (Sweco, 2016).
The loss of potential power output compared to the power output estimated by Sweco would be 13 MW.

13.10
Hydropower
plant
Skedvi

Skedvi HPP
Building of a new
hydropower plant or
unit
No

Submission of a
permit
application
No

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
No

Skedvi hydropower plant is located in Dalälven in the municipality of Säter. Located upstream of Skedvi
HPP is Långhag HPP and downstream are Avestaforsen HPP and Avesta Storfors HPP. The hydropower
plant lacks any significant reservoir and functions as a run-of-the-river hydropower, which makes it very
dependent on the operations in Långhag HPP. Skedvi HPP can also be considered as a bottleneck in this
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section of Dalälven due to both the up- and downstream hydropower plants having higher rated
discharges of approximately 500 m3/s compared to the 400 m3/s in Skedvi HPP (Fortum, 2009a).

13.10.1

The case in short

Different alternatives for the project of renewing Skedvi HPP was investigated initially. In the feasibility
study different options were investigated, amongst other to upgrade the rated discharge to 500 m3/s. For a
500 m3/s hydropower plant different layouts for the hydropower plant was investigated as well.
Alternatives including locating a new unit on the other side of the river, since this unit was more likely to
receive electricity certificates for its entire electricity production as compared to if it were to be located
next to the existing two units. Increasing the existing units rated discharge was also considered. If one
were to make the decision to enter a license process to increase the rated discharge, it was also considered
to apply for an increased retained water level upstream of the hydropower plant (Fortum, 2009a).
In an updated feasibility study it was concluded that it would be more profitable to simply renovate, and
that it might take a long time to go through the process of applying for a new permit that would enable
more profitable regulations. One of the hinders is due to the old permit having a long list of persons
entitled to small sums due to them living by the shore. This list might need updating and would require a
lot of work to go through (Fortum, 2010d).
There are also restrictions regarding the operations of the upstream hydropower plant, Långhag, which
would have to be revised in order to make use of short time regulation. This restriction prohibits Långhag
HPP from discharging more than 400 m3/s at all times when the inflow is not higher than 400 m3/s.
There are also some restrictions connected to the flow in Håvran downstream of Skedvi HPP, and
Lillälven upstream of Skedvi HPP, that might need revision in order to utilize short term regulation if the
hydropower plant were to be upgraded to a rated discharge of 500 m3/s (Fortum, 2010d).
In the end the project consisted of a renovation of both units with the same rated discharge as previous to
the renovation (Fortum, 2015c). No legal process was therefore initiated to change the current Water
Rights Permits. Skedvi HPP was instead renovated according to the existing permits with the same
retained water level and rated discharge (Fortum, 2015c). The reason for not increasing the rated discharge
is at least to some extent due to several other legal processes taking place for Fortum during this time,
which is why Fortum Legal Counsel advised against starting up a trial for new permits in this case (Jirving,
2017; Fortum, 2015c).

13.10.2

Environmental protection
Skedvi hydropower plant is not located in a river section that is
under protection of chapter 4, section 6 in the Environmental
Code. There are however several areas nearby that have been
classified as Natura 2000 areas, nature reserves or that are under
the protection according to chapter 3, section 6 in the
Environmental Code (Fortum, 2004c). These areas of concern
are known as Säterdalen (a nature reserve and Natura 2000 area),
Håvran (national interest, on the Convention of Wetlands list)
and Stackharen (island classified as Natura 2000 and a nature
reserve) (Fortum, 2004c; Fortum, 2009). Besides the protected
areas there are interest for lakes connected to this section of
Dalälven, such as Amungen, due to it being a good lake for fishing
(Fortum, 2004c).

Figure 11. The protected areas in Håvran according to the
Swedish Naturvårdsverkets (Naturvårdsverket, 2017).
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In Fel! Hittar inte referenskälla.Figure 12 below the protected areas nearest of Skedvi HPP are shown,
and in Fel! Hittar inte referenskälla.Figure 11 the protected areas around Håvran are shown. In the
figures the blue dashed lines sloping to the right represents protection according to the Habitat Directive.
The blue lines sloping left shows the water protection areas and the green lines sloping left represents

nature reserves (Naturvårdsverket, 2017).

13.10.3

Potential power

The alternatives included in this section are the one that were performed in the end, one of upgrading the
rated discharge and finally the case that is included in the Sweco report. Both alternative A and B were
shown to be profitable from an economic point of view in the feasibility studies (Fortum, 2010d).
 Alternative A
This is the alternative that was chosen. It includes keeping the rated discharge at 400 m3/s and its specifics
in energy production and power output is summarized in Table 10Table 10. The data used are those for
Skevi HPP after the renovation. This was 2 MW lower than estimated in the feasibility study (Fortum,
2017d).
Figure 12. Map of protected areas around Skedvi HPP according to the Swedish
Naturvårdsverket (Naturvårdsverket, 2017).
 Alternative B
This is the alternative where the rated discharge would be increased to close to 500 m3/s, or more exactly
490 m3/s. This is the proposed option for increased rated discharge from the latest updated feasibility
study before the project was initiated (Fortum, 2010d).
Table 10. Summary of the increase of the installed power output for the previous mentioned alternatives and from the report
by Sweco (Fortum, 2010d; Fortum, 2012a; Fortum, 2017d; Sweco, 2016).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A

0

38

Profitable

Alternative B

6,8

44,8

Profitable

4

42

No estimations

Alternative C (Sweco)

The potential power output for Skedvi HPP is included in the report “Rapport Effektutbyggnad Vattenkraft:
En kvantitativ analys av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco. In this it is
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suggested to increase the rated discharge from 400 m3/s to 482 m3/s which would give a new power
output of 42 MW (Sweco, 2016).

13.11
Hydropower
plant
Sunnerstaholm

Sunnerstaholm HPP
Building of a new
hydropower plant or
unit
Yes

Submission of a
permit
application
Yes

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
No

Sunnerstaholm HPP is located in the river Voxnan which is a tributary to Ljusnan. The hydropower plant
was commissioned back in 1942 and is therefore approaching the end of its technical lifetime. There are
two turbines of the Francis type in the hydropower plant, with a combined rated discharge of 40 m3/s.
The upstream hydropower plant Alfta have a rated discharge of 60 m3/s which is the rated discharge that
is proposed for the new hydropower plant that was planned to replace the current Sunnerstaholm HPP
(Svea Hovrätt, 2014). The reason for considering this case is due to the application made for a new
hydropower plant as well as the hydropower plant being located in protected areas.
The upstream reservoir of Sunnerstaholm HPP is Lake Voxsjön. The regulation of this lake has according
to official statements been changed from the original due to preferences from the residents around the
area. It is desired, amongst other specifics, to have higher water levels in the summer. One of the reasons
for the Water Rights Permit from the 10th of January 1953 to specify to keep the water levels down during
the summer, that is no longer a current reason, has been claimed to be with regards to the agriculture
(Fortum, 2014d). In the judgements from earlier, there is no requirement for a minimum discharge to the
riverbed downstream (Svea Hovrätt, 2014).

13.11.1

The case in short

The new planned hydropower plant were to have a rated discharge of 60 m3/s instead of the existing 40
m3/s in order to match that of the upstream hydropower plant. The new hydropower plant was to be built
close by the existing one which would then be demolished after the construction of the new one (Fortum,
2011e). The application for a permit to build the new hydropower plant was done in April 2007. Fortum
meant to apply for new permits regarding the allowed regulations in the lake Voxsjön upstream of the
hydropower plant later in another application (Östersunds tingsrätt, 2008).
Some oppositions were received regarding this division of the applications, but this was deemed as ok by
the Environmental Court. There were further complaints regarding the lack of requirements of a fishway,
trash racks and a minimum discharge to the dried up riverbed. The Environmental Court did not agree on
any of this, except for the requirement of inclined trash racks, and gave a permit with the condition that
the construction of the new hydropower plant should be finished within five years. This was appealed
against, but this was dismissed and the ruling was thereby confirmed (Östersunds tingsrätt, 2008). Fortum
further agreed on having a minimum discharge of 1 m3/s to the dried up riverbed (Hushållningssällskapet
Nord AB, 2011).
As it was applied for the construction of the regulating dam and the permits regarding regulation of the
lake Voxsjön in separate permits, the outcome was still unclear at this point. Fortum waited to start the
constructions as they sent in a complementary application in February 2012 to the Land and
Environmental Court regarding the regulations of the planned new hydropower plant. The proposed
minimum discharges to the dried out riverbed were increased by Fortum after a study made in this river
section (Hushållningssällskapet Nord AB, 2011).
In the main hearing in May 2013 regarding the remaining permits, the Land and Environmental Court
pronounced the hydropower plant legal as well as the changes that had been proposed for the new
hydropower plant that was to be constructed. Although no permit was given for taking the new plant into
operation when later finished. This rejection was due to the EIA lacking in certain areas. The proposed
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construction of a fishway or a natural fishway was rejected as well. Fortum were given the opportunity to
complement the application according to the critique given by the Land and Environmental Court.
Fortum was given until the end of mars 2014 to hand this in. After this some changes was done in the
application by Fortum. Further the legal pronouncement of the hydropower plant were appealed against
by other parties which was approved by the Environmental Superior Court (Svea Hovrätt, 2014).
As the trial continued the time limit given in the permit for constructing the new hydropower plant was
getting closer. The constructions had to be finished by Mars 2016 according to the permit. Therefore
Fortum applied for a prolonged construction time and received a rejection on this in December 2016
(Sjögren, 2017). Fortum is now to present the future plans for Sunnerstaholm HPP latest on the 25th
September 2017. A feasibility study regarding this is being conducted at the moment (Sjögren, 2017).

13.11.2

Environmental protection

There is a comprehensive plan from 1990 that concerns the area. With this there is also a shore
protection. Although the existing or planned hydropower plant and its operations was deemed not to
interfere with any of these. Further downstream of the hydropower plant a section of the river is located
within a national interest. The concerned national interest is the one known as Ljusnans dalgång (Östersunds
tingsrätt, 2008).

13.11.3

Potential power

The alternative that has been up for application is the only one considered in this section.
 Alternative A
This is the alternative of the new hydropower plant with a rated discharge of 60 m3/s. It was to be located
nearby the existing hydropower plant that was to be demolished after the construction of the new one.
There would thereby only be power production from the new hydropower plant after the constructions
were finished (Svea Hovrätt, 2014).
Table 11. Summary of the increase of the installed power output for the previous mentioned alternative (Fortum, 2011e;
Fortum, 2014d).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A

3

9

Profitable under certain
conditions

Sunnerstaholm HPP is not included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys
av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk ” from Sweco (Sweco, 2016).

13.12
Hydropower
plant
Untra

Untra HPP
Building of a new
hydropower plant or
unit
Yes

Submission of a
permit
application
Yes

Constitutes a
bottleneck in the
river section
Yes

Hydropower plant
lies within protected
areas
Yes

The hydropower plant Untra is located in the river Dalälven between the hydropower plant Söderfors that
is located on the upstream side, and Lanforsen on the downstream side. The rated discharge for Untra
HPP is lower than for the hydropower plants in the river directly up- and downstream in relation to it.
These have a rated discharge of 480 m3/s and 550 m3/s, compared that of Untra which is only 429 m3/s
(Fortum, 2006d; Fortum, 2015e). This results in Untra HPP constituting a bottleneck in the river as water
has to be spilled in Untra to enable the other stations to run at maximum capacity (Fortum, 2006d). This
is partly why this case was considered, but also due to the new hydropower plant applied for, as well as the
hydropower plant being located within protected areas.
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The reservoir directly upstream of Untra HPP is called Untrafjärden. This reservoir is not large enough in
order to optimize the production on a weekly basis, but enables optimisation during the day. Weekly
optimisation can be done using the reservoir Hedelundafjärden that lies directly upstream of Söderfors
HPP that is controlled by Vattenfall. Untra HPP is thereby limited in its production in some ways to how
Söderfors HPP is operated (Ahlfors, 2007).

13.12.1

The case in short

As the units G1-G3 were starting to reach the end of their technical lifetime it was initially applied for
permits to construct a new unit G6 in a separate power house. According to the first plan for the
construction of unit G6 it was to be located on the left side of the current hydropower plant in parallel to
this. The application was made in October 2007. The thought was to operate Untra HPP (after the
project) with the same average water flow over the day, but by having larger capacity available enabling a
more extensive optimized production (Ahlfors, 2007). Due to that the proposed hydropower plant was to
be located in Natura 2000 areas there was an opposition from the County Administrative Board and
Kammarkollegiet to the proposed project. After this, a new adjusted proposal for G6 was made and
resubmitted in August 2008 (Fortum, 2013b).
The new unit G6 was then proposed on the right side of the current hydropower plant and river. In this
proposal the rated discharge were instead suggested to be the same as the current; 420 m3/s (Ahlfors,
2008) instead of 520 m3/s as applied for in the previous case. As in the previous case no changes in
allowed water levels up- or downstream the hydropower plant was applied for (Ahlfors, 2007). There were
oppositions from different parties regarding the EIA not being complete and that unit G6 were to be
viewed as an entirely new hydropower plant instead of as a partial replacement of an old one. This was
dismissed in May 2009 by the Environmental Court and the later aspect with the motivation that there
were no change in the water usage (Nacka tingsrätt, 2009). This was appealed against by different parties.
This was however rejected and the case continued in the Environmental Court (Högsta domstolen, 2010).
At this point of the process the County Administrative Board in Uppsala put a restriction on Untra HPP
to not run more than 250 m3/s. This was motivated by that this was what they concluded to be the actual
legal rights for the hydropower plants. The Swedish Naturskyddsförening and Kammarkollegiet referred
to this as reason to either dismiss the case of building Untra unit G6, or if not this than at least not
continue the process until it became certain what the valid rights were for the hydropower plant. These
claims were dismissed in the Environmental Court in October 2010 (Nacka tingsrätt, 2010b). The
restrictions of 250 m3/s were effective from the 12th of May 2010 and where then removed by the
Environmental Court due to an appeal from Fortum (Nacka tingsrätt, 2010a).
In an opinion from the 15th of November 2010 the Environmental Court stated, regarding the
construction of G6, that they judged that no difference would be on the effect on the protected areas such
as Båtfors during the operation period. Although they could not give permits for the constructions as
there might be negative environmental effects during the construction period. They therefore judged that
the permits must be given according to chapter 7, section 29 (Nacka tingsrätt, 2010a). This means that the
permit has to be given by the government (SFS 1998:808).
During this period the County Administrative Board put a restriction of Fortum regarding the operation
of the unit G5 on the 26th of May 2011. This was motivated by that there were no clear permit for this
unit. This was disapproved by the Land and Environmental Court that pronounced unit G5 as legal
(Nacka tingsrätt, 2012).
Initially the plans for the construction of G6 was not approved by the government, due to the
construction phase taking place during four consecutive months during the summer. The construction
period was thereafter divided into two months at a time, where the constructions where to take place
during the winter in two consecutive years. The changes made in the proposal now resulted in it not
requiring permits according to chapter 7, section 29 but should instead be according to chapter 7, section
28 a. Thereby only an approval by the Land and Environmental Court was required. This proposal was
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then approved by the Land and Environmental Court on the 27th June 2012 (Nacka tingsrätt, 2012). This
was not approved by the authorities which proceeded to appeal against this verdict to the Superior Land
and Environmental Court. The Superior Land and Environmental Court approved of the appeal and
removed approval for unit G6, however it did not approve of the restrictions that had been put on unit
G5 so these were removed as well (Fortum, 2013b). The rejection for G6 were in the verdict from the
Superior Land and Environmental Court on the 5th of June 2013 in case nr M 6229-12. The rejection was
based on Fortum not being able to prove that there would only be insignificant environmental impact
during the construction period. This even though the effects of the future operations would not result in
any increased impacts. It was claimed that the construction of a G6 would go against the regulation in
chapter 4, section 6 in the Environmental Code, as new land and water areas would be used for the
operation. In addition to this there would be effects from the construction period such as turbidity,
blasting and deepening of the river channel (Svea hovrätt. 2013).
After the rejection regarding the construction of G6 Fortum developed a new proposal regarding the
replacement of units G1-G3. In the new proposal the units G1-G3 were to be replaced by new Kaplan
turbines with the same nominal rated discharge as the existing Francis turbines. In addition to this, an
application was made to construct a bio channel on the right side of the river. The application was
separated into three different applications for permits; one concerning the replacement of the three units,
one concerning the bio channel and one last regarding safety measures for the dam (Ahlfors, 2015a). In
February 2017 the Land and Environmental Court approved the applications for both the safety measures
at the dam and the renewal of the existing hydropower plant according to the application. The application
concerning the bio channel was not approved based on that the EIA was not extensive enough. After this
judgement there have been appeals from different parties (Nacka tingsrätt, 2017).
The application concerning the renewal of units G1-G3 have also recently been appealed against by the
Count Administrative Board in Uppsala (Svea Hovrätt, 2017d), Kammarkollegiet (Svea Hovrätt, 2017c),
Naturskyddsföreningen (Svea Hovrätt, 2017e), Havs- och vattenmyndigheten (Svea Hovrätt, 2017b),
Älvräddarna (Svea Hovrätt, 2017a) and the Swedish Environmental Protection Agency (Svea Hovrätt,
2017f). The statements largely considered the legal right to divert the amount of water that is currently
done in Untra HPP. Several of the parties mean that the unit G5 does not have permits while the
application implies an increased allowed rated discharge for Untra HPP. Other comments were regarding
not following BAT and that the division of the cases as the bio channel was in a separate case was not
appropriate. The appeal was approved by the Superior Land and Environmental Court on the 29th of May
2017 and Fortum now has until the 14th of June 2017 to reply to the statements from the opposing parties
(Svea Hovrätt, 2017a).

13.12.2

Environmental protection

Untra HPP is located in Dalälven in the area where the main river stretch is protected according to
chapter 4, section 6 part two in the Environmental Code. In this area of Dalälven the river gets separated
into several river stretches and Untra HPP is not located in what has been defined as the “main river
stretch” but instead in one where water only would flow during high flows before the introduction of the
hydropower plant into the river (Fortum, 2006ja). As the second part of section 6 in chapter 4 only
concerns the main river stretch and not the tributaries (SFS 1998:808) there have been several
interpretations whether or not this protection applies to Untra HPP. The area is as well under the
protection of chapter 4, section 2, in the Environmental Code. This section in the Environmental Code
concerns national interest for tourism and outdoor life (Ahlfors, 2015a).
There are several other areas of interest for protection in the immediate area. There are three different
Natura 2000 areas; the Båtfors area, Kvarnön and the Untra area. The latter is divided into several sub-areas
that are scattered around mostly upstream of the hydropower plant. Two of the twelve sub-areas are
located close to the hydropower plant on the left side of the river. The sub-areas in question are those
denoted as number 9 and 10. The entire Untra Natura 2000 area was established due to the Bird directive
and serve the purpose of preserving rare bird species and their natural living habitats (Ahlfors, 2015a).
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The Båtfors area are protected on the basis of the Bird Directive but also the Habitat Directive. Besides it
being a Natura 2000 area it has also been declared a “nature reserve”. The area Båtfors-UntrafjärdenBredforsen is also considered a national interest that are protected according to chapter 3, section 6 in the
Environmental Code. The Båtfors area is mainly located downstream of Untra HPP and there are
specifications in the Water Rights Permit regarding minimal discharge to this area from Untra HPP and its
dam (Ahlfors, 2015a). In the comprehensive plan for the municipality of Tierps there is also a protection
of the shores up to 300 meters from the shoreline. Some of the protected areas are shown in Figure
13Figure 13 below. The areas marked with red lines sloping to the left shows the areas protected
according to the Bird Directive and are therefore a Natura 2000 area. The Areas with blue lines sloping to
the right are areas protected according to The Habitat Directive, which are thereby also a Natura 2000
area. The areas marked with green sloping lines that cross with both red and blue lines to the right in the
figure represents the edges of the Båtfors area. This area are both a nature reserve and are protected
according to both the Bird Directive and the Habitat Directive.

13.12.3

Potential power

Figure 13. One close-up map of Untra HPP and one from further, up showing the protected areas nearby
(Naturvårdsverket, 2017).

The option that will be elaborated on here is that of G6 that was initially applied for. Since it was stated
that the specifications for the hydropower plant was the same for the right and left side of the river only
one option will be included here (Nacka tingsrätt, 2010a).
 Alternative A
This alternative comprises of the proposed new unit G6 with the rated discharge of 420 m3/s for the
entire Untra HPP. This was the main alternative throughout the application process and it will therefore
be considered here (Ahlfors, 2008).
 Alternative B
This is the alternative where G6 is not restricted to a maximum discharge of 420 m3/s. In this case the
rated discharge would be allowed to reach 520 m3/s. This estimation of the energy production were
included in an earlier feasibility study than that of alternative A. It may be good to note that the
estimations for the energy production for alternative A were approximately 10 GWh lower in the earlier
feasibility study than estimated in the later feasibility study. This might explain the lower energy
production for alternative B (Fortum, 2006d; Fortum, 2006c).
 Alternative C
This is the alternative of replacing the units G1-G3 with three new turbines. No change in rate discharge
(Fortum, 2015e).
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Table 12. Summary of the increase of the installed power output for the previous mentioned alternative and from the report by
Sweco (Ahlfors, 2008; Fortum, 2006d; Fortum, 2015e; Sweco, 2016).
Alternative
Increase power output
New power output
Profitability
[MW]
[MW]
calculation
Alternative A

5

48

Profitable

Alternative B

14,1

57,1

-

Alternative C

46

Alternative D (Sweco)

19

62

The case for Untra HPP is included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys
av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“ from Sweco regarding the potential increase
of power output for hydropower plants in Sweden. In this report it is suggested to increase the rated
discharge from 429 m3/s to 617 m3/s (Sweco, 2016; Fortum, 2015e). This alternative, and the known data
is included in Table 21Table 21. The suggested rated discharge for Untra HPP has in the report by Sweco
been dimensioned to match that of Lanforsen (Sweco, 2016).

14 Analysis
The analysis is divided into two part where the first one concerns the impact from the B-criteria and the
second one the loss of potential power output. For the B-criteria, the analysis is focused on how each of
the criteria affected the cases which fulfilled the specific criteria. The analysis of the impact of the B-criteria
is therefore divided into four sections; one for each B-criterion. There is one exception to that only the
fulfilled cases for a specific criterion is being analyzed. This is for the section Application for changed water
regulation were all the twelve cases are included. The choice to include all cases in this section is since it was
deemed interesting to see whether or not it had been considered to submit a permit application in the
cases where this had not been done. This section is, as mentioned in the introduction to the chapter
concerning the case studies, based on the criterion Submission of a permit application. The slight incline of this
criterion is further elaborated on in the section regarding this criterion in this chapter. After the separate
analysis of the criteria an overall analysis follows. The analysis of the loss of potential power output is
further described and elaborated on in section Potential power output further below.
In the analysis of the B-criteria, three figures are used for symbolizing how the criteria has impacted on the
case studies. An explanation of the symbols is presented in Table 13Table 13 below.
Table 13. Explanation of the symbols used in the analysis of the B-criteria.
Symbol
Explanation
Implies no impact from the criterion
Implies significant impact from the criterion

~

Implies impact from the criterion to some degree
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14.1

Building of a new hydropower plant or unit

In this section the effects on the court process and the project in general from the fact that a new
hydropower plant or unit was projected are elaborated on. In this section the change in water regulations
that may have been the case for the project is not considered. This is instead done in the following section
Application for changed water regulation that is an inclined analysis regarding the criterion Submission of a permit
application. In Table 14Table 14 below the general impact is shortly presented, followed by a more
thorough analysis of each case. As can be seen there is a varied influence from this factor. From cases
where it is clear that the rejection was due to the fact that a new hydropower plant was included in the
project, to cases where it did not influence or complicate the process in any significant manner.
Table 14. How Building of a new hydropower plant or unit impacted the process according to the case studies.
Case
Impacted Comment
the
process
Avestaforsen

The application process took approximately 1,5 year. The case was sent to the
Government for approval due to the power output being larger than 20 MW
for the new hydropower plant. Went smoothly in general.

Edeforsen

The case was rejected in court due to Fortum not being able to prove there
would only be an insignificant environmental impact from building the new
hydropower plant. The hydropower plant is located in areas protected by
chapter 4, section 6 in the Environmental Code.

Eldforsen

Problems regarding getting the permit for taking the hydropower plant into
operation after the finished constructions. Comment from different parties
regarding the EIA not being concerning building a new hydropower plant,
only taking it into operation.

~

Frykfors

The application was made approximately half a year before receiving the
permit from the Environmental Court. The preferred option was approved.

Ljusne
Strömmar

The application concerned installing an additional unit in the station. This was
approved within a year of that the application was submitted. In the end the
project was not profitable and therefore not conducted.

Sunnerstaholm

The application was separated into two different cases in court. One regarding
the construction of the new hydropower plant and the second was for changes
in water regulation and taking the hydropower plant into operation. The first
case was approved but due to the second case taking too long, the hydropower
plant was never constructed.

Untra

The court process has been ongoing for a long time. Objections were received
regarding the building of a new hydropower plant in an area protected
according to chapter 4, section 6 in the Environmental Code. In the end the
case of G6 was rejected by the Superior Land and Environmental Court. The
case of exchanging G1-G3 was recently approved in the Land and
Environmental Court but have now been appealed against to the Superior
Land and Environmental Court which was accepted. Currently replies from
Fortum are awaited.
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There are varied influences from the fact that a new hydropower plant was applied for both on the
process and its outcome in the studied cases. There are two cases where a clear influence was noted from
this, these are the cases of Edeforsen HPP and Untra HPP. In both these cases the application was
rejected, for Untra HPP this was the case concerning the application for G6 that was made initially. In the
case of Edeforsen HPP the application was rejected due to Fortum not being able to prove that there
would only be an insignificant environmental impact from the project. This was stated by court fish
expert, the Swedish Environmental Protection Agency, Kammarkollegiet, Havs- och vattenmyndigheten,
the County Administrative Board of Gävleborg and the community of Ljusdal. One common reason why
these parties argued that environmental impact would be more than insignificant, was the occurrence of
turbidity. This would pose a problem since Edeforsen HPP is located in a river section protected
according to chapter 4, section 6, in the Environmental Code. More regarding this in section Hydropower
lies within protected areas. It can be noted that these kind of effect on the environment would be present to
some extent even in the case of simply refurbishing the existing hydropower plant, which is allowed
according to current permits. Overall the effects on the environment were stated to be positive, but with
some negative aspects during the construction phase. Therefore the outcome of Edeforsen HPP can to
some extent be due to applying for a new hydropower plant, as it was the effects from the construction of
the new hydropower plant that lead to a rejection. It seems less due to the fact that there would be
changes in regulation of the water as the new hydropower plant would have a higher rated discharge. As
mentioned the overall effects on the environment during the operation period would improve, which
would suggest that the changed regulations of water would not contribute to the rejection of the
application.
For Untra HPP the process has been ongoing for a long time with several turns in the court process.
One issue that was highlighted by other opposing parties was that a new hydropower plant is not allowed
to be constructed in areas protected by chapter 4 section 6 in the Environmental Code. Discussions
occurred in court whether or not unit G6 in Untra HPP should be regarded as a new hydropower plant or
just an extension to the existing one. It was claimed by Fortum that it would not be an entirely new
hydropower plant as the rated discharge would be kept the same for the entire Untra HPP. This is the case
as G6 would replace some of the old units in Untra HPP after the construction would be finished. This
point was also agreed on by the Environmental Court. The Environmental Court also stated that they did
not judge that the addition of unit G6 in Untra HPP would induce any change in environmental impact
during the operating period, but was not sure about the effects during the construction period. The court
process was initiated in October 2007 and is in writing moment still not finished. The process regarding
G6 was however ended with a verdict from the Superior Land and Environmental Court in June 2013. In
the end, the construction of unit G6 was rejected by the Superior Land and Environmental Court due to
not being able to prove that there would only be insignificant environmental impact during the
construction period, even if the effects of the future operations would not give any change in impacts.
The Superior Land and Environmental Court claimed that the construction of a new hydropower plant
would go against the regulation in chapter 4, section 6 in the Environmental Code, as new land and water
areas would be used for the operation. There would also be effects from the construction of the
hydropower plant such as turbidity, blasting and deepening of the river channel. The new suggestion of
replacing G1-G3 within the existing hydropower plant was recently approved by the Land and
Environmental Court. This verdict has however been appealed against by several opposing parties, which
was recently accepted by the Superior Land and Environmental Court. The case is thereby still ongoing
and responses are awaited from Fortum. Simply replacing the current units G1-G3 therefore seems to
gain certain opposition as well, even though this would not include building a new hydropower plant.
One case that was affected to a certain extent by the fact that a new hydropower plant was projected is
Eldforsen HPP. As an old permit for building the new hydropower plant were held in this case the
“problem” in the process mainly occurred when applying for a permit to take the new plant into
operation. Due to several appeals from different parties regarding the case, it took approximately two
years to receive the permit for taking Eldforsen HPP into operation. Some of these appeals concerned the
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fact that the EIA did not include “not building the new hydropower plant” as the zero-alternative. The
zero-alternative was instead the case of “not taking the new hydropower plant into operation”. The
appeals regarding this were however dismissed by the Environmental Court. Some parties also expressed
that the EIA should correspond to what is suitable for building a new hydropower plant according to the
Environmental Code. In the end this was sorted out. Although certain aspects regarding building a new
hydropower plant, as reflected in the appeals regarding the EIA, contributed to the process was prolonged
by almost two years. Two years that were not expected the least by Fortum as they had expected a short
process for simply taking the hydropower plant into operation. There seems to have been
miscommunication between Fortum and the Environmental Court, as well as the other affected parties,
regarding what was expected of the permit application after the new Eldforsen HPP was finished.
Out of the studied cases the ones where a small or not significant influence was noted are Avestaforsen
HPP, Frykfors HPP, Ljusne Strömmar HPP and Sunnerstaholm HPP. For Avestaforsen HPP the
permit was received approximately 1,5 year after the decision to apply for it was made within Fortum. The
application was during this time also sent to the Government for approval as the power output from the
planned hydropower plant would be larger than 20 MW. Under certain circumstances it is required that
the cases receives a Governmental approval, as in this case. This went smoothly and the fact that it was
passed by the government was the biggest noted impact on the process itself due to the fact that a new
hydropower plant was included in the scope of the project.
In the case of Frykfors HPP the application process went even faster. The permit was received
approximately half a year after the application was sent to the Environmental Court. Only short after the
consultation it was noted by the County Administrative Board that the project would not have any
significant impact on the environment. Fiskeriverket proposed that a requirement for a fishway should be
included in the permit, but this was dismissed by the Environmental Court. This might be explained by
that in earlier judgements from the Environmental Court the requirement for a salmon ladder (a kind of
fishway) had been removed for Frykfors HPP.
For Ljusne Strömmar HPP it was not the case of a new hydropower plant, only the case of installing a
new unit in the existing station. This case also went smoothly and was approved in the Environmental
Court within one year after the application was submitted. Here opinions were sent to the Superior
Environmental Court regarding adding a requirement of a fishway to the permit amongst other suggested
requirements. This opinion was from Kammarkollegiet but was although not approved by the Superior
Environmental Court. In the end the permit was not utilized by Fortum due to that the project was shown
to not be economically profitable due to changing conditions as the electricity price dropped.
In the case of Sunnerstaholm HPP the project did not go through, but not due to the fact that a new
hydropower plant was applied for. In this case the application for new permits was divided into two
separate applications. One of these concerned building a new hydropower plant, the other concerned the
change in water regulation and taking the new hydropower plant into operation. Some objections
regarding this division was made, as well as that the application should be adjusted to concern an entirely
new hydropower plant instead of a replacement hydropower plant. The application concerning building a new
hydropower plant was although approved. As there were uncertainties connected to going through with
the project without receiving an approval of the other application, the construction of the new
hydropower plant was to be postponed until the verdict was given for the other case. Therefore Fortum
chose to await the verdict regarding this before initiating the constructions. Due to this the allowed time
for constructing the new hydropower plant expired as the other case in court were taking too long. The
construction time was not prolonged resulting in that the project was never conducted. As can be noted
the main reason for the project not being conducted was not due to the construction of a new
hydropower plant, but rather due to applying for new terms of regulating the water. At least if considering
the outcome of the court process. This will be mentioned further in section Application for changed water
regulation.
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14.1.1

Summary

Overall there seems to be quite limited effect on the application process and its outcome from the fact
that building a new hydropower plant or unit was included in the scope of the project. The cases where it
significantly affected the outcome of the process are for Untra HPP and Edeforsen HPP. For both of
these cases however it seems to be the fact that a new hydropower plant was projected was combined
with the fact that they were located in areas under strong environmental protection. The protection that
lead to both cases being dismissed was the one in chapter 4, section 6, in the Environmental Code. This is
however elaborated further on in section Hydropower plant lies within protected areas.

14.2

Application for changed water regulation

The aspects concerning application for changed water regulation, such as a changed rated discharge or
retained water levels, are the focus of this section. This section is an analysis based on the criterion
Submission of a permit application but the criterion have been slightly modified in order to give a more
insightful analysis. The reason for this is since the analysis for this criterion without the modification easily
focuses on the same aspects as the analysis of Building a new hydropower plant or unit. By inclining this
criterion to focus on the suggested changes in water regulation, it becomes clearer what aspects in the
scope of the project that affected the process outcome.
In this section it can be noted that there are varied influence on the different projects and their outcomes
from the applications made. This is partly due to the varied content in these applications, where some
include new rules for the water regulations and other concerns construction of a new hydropower plant or
unit. The ones mainly concerning the construction of a new hydropower plant or unit are elaborated on in
the previous section. In this section there are however not only the cases that have fulfilled the criterion
Submission of a permit application that are included. All twelve cases included in this study are analyzed in this
section. This is however done in different ways for the cases that fulfilled this criterion and those who did
not. The ones that have fulfilled this criterion are analyzed first, with focus on how the entire process have
been influenced by the fact that changes in water regulation have been applied for. After this, the cases
where no permit application was submitted are included. This in order to analyze if changes in the water
regulation was considered in the feasibility studies, and in that case why this was not applied for.
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Table 15. How the criterion Application of changed water regulation impacted the process for the cases where an
application was submitted.
Case
Impacted Comment
the
process
Avestaforsen

No negative influence on the application for new water regulations were shown
on the process or its outcome.

Bergvik

The case is not settled in court yet. Some oppositions regarding the lack of
material in the EIA for judging the change in hydrological regime due to the
increased suggested rated discharge.

Edeforsen

Eldforsen

~
~
~

In this case it was rather due to the construction of a new hydropower plant
that the application was rejected. The impacts on the environment was not
considered to be insignificant, why the exception in chapter 4, section 6 in the
Environmental Code not was.
Changes in both water levels and rated discharge in the application that
included building of the new hydropower plant. Some complaints regarding the
extension of the EIA.

Frykfors

No change in rated discharge or retained water levels in the application. The
application only concerned tearing down the old hydropower plant and
building a new one in its place.

Ljusne
Strömmar

No problem getting the permit for the new unit. The reason for the unit not
being constructed in the end were due to it being shown to not be
economically profitable.

Sunnerstaholm

The application were separated into two different cases in court. One were the
construction of the new hydropower plant and the second were the change in
water regulation and taking the hydropower plant into operation. The first case
was approved but due to the second case taking too long the hydropower plant
were never constructed.

Untra

Initially a higher rated discharge for unit G6 was proposed but met enough
resistance for this to be changed in an updated application. Opposing parties
questioning whether or not the current rated discharge should be allowed or
not. Court process not finished yet.

Some of the cases were strongly influenced by the resistance meet due to the proposed changes in water
regulations, these cases are mainly Untra HPP and Sunnerstaholm HPP. As elaborated on in the
previous section, in the case of Sunnerstaholm HPP the application was separated into several different
court cases instead of one. The court case concerning the construction of a new hydropower plant was
approved, the one concerning taking it into operation and changing the rules for water regulation was on
the other hand rejected. The reason for the hydropower plant never being constructed is elaborated on
earlier in the section regarding Building of a new hydropower plant or unit. In short it is due to the uncertainty of
building a hydropower plant without permits for taking it into operation and thereby not knowing how it
will be allowed to be operated. The uncertainties were related to what minimum discharge to the dried up
riverbed downstream of the hydropower plant would be required in the permit. If this minimum dischrage
was settled to be to high, then it would no longer be profitable to build the new hydropower plant. The
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reason for the Land and Environmental Court dismissing the application for the changed regulations was
due to a lacking material showing in what way the upstream and downstream areas would be affected by
the changed water regulations. Fortum was although given the opportunity for complementing the EIA
on these points. Some of the parties expressing the need for complementation of the EIA were the
municipality of Bollnäs, the County Administrative Board of Gävleborg, the municipality of Ovanåker’s
and Sveriges sportfiske-och fiskevårdsförbund. This however did not mean that these parties were against these
changes. The County Administrative Board had during the court process for instance, expressed that they
agreed with Fortum that the new regulations would be better for the surroundings compared to the
current ones.
The reason for the proposed changes in water regulations of the upstream reservoir of Sunnerstaholm
HPP, known as Voxsjön, was due to changing preferences from the surroundings. The lands are not used
in the same manners as before, and the old ways of regulation had been wished for to be changed. These
new water regulation rules would result in other allowed water levels and a higher rated discharge from the
new hydropower plant. According to Fortum the County Administrative Board had expressed the wish
for Fortum to apply for these changes in regulations of the water level of the upstream reservoir Voxsjön.
This is expressed in the judgement from the Land and Environmental Court on the 2013-09-26 in Case nr
M 1225-07 and says ´There were requirement to complement the environmental impact assessment regarding what
minimum discharge to have for the dried up river section downstream of the existing hydropower plant”.
In the case of Untra HPP there was initially a proposal for increasing the rated discharge for the new unit
G6. The thought was to keep the current mean flow over the day but conduct more short time regulation
by having a rated discharge of 100 m3/s more than the current one. This was met by resistance and was
changed to be remained at the current rated discharge in the updated version of the application. It was in
this updated application that G6 also was proposed to be on the other side of the river than in the first
application. This resistance early on therefore made Fortum withdraw the application for an increased
rated discharge for Untra HPP, which influenced what maximum power output can be reached in the
hydropower plant. In the end however, unit G6 was not approved. In the application for exchanging G1G3 the same rated discharge as the current as proposed. In neither of the cases any change in the allowed
water levels was ever applied for. The replacement of unit G1-G3 was approved by the Land and
Environmental Court. This approval was however appealed against. The appeals concerned the existing
permits, and whether or not the current rated discharge is actually allowed according to the permits. This
concerns uncertainties of the permits for the existing unit G5, which had emerged already once earlier
during the debates where the Environmental Court declared G5 as legal. The different parties however
disagrees with this, and therefore perceives the application for G1-G3 to imply an increase in the allowed
rated discharge. They argue that this would thereby go against the regulations according to chapter 4,
section 6, in the Environmental Code. Other comments regarded not following BAT and that it was
inappropriate that the case had been divided to have the application for the bio channel in a separate court
case from the changes in the hydropower plant. These appeals were accepted by the Superior Land and
Environmental Court and the case are thereby not settled yet. Currently responses from Fortum are
awaited regarding the appeals from the opposing parties. It can be noted that splitting the application into
several court cases is not approved by other parties, as was also seen in the case of Sunnerstaholm HPP.
This also caused problems in the case of Eldforsen HPP, but this will be elaborated on further below.
Some projects that were influenced in some aspect, but not as strongly as the two previously mentioned
cases, are Bergvik HPP, Edeforsen HPP and Eldforsen HPP. In the case of Bergvik HPP an
increased rated discharge was applied for. Oppositions were received regarding this to some extent. These
concerned the aspect of there not being enough material to assess the changes in the hydrological regime
due to the increase of the rated discharge. It was perceived that these aspects were not elaborated enough
on in the EIA, as not all quality factors for the hydrological regime were assessed. This was expressed by
Kammarkollegiet. There were also comments from the County Administrative Board of Gävleborg
regarding the rated discharge not being expressed clearly enough to be 300 m3/s in the application. The
case is not finished in court at the writing moment, but it has been prolonged so far due to aspects related
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to the changes in water regulation that has been applied for. At the same time these comments are not a
clear opposition to the expressed changes, but more related to the thoroughness of the application.
Therefore this case can be perceived to have been influenced to some extent by the fact that new water
regulation rules has been applied for, although not in any way as much as the two previously presented
cases.
For Edeforsen HPP, as expressed in the previous section regarding Building of a new hydropower plant or unit,
the main influence on the outcome of the case was due to the effects caused by building a new
hydropower plant. However to some extent the change in water regulation applied for impacted on the
process as well. In this case, the impact the increased rated discharge would have on the flow pattern was
raised during the court process. As well as the potential impacts on the environment and the water living
habitat due to the proposed change of the discharge, were raised. This since the proposed alternative
implied a change in regulation of the water during the winter in order to simulate an unregulated river
during the process different type of measures was developed and evaluated for preventing and ease
environmental impacts such as for the eventual occurrence of turbidity. It is therefore possible that all of
this might have influenced the outcome or process to some extent. However, opinion regarding not
fulfilling the exception in chapter 4, section 6 in the Environmental Code occurred during the court
process. As a result of the court process was a rejection based on not fulfilling the mentioned exception.
Another influence on the rejection was the fact that there was no previous case where there had been a
corresponding increase in percentage of the rated discharge. . This is since it would be hard to predict
what kind of effects that could be expected, due to no possibility of comparison with another case.
In the case of Eldforsen HPP it was applied for changes in both the allowed water levels and the rated
discharge initially. These permits were given long before the new hydropower plant was built. Later when
applying for taking the new hydropower plant into operation, a new EIA were required and delivered by
Fortum due to objection of the initial version came from some parties. This was regarding a request to
extend the EIA to include several other alternatives for the retained water level upstream of the
hydropower plant. This even though this had already been approved in the previous received permit for
building the new hydropower plant. This request was however rejected by the Environmental Court.
Therefore the aspect of changed water regulations occurred in the court process for Eldforsen HPP to
some extent, and contributed to the postponed start of the finished hydropower plant by two years.
Although even though this criterion contributing to this it was not the sole reason for this postponing and
neither did it change the outcome of the process. This is another example of when dividing a permit
application into several cases have caused issues in the process. In this case it was not expected that
permits for taking the hydropower plant into operation would be hard to receive as permits for building
the hydropower plant had been obtained already. This case, as well as that of Sunnerstaholm HPP, shows
that this is not to be taken for granted.
Some of the projects that were not affected significantly by the fact that a permit application where made
are Avestaforsen HPP, Frykfors HPP and Ljusne Strömmar HPP. For Avestaforsen HPP the
process went without any significant problems caused by the suggested increase of the rated discharge as
Månsbo HPP was replaced by Avestaforsen HPP. As mentioned in the previous section Building a new
hydropower plant or unit the case had to be approved by the Government due to, amongst other things, the
power output for Avestaforsen HPP exceeding 20 MW. This however went well and the entire process
from a decision within Fortum to a received permit took place in under 1,5 year. Therefore the case of
Avestaforsen HPP is not judged to have been affected by the fact that a higher rated discharge were
applied for. In the case of Frykfors HPP no change in the water regulation were applied for, only to tear
down the older of the hydropower plant and replace it with a new. Therefore it will not be mentioned
further here as no influence were present from this criterion in this case. It can however be noted that an
increased rated discharge was investigated during the feasibility study, but was never applied for.
In the case of Ljusne Strömmar HPP, an application for extending the existing hydropower plant with
an additional unit of either 70 or 90 m3/s was submitted in 2008. An approved permit was given already
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back in 2003 for building a third unit, although the approved rated discharge of the third unit was in this
permit only 60 m3/s. Through the feasibility study from 2008 it was shown to be more profitable to have
a rated discharge of either 70 or 90 m3/s, but keeping the total approved rated discharge of 300 m3/s.
Submission of a new permit therefore had to be done. The new permits that was applied for in 2008 was
approved without any serious issues regarding the increased rated discharge. The judgement was appealed
against in the Superior Environmental Court but the appeal was not accepted. However, as mentioned
before, the unit was never constructed due to other reasons unrelated to the suggested increased rated
discharge. The case can therefore not be perceived to have been influenced by this criterion.
Further on, even the case studies that did not fulfill the criteria of making a permit application is studied in
this section. This is since even though an application was not made, a change of the rated discharge or
other aspects of the water regulation might have been considered during the conduction of the feasibility
studies. Therefore the influence of this aspect on the remaining cases Hansjö HPP, Laforsen HPP,
Linnvasselv HPP and Skedvi HPP is elaborated on.
Table 16. The cases where no application for a new permit was made and if this was considered or not.
Case
Considered?
Comment
Hansjö

There were options for upgrading the rated discharge presented in the
feasibility study. In the end these were not as profitable as keeping the current
rated discharge.

Laforsen

Upgrading the rated discharge was considered. Due to the hydropower plant
not constituting a bottleneck and the uncertainties related to the outcome of
an application process no application was made.

Linnvasselv

No options for upgrading the rated discharge were considered in the feasibility
study.

Skedvi

Upgrading the rated discharge considered due to Skedvi HPP constituting a
bottleneck. Due to complex current Water Rights Permit and several other
ongoing court processes, no application was made.

As seen from Table 16Table 16 most of the cases considered an increased rated discharge at the early
stages of the projects process. The only case were this was not considered at all were for Linnvasselv
HPP.
For Hansjö HPP it was considered to increase the rated discharge, but as the alternative to keep the
current rated discharge was shown to be more profitable, an application for increased rated discharge was
never made. In the case of Laforsen HPP the objectives for not making an application for new permit
were quite different. First of all Laforsen HPP had at this time already the same rated discharge as the
hydropower plant on the upstream side, and for pure operational reasons it was therefore not very
desirable to increase the rated discharge for Laforsen HPP. Another aspect that seems to have influenced
the decision was the uncertainties related to making a permit application. It was mentioned that the
outcome of the application process were uncertain, and it was not clear whether or not a permit for an
increased rated discharge would be received.
In the case of Skedvi HPP it was also desired to increase the rated discharge, but even here uncertainties
regarding the application process contributed to the decision to keep the current rated discharge. Several
different cases were ongoing in court at the time when an upgrade was considered for Skedvi HPP. Due
to this, it was advised against applying for this. It was also judged that a lot of time and effort were going
to have to be spent on the case due to the complexity of the current Water Rights Permits. This is mainly
due to the long list of persons that owns land by the river that could be affected by the operations of
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Skedvi HPP. If this list would need to be updated, this might require a lot of time as the list is several
pages long.

14.2.1

Summary

The impact from this criterion on the processes varies from case to case. Some seem unaffected by this,
but in several cases the effects from the change in rated discharge have been questioned. In some cases,
such as regarding Untra HPP and Sunnerstaholm HPP, this criterion have influenced the outcomes
extensively. For the cases where no application for new permits were made, changes in the water
regulation were at least considered in three out of the four cases. Out of these three cases only one seems
to have been purely due to economic reasons. In the remaining two, Laforsen HPP and Skedvi HPP, the
aspect of the uncertainty of the outcomes from the application process impacted the decision to not
submit an application.

14.3

Constitutes a bottleneck in the river section

An analysis of how the criterion Constitutes a bottleneck in the river section has impacted the studied cases
fulfilling this criterion is performed. The analysis regards in which extent and where in the process of the
project the criterion has impacted. As mentioned in the definition of this criterion, the included cases are
the ones with a smaller rated discharge compared to upstream and downstream hydropower plants.
Table 17. How the criterion constitutes a bottleneck in the river section has impacted the process of the studied case
classified as a bottleneck.
Case
Impacted Considered/applied Comment
the
for upgrading?
process
Avestaforsen

Considered and
applied for upgrading

The recommended alternative comprised of
increasing the rated discharge.

Bergvik

Considered and
applied for upgrading

The recommended alternative comprised of
increasing the rated discharge.

Edeforsen

Considered and
applied for upgrading

The recommended alternative comprised of
increasing the rated discharge.

Hansjö

Considered upgrading

Alternatives for increasing the rated discharge
were investigated, but were shown less profitable
than keeping the existing rated discharge.

Linnvasselv

Not considered

No alternatives in the feasibility study comprised
of increasing the rated discharge.

Ljusne
Strömmar

Applied for upgrading

The recommended alternative comprised of
increasing the rated discharge.

Skedvi

Considered upgrading

The possibility to increase the rated discharge was
evaluated in the feasibility study, but it was not
applied for.

Sunnerstaholm

Applied for upgrading

The alternative that was applied for comprised of
increasing the rated discharge.
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Untra

Applied for upgrading

It was initially applied for an increased rated
discharge.

From Table 17Table 17 above, it can be seen that most of the cases studied were impacted by this
criterion. These cases are Avestaforsen HPP, Bergvik HPP, Edeforsen HPP, Ljusne Strömmar HPP,
Sunnerstaholm HPP and Untra HPP. When the choice of investment was to be taken in both the case of
Avestaforsen HPP and Bergvik HPP, the fact that the hydropower plant in question constituted a
bottleneck impacted in such way that the proposed alternative comprised of increasing the rated
discharge. Considering the process after the investment stage, this criterion did not influence in any
significant way. Questions have arisen regarding the effects that will be seen from trying to remove this
bottleneck by increasing the rated discharge in the case of Bergvik HPP. This is however elaborated on
in section Application for changed water regulation.
Looking at the case of Edeforsen HPP, the fact that it constituted a bottleneck impacted on the choice
of alternative to apply for. When deciding to renovate Edeforsen HPP, one took the opportunity to
investigate the alternative of upgrading the hydropower plant with an increased rated discharge. This since
the rated discharge in Edeforsen HPP was significant lower compared to that of the upstream and
downstream hydropower plants. Several other alternatives was also investigated, where alternatives
regarding refurbishment of the existing units was included. These alternatives however would result in a
decreased production and power output. Although, during the negotiation in court no regard was taken to
the fact that the hydropower plant could currently be considered as a bottleneck. Instead, the negotiation
concerned the environmental parts which is more elaborated in the section Hydropower plant lies within a
protected area. The reason why Edeforsen HPP was rejected in the end is elaborated on in section Building a
new hydropower plant or unit earlier in this chapter.
For Ljusne Strömmar HPP, the fact that the hydropower plant constituted a bottleneck impacted the
decision of scope for the project. Since the distance and travel time for the water is small between Ljusne
Strömmar HPP and the upstream and downstream hydropower plants, it is especially desirable to have the
same rated discharge for these. The recommended alternative therefore comprised of increasing the rated
discharge by installing a third unit in Ljusne Strömmar. The reasons for the project never being conducted
in the end were purely financial.
Looking at the process for Sunnerstaholm HPP, being a bottleneck impacted in the decision of the
proposed alternative. The proposed alternative comprised of increasing the rated discharge. Further on in
the process of the project it had no influence. The main influences are discussed in the other sections of
the analysis. For Untra HPP, constituting a bottleneck has impacted the process in such way that during
the investment process alternatives comprising increased rated discharges were evaluated. This to enable
an increased production for the hydropower plant located in this river section as Untra HPP currently
restricted the operations in the hydropower plants upstream and downstream of it. Therefore it was
initially applied for the new unit G6 to have an increased rated discharge, which was changed due to
reasons explained in the section Application for changed water regulation.
For the remaining studied cases, which are Hansjö HPP, Linnvasselv HPP and Skedvi HPP, constituting a
bottleneck had minor or no impact at all. Regarding the proposed alternative for the project in Hansjö
HPP, it comprised of refurbishing with remained rated discharge. Additional alternatives were included in
the feasibility study where both an increase and decrease of the rated discharge was evaluated. An
alternative comprising of building a new unit was evaluated as well. These alternatives were however
proven to be less profitable than keeping the current rated discharge. Therefore Hansjö HPP still remains
a bottleneck and the project was thereby in the end not significantly impacted by this criterion. Similar
occurred in the project for Linnvasselv HPP. Even if Linnvasselv HPP constitutes a bottleneck, it was
decided to keep the current rated discharge. This is partly due to the fact that Linnvasselv is mainly a peakpower-plant. Therefore, none of the included alternatives in the feasibility study comprised of increasing
the rated discharge. It can therefore be concluded that this criterion had no apparent impact on the case.
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Similar to both Hansjö HPP and Linnvasselv HPP, the proposed alternative for Skedvi HPP comprised
of refurbishment with remained rated discharge. Being a bottleneck only impacted the process in such way
that additional alternatives comprising increased rated discharge was evaluated. The reason why this was
not applied for is elaborated on in the section Application for changed water regulation.

14.3.1

Summary

Considering the different studied cases, the main impacts from a hydropower plant constituting a
bottleneck occurred during the investment process when decisions regarding the scope was to be made.
This can be seen in two ways. Either by the proposed alternative comprising of an increased rated
discharge to remove the bottleneck, or if considered in the feasibility studies but not applied for. In the
studied cases this criterion were not found to be dependent on other criteria to impact the case as well for
it to have an apparent influence on the choice of scope.
The cases were this criterion was considered to have a bigger impact on the process were those where an
application for increased rated discharge was made. In the same way it was regarded to not have as large
impact, or none at all, when an application for increased rated discharge was not made. For cases such as
Hansjö HPP and Skedvi HPP it was at least considered but was outweighed by other factors, such as
financial or legal ones. These was therefore considered to not have been significantly affected by this
criterion.
It can also be noted that the fact that the hydropower plant constitutes a bottleneck may not be
highlighted enough during the court process. This fact might be of interest to further point out as these
hydropower plants creates inefficiencies in the hydropower system were energy go to waste as water are
spilled by these hydropower plants. The hydropower systems at large operates more smoothly if the
hydropower plants that lay in line in a river can operate better together. This would therefore be a relevant
aspect to include as an argument when proposing to upgrade these hydropower plants.

14.4

Hydropower plant lies within protected areas

An analysis of the criterion Hydropower plant lies within protected areas is performed below for those of the
studied cases that fulfilled this criterion. Impact from different types of protections are analyzed to see if a
certain type has bigger impacts compared to other ones. It is also elaborated on whether or not different
protections impact different parts of the process. All protections according to chapter 4, sections 1 to 8
are areas of national interest according to the Environmental Code. In table 18 below these extent of these
different protections are noted shortly, while referring to the corresponding section in the Environmental
Code. The protections regarding national rivers and other strictly restricted river stretches regarding
exploitation for hydropower are located in chapter 4, section 6, and are only denoted as this in Table
18Table 18.
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Table 18. How the criterion Hydropower plant lies within protected areas impacted the process of the case studies.
Case
Impacted Type of protection
Comment
the
process
Avestaforsen

Chapter 4, section 2 in
the Environmental Code
(national interest
regarding tourism and
outdoor life)

Considered to have small or insignificant impacts
on the surrounding.

Bergvik

Chapter 4, section 2 in
the Environmental Code
(national interest
regarding tourism and
outdoor life)

During the application process, comments
regarding the effects of the water regime
occurred.

Chapter 4, section 6 in
the Environmental Code

The protected areas were a large reason for the
rejection of the application.

Edeforsen

~

Natura 2000
Hansjö

Chapter 4, section 2 in
the Environmental Code
(national interest for
tourism and outdoor life)

No change of impact on the surrounding area
with remained rated discharge.

Natura 2000
Laforsen

Chapter 4, section 6 in
the Environmental Code
Natura 2000

No change of the impact on the surrounding area
with the remained rated discharge. There were no
need for upgrading the hydropower plant.

Nature reserve
Untra

Chapter 4, section 6 in
the Environmental Code
Chapter 4, section 2 in
the Environmental Code
(national interest for
tourism and outdoor life)

Impacted the application process in such way that
the scope of the project had to be change several
times.

Natura 2000

Case studies where big impact were noticed due to the presence of protected areas were Edeforsen HPP
and Untra HPP. The areas nearby Edeforsen HPP is under protection according to both the
Environmental Code and Natura 2000, where the protection according to the Environmental Code
regards chapter 4, section 6. These protection have had large impacts on basically the whole process of the
project, but especially on its outcome. In chapter 4, section 6 there is an exception which states that
expansion of hydropower can be approved if the impacts that might occur can be proved to be
insignificant. During the investment process it was found that there were several good reasons for
receiving an approval, why an application for a new permit was submitted. These good reasons were based
on the EIA that had been developed. In the EIA it was found that the overall impacts would be positive,
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except for the turbidity that might occur during the construction period. Impacts on vegetation was
assumed to be minor since the impacted vegetation was regarded to be of trivial kind. The impacts on this
part of the process can thereby be perceived as large due to the environmental protections in the area.
During the application process for Edeforsen HPP, impacts due to the protected areas was present as
well. This was in the form of comments from other parties that were received. These concerned that the
potential impacts from the project would be more than insignificant. This posed a problem since the
project would therefore not be in line with the exception in chapter 4, section 6, in the Environmental
Code. Concerning the entire process, the impacts from the presence of protections in the area were most
present on the outcome. Despite all the good reasons for an application to be submitted, the application
was rejected since it was found that the impacts could not be shown to be insignificant. As mentioned in
the section Building of a new hydropower plant or unit these impacts would occur during the constructing of the
new hydropower plant. The outcome of this case can therefore be judged to be a combination of the fact
that the scope included building a new hydropower plant and it being located in an area under strong
environmental protection.
Looking at the case for Untra HPP, the protections that applies are both according to chapter 4, section
6 in the Environmental Code and Natura 2000. The protected area have had large impacts during the
application process, since it was due to these protections that the scope of the project had to be change
repeatedly. Some of the proposed alternatives have been changed, regarding both the new unit G6 and
later on the bio channel, that were suggested to be constructed within areas classified as Natura 2000.
Comments has also occurred regarding the amount of water that are to be discharge to the protected area
known as Båtfors. It is not only the protected areas that have complicated the process for Untra HPP. A
combination of suggesting building a new hydropower plant, applying for changed water regulations, as
well it constituting a bottleneck have all been playing an role. What the current Water Rights Permits for
Untra includes has also been questioned several times during the court process. Most concerning whether
or not unit G5 has permits for its operation. The Land and Environmental Court have stated that unit G5
in Untra HPP is legal and have permits that apply, but certain opposing parties do not agree with this. The
case of the opposing parties is that if the no permits exist for unit G5 than it would go against the
protections according to chapter 4, section 6, in the Environmental Code to apply for new Water Rights
Permits that allow for the current rated discharge of Untra HPP. This since this would imply a larger
allowed rated discharge in the permits than those these parties implies are the actual current ones. The fact
that the hydropower plant is located in an area protected according to chapter 4, section 6, in the
Environmental Code therefore continues to be used as an argument against most suggested actions for
Untra HPP.
One case study that has a sort of impact due to the protected areas, is Bergvik HPP. The surrounding
area is protected according to chapter 4, section 2 in the Environmental Code. On the contrary to section
6 in same chapter, section 2 regards areas not as strictly protected. The areas protected according to
chapter 4, section 2 regards national interests for tourism and outdoor life, whilst section 6 regards
protection against expansion of hydropower in certain river stretches of national interest. The protection
according to section 2 thereby becomes less restricting when concerning hydro operations in contrary to
section 6. In the case of Bergvik HPP no impacts were estimated to occur on the area of national interest
with the proposed project. The case is not yet settled in court yet so the effect on this specific case cannot
be judged at this point.
There are as well some studied cases where minor or no impact have occurred on the process of the
project due to the presence of protected areas. These cases are Avestaforsen HPP, Hansjö HPP and
Laforsen HPP. Looking at the surrounding of Avestaforsen HPP, itis classified as national interest areas
according to chapter 4, section 2, and holds high recreational values regarding both environmental and
historical aspects and for outdoor life. The presence of protected areas mainly impacted during the
application process. This in such way that regards and measures to these protections was developed. Since
the area is classified as a national interest area of tourism and outdoor life, the design of Avestaforsen
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HPP was requested to be in line with the surrounding buildings in an architectural manner. Impact due to
the protected areas can thereby be seen as present since the design can be seen as a criterion for
constructing the hydropower plant. However the vegetation that would be affected by the construction
was of trivial kind which resulted in minor impact. Other measures was regarded and developed for the
potential impacts the construction of the Avestaforsen HPP could have resulted in. Overall the impact
due to this criterion was small in the case of Avestaforsen HPP.
In the surrounding of Hansjö HPP one find both areas of national interest and those classified as Natura
2000. The areas of national interest in this case are protected according to chapter 4, section 2. The
presence of protected areas have had a small impact on the process of the project. The proposed
alternative did not comprise of increasing the rated discharge, resulting in the same condition for the
surrounding areas would be present after the project was conducted. Reason for the scope of the project
are elaborated on in section Application for changed water regulation. A case with similar outcome as Hansjö
HPP is Laforsen HPP, which has protected areas downstream. These protected areas are Natura 2000 as
well as the nature reserve known as Mellan-Ljusnan. The area downstream is also protected according to
chapter 4, section 6 in the Environmental Code. The proposed alternative comprised of remained rated
discharge, why no change or impact on the surroundings can be assumed. The reason for not upgrading is
elaborated on in section Application for changed water regulation for this case as well.

14.4.1

Summary

What can be seen from the different case studies is that the presence of protected areas impact both
during the application process and on the outcome of the project. For the hydropower plants located in
protected areas where a permit application is made, there is for all the studied cases at least some
comments arising from the different parties regarding the EIA. These comments may come to impact on
the decision given by the court and thereby the outcome of the project. In the studied cases it can be
noted that certain types of protection have a larger impact on the court’s decision. If the protected area
regards chapter 4, section 6 in the Environmental Code it is considerably harder to receive an approval.
This since the exception giving permission for extending water operation applies if the environmental
impacts can be shown to be insignificant, which is difficult to prove. This was the case for Edeforsen HPP
where the rejection was given on the basis that the impacts could not be shown to be insignificant, even
though Fortum thought that there were enough reasons for receiving an approval when submitting the
application. The case is similar for Untra HPP as well, as described earlier in this chapter.
The protection from chapter 4, section 2 in the Environmental Code, regards national interest areas
concerning the outdoor life and tourism. Considering Bergvik HPP, which is under this protection, no
impacts on the national interest area was estimated to occur from the proposed alternative. This gives that
impacts due to protected areas are minor regarding the national interest areas here. Although, for the case
of Bergvik, this cannot be certain at this point as the court process are not settled yet. The areas around
both Avestaforsen HPP and Hansjö HPP are classified as national interests according to chapter 4, section
2, and the impacts on these processes due to these protected areas were found to be minor for these cases
as well. The impacts the increased rated discharge and the construction would have on the surroundings
were estimated to be of trivial kind for Avestaforsen HPP. The EIA for Avestaforsen HPP that was
developed was in line with the Environmental Code, which was one reason why the application was
approved. In the case of Untra the protections from chapter 4, section 2, was also noted to be small. The
impact from protected areas were in the case of Untra due to protections from chapter 4, section 6 or
Natura 200. It can therefore be concluded that the protections regarding national interest were of small
influence for the studied cases, if these national interests were not included in chapter 4, section 6.
Comparing the protection from chapter 4, section 6 with section 2 in the same chapter, it can be seen
from the studied cases that section 6 implies bigger impacts compared to section 2. This may be to the
clear small exception when it is allowed to expand the hydro operations according to chapter 4, section 6.
The restrictions are not as extensive for the remainder of the national interest areas. This is however based
on the cases studied in this master thesis.
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For some studied cases it was found to be significantly more difficult to receive an approval from the
court if the hydropower plant were located near or within an area classified as Natura 2000. This was the
case for both Edeforsen HPP and Untra HPP, where this was the reason for at an initial stage to the court
process change which side of the river to build unit G6 at for Untra HPP. The rejection of the proposed
bio channel later in the court process for Untra HPP was also partial due to it being proposed to be
constructed within a Natura 2000 area.
Depending on the scope of the project the protected areas impacted differently in the studied cases. The
case when the presence of protected areas impacted the most where when the scope of the project
comprised of either building a new hydropower plant or unit or changing the rated discharge. The
protection found to have the largest impact, in combination with these certain scopes, was that of chapter
4, section 6 in the Environmental Code. This due to the small loophole in this section that may allow for
extended water operations. Two examples of this are Edeforsen HPP and Untra HPP. On the other hand
the protected areas were found to have no significant impact for the cases where no change of the water
regulation was suggested and no building of a new hydropower plant or unit was proposed. This was the
case for both Laforsen HPP and Hansjö HPP. Both of these cases comprised of refurbishment with a
remained rated discharge why the same condition for the surrounding would occur.

14.5

Potential power output

A compilation of the power output for the different cases is done in Table 19Table 19 below. In the table
the following are stated; the power output from before the project was initiated, what power output was
applied for and whether or not this increased power output was approved. For the cases were no permit
application had to be made for going through with the preferred alternative, the power output applied for
corresponds to the power output decided on in the project. In addition to this, the highest potential power
output that was estimated in the feasibility studies for the cases is included in the table as well. Only the
power output [MW] is included in the compilation and not the energy production. This is in order to
compare the outcomes from this compilation to the results in the report from Sweco, which are only
presented in MW.
Some notes on two of the cases in Table 19Table 19 first. For Avestaforsen HPP the power output is
often lumped together with that of Avesta Storfors HPP. Therefore the combined power output of these
two hydropower plants is included in the brackets in the table. The numbers outside of the brackets
represent the power output for Avestaforsen HPP alone. Concerning Untra HPP the case of G6 is what is
listed for to have been applied for as this was the scope of the initial application. The no/not decided that is
stated in the Approved? column for Untra HPP is referring to the fact that the case of G6 which was
rejected, and then the not decided represents the current state of the legal process for the case of replacing
G1-G3 with three new turbines in the existing hydropower plant. This since the case was approved in the
Land and Environmental Court but have been appealed against and are therefore still ongoing. The
project have not been completed yet, which is reflected in Table 20Table 20 where no increase in power
output has occurred for Untra HPP.
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Table 19. Compilation of the results from the case studies.
Potential power
Hydropower
Power output:
before project
output: feasibility
plant
[MW]
study [MW]

Power output:

Approved?

Applied for
[MW]

Avestaforsen

15 (33)

25 (49,1)

25 (40)

Yes

Bergvik

16,2

20,2

20,2

Not decided

Edeforsen

0,8

4,2

4,2

No

Eldforsen

8,2

8,2

8,2

Yes

Frykfors

4

7,2

5,2

Yes

Hansjö

3,3

6

3,8

Yes

Laforsen

58

68,2

64

Yes

Linnvasselv

73

84

84

Yes

Ljusne
Strömmar

37

46,5

46,5

Yes7

Skedvi

38

44,8

38

Yes

Sunnerstaholm

6

9

9

No

Untra

42

57,1

48

No/
Not decided

Sum [MW]

301,5 (319,5)

380,4 (404,5)

356,1 (371,1)

Note: The numbers in parenthesis for Avestaforsen is the power output for Avestaforsen HPP and
Avesta Storfors HPP combined.
Below in Table 20Table 20 the potential increase in power output from the state before the project was
initiated is listed for the cases. This potential increase that is shown is according to the feasibility studies
that have been made for the cases. This is compared to the increase in power output that was then
decided to apply for, or in the cases where no application was required simply decided on. Finally the
actual increase in power output that have occurred for the twelve studied cases are listed. It can be noted
that there is a substantial gap between the estimated potential in the feasibility study and what was actually
applied for. When this initial estimated potential is then compared to the increase in power output that
have actually occurred up until today the gap is even wider.

7

Even though the application for the new unit in Ljusne Strömmar it was never completed.
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Table 20. Comparison of increased power output that was deemed possible, that was applied for and what actual increase
there have been compared to before the projects.
Hydropower
Potential increase of power
Increased of power
Actual increase in
plant
output according to feasibility
output applied for
power output
study [MW]
[MW]
[MW]
Avestaforsen

10

10

10

Bergvik

4

4

0 (Not completed)

Edeforsen

3,4

3,4

0

Eldforsen

0

0

0

Frykfors

3,2

1,2

1,2

Hansjö

2,7

0,5

0,5

Laforsen

10,2

6

6

Linnvasselv

11

11

11

Ljusne
Strömmar

9,5

9,5

0

Skedvi

6,8

0

0

Sunnerstahol
m

3

3

0

Untra

15,1

6 (G6)

0 (Not completed)

Sum [MW]

78,9

54,6

28,7

In Table 20Table 20 the potential increase in power output that was never utilized becomes clearer. Out
of the potential increase according to the feasibility studies of 78,9 MW only 54,6 MW was even applied
for. In the end not even the entire increase applied for got approved and executed, but only 28,7 MW. If
compared to the total amount of MW of the 12 hydropower plants, before the projects were conducted,
there were according to the feasibility studies a potential increase in power of 26 %. The increase applied
for were 18 % and the increase achieved up until now is only 10 %.
Not the entire gap between the applied for increase (18 %) and the actual increase (10 %) can be explained
by rejected applications. In the case of Ljusne Strömmar HPP the application was approved, but the
project shown unprofitable later on, resulting in the additional unit never being constructed. In the case of
Untra HPP the replacement of units G1-G3, estimated to result in an increase of 4 MW for the
hydropower plant, is not yet settled in court. This would however result in a lower increase in power
output than building the unit G6 in Untra HPP. For Bergvik HPP the case is still ongoing and not settled
in court, therefore the increase applied for might be realized eventually. For the rest of the cases however,
the outcomes of the application processes are the reason for the gap between the applied for increase and
the actual increase of power output.
The reasons for the gap between the potential estimated in the feasibility studies and the increase in power
output applied for are more diverse. In the case of Skedvi HPP it was desirable to apply for an increased
rated discharge, but due to several other ongoing court processes, as well as the complexity of the current
Water Operations Permit, it was decided not to apply. In other cases the uncertainty regarding the
outcome of the application process weighted in when choosing not to apply for changed water regulation,
as for Laforsen HPP. In some cases it is unclear what reason was behind not applying for the option
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resulting in the highest power output. In some cases it was simply not shown as profitable to increase the
rated discharge further, compared to keeping the existing one, such as for Hansjö HPP.

14.5.1

Comparison to the report by Sweco

As stated in the chapter The Sweco report, the report from Sweco uses significantly different methods for
estimating the potential power output for the hydropower plants compared to how this is done in the
feasibility studies. Yet, it is still of interest to compare the results from the Sweco report with the results
that can be obtained from the previous section. This since it might show what difference there is in the
potential once studying the river systems from a systems perspective instead of isolated cases. If the
differences in fact are shown to be large this might therefore pose as an incentive for optimizing the rivers
as a whole and to plan the individual projects from a systems perspective to a larger extent than what is
done today. In Table 21Table 21 below the cases in common for the Sweco report and the case studies
made is included. In the table, the results from the report by Sweco listed. The current power output for
Laforsen HPP was however not updated, so an additional 6 MW was added to the value for the current
power output in the table. Besides the increase in power output the increase of the rated discharge is also
included in Table 21Table 21.
Table 21. Compilation of the relevant hydropower plants from the report by Sweco, with adjustments to the power output of
Laforsen HPP.
Rated
Hydropower
New Rated
New Power
Power increase
Current
discharge
discharge
output [MW]
(Sweco report)
plant
Power output
[m3/s]
[m3/s]
[MW]
[MW]
Avestaforsen

24

510

593

28

4

Bergvik

16,2

240

358

24

8

Eldforsen

8,5

100

144

12

4

Laforsen8

63

210

276

75

12

Linnvasselv

73

80

156

142

69

Ljusne
Strömmar

36,4

260

356

50

13

Skedvi

38

400

482

42

4

Untra

42

420

617

62

20

Sum

301,1

435

134

The estimated increase of power, compared to the current values in the Sweco report, is 45 % based on
the numbers in Table 21Table 21. If considering the additional estimated increase from the current state
for those of the twelve selected cases that also occur in the report from Sweco, this is found to differ
between the report by Sweco and the feasibility studies. According to the feasibility studies this additional
increase can from Table 19Table 19 and Table 20Table 20 be calculated to be 21 %. The gap between the
estimations in the report from Sweco to that of the estimations in the feasibility studies shows a clear
advantage of treating the river systems as actual system. Some of the suggested increased rated discharges
in the report by Sweco would however not be possible with the current legislation. It becomes clear that
no regard for the protected areas are included in the report by Sweco, nor any to the financial aspects. For
example would the suggested increase of rated discharge in Untra HPP not be possible to conduct due to
The power output for Laforsen HPP is given to be 57 MW in the report from Sweco, which has here been updated
to the actual current value.

8
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the present protection according to chapter 4, section 6, in the Environmental Code. The results from the
report by Sweco would thereby have to be analysed further to see which of the suggested increases would
actually be feasible. It is even suggested in the report from Sweco that another study with a focus on the
economic aspects of this issue is conducted.

15 Discussion
This chapter will start with a more focused discussion regarding to which extent the different cases have
been affected by the different criteria. After this a more broad discussion regarding the different aspects in
the master thesis will follow.
How each case study have been impacted by previous analyzed criteria can be seen in Table 22Table 22
below. A more detailed analysis on how the criteria have impacted the case studies can be seen above in
the analysis of each criterion. However, a summary of how each case study have been impacted overall
follows in this section.
Table 22. Compilation of the impacts from the studied criterion for the included case studies.
Application for
Constitutes a
Hydropower
Building of a new
changed water
bottleneck in the
plant
hydropower plant
regulation*
river section
or unit
Avestaforsen
Bergvik

Criterion not
fulfilled

Edeforsen
Eldforsen

~

~
~
~

Frykfors
Hansjö
Laforsen
Linnvasselv

Criterion not
fulfilled
Criterion not
fulfilled
Criterion not
fulfilled

~
Criterion not
fulfilled

Criterion not
fulfilled

Criterion not
fulfilled

Criterion not
fulfilled

*
*
*

Ljusne Strömmar
Skedvi

Hydropower
plant lies within
protected areas

Criterion not
fulfilled
Criterion not
fulfilled
Criterion not
fulfilled

Criterion not
fulfilled

*

Sunnerstaholm

Criterion not
fulfilled
Criterion not
fulfilled

Untra
*For the analysis of Application for changed water regulation even the cases that did not fulfill the criterion Submission of a permit
application is considered. In the case of no permit application made, a positive marking implies that a change in the water
regulation were considered for the case, such as increasing the rated discharge.
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15.1

Big impact from the B-criteria

The three cases which have been influenced the most by the studied criteria are Edeforsen HPP,
Sunnerstaholm HPP and Untra HPP. For Edeforsen HPP the criteria impacted the case through the
entire process of the project. Due to the protection according to chapter 4, section 6, in the
Environmental Code opposition was received stating that the impacts that would occur could not be
guaranteed to not be more than insignificant. Even though in the proposed project for Edeforsen HPP
where the result would be an improvement of the environment overall the impact during the construction
period could not outweigh this. This implies that not even temporary impact that diverges from the
current ones from the operations can be allowed, even if the impacts would be less during the operations
after the completed project. This is elaborated further on in section Hydropower plant lies within protected areas.
How this is judged poses questions as it is allowed to maintain the hydropower plants that have a valid
permit, and this maintenance work can likewise result in similar temporary impacts.
In the case of Sunnerstaholm HPP the case ran into problems as the application was divided into
separate court cases for the building of a new hydropower plant and for the changes in water regulation. The
application for building the new hydropower plant was approved, as mentioned earlier, but the court
process for the changed regulations dragged on for too long. Since the profitability of the operation
depended on what regulation were to be allowed the first application would be pointless if the second one
was not approved. This shows a weakness in dividing applications for permits that rely on each other.
This also shows the uncertainties of these application processes. This since Fortum perceived the changes
in regulation to be desired from the surrounding. Even though this the application for the changes in
water regulations were the reason for the new hydropower plant never being built. It can also be seen that
the fact that the hydropower plant constitutes a bottleneck lead to a suggested increase in rated discharge.
When considering the case of Untra HPP this case also got dismissed due to this interpretation of
chapter 4, section 6 in the Environmental Code. From these cases it seems that the protection of the
areas, combined with suggesting building a new hydropower plant, result in major impacts on the
application process and its outcome. Since an increased rated discharge was suggested due to Untra HPP
constituted a “bottleneck” this is perceived to have been a driving factor initially in the process when
choosing the scope. This scope was however changed to not include an increased rated discharge due to
the opposition from different parties referring to the protection according to the Environmental Code
chapter 4, section 6. It is very likely from these analyses that if either Edeforsen HPP or Untra HPP would
not have been located in areas protected by chapter 4, section 6, in the Environmental Code the projects
would have been approved. The scope for Untra HPP was also found to be affected by the nearby located
Natura 2000 area. As the updated application regarding unit G6 was not located in the Natura 2000 area, it
would most likely have been approved if not for the previous mentioned protection from the
Environmental Code. It is also likely that the increased rated discharge would also have been approved if
not for the high nature values located downstream of the hydropower plant, such as those of the Båtfors
area.

15.2

Medium impact of the B-criteria

Cases where the studied criteria have had an impact on the case, but not to the same extent as those in the
previous chapter are Bergvik HPP, Eldforsen HPP, Ljusne Strömmar HPP and Skedvi HPP. For
Bergvik HPP, it can be seen that criteria regarding it constituting a bottleneck and applying for changes
in the water regulation have had the biggest impact on the process so far. Constituting a bottleneck
impacted the scope of the chosen alternative, but not in any other aspect. The fact that it is located in an
area classified as a national interest, according to section 2 in chapter 4 of the Environmental Code, have
not at this point had any serious impact on the process. Although other concerns for the environment
have been reflected in the opinions from the other parties during the court process. This since these
concerns the hydrological regime and lacking sufficient material for judging the impact on this expected
from the change in rated discharge applied for. This is rather connected to the requirements from the
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Water Framework Directive on increasing the status of the water body to reach a good ecological status.
This also falls under the influence of the wanted changes in the water regulations that was suggested in the
permit application. In conclusion the process for Bergvik HPP have not been affected in any serious
extent by the different criteria, but some effects can be noted. Although the process is not finished yet so
this might come to change.
For Ljusne Strömmar HPP, the criteria have impacted in different ways. Since the project comprised of
building a third unit, resulting in a larger rated discharge compared to the already approved one, an
application had to be submitted. No opposition regarding the new unit was raised giving that the criterion
of Building of new hydropower plant or unit had minor impacts. Similar for the criterion Submission of a permit
application, which is analyzed with regards to changing the water regulations in section Application for changed
water regulations. The application process went smoothly, giving that this criteria had no major impact on
the process as well. The only criterion that had any impact was the fact that Ljusne Strömmar HPP
constituted a bottleneck, which impacted the scope of the project to comprise of increasing the rated
discharge.
Eldforsen HPP was mainly affected by the different expectations from Fortum, the Land and
Environmental Court and other affected parties concerning the content of the EIA. The EIA referred to
here is the one that was developed when applying for taking the new hydropower plant into operation.
The court process mainly got dragged on due to oppositions from other parties, regarding the EIA to be
more extensive and to include more alternatives of scope. The last request was in the end not approved by
the Land and Environmental Court. Fortum did in fact not even expect to have to present an EIA at this
stage of the process. This since a permit for building the hydropower plant already had been received
before constructing it and only a permit for taking it into operation were supposed to be applied for
according to Fortum. Therefore no EIA had been conducted in advance which further slowed down the
process in court. It mainly seems like miscommunication and different expectations regarding the
application and the building of the new hydropower plant lead to the delayed commissioning. Therefore
the criteria regarding Building of a new hydropower plant or unit as well as Applying for changed water regulations had
some impact on this case.
Looking at Skedvi HPP, the criteria have had varying impacts on the process. Since one was dissuaded
not to apply for a change of the water regulation due to legal reasons, the criterion concerning this had
have a large impact on the process and its outcome. Giving that one was dissuaded to apply for new
permits, the criterion Constituting a bottleneck in the river section had minor impacts on the process since the
final scope of the project comprised of a remained rated discharge, why Skedvi HPP still constitutes a
bottleneck. The criterion regarding Applying for changed water regulation made the largest impact. This gives
that the impact from the criteria are of varying extent.

15.3

Small impact from the B-criteria

The cases where the criteria have had minor or no impacts are Avestaforsen HPP, Frykfors HPP,
Hansjö HPP, Laforsen HPP and Linnvasselv HPP. Considering Avestaforsen HPP, no major
opposition was noticed regarding either building of a new hydropower plant or on the application process,
why the process proceeded in a smooth way. Regarding the protected areas, no major impacts was
estimated for the environment when conducting the proposed project. More or less, the only thing
comments was given on was that the design of the new hydropower plant had to be in the same
architectural design as the surrounding buildings. For Frykfors HPP, no major impacts from the criteria
were noted either. In this case there was also cultural values of the surrounding buildings to take into
consideration, but nothing that impacted the outcome in any significant way.
Since neither Hansjö HPP nor Laforsen HPP comprised of building a new hydropower plant or unit, or
increasing the rated discharge, the criteria have had minor or insignificant impacts. Even though both
Hansjö HPP and Laforsen HPP lies within and near protected areas, no impacts occurs since no changes
of the condition for the water regulation or the surrounding areas were proposed. Similar applies for
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Linnvasselv HPP where no changes of the rated discharge was proposed, which gives minor or absent
impacts from the criteria.

15.4

Overall discussion

Looking at the chosen B-criteria for the second selection, discussion can be made regarding if these gives a
fair selection for the objective in this thesis. The criteria was chosen after the impression of what impacts
on the process of a project, the what received from reading about different projects and discussion with a
number of employees at Fortum. When analyzing the criteria later on, it was found that each criterion, and
combinations of certain criteria, had different impacts on the studied cases. One criterion could for
instance have large impact when combined with another criterion, while having a small impact on its own.
The criteria also impacted at different stages of the process, where some of the criteria influenced only
during the investment decision process while some influenced from the start to the final outcome of the
project.
From Table 17 it can be seen that the criterion concerning a hydropower plant Constituting a bottleneck in the
river section seldom had any significant impact in the process, except for during the investment process
when the scope of the project is to be decided. The criteria Submission of a permit application is analyzed in
the section Application for changed water regulation, where the focus lies on the suggested changes of the water
regulation. The reasons for choosing to either enter this process or not are often tied to different aspects.
These aspects can be such as if there is a need for upgrading, due to the hydropower plant constituting a
bottleneck, or if one have slim chances of receiving a permit for the proposed changes, due to protected
areas for example. By suggesting changes in water regulation it has been noted for many cases that this is
meet by resistance from the opposing parties. This is at least the case when the hydropower plant is
located in any area under certain environmental protection. This also opens up the debate regarding new
regulations for including fishways, natural fishways, fine trash racks or having minimum discharges
established. These requirements were found to occur for several of the included cases and are the effect
when trying to adjust the old Water Operations Permits to what is stated in the Environmental Code. This
since most of these permits were given during periods when previous environmental laws applied.
It is hard to say if it would affect the court process and its outcome if these changes were proposed in the
initial application. In cases such as Eldforsen a bio channel were included, but the court process dragged
on for two years anyway. For Untra HPP the suggested bio channel was rejected by the Environmental
Court due to it being located in a protected area. In cases such as Edeforsen where the overall
environmental impact would have been positive, it was still rejected. In the case of Sunnerstaholm changes
in the regulations of the upstream reservoir was done with the intent to satisfy the will from the
surrounding area as the old regulations were outdated and did not follow current demands in the area.
Even though this, it was the applied changes in water regulations that resulted in the new hydropower
plant never being constructed. It is therefore hard to know what measures that would need to be
suggested in order for the different affected parties not to oppose in such an extent to a proposed project.
The two criteria which had the most impacts during the entire process of the projects in the studied cases
were Building new hydropower plant or unit and Hydropower plant lies within protected areas. This is the case since
when deciding the scope of the project regards has to be taken to if the hydropower plant lies within or
near protected areas. This since it requires development of measures for preventing or ease potential
impacts. During the application process opposition and comments are not unlikely to be received if the
hydropower plant is located nearby or within protected areas. If the protection regards either Natura 2000
or chapter 4, section 6 in the Environmental Code it becomes more difficult to receive an approval from
the court, which has been seen in the studied cases. This especially if combined with including the building
of a new hydropower plant in the scope of the project. If the protected area on the other hand regards
national interest that is not included in section 6 of chapter 4 in the Environmental Code, it is more likely
to receive an approval in the studied cases. However, it is important to point out that this is only based on
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the case studies that has been conducted in this study. In order to draw a general conclusion about this,
more case studies are required.
Continuing with how the protected areas has impacted the process of the projects, it can also be discussed
how the decision is made whether an area is to be protected or not. As well how to draw the distinct
borders for these protected areas. It could be a fine line that determines if a hydropower plant is to be
included within a protected area or not. Reasonably, one can think that there should be some kind of
transition area between protected and unprotected areas. This since species do not obey the borders set by
humans, even if certain habitats suites a certain species better, resulting in that they might not stay within
the pre-determined “protected area”. These issues emerged for example the case for both Edeforsen HPP
and Untra HPP, where discussion regarding whether or not the hydropower plant was located within the
protected areas. Depending on which source used, Edeforsen HPP are either located within or precisely
outside of the border of the area protected by Natura 2000. However, even if Edeforsen HPP was judged
to be located outside of this area, impacts may affect the protected area as well. Changes in water levels in
the upstream reservoir or rated discharge can affect the protected area upstream of the hydropower plant
even though the hydropower plant itself is not located within the protected area. It might therefore be
suitable to have some sort of transition area between protected and unprotected areas, but in this would
most likely lead to new problems for how to judge impacts within these transition areas.
For Untra HPP it is worth noting that the protection from chapter 4, section 6 in the Environmental
Code, only applied to the main river stretch for this part of Dalälven. Untra HPP is in fact not located in
the original main river stretch but instead in an artificial channel diverging water from it. Since the
suggested rated discharge early on in the process was changed to instead be kept the same as before, the
water diverted from the protected main river stretch would be unchanged. The rejection of unit G6
further stated that it is due to the impacts not being proved to be no more than insignificant. If the
hydropower plant is not located in an area protected according to section 6 in chapter 4, then this case
should not have been rejected due to not fulfilling the criteria of the loophole in this section. However, as
was shown in the case study, there are different opinions regarding whether or not Untra HPP is located
in the protected part of Dalälven or not. According to the judgement from the Superior Land and
Environmental Court it seems they have judged Untra HPP to in fact be located in the main river stretch
of Dalälven due to this protection applying in the case.
However, for the case of Untra HPP it was shown that even if the hydropower plant would have been
judged to not be located in the river stretch under protection according to chapter 4, section 6 in the
Environmental Code, a lot of resistance would still remain regarding the effects on other protected areas
surrounding Untra HPP. Even though that the hydropower plant was not in fact located within some of
these areas. The area of most concern is the nature reserve Båtfors that is located downstream of Untra
HPP. Due to the effects on this area that would have been present during the construction period it is
unclear whether or not the application would have been approved either way. The lack of protection of
the area the hydropower plant is located in might therefore in some cases not matter if other areas worth
protecting are located further downstream or upstream of the hydropower plant. This is however taken
into account in most EIA already, which was noted when the case studies were conducted.
Beside the chosen criteria in selection B, additional criteria used to sort out interesting cases could have
been included. Due to the limitation of time, a selection of which criteria to include had to be made where
only a few could be included in order for the number of cases to be manageable. Looking at potential
additional criteria, hydropower plants with a larger power output could have been interesting to look at. A
suggestion of a criterion that could be used in future studies is therefore the hydropower plants classed as
A-stations by Fortum. This is a classification used for the hydropower plants with the highest power
output. It would also be of interest to investigate impacts of external factors, such as what municipality or
county the hydropower plant is located within. It would further be interesting to investigate if this differs
from different counties or municipalities to see it the human factor plays a role in the court processes. It
would thereby also be of interest to include interviews with other involved parties to receive their opinion
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on the current situation and what could be improved to make the application processes go more
smoothly.
Discussion can be made regarding the change of the legal aspects that has proceeded parallel with the
expansion of hydropower. Each time a law or regulation has been changed or introduced, the legislation
has become more extensive and restricting. Comparing the laws and regulation from 1734 with the
Environmental Code that applies today, performing water operations today is significant more restricted
than it used to be. This results from a change in the society as well as in both the legal and the technical
climate. An increased demand for electricity from renewable sources can be seen today, at the same time
as regards has to be taken towards other interest that utilize the same resources. In order to receive a
balance between the different interests clearly stated regulations and laws are required. However,
performing water operation such as hydropower is becoming more difficult with the current legislation.
These stricter regulations may thereby conflict with to the goal set by the Government to receive a 100 %
renewable energy system by 2040.
It is not only the development and changes of laws and regulations within Sweden that impact the water
operations. Introduction of regulations and directives from for instance the European Commission
impacts on the Swedish legislation as well, such as the Water Framework Directive. Whether a water body
is classified as natural or heavy modified is specified in the Water Framework Directive. With this
classification, performing water operations such as hydropower has become more complicated if not
judged as heavily modified. Although as mentioned above, it is here as well important to enable other
interest besides those concerning electricity generation as well.
When conducting the analysis of the potential power output from the feasibility studies, no regards was in
this study taken towards the duration curve for each hydropower plant. This curve shows how large the
inflow is over the year, and therefore can be used to estimating the annual electricity production. This
aspect was however excluded from the scope of the analyzed report from Sweco as well. This implies that
the suggested potential increase of rated discharge, which in turn results in an increased power output,
might not be realistic for all cases. This due to that the gain in produced electricity might not be enough to
make the upgrade profitable. This might also have been a reason for Fortum to choose to not go for the
option with the largest power output in the feasibility study. However, in an electricity system with an
increasing share of renewables this might pose a problem.

16 Conclusions
The different considered criteria were, for the studied cases, found to impact different parts of the process
of a project concerning refurbishing or upgrading a hydropower plant. Some of the studied criteria
impacted only during the investment process, while other impacted on the entire application processes
and its outcome. For some criteria it was found that if they influenced a project by themselves, or in
combination with another criterion, the impact from it differed. What regards impacts from the criterion
of the hydropower plant being located in protected areas, it could impact the entire process depending on the type
of protection, and especially combined with the criterion of building a new hydropower plant or unit. When
combined, the impact from the protected areas was shown to be even more extensive. This was shown in
two of the studied cases; Edeforsen HPP and Untra HPP. When these two criteria were not combined
they had less extensive impacts. This was found in cases such as Laforsen HPP and Hansjö HPP. This
since the conditions for the environment and surrounding remained as before the project for these cases,
as no change in rated discharge was suggested in these cases as well.
What regards the remaining criteria used in this report, it have been seen that if the hydropower plant
constitutes a bottleneck in the river it will impact mostly during the investment process. However, several
other aspects may influence when deciding whether or not to upgrade a hydropower plant, besides if it
constitutes a bottleneck or not. Such aspects could be if there are protected areas in the surrounding of
the hydropower plant. By submitting an application or deciding on building a new hydropower plant or unit the
entire project is shaped by this decision. It may affects the entire process from start to outcome, as have
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been seen in some of the studied cases. The cases fulfilling these criteria have received a whole spectrum
of different reactions regarding the proposed changes, from the different involved parties. It has also been
shown to be closely tied to whether not the hydropower plant is located within protected areas, as mentioned
previously in this chapter.
In the studied cases it was also shown that the fact that a hydropower plant constitutes a bottleneck in a river
section is not highlighted in the court processes. By increasing the rated discharge at hydropower plants
that constitutes a bottleneck, inefficiencies in the hydropower system can be reduced. This since energy go
to waste if water needs to be spilled when other hydropower plant in the river operates at higher rated
discharges. This aspect may be good to highlight to other involved parties as a reason for the upgrade, as
these hydropower plants are suitable to upgrade for the sake of improving the hydropower system.
The potential increase in power output was according to the feasibility studies 78,9 MW for the twelve
studied cases, which corresponds to an increase of 26 %. The increase in power output that was actually
applied for, was shown to be lower. Only an increase of 54,6 MW was applied for, which would have
corresponded to an increase of 18 %. Currently only 28,7 MW in power output has been increased for the
considered cases, an increase of merely 10 %. This shows that a substantial potential is going to waste,
either due to the application processes, other factors or that it is shown unprofitable in the current climate
on the energy market. If considering the results from the report ”Rapport Effektutbyggnad vattenkraft: En
kvantitativ analys av potentialen för effektutbyggnad i befintliga Svenska Vattenkraftverk” from Sweco, the untapped
potential is even larger. From the current power output of the cases included in both the selected case
studies and the report from Sweco, there is according to Sweco an additional potential to increase the
power output by 45 %. According to the feasibility studies conducted by Fortum for the cases, this
potential is instead only 21 %. The report from Sweco does however not take the economic or
environmental aspects into account when suggesting these increases, and points out that there might be a
need for economic incentives to realize this. For increased regulation power from hydropower to be
encouraged, there could therefore be need for economic incentives from the Government. In the report
from Sweco the rivers are optimized from a systems perspective instead of from a stand alone perspective
as often represented in the feasibility studies. This shows the benefits of taking the entire system into
account, but as mentioned might economic incentives be required for this to be achieved at a larger scale.
The considerations made regarding why to not apply for the option resulting in the highest power output
varied between the case studies. In some cases it was found to simply not be economically profitable. In
some cases it was advised not to do so from TAO, those at Fortum in charge of operating the
hydropower plants, as it was not deemed to be a need for the upgrade. In some cases however it was due
to different aspects of the permit application process. In some cases the uncertainty regarding the
outcome were an underlying reason. These cases shows that the current state of the permit application
processes not only affects the power output throughout the outcome of the court cases, but also initially
when choosing the scope.
A better understanding between the different involved parties, such as the County Administrative Boards,
the energy companies and other affected parties is required. A common view of what is required in terms
of environmental measures for an upgrading of a hydropower plant and its permits is essential so that this
can be included already in the initial proposal applied for. This in order for the application processes to
move faster since arguments regarding this slows down the processes in several studied cases. This
prolonged process does not seem to benefit any party and a common view might help in reducing this
problem. More studies are however required regarding the viewpoints of the other involved parties
besides the energy company as this was not included in the scope of this study.

16.1

Recommendations

Based on the conducted case studies and the drawn conclusions, the recommendations to Fortum and
other energy companies conducting hydropower operations are the following.

-75-

1. To work from a systems perspective to a larger degree when investigating the possibilities for
upgrades of hydropower plants. This would result in more opportunities and optimize the system
in a long term perspective.
2. Not only taking the aspect of a hydropower plant constituting a bottleneck into consideration
when choosing scope of the projects, but also highlight this aspect during court processes. This is
important in order to make other parties understand the benefits of the suggested upgrade from a
systems perspective. This since this might not be intuitive for all involved parties.
3. Not suggesting building new hydropower plants in areas protected according to chapter 4, section
6 in the Environmental Code. Although there is a small loophole for being allowed to expand the
water operations in these areas this has been found hard to achieve. This since the effects from
the construction period only seems to put a stop to these changes when concerning building new
hydropower plants to replace old ones. In the studies cases it did not matter that other
environmental benefits would be gained during the operating period due to the effects from the
constructions. This was shown in the cases of both Untra and Edeforsen.
4. Not to split permit applications into several separate cases when the future operations depends on
receiving both of the permits. This has previously caused problems further on as in the cases of
both Eldforsen and Sunnerstaholm.
5. To work on improving the initial dialog with the other participating parties, which should take
place before entering an application process. The goal is to have a clear common picture of
exactly which environmental measures will be needed for the case. This in order to shorten the
time for the application processes.

17 Recommended future research
In order to be able to make broader and more statistically significant conclusions it would be desirable to
include even more case studies. A certain criterion that would be suitable to include is hydropower plants
classified as Class A-stations. These are at Fortum the hydropower plants that have the largest power output
and the potential for these might show to be larger than for the smaller hydropower plants studied in this
study.
To include the view of other involved parties would also be valuable to investigate in future studies. These
parties could be those most frequently involved in the application processes concerning hydropower
plants, such as the County Administrative Boards, Kammarkollegiet, Havs- och vattenmyndigheten,
Älvräddarna and the Swedish Environmental Protection Agency, amongst others. This in order to get a
clearer picture of where things go wrong according to these parties in the application processes. This
could then be used to, amongst other things, attempt to work out a common view between the different
parties and the energy companies of what environmental measures that are to be included in the scope of
a project.
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Appendix 1: Case study of Avestaforsen HPP
The hydropower plant Avestaforsen is located in the river Dalälven, where the river flows through the
town Avesta. Skedvi HPP is located upstream of Avestaforsen HPP, by approximately 50 km, while
located downstream, by approximately 1,5 km, is Avesta Lillfors HPP. Parallel with Avestaforsen HPP lies
Avesta Storfors HPP, which is located on the right side of the river. Before Avestaforsen HPP was
constructed, Månsbo HPP was located on this exact spot as Avestaforsen HPP is located today, namely
on the left side of the river. Månsbo HPP and Avesta Storfors HPP was both commissioned in 1931 with
a total rated discharge of 380 m3/s. The rated discharge installed in Månsbo HPP was 175 m3/s, giving an
annual production of 80 GWh (Naturvårdsbyrån Orback AB, 2003).
In 2007, Avestaforsen HPP was commissioned and one year later in 2008, the construction of the new
dam located between Avestaforsen HPP and Avesta Storfors HPP was completed (Fortum 2008b).
Avestaforsen HPP consists of one unit G4 with an installed rated discharge of 300 m3/s (Fortum, 2015a).
Additional information about Avestaforsen HPP is found below in Facts in short as well as the common
information for Avestaforsen HPP and Avesta Storfors HPP.

18.1

Facts in short
River: Dalälven
Upstream: Skedvi HPP
Downstream: Avesta Lillfors
HPP
Parallel: Avesta Storfors HPP
Amount of units: 1
Turbine-type: Kaplan
Commissioned: 2007
Head: 9,4 m
Power: 25 MW
Energy
production:
115GWh/annually
Rated discharge: 300 m3/s

Figure 141. Map over the location of Avestaforsen HPP, marked with the red oval (Google Maps, 2017).
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The operational data for Avestaforsen HPP and Avesta Storfors HPP are often compiled and referred to
as one hydropower plant with a total of four units, where Avesta Storfors HPP consist of three units G1G3 and Avestaforsen HPP of one unit G4. The compiled data for Avestaforsen HPP and Avesta Storfors
HPP is as follows:
Amount of units: 3 +1
Turbine-type: G1-G3 Kaplan, G4 Kaplan
Commissioned: G1-G3 1931, G4 2007
Head: 9,4 m
Power: 40 MW (G1-G3 15 MW, G4 25 MW)
Energy production: 206 GWh/annually (G1-G3 91 GWh/annually, G4 115 GWh/annually)
Rated discharge: 510 m3/s (G1-G3 210 m3/s, G4 300 m3/s)
(Stockholms Tingsrätt, 2004; Fortum, 2008b; Fortum, 2015a; Naturvårdsbyrån Orback AB, 2003).

18.2

The case in short

No main refurbishment had been made on Månsbo HPP, resulting in it approaching the end of its
technical lifetime after being in operation for 73 years. In Månsbo HPP five units with double-Francis
turbines were installed with a combined rated discharge of 175 m3/s. The scope of the project was to
replace Månsbo HPP with a new hydropower plant, namely Avestaforsen HPP. One new unit G4 would
be installed in Avestaforsen HPP with a rated discharge of 300 m3/s. The replacement would also mean
an increase of the total energy production with 20 %, from 170 GWh to 206 GWh annually. The total
energy production mentioned is the combined for both Avesta Storfors HPP/Månsbo HPP and the one
of Avesta Storfors HPP/Avestaforsen HPP. Besides a new hydropower plant, the project also comprised
of building a new dam. The dam started to reach the end of its lifetime and together with the new planned
rated discharge, the dam required a renovation in order to fulfil the safety standard that was required
(Fortum, 2003b).
Besides the age of Månsbo HPP, there were other reasons for the replacement and upgrading. Looking at
the hydropower plants located upstream and downstream, they have a larger rated discharge. Avesta
Storfors HPP together with Månsbo HPP formed a bottleneck, preventing upstream and downstream
hydropower plants to run at their full potential. By replacing Månsbo HPP with a new hydropower plant
that together with Avesta Storfors HPP would result in a larger combined rated discharge, it would allow
the upstream and downstream hydropower plants to run closer to their full capacity (Naturvårdsbyrån
Orback AB, 2003).

18.3

The legal process

Before the final scope of the project was determined, several alternatives were discussed. It began in 1999
when several alternatives were developed regarding both Månsbo HPP and the dam. In the beginning,
four different alternatives were investigated where the fourth was considered as the best one. The fourth
alternative comprised of demolishing both Månsbo HPP and Avesta Storfors HPP as well as the dam. A
new dam was to be constructed instead with a new hydropower plant on its left side. The new
hydropower plant was to comprise of two units with a total rated discharge of 600 m3/s, with 300 m3/s
for each unit. However this alternative came to change to instead comprise of a total rated discharge of
500 m3/s, or 250 m3/s for each unit (Fortum, 2003a).
In May 2001, a draft of an application to the Environmental Court was starting to take form. The
application covered the suggested fourth alternative from the evaluation in 1999. In June 2001 the work
regarding the new location for the new dam and hydropower plant was initiated, which resulted in the
same location as of the existing dam and hydropower plant back then. This since that location was
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considered to be the most profitable location from both an economic and technical perspective. A
summation of the cost for the refurbishment of Månsbo HPP and Avesta Storfors HPP came in
September in 2001. The summation of the cost resulted in new alternatives, which only covered
refurbishment/new building of Månsbo HPP and a new dam and demolishing of Månsbo HPP. The
difference between the new alternatives was the number of units that were to be installed and how many
at a certain time. An application for a permit to tear out the existing Månsbo HPP in order to replace it
with a new hydropower plant with two units and a new dam was submitted, where the total rated
discharge of the new hydropower plant would be 500 m3/s, which was stated as nominal. The rated
discharge were divided over the units in such way that one unit would have a rated discharge of 300 m3/s
and the other 200 m3/s. A part of Avesta Storfors HPP was also to be teared out and some of the
waterways were to be clogged. The application was straight in line with chapter 11 in the Environmental
Code (Fortum, 2003a).
Further on, changes of the scope occurred during the application process. Instead of installing two units
in the new hydropower plant, only one unit with a nominal flow of 300 m3/s was to be installed (Fortum,
2008e). The new alternative still included building of a new dam. Reasons for the change from two to one
unit was partly due to economic factors, where it turned out to be more profitable to install only one unit
instead of two, due to the lower investment cost (Fortum, 2003b). The change also resulted in that the
contaminated areas on the left side of the river and downstream of the hydropower plant would be less
affected (Fortum, 2008e). The contaminated areas are due to the industrial business in the nearby area,
which has been in operation since the 1700 century. An example of such industrial business is the old
Månsbo HPP chlorate factory, which no longer is in operation. Anyhow, chlorinated compounds has been
found in the area as well as high concentrations of several toxic and harmful metals. These metals are for
instance mercury, chromium, lead and arsenic (Naturvårdsbyrån Orback AB, 2003). Re-usage of existing
construction was enabled as well when changing the number of units to be installed in the new
hydropower plant to one instead (Fortum, 2008e).
During this period when the change of scope occurred, one additional alternative was evaluated as well.
This alternative comprised of a refurbishment of Avesta Storfors HPP and a shutdown of Månsbo HPP.
The refurbishment of Avesta Storfors HPP would in this alternative take place during 2011-2012 and
would result in a new nominal flow of 250 m3/s. As for the other mentioned alternatives, a new dam was
also included in this alternative. However, this alternative was excluded since it resulted in a loss of
production of 44 GWh annually. Also the flexibility of production decreased and got worsened compared
to the situation when Månsbo HPP was kept in operation. Finally, increased risks of losses and failure
when operating only one hydropower plant would be the case for this alternative (Fortum, 2003b).
In May 2003 the Investment Proposal was approved (Fortum, 2008b) and through the judgement from
the Environmental Court in 8th of October 2004, a Water Rights Permits was given. As can be seen in the
judgement is that before the approval was given in 2004, the Environmental Court sent the application to
the Government for a decision (Stockholms tingsrätt, 2004). The reason for the need of approval from
the Government is found in the Environmental Code in chapter 17 (Miljödepartementet, 2004) in section
4a. There it can be seen that the Government has to proceed a trial of approval for hydropower plants
with an installed power output larger than 20 MW, if it is requested by the municipality (SFS 1998:808).
Further on, in the Governmental decision from the 23th of June 2004 the reason for the Government
decision is found. From the decision it can be seen that the Government found that an approval had to be
given to the application for refurbishment of Månsbo HPP/Avesta Storfors HPP and the dam, since it
was in line with the Environmental Code. Approval was also given since the dam was in great need for
refurbishment due to reasons related to security. The Government also considered that even though the
existing hydropower plants and dam are located near an area that are of high nature and cultural values,
the impacts was estimated to be insignificant. The advantages with the refurbishment did also outweigh
the disadvantages of the impacts. Considering the refurbishment of the dam, the Environmental Court
meant that despite what happened with Månsbo HPP, Avesta Storfors HPP would be in operation and
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thereby requiring a safe dam construction. In the judgement from the 8th of October in 2004, it can also
be seen that approval of the Environmental Impact Assessment and its supplements were to be given as
well (Stockholms tingsrätt, 2004).
Demands regarding the project, which was brought up in the negotiation in the Environmental Court in
8th October 2004, concerns mainly the construction period. Even if most of the proposed measures had
been accepted by different authorities and other stakeholders, additional safety measures were requested.
Either way, for a majority of the proposed measures the Environmental Court found that there were no
need to impose conditions for them. Concerning disputes about how the fee for facilitating fishing would
be determined, the Environmental Court choose to share the opinions of Fiskeriverket, Kammarkollegiet
and the County Administrative Board. The fee for facilitating fishing was decided to be determine from
the rated installed power output in the new hydropower plant, namely 24 MW. A proposal for a fish way
for enabling a functioning migration of fish was proposed by the County Administrative Board and other
stakeholders. The Environmental Court, on the other hand, found that there was no need to install such a
fish way. Reasons for that were firstly that fishing are forbidden in the part of the river between Avesta
Storfors HPP/Månsbo HPP and Avesta Lillfors HPP. Secondly, there was at that time no migration of
fish there since the then existing hydropower plant lacked such a fish way (Stockholms tingsrätt, 2004).
Finally, when the approval of the application was given in 2004, it entered into force the same year in
December. The construction of the new hydropower plant and dam started in 2005 and the hydropower
plant was taken into operation in 2007. One year later the new dam was finished. The whole construction
period took one year longer than what had been planned for (Fortum, 2008b). The new hydropower plant
Avestaforsen has been approved for receiving “electricity certificates” (Fortum, 2003b).

18.4

Water Rights Permit

In the judgement given by the Environmental Court the 8th October in 2004, it can be seen that in a
previous judgement from 21st of January 1924 given by Folkare häradsrätt, permission was given to
construct the dam between Avesta Storfors HPP and Månsbo HPP. Permission was also given for the
operation of the two mentioned hydropower plants (Stockholms tingsrätt, 2004).
As mentioned before, the permission for the new plant and dam was given in conjunction with the
judgement from the Environmental Court the 8th of October 2004. From the judgement it can be seen
that Fortum has the right to demolish the old Månsbo HPP hydropower plant and replace it with a new
hydropower plant at the same location. One new unit was to be installed in the hydropower plant with a
power output of 24 MW and a nominal flow of 300 m3/s. Permission was also given to divert a flow equal
to the amount that the turbine has the ability to discharge. Approval was also given to build a new dam a
little bit further downstream of the existing one, located between the new hydropower plant Avestaforsen
HPP and Avesta Storfors HPP (Stockholms tingsrätt, 2004).

18.5

Environmental protection

High recreational values are found in the area around Avestaforsen HPP, where both areas of historical
cultural values and the possibilities for swimming and fishing are found. National interest areas are located
around Avesta such as Nedre Dalälven and Döda fallet, where the first mentioned area concerns outdoor life
and the second conservation of nature. Döda fallet constitutes as well of a nature reserve together with the
areas of Isaksboholmen and Åsboholmen. Further on, the focus of Nedre Dalälven is to preserve the possibility
of outdoor life and tourism where the water areas are in main focus. Considering recreation and outdoor
life, the planned re-construction of the hydropower plant and dam had no effect on the population of fish
or fishing opportunities upstream. Impacts from turbidity and drilling waste can be expected downstream
on the other hand, if measures regarding these impacts are lacking (Naturvårdsbyrån Orback AB, 2003).
Looking at the aspects of local and national interest as well as the landscape, either the county antiquarian
or the county museum were to be notified when building the new hydropower plant. This since the new
building had to be costumed to fit the architectural design of the nearby buildings and other
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constructions. It was considered as very important that the choice of roofing material and color of the
building was in harmony with the cultural environment. Considering the construction of the new dam, the
flat rocks of Avestaforsen HPP are to be more visible. This was seen as a negative impact to the landscape
aspect, since less water will be flowing over the flat rock and thereby reduce that certain aesthetic
experience in a visual and acoustic way (Naturvårdsbyrån Orback AB, 2003).
Going forward to the natural environment, the Environmental Impact Assessment developed for the
project stated that there would be impacts on the natural environment on a local level. The impacts were
to affect the vegetation during the construction period, as well as changes of the roads when constructing
the hydropower plant. However, the vegetation affected was deemed to be of trivial kind, why these
impacts was assumed to be insignificant. Looking at the hydrological aspects, no changes of water flow or
water management occurred. The only difference would be the amount of water lead through the turbine
(Naturvårdsbyrån Orback AB, 2003).
With the new dam the safety requirements were fulfilled with a good margin, as well as the required
maintenance and reparation work was reduced. The risk for flooding upstream was reduced with the
increased ability to discharge water due to the new construction. Some of the areas around the
hydropower plants are contaminated due to previous industrial business, such as chlorine factory. Even if
the broadening of the existing outlet channel was made in absence of water, water that might leak in could
be contaminated with pollutants from the area of the old chlorine factory. This was addressed in an
ambitious manner and no pollutants leaked into neither the river nor the surroundings. (Naturvårdsbyrån
Orback AB, 2003).
In Figure 15Figure 2 below the protected areas can be seen. The blue dashed lines symbolize water
protection areas and the green dashed lined symbolize nature preservation area (Naturvårdsverket, 2017).

Figure 152. Map showing protected areas near Avestaforsen HPP. The red oval shows the location of Avestaforsen HPP
and Avesta Storfors HPP (Naturvårdsverket, 2017).
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18.6

Potential power

The proposed alternative with a new large hydropower plant implied an increased power output as well as
production with an upgrading of the rated discharge. This alternative is compared to the additional
alternative from the feasibility studies that would result in the highest potential power output. The
outcome of the profitability calculation for the two alternatives is presented as well.

18.6.1
Alternative New
replacing Månsbo HPP

hydropower

plant

with

one

unit

This alternative was the proposed one that later on was conducted. It comprised of replacement of
Månsbo HPP with a new unit, on the same site, but with a rated discharge of 300 m3/s. An application for
a new Water Rights Permit was submitted and approved (Fortum, 2008b). From the profitability
calculation, this alternative was considered profitable with a better overall impression with less risks
connected (Fortum, 2003b).
18.6.1.1

Power output

Looking only on the increase of power output for the new unit replacing Månsbo HPP, Avestaforsen
HPP would have an installed power output of 25 MW (Fortum, 2015a). This corresponds to an increase
of 10 MW compared to the installed power output in Månsbo HPP, which was equal to 15 MW
(Naturvårdsbyrån Orback AB, 2003). For the total installed power output, replacing Månsbo HPP with
Avestaforsen HPP would result in an increase of 7 MW, from a power output of 33 MW (Fortum, 2003a)
to a new power output of 40 MW (Fortum, 2003b).
What regards the annual production, the increase of production, when considering only to the comparison
between Avestaforsen HPP and Månsbo HPP, would be 35 GWh annually. This gives the new annual
production from Avestaforsen HPP would be 115 GWh (Naturvårdsbyrån Orback AB, 2003). The
combined production from Avestaforsen HPP and Avesta Storfors HPP would result in the new total
annual production of 206 GWh. The total annual production from Månsbo HPP and Avesta Storfors was
before only 171 GWh (Fortum, 2003a).

18.6.2
Alternative Replacing both Månsbo HPP and Avesta
Storfors HPP with a new plant with two units
This alternative was evaluated in 1999, when the first discussion of potential alternatives was held. The
alternative comprised of demolish both Månsbo HPP and Avesta Storfors HPP for replacing them both
with a new hydropower plant. The new hydropower plant was to be located on the same site as Månsbo
HPP and was to be installed with two units. One unit for replacing Månsbo HPP and one for replacing
Avesta Storfors HPP. The total rated discharge was to be 600 m3/s, where each unit would have a rated
discharge of 300 m3/s each. (Fortum, 2003a). No profitability study was found for this alternative.
18.6.2.1

Power output

Looking only at the unit that was thought to replace Månsbo HPP, it had the same rated discharge as the
one that was actually installed, namely of 300 m3/s. It could therefore be assumed that the same increase
of power output, as well as annual production, would occur for this alternative as for the one presented
above. If one instead look at the total installed power output for this alternative with a rated discharge of
600 m3/s, the calculated power output would then be approximately 49 MW. This power output would
correspond to a rated discharge of 600 m3/s (Fortum, 2003a) and a head H=9,4 m (Naturvårdsbyrån
Orback AB, 2002). The calculation can be seen below under Lost potential.
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18.6.3

Potential according to Sweco

Avestaforsen HPP is included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“ from Sweco about potential expansion of
hydropower. In the report Sweco assumes that for Avestaforsen HPP the current installed power is 24
MW, and that the total rated discharge for both Avestaforsen HPP and Avesta Storfors HPP is 510 m3/s.
This would be the case when Avestaforsen HPP, along with the rest of the downstream hydropower
plants in Dalälven, are to be re-dimensioned according to the rated discharge of Lanforsen HPP (Sweco,
2016). The power output assumed in the report differs from the one installed in Avestaforsen HPP, which
according to sources as Fortum is 25 MW (Fortum, 2015a). The assumed head in the report from Sweco
is 9 m (Sweco, 2016) while the head in Facts in short is stated to be 9,4 m (Naturvårdsbyrån Orback AB,
2003).
In the report by Sweco, a suggested expansion of the total rated discharge for Avestaforsen HPP together
with Avesta Storfors HPP would be 593 m3/s. That corresponds to an increase of the installed output in
Avestaforsen HPP by 4 MW, giving a new installed power output of 28 MW (Sweco, 2016). Compared to
the data in Facts in short for the current power output for Avestaforsen HPP, the increase would either
result in a new power output of 29 MW or an increase of only 3 MW.

18.6.4

Lost potential

The proposed project comprising of the first alternative above, was approved and conducted. However as
can be seen form the second alternative, if that alternative would have been conducted it would have
resulted in a large increase of the total power output. When looking only at the unit replacing Månsbo
HPP, it would have resulted in the same power output as the one installed in Avestaforsen HPP.
The calculation for the total power output for the second alternative, regarding both units and a rated
discharge of 600 m3/s is as follow. The head used in the calculation is the same as the one stated in Facts
in short, namely H=9,4 m. A calculation of the power output for the proposed alternative is conducted as
well to make an additional comparison to the second alternative. The equation used for the calculation
below is Equation 2 from the main report.
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As can be seen, a loss of potential of power output is approximately 7,4-9,1 MW when choosing the rated
discharge to 510 m3/s rather than 600 m3/s. Looking at the comparison with what was estimated in the
report by Sweco above, the lost potential would be 1,3-3 MW. This gives when the total installed power
output for Avestaforsen HPP and Avesta Storfors HPP is 43 MW (28 MW + 15 MW).
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Appendix 2: Case study of Bergvik HPP
Bergvik HPP is located in Ljusnan in between the two lakes Bergviken and Marmen (Ahlfors, 2015b). The
location of the hydropower plant is shown in Figure 16Figure 1 below. Bergvik HPP is a bottleneck in this
river section due to that the hydropower plants upstream and downstream of it have a larger rated
discharge. Both Landafors HPP and Höljebro HPP have a rated discharge of 300 m3/s each (Fortum,
2014e; Fortum, 2014b). To upgrade the rated discharge in Bergvik HPP is therefore a considered option

Figure 161. Bergvik HPP and the lakes up- and downstream of it (Google maps, 2017).
as the units are approaching the end of their technical lifetime (Ahlfors, 2015b).

18.7

Facts in short

The data below concerns the existing hydropower plant, and not the one that would be current for
Bergvik HPP after the planned refurbishment.
River: Ljusnan
Upstream: Lake Bergviken, Landafors HPP
Downstream: Lake Marmen, Höljebro HPP
Turbine-type: Kaplan
Amount of units: 2
Commissioned: 1961
Head: 8 m
Power: 16 MW
Energy Production: 107 GWh
Rated discharge: 240 m3/s
Reservoir: Lake Bergviken
(Ahlfors, 2015b)
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18.8

The case in short

As the turbines in Bergvik HPP are reaching the end of their technical lifetime, feasibility studies were
conducted regarding the coming required refurbishment. In the feasibility study presented by Norconsult
from the 9th of October 2014 there were three main alternatives presented. These were to:
1. Renovate the most essential parts of the station to keep it going for up to an additional ten years,
2. Renovate the station more extensively to last 40-50 years with the current rated discharge or
3. The same renovation as in option (2), but also includes changing the runners to either handle:
a. the existing rated discharge or
b. an increased rated discharge resulting in a total of 145-150 m3/s for each unit, or 290-300
m3/s for the entire hydropower plant.
For the listed options, only 3b would result in a new Water Rights Permit having to be applied for. This
alternative was however shown to be the most profitable and was chosen to proceed with (Norconsult,
2014).

18.9

The legal process

The consultation regarding the project in Bergvik was held the 24th of November 2015 (Fortum, 2015d).
The application was then sent to the Land and Environmental Court the following year (Östersunds
tingsrätt, 2016a), as well as the notice to the concerned parties regarding this. The notice was sent out the
7th of September 2016, and the parties were given time to send in their opinions on the application
(Östersunds tingsrätt, 2016b). Complaints were received regarding the Environmental Impact Assessment
from the County Administrative Board of Gävleborg. This lead to the Environmental Impact Assessment
being complemented by Fortum and then re-submitted to the Land and Environmental Court before the
end of October 2016. What was required for the extended version of the Environmental Impact
Assessment was for it to include the aspect of fish racks and fish ways, in order to address the issue of that
Bergvik HPP constitutes a barrier in the river. In addition to this there were also things addressed by the
County Administrative Board of Gävleborg that required answers from Fortum before 3rd of Mars 2017
(Fortum, 2017b).
Further Fortum received further opinions from both Kammarkollegiet and the County Administrative
Board of Gävleborg regarding this complemented Environmental Impact Assessment. Kammarkollegiet
expressed that the Environmental Impact Assessment could not be approved in its current state. This
since there was a lack of foundation to judge whether or not the hydrologic regime would be affected in a
negative manner from the planned changes of Bergvik HPP. They expressed that all quality factors needed
to be addressed in the EIA in order to judge if the overall quality is unchanged (Östersunds tingsrätt,
2017).
The County Administrative Board of Gävleborg also expressed the need for change in some aspects. They
perceived that the maximum rated discharge had not been specified clearly enough and wanted the permit
to state this to be 300 m3/s. It was also expressed that the permit should include a requirement for fish
racks and a fish way, as well a set minimum discharge to this fish way. Besides this the County
Administrative Board saw a need for an investigation regarding the migration downstream and how to
improve this. An example given was to utilize the old timber chute for this purpose, and they expressed
that this should be an alternative included in the investigation. Fortum was to be the ones conducting this
but they wanted to be included in the process. Some aspects regarding the timeframe for both the
construction work and for the possibility to report damages was also touched upon (Östersunds tingsrätt,
2017). Currently Fortum are responding to these opinions from the different parties.
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18.10

Water Rights Permit

The allowed water levels in Bergviken are up to +46,00 m and down to +44,80 m. This is measured
according to the height system stated in the judgement from the 18th of June 1958, and is to correspond to
the official height system (Österbyggdens vattendomstol, 1961). The fix point is however a ring that is
embedded into a stone on the right shore of the hydropower plant. The height in this system is measured
from 45,30 meters below this fix point (Österbyggdens vattendomstol, 1958). The discharge from the
hydropower plant is allowed to vary between 0 m3/s and up to the amount of water the hydropower plant
is able to discharge from its turbines. This is given to be nominally 240 m3/s in the judgement. If the
inflow to Bergviken exceeds 830 m3/s then the discharge is allowed to increase according to a table
included in the judgement from the 30th of December 1961. In the previous judgement the permission
was given to both construct the hydropower plant and take the turbines into operation. These judgements
are those from the 18th of June 1958, the 24th of Mars 1959, the 11th of September 1959, the 14th of
November 1959, the 31st of October 1960 and the 7th of April 1961 (Österbyggdens vattendomstol, 1961).

18.11

Environmental protection

Bergvik HPP is located in a section of Ljusnan that is protected according to chapter 4, section 2 in the
Environmental Code. This is the river stretch between Färila and Bergvik and the protected area is defined
to ends shortly downstream of the hydropower plant. This protection is due to this area being judged to
be of national interest due to the values connected to the outdoor life and tourism in the area. There are
other national interests in the area as well, where these are sites of cultural values such as ancient remains,
which lay scattered around in the surrounding area. Several of them are close to the hydropower plant but
would be unaffected by the planned measures. There is also a shore-protection originating from the
Översiktsplan Söderhamns Kommun 2010-2030. According to this plan the river stretch known as Ljusnans
Dalgång is a national interest as well. This is supposed to end shortly upstream of the hydropower plant,
but the municipality want this protection to stretch further downstream (Ahlfors, 2015b).

18.12

Potential Power

The alternative 3b from the feasibility study is here elaborated further on as this is the desired alternative
for the renewal of the hydropower plant.

18.12.1

Renewal of Bergvik HPP

This alternative would require a new Water Rights Permit, and for the calculations made the costs for this
process was included. The costs for constructing a fish way was also included due to the probability of this
being requested being deemed as high. The project was judged to be profitable from an economic
viewpoint (Fortum, 2014a). The rated discharge would after the renewal be 290 m3/s for the entire
station. The station would have two units.
18.12.1.1

Power output

The annual energy production would for this alternative be 120,9 GWh (Fortum, 2014h). The power
output from the new turbines is not mentioned in the feasibility study, why it is approximated using
Equation 2 from the main report. This gives a power output of approximately 20,2 MW. The calculation
can be seen below in [1].
8,7
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290

8

8,7

20,2

1

18.12.3

Potential according to Sweco

A calculation of the potential power output for Bergvik HPP is presented in the report “Rapport
Effektutbyggnad Vattenkraft: En kvantitativ analys av potentialen för effektutbyggnad i befintliga Svenska
vattenkraftverk“ from Sweco. The given data in the report corresponds to that stated earlier under the
section Facts in short, if rounded off to the nearest integer. The entire river Ljusnan has been dimensioned
to fit the rated discharge of Norränge HPP, and the proposed new rated discharge for Bergvik HPP is 368
m3/s. Norränge HPP currently has a rated discharge of 310 m3/s, which is not suggested to be increased
in the report by Sweco. It is also suggested that the hydropower plants closest up- and downstream of
Bergvik HPP should have a rated discharge close to that suggested for Bergvik HPP. This upgrade would
give a power output of 24 MW, which corresponds to an increase of 8 MW (Sweco, 2016).
When using the empirical formula, which is the same as Equation 2 in the main report, the resulting
power output for this upgrade turns out slightly higher than the estimations as can be seen in [2] below.
The answer is although close enough for the estimation to be judged as reliable.
8,7

18.12.4

365

8

8,7

25,4

2

Lost potential

Since Fortum applied for an increased rated discharge of 300 m3/s, this would lead to a new power output
of around 20,2 MW if the project is approved. At the moment it cannot be said how large potential is lost
as the process is not finished yet. If the project is approved this would result in an increase of power
output compared to the current state, but a decrease if compared to the potential power output according
to the report produced by Sweco. If the project on the other hand is not approved, there would be a lost
potential corresponding to either the gap between the current power output and the power output that the
project would have resulted in, or between the current power output and the suggested option from
Sweco (Sweco, 2016; Fortum, 2014h). These different comparisons are shown in Table 23Table 1 below.
Table 231. Comparison of relative loss in potential power output, Bergvik HPP.
Outcome
Power output [MW]
Increase compared to Lost potential compared to
before project [MW]
Sweco-report [MW]
Approved

20,2

4,2

3,8

Rejected

16

0

8
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Appendix 3: Case study of Edeforsen HPP
In the river Ljusnan, and south of the town Ljusdal, the hydropower plant Edeforsen is located. The
hydropower plant is located between Laforsen HPP and Norränge HPP, where Laforsen HPP is located
approximately 40 km upstream and Norränge HPP approximately 30 km downstream. Edeforsen HPP
and the regulating dam were commissioned in 1920, but in 1989 the Edeforsen HPP and the dam was
refurbished (Erelöf, 2012). Edeforsen HPP is located in and near areas which contains high nature values
and is thereby strictly regulated by more than one part of the Environmental Code. The area upstream of
Edeforsen HPP is also classified as a Natura 20002-area (Fortum, 2011a).
The hydropower plant upstream and downstream of Edeforsen HPP has a rated discharge of 210 m3/s
respectively 310 m3/s (Sweco, 2016). Compared to these, Edeforsen HPP with a rated discharge of 20
m3/s can be considered as a bottleneck since the rated discharge through the turbines is significant lower.
Water is therefore continuously “spilled” which result in that a limited part of the total discharge and
production of Ljusnan is utilized (Fortum, 2011b). Beside the current rated discharge for Edeforsen HPP,
other relevant information is found below in Facts in short together with other relevant information.

18.14

Facts in short
River: Ljusnan
Upstream: Laforsen HPP
Downstream: Norränge HPP
Amount of units: 2
Turbine-type: Flygt
Commissioned: 1989
Head: 4 m
Power: 0,8 MW
Energy
production:
GWh/annually

3

Capacity turbines: 20 m3/s
(Fortum, 2014g)

Figure 171. Map over the location of Edeforsen HPP, marked with the red oval (Google Maps, 2017).

18.15

The case in short

The scope of the proposed project was to replace the two existing units G1 and G2 with a new
hydropower plant consisting of one unit with a rated discharge of 110 m3/s. The rated discharge would
thereby increase by more than five times. The installed power of the new unit would be 4 MW and the
new energy production 23 GWh annually. The type of turbine used in the new unit would be a Kaplan
turbine, since this type of turbine is best suitable for this height of the head. Concerning the dam, the
existing one would be demolished and replaced with a new one a little bit downstream from the existing
one. The new dam would be designed in such a way that migration and reproduction of fish would be
improved. In the scope of the new dam, an overflow weir and a part of the spillway was to be included
(Erelöf, 2012).
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The proposed alternative also included changes of the water management, since a new discharge during
the winter was proposed. The aim was to simulate how an unregulated discharge would look like in the
river. In an unregulated river, the flow during the winter is naturally lower. By using the new dam with its
damming possibility, one can achieve a discharge in the river of 20 m3/s, which is the minimum allowed
discharge during the period from 15th of October to the beginning of the spring flood. By decreasing the
discharge in the river, more water can be lead through the turbine or the spillway. The turbine in the
proposed alternative was design with a rated discharge based on the minimum discharge in the river
during the winter. Positive impact with the decreased discharge during the winter is improved hibernation
of fish such as trout and grayling (Fortum, 2014g).
Even if Edeforsen HPP was renovated in the 90’s, it started to get old and reaching the end of its
technical lifetime. It was therefore in great need of renovation, which also was the case for the regulation
dam. The regulating dam needed both refurbishment as well as a modernization due to difficulties and
security risks concerned with the maintenance of the dam (Erelöf, 2012). Before the scope of the project
was decided, additional alternatives were evaluated. It started in 2011 when a pre-study was conducted.
Beside the chosen alternative with a new hydropower plant replacing the existing one, three additional
alternatives was investigated. One alternative comprised of the case of that no action was to be taken, but
this alternative was found to be less profitable than the proposed alternative. No improvements on the
work environment would be made, where the current situation was far from acceptable. Especially
regarding the management of the folding gates and the belonging plates for regulating the water level
(Fortum, 2011b).
Another alternative from the pre-study comprised of re-building the regulating dam, where replacement of
the existing folding gates dam was to be made with a new overflow spillway made out of concrete. For
this alternative, improvements of the work environment would be achieved. Despite that, there would be
larger impacts from the work with the dam on the surrounding as well as no improvements regarding
migration and reproduction of fish compared to the proposed alternative. This alternative was also shown
to be less profitable compared to the proposed alternative. The last alternative evaluated in the pre-study
comprised of demolishing the existing dam. Looking at the work environment, it would be improved as
well in this alternative. However, by demolishing the dam the operation of the hydropower plant would
not be able to proceed, implying demolished of the hydropower plant as well. Even if migration and
reproduction of fish would be improved with demolishing of the hydropower plant, impacts would occur
upstream from this option. Increased amplitude of variation of the water level compared to the situation
today would be the result, as well as a decreased water level overall, giving negative impacts on the
wildlife in the surrounding nature and the ability for recreation. As a conclusion, the last alternative is also
considered to be less profitable compared to the proposed alternative (Fortum, 2011b).
In the Environmental Impact Assessment, impacts from the proposed alternative were compared to two
additional alternatives. One alternative comprised of no action taken and the other alternative reminds of
the alternative mentioned above regarding re-building of the dam but with some additional measures
(Erelöf, 2012). Further on when the investment proposal was to be decided, the proposed alternative from
the pre-study was again compared to three additional alternatives. These alternatives reminds of the ones
from the pre-study, where one alternatives comprised of no action taken and the operations would
continue as today until year 2017 when the plant was to be demolished. The second alternative comprised
of constructing a new dam and doing the most necessary refurbishments of the hydropower plant to
enable it to still operate. The last additional alternative also comprised of constructing a new dam, but in
addition also a complete refurbishment of the hydropower plant (Fortum, 2014g).

18.16

The legal process

Since the project comprised of building a new hydropower plant, an application had to be submitted to
the Environmental Court (SFS 1998:808). As well as the fact that Edeforsen HPP is situated in and near
areas that are protected by the Environmental Code and Natura 2000, impacts have to be shown to be
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insignificant if the application is to be approved by the Land and Environmental Court. However, it was
found that there were several good reasons to submit an application (Fortum, 2014g). An Environmental
Impact Assessment was developed in 2012 where eventual impacts and measures for the proposed
alternative were described and compared to the other two included alternatives. For the proposed
alternative, the expected impacts on nature values, fish (regarding both migration upstream and
downstream) and the Natura 2000-area, were estimated to be positive as a result of the planned measures.
Such measures were adjustment of the water level variation to simulate a natural seasonal variation,
measures for improving the biotope and removal of migration obstacles for fish. Other impacts that were
presented in the Environmental Impact Assessment were impacts on areas of national interest for nature
conservation. However, since only a small part of the unexploited area would be used when broadening
the supply channel, these impacts were estimated to be small. The total impacts on the nature
conservation aspects that the proposed alternative would have were estimated to be positive. It was also
deemed that protected species such as otter, bullhead and freshwater pearl mussels would benefit from it.
The water body that Edeforsen HPP belongs to is classified as “bad” regarding its ecological status. All
the measures in the proposed alternative were expected to improve and contribute to a change of the
ecological status from “bad” to “good” (Erelöf, 2012).
However, one negative impact that was stated in the Environmental Impact Assessment, which was
turbidity and was regarded to impact mostly the fish. The impacts from turbidity would only occur during
the construction time and was therefore to be temporary. In order to reduce the impacts, some measures
would be taken, such as performing excavation and placing of cofferdams during a period of calmer water.
By doing this, limitation of the extent of turbidity would be achieved. Also the choice of time for placing
the cofferdams would be made so that from a technical point of view, the impacts on fish would become
as small as possible (Erelöf, 2012).
An application was submitted to the Land and Environmental Court in 2014, where the negotiation took
place on the 10th and 11th of April 2014 (Fortum, 2014g). The application considered the proposed
alternative of replacing the existing units with a new unit with a larger rated discharge and constructing a
new controlling dam. The application can be seen in the judgment from the 25th of September 2014 given
by the Land and Environmental Court. Not only the proposed alternative was described in the
application, the proposed measures were also stated. Before the application was submitted, consultation
was held with stakeholders and other affected parties. Opinions from the parties was submitted to the
Land and Environmental Court regarding the application, where the incoming opinions were more or less
united. The court fish expert, Naturvårdsverket, Kammarkollegiet, Havs- och Vattenmyndigheten, the
County Administrative Board of Gävleborg and the community of Ljusdal all considered that the impacts
from the proposed alternative were going to cause more than insignificant impacts on the environment.
They all referred to the protection from chapter 4, section 6 in the Environmental Code (Östersunds
tingsrätt, 2014), which controls the area where water operations, such as hydropower, are forbidden unless
the impacts can be proved to be insignificant (SFS 1998:808). The mentioned parties above all claimed
that this exception were not fulfilled, and therefore that the application should be rejected by the Land
and Environmental Court. Changes of the flow pattern was another aspect that, according to some of the
parties mentioned above, might cause negative impacts on the fish, such as impacts on the reproduction
of trout. Obstructed migration for fish, both upstream and downstream, is another aspect that was
mentioned in the opinions from some of the parties, which is found in the judgement from Land and
Environmental Court regarding this in 2014 (Östersunds tingsrätt, 2014).
The response to the opinions given by Fortum is also found in the judgement from the Land and
Environmental Court in 2014. As stated in the application, the impacts from the proposed alternative
would mainly be positive with the exception of turbidity. Still, turbidity is only a temporary impact which
occur during the construction period. Measures will be taken in order to reduce the causes as much as
possible from the impacts form turbidity. Regarding migration of fish, the measures proposed in the
application were going to simplify the migration for more than just large, fast swimming fish. As well as
improved possibility of hibernation of fish upstream of the hydropower plant (Östersunds tingsrätt, 2014).
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Anyhow, in the final judgement given by the Land and Environmental Court on the 25th of September
2014, a rejection of the application was the result. Reasons for the rejection was that it could not be
proved that the impacts from the proposed alternative would be insignificant. Therefore, the court could
not give an approval based on the exception in chapter 4, section 6, in the Environmental Code. The
court did however highlight that with the proposed alternative positive impacts would occur on the
surrounding area. At the same time, the court mean that the positive impacts did not outweigh the
negative impacts, even if the impacts had be considered as insignificant (Östersunds tingsrätt, 2014).
Fortum submitted their appeal the Superior Land and Environmental Court 17th of November 2014
Fortum, 2014g) and the court found reasons for the appeal to be approved. The approval came 4th of
February 2015 (Svea hovrätt, 2015) and was then submitted to the Supreme Court for the final decision.
Negotiation about the appeal took place in the court (and in the judgment from 19th of December 2016
given by Supreme Court, a rejection of the appeal was the result. That implies that the decision made by
the Land and Environmental Court in 2014 applies, namely a rejection of the proposed alternative. The
reason for the decision made by the Superior Land and Environmental Court is that they found no reason
for announcing an appeal (Högsta domstolen, 2016).

18.17

Water Rights Permit

The current Water Rights Permit for Edeforsen HPP was given the 1st of December 1989 in a judgment
by the Water Court and consisted of pronouncing Edeforsen HPP hydropower plant legal. In conjunction
with the renovation of the hydropower plant, it had to be declared legal. The judgement that was given
consisted of a hydropower plant with two units with a total rated discharge of 20 m3/s. Beside the
hydropower plant, the decision also gave an approval for a rock filled dam, a threshold dam and a supply
channel. Permission was also given regarding renovation of the part of the threshold closest to
Getholmen, which not yet have been renovated (Stockholms tingsrätt, 1989).
Beside holding the right to nominal discharge of 20 m3/s, the hydropower plant may also use the head
when the water level varies between the heights +117,45 and +113,33 m. Restriction regarding how to
manage the water with the folding gates dam is described in the judgement from the Water Court 1989
and are as described below (Stockholms tingsrätt, 1989):
For the period of 1st of September to the 9th of June, damming with the folding gates dam is allowed to a level of +117,45 for
a discharge capacity the corresponds to a level less then +117,45m.
For the period of 10th of June to the 31st of August, damming are allowed to a level of +117,15 m. The damming with the
folding gates dam may not occur for discharge capacity that corresponds to a water level of +117,15 m.
(Stockholms tingsrätt, 1989)
In the application, the current damming level and its restrictions are to be kept as described in the existing
permits (Erelöf, 2012). The water management proposed in the application differs a little bit from the
water management in the judgement from 1989. One difference in the application, which is stated in the
judgement from the Land and Environmental Court in 2014, is that during some periods the rated
discharge is to be given in already pre-determined levels. For these periods it is also said that depending on
the flow, either the whole or a part of it is to be lead through the main river. The new water management
differs also from the previous one in that manner that during the transition period from summer to
winter, the allowed damming is changed step-wise (Östersunds tingsrätt, 2014). This to help in the
adaption of the fish to the new water flow and the changing conditions (Erelöf, 2012).
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18.18

Environmental protection

Edeforsen HPP is located in and near areas that are protected by parts of the Environmental Code as well
as by Natura 2000. The area is protected according to the sections 1, 2 and 6 in chapter 4 of the
Environmental Code, and concerns different national interests. Besides this, protection according to
chapter 3, section 6 in the Environmental Code applies as well (Erelöf, 2012).
In chapter 4 section 6 it is stated that no water operations, such as hydropower, are allowed in certain
parts of some specified river. The river section of Ljusnan between Laforsen and Arbråsjöarna is an area
protected according to this section (SFS 1998:808), and since Edeforsen HPP is located between Laforsen
and Arbråsjöarna, the restriction applies for this hydropower plant. As mentioned above, there is an
exception in this paragraph giving that water operations can be performed if the impacts are proved to be
insignificant. Impacts on the environment from operations from companies or others are restricted in
chapter 4 section 1. The restriction states that impacts on nature and cultural values within the area are to
be restricted. This part of the Environmental Code applies automatically since chapter 4 section 6 applies
(Erelöf, 2012).
Edeforsen HPP lies within both an area that is protected by chapter 3 section 6 and an area protected by
chapter 4 section 2 in the Environmental Code. Chapter 3 section 6 applies since Edeforsen HPP lies
within the area of Mellanljusnan, which is an area of value in terms of nature conservation and contains
areas, nature and plants of high conservation value. Edeforsen HPP is also affected by the regulation from
chapter 4 section 2 in the Environmental Code, since it lies within the area “Ljusnan mellan Färila och
Bergvik”. This area is classified as an area of national interest regarding tourism, where in the
Environmental Code it is stated that when deciding the permissibility for a water operation performed by
companies or others, tourism and outdoor life have to be taken into account. Anyhow, as can be seen
from the Environmental Impact Assessment, impacts that concerns these aspects were expected to be
positive in the proposed project (Erelöf, 2012).
Upstream of Edeforsen HPP lies a Natura 2000-area called Mellanljusnan-Korskrogen-Edeforsen. This area
contains protected species, which with the conservation purpose of Natura 2000 are to be protected and
maintained. With the proposed alternative, the water flow will be customized to simulate that of an
unregulated river, with a lower flow during the winter period. Looking at the conservation plan developed
by the County Administrative Board, it can be seen that a flow comprising of high flow during the winter
time are expected to cause the highest impact on both nature and species in the area of Mellanljusnan. With
the proposed alternative with the of changed water regulation to simulate an unregulated river and all
other proposed measures, this were expected to have positive effect on the Natura 2000-area (Erelöf,
2012).
Concerning the cultural aspect of the hydropower plant and the belonging buildings, it was found that
there was no cultural value on a national interest level for keeping the old power house building. This was
the result form an investigation made by Industriminnesbyrån Bengt Spade on behalf of Fortum. There was no
cultural value left in the hydropower plant since after the renovation that was made in the 90’s. During
this renovation the entire machinery was replaced with new one, as well as a demolition of the high
voltage equipment. However, some parts of the hydropower plant and dam was proposed for preservation
by Bengt Spade in the investigation. The proposed alternative is taking the proposition from Bengt Spade
into account and planned on preserving the parts that was proposed (Erelöf, 2012).
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In Figure 18Figure 2 below the protected areas can be seen. The blue dashed lines symbolize the Natura
2000-area regarding the directive about species and habitat. The green dashed lines up to the left in the
figure symbolize the area of nature conservation (Naturvårdsverket, 2017).

Figure 182. Map showing protected areas near Edeforsen HPP. The red oval shows the
location of Edeforsen HPP (Naturvårdsverket, 2017).

18.19

Potential power

The installed power output and the annual electricity production for the proposed alternative are
presented below along with the conclusions from the profitability calculation. Since there were no
additional alternatives evaluated comprising of a larger increase of the power output then what was given
by the proposed alternative (Fortum, 2014g), only the proposed alternative are further evaluated below.

18.19.1 Alternative Building a
increased rated discharge

new

hydropower

plant

with

This alternative was the proposed alternative comprising of building a new hydropower plant and
increasing the rated discharge from 20 m3/s to 110 m3/s. An application was submitted but rejected, why
this project never was conducted. From the profitability calculations this alternative turned out to be the
most profitable one (Fortum, 2014g).
18.19.1.1 Power output
The new hydropower plant implies an increase of the installed power as well of the annual production.
The new power output would be 4,2 MW which is an increase of 3,4 MW. For the annual production, an
increase of 17 GWh annually would be achieved giving a new total annual production of 23 GWh
(Fortum, 2014g).
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18.19.2

Lost potential

Edeforsen HPP is not included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“ from Sweco (Sweco, 2016). The proposed
project was rejected, meaning that no increase of the rated discharge. This also implies an unused potential
for an increased power output. In order to determine the amount of lost power output, calculations is
performed for the power output corresponding to what a rated discharge of 110 m3/s would give. A
calculation of the power output with the current rated discharge is also performed. The head used for the
calculations is that one stated in Facts in short. The calculations are made using Equation 2 from the main
report.
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According to the calculations, a rated discharge of 110 m3/s would increase the power output by 3 MW to
a total of 3,8 MW. Looking at the new power output in the mentioned alternative above, it would be 4,2
MW which corresponding to an increase of 3,8 MW. As total, this gives a loss of potential of the power
output of 3-3,8 MW.
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Appendix 4: Case study of Eldforsen HPP
Eldforsen HPP is now a new hydropower plant in Vansbro municipality in the river Västerdalälven. The
surroundings of the hydropower plant is shown in Figure 19Figure 1 below. The old hydropower plant
was operated as a run-of-the-river hydropower plant which is also the case for the new one. The rated
discharge was increased from the old to the new hydropower plant to enable a larger share of the flowing
water in this river section to pass through the turbines to produce more electricity. The construction of
the new hydropower plant started in 2007 and was finished in June 2009. Eldforsen HPP is located in
Dalarna and the upstream hydropower plant is Hummelforsen and the one located downstream is known
as Skiffsforsen (Ahlfors, 2010).

18.20

Facts in short
The data below concern the new
hydropower plant, this since the old
station was already replaced by the time
the application process for taking it into
operation started.
River: Västerdalälven
Upstream: Hummelforsen HPP
Downstream: Skiffsforsen HPP
Turbine-type: Kaplan
Amount of units: 1
Commissioned: 2011 February
Head: 9,7 m
Power: 8,5 MW
Energy Production: 41 GWh/year
Rated discharge: 100 m3/s
Reservoir: no reservoir, run-of-the-river HPP
(Ahlfors, 2010; Fortum, 2010a; Fortum,
2017c)

Figure 191. Map showing Eldforsen HPP (Google maps, 2017).

18.21

The case in short

The scope of the project was to build a new hydropower plant to replace an old one. In addition to this,
certain work was done on the dam and the channel downstream. These included making the channel
deeper and making the dam higher in order to raise the retained water level after the finished
constructions. The construction of a bio channel, referred to as Eldbäcken, was also included in the
project (Ahlfors, 2010).
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18.22

The legal process

In 1989 on the 30th of June the current owner of Eldforsen HPP received permission from the Water
Court to build the new hydropower plant. In this permission it was included the right to perform the work
made both on the dam and the hydropower plant. A permission for the increased retained water level was
also included, and specified to be +246,8 m. The permissions for the constructions was renewed one time
due to that the new hydropower plant would not be finished by the set time. Initially the time limit was
until 1st of July 1999, this was then prolonged by ten years to the 1st of July 2009. Due to the Water Rights
Permit being set in 1989, before the introduction of the Environmental Code, the project should be
judged according to the water laws current at that time. This is what Fortum claimed during the arguments
in the Environmental Court, as answer to amongst other Kammarkollegiet, which requested an
Environmental Impact Assessment to be made and requested a time limit to be set for the permit to the
1st of December 2027. Further requirements included constructing a fishway, and the requirement on
Fortum to produce an environmental report regarding the fishway on a yearly basis. There were concerns
expressed regarding the fish from Fiskeriverket and a bridge located upstream of the hydropower plant
from Banverket (Nacka tingsrätt, 2011).
It was decided in the Environmental Court, on the 25th of January 2010, that an Environmental Impact
Assessment and a consultation was required for the process to continue (Nacka tingsrätt, 2011). A
consultation was then held in February the same year, and the Environmental Impact Assessment was
submitted to the Environmental Court on the 19th of April 2010 (Ahlfors, 2010).
Complaints came from Älvräddarna regarding their concern that there might be short time regulation
conducted by the new hydropower plant, due to a misinterpretation of the application from Fortum. This
was regarding the right to lower the upper water level to 0,3 m under the retained water level which would
be utilized only during outages of the hydropower plant. The plant would function as a run-of-the-river
hydropower plant as specified in the application. This was specified later by Fortum (Nacka tingsrätt,
2011).
On the 3rd of May 2010 Fortum appealed for the case to continue in the Environmental Court due to
having meet the demands regarding the consultation and the Environmental Impact Assessment. This
request was then approved and the process continued. The main objections from the different parties was
regarding the Environmental Impact Assessment that they argued was lacking in some aspects. The zeroalternative in the Environmental Impact Assessment was here the scenario of not putting the new
hydropower plant into operation, and some parties argued that the zero-alternative should instead be the
state without any hydropower plant at the location. There were also requests regarding including
alternatives with different retained water levels of the upper water level. However, the Environmental
Court did not agree on either of these points in the end. Fiskeriverket, the County Administrative Board,
Kammarkollegiet, the Swedish Environmental Protection Agency and Älvräddarna expressed other
complaints regarding the Environmental Impact Assessment during June. The result was that Fortum
agreed on paying a fee for facilitating fishing according to class 1 besides the one-time sum already set for
the future damage on fishery (Nacka tingsrätt, 2011).
In the main hearing the 28th of January 2011 the Environmental Court gave the judgement that Fortum
was to be given a permit for operating the new hydropower plant according to what had been intended in
the initial permit given in 1989 concerning the construction of the hydropower plant. This since the
operation met the requirements according to the Water Law that was the current law at that time, with
some adjustments on the safety and precautionary aspects according to the Environmental Code. This
resulted in the bio channel having a probation period of 10 years, and the impact on the fishery in the lake
Vakran to have a probation period of two years. In addition to this Fortum was required to set out a
specified amount of fish fry during the two years to come as had been suggested by Fortum, as well as to
put an official water-level gauge at the dam (Nacka tingsrätt, 2011).
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This verdict was later on the 14th of Mars 2011 appealed against in the Superior Environmental Court by
Kammarkollegiet, two private persons, the Swedish Environmental Protection Agency, Sveriges
sportfiske- och fiskevårdsförbund and Älvräddarnas Samorganisation. This appeal was rejected (Svea
hovrätt, 2011). Then Kammarkollegiet and Älvräddarnas Samorganisation continued on the 26th of April
2011 to appeal to the Supreme Court but was rejected there as well (Högsta domstolen, 2011).
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18.23

Water Rights Permit

The official water-level gauge is located by the dam as specified in the judgement from the 28th of January
2011. In the Water Rights Permit that was given according to the law current 1989, the Water Law,
Fortum got permission to increase the retained water level to +246,8 m. Permission to lower the water
level to 0,3 m below this retained water level was also given, but only temporarily.
The hydropower plant is allowed to have the rated discharge that it was planned for; when running at
maximum capacity it would have a nominal rated discharge of 100 m3/s (Nacka tingsrätt, 2011).

18.24

Environmental protection

Eldforsen HPP is not located in a river stretch protected according to the Environmental Code chapter 4,
section 6 (SFS 1998:808). There is however a protected area within this part of the river, upstream of the
hydropower plant. This protected area is denoted as Görälven-Västerdalälven and is under protection from
chapter 3, section 6 in the Environmental Code. This is due to this area being deemed as of interest for
nature conservation. Due to the retained water level being higher after the construction of the new plant
this area was affected to some extent by this
(Ahlfors, 2010).
There was also discovered to be a certain
amount of Freshwater pearl mussel in the
area upstream of the hydropower plant. The
Freshwater pearl mussel is a red listed
species, why these where relocated to
Risforsen in combination with the
construction of the new hydropower plant.
These were later to be moved back to
Eldforsen after the bio channel was deemed
an appropriate habitat for them (Ahlfors,
2010). In Figure 20Figure 2 to the left, there
is a map of Eldforsen HPP with its
surrounding and the protections in these
areas
according
to
the
Swedish
Environmental Protection Agency. The black
dots represent naturminnen that are located at
that point (Naturvårdsverket, 2017).
Figure 202. Eldforsen HPP, its surroundings and the protections in the
area according to the Swedish Environmental Protection Agency
(Naturvårdsverket, 2017).

18.25

Potential Power

As the loss in production in this case was due to the delayed start of the hydropower plant, this lost
production was between June 2009 and February 2011. This since the hydropower plant was ready to start
in June 2009, the application for starting the operations was submitted in May 2009 (Fortum, 2010a), and
was put into commission in February 2011 (Nacka tingsrätt, 2011). This corresponds to 20 months lost
production, or approximately 68,33 GWh in energy production for the entire period.
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18.25.1

Potential according to Sweco

Eldforsen HPP is included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“ from Sweco. The data in the report from
Sweco corresponds to that presented in the section Facts in short for the power output and the rated
discharge (Sweco, 2016; Ahlfors, 2010). It differs by 0,3 m for the head, as Sweco states this to be 10 m
rather than 9,7 m (Sweco, 2016; Fortum, 2017c). In the report by Sweco, it is suggested to increase the
rated discharge in Eldforsen HPP to 144 m3/s. This is based on the prerequisite that all hydropower
plants in Västerdalälven is dimensioned according to Mockfjärd HPP. This would result in a power output
of 12 MW for Eldforsen HPP (Sweco, 2016).

18.25.2

Lost potential

The project proposed for Eldforsen HPP was approved. Although it was postponed, the same power
output was achieved, even though approximately 68 GWh was lost in energy production due to this. If
compared to the results in the report from Sweco it can however be noted that there was an additional
potential that remained untapped. Therefore if compared to this alternative there was a lost potential
power output of 4,5 MW (Sweco, 2016; Ahlfors, 2010).
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Appendix 5: Case study of Frykfors HPP
At the time the considered project was initiated Frykfors HPP consisted of two hydropower plants at the
same site. The first one was built in 1907 and the second in 1988 (HydroTerra, 2007). The location of
Frykfors HPP can be seen in Figure 21Figure 1 below. The original hydropower plant had four units;
three of them were of the type Lawaczeck which are vertical double-turbines, and the remaining one was a
vertical Francis-turbine (Fortum, 2004a). Only three of these units were at the time of the project still in
operation as the Francis-turbine has been wrecked since the 1980s. In 1988 a new hydropower plant was
commissioned in Frykfors, this one with a single vertical Kaplan-unit. The hydropower plant form 1907
has currently a rated discharge of 42 m3/s and the one from 1988 a rated discharge of 30 m3/s. The old
hydropower plant was approaching the end of its technical lifetime and different options was investigated,
as elaborated on in section The case in short (HydroTerra, 2007).
Frykfors HPP has big reservoirs upstream known as Frykensjöarna, where the lake closest to the plant is
known as Fryken. Downstream of Frykfors HPP is Edsvalla HPP with a rated discharge of 70 m3/s,
which is approximately the same rated discharge as that of Frykfors HPP. Frykfors HPP does not
constitute a bottleneck in the river, but is mainly considered due to the project scope including the
construction of a new hydropower plant. Shortly downstream of Edsvalla HPP, Norsälven flows into the
lake Vänern. There is no other hydropower plant located in the river-stretch between Edsvalla HPP and
Vänern (Ahlfors, 2006).

18.26

Facts in short
The facts concern the two old
stations in Frykfors, both the one
from 1907 and the one from 1988.
River: Norsälven
Upstream: Frykensjöarna
Downstream: Edsvalla HPP, Vänern
Turbine-type: 4 (3 functioning
Lawaczeck-turbines, 1 wrecked vertical
francis), 1 kaplan-turbine
Amount of units: 4 units (1907station, only 3 functioning units) + 1
(1988-station)
Commissioned: 1907 and 1988
Head: 8,3 m
Power: 4 MW
Energy Production: 21,7 GWh
Rated discharge: 72 m3/s
Frykfors

Reservoir:
Frykensjöarna
HPP
(Fortum, 1992; Fortum, 2004a;
Figure 211. Frykfors HPP from above. The hydropower plant is circled in on Fortum, 2006b; HydroTerra, 2007)
the map (Google Maps, 2017).
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18.27

The case in short

In 2003, a feasibility study was initiated in order to explore the different options for Frykfors HPP. In this
study old feasibility studies was considered to begin with, which had been executed during 1988 and 1997.
In the feasibility study from 1988 the alternative to build a new hydropower plant upstream close by to the
existing one was investigated. In this alternative the new station would be similar to the existing one. The
alternatives from 1997 was also considered, but due to different mainly technical reasons these were not
further considered. Further, three different alternatives were considered; A, B and C in the feasibility study
from 2003, which were as follows (Fortum, 2004a):
A. This alternative is similar to the one in the feasibility study from 1988. Included building a new
hydropower plant upstream of the existing one. The hydropower plant would have one unit,
which would be a vertical Kaplan.
B. This alternative included excavation of the hydropower plant from 1907 and building a new
hydropower plant there. This new hydropower plant would be similar to the one in alternative A.
C. This alternative was to expand the hydropower plant from 1988 with one unit, a vertical Kaplan.
Due to some reduction in spillway capacity when expanding the existing hydropower plant new
spillway gates would need to be constructed where the station from 1907 is located now.
Besides the different alternatives for the design of the hydropower plant different rated discharges were
studied as well. A rated capacity for the entire Frykfors HPP from 70 m3/s to 100 m3/s was mentioned,
and what potential production that could be gained. This is elaborated on further on in the section
regarding the Potential power. Finally it was concluded that option C would have to high costs during the
construction phase, and that the most profitable option was B (Fortum, 2004a). Option B was later the
one that was applied for, and no increase in rated discharge was ever applied for. This was also approved
by the Environmental Court, as elaborated on in the coming section The legal process (Vänerborgs tingsrätt,
2007).

18.28

The legal process

Consultation was held on the 29th of September 2006 regarding the proposal to demolish the old station
from 1907 and replace it with a new one. In the process the river section would be deepened as well. The
County Administrative Board made the judgement that the proposed project would not induce any
environmental impact of significance, a short time after this consultation were held. In the proposed
project there was no increase in the rated discharge for Frykfors HPP, nor any change regarding the
allowed water levels or any other regulations. The rated discharge was in fact to decrease marginally as the
new unit replacing the three functioning one in the old hydropower plant was to have a rated discharge of
40 m3/s (Vänerborgs tingsrätt, 2007).
The application was then sent to the Environmental Court on the 19th of January 2007 (Fortum, 2006b).
In a comment from Fiskeriverket there were wishes to conduct the constructions with such precautions as
to not affect the fish, as well as they expressed the need for a fishway around the hydropower plant. The
Environmental Court did not agree on the point regarding the fish way. As a side note there are a previous
judgement for Frykfors HPP where the requirement to construct a salmon ladder was removed. In a
judgement from the 20th of June 2007, the permission to within the next five years demolish and construct
a new hydropower plant, according to the proposed plans, was given (Vänerborgs tingsrätt, 2007).

18.29

Water Rights Permit

In the judgements from the 25th of May 1945 and that from the 19th of January 1987, permission was
given to build the two different hydropower plants that Frykfors HPP constitutes of (Vänerborgs
tingsrätt, 2007). The judgement regarding how the water level is to be kept over the year is from the 15ht
of December 1954. Both the retained and minimum water levels change over the year. The highest level
allowed is +12,02 m and the lowest retained water level is +11,52 m. The highest level is kept from 15th
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May to 1st January and the lowest during 1st Mars to 1st April. In the periods in between the allowed level
is linearly increasing or decreasing. The minimum water level also changes throughout the year, but in a
slightly more complex manner. At its highest it reaches +11,15 and at its lowest +10,00. When measuring
the water levels a local height-system is used. The fix point used is one known as Väsby märke (Vänerborgs
tingsrätt, 2007).

18.30

Environmental protection

According to the County Administrative Board there are no significant flora and fauna in the area
surrounding the hydropower plant. There is no species that are under certain protection in the river either.
There is fishery in the area, but this is located further downstream of Edsvalla HPP and therefor is not of
great significance to this case. The hydropower plant and the buildings located nearby is however of
cultural value which was taken into consideration in the project. Changing the appearance of the old
hydropower plant building would affect this value, but if designed to fit into the surroundings it would be
more acceptable (Ahlfors, 2006). The County Administrative Board has deemed the hydropower plant to
have significant cultural value (Vänerborgs tingsrätt, 2007). There is a comprehensive plan for the
municipality of Kil from 1990. This plan includes a shore protection that ranges up to 150 meters up from
the shoreline (Ahlfors, 2006).

18.31

Potential Power

The proposed project was approved in this study, where the number for the proposal are presented below.
Since an increase in rated discharge was included in the study this will be included here as well. Of the
three earlier mentioned alternatives in the section The case in short, alternative B was shown to be most
profitable from an economic point of view (Fortum, 2008c; Fortum, 2008d). There was however no
economic calculation made for the higher discharges of alternative B, which makes it unclear whether or
not those would have been economically feasible (Fortum, 2008d).

18.31.1

New power station

This is alternative B from the feasibility study from 2003. This alternative was the one constituting of
replacing the hydropower plant from 1907 with a new one. The new one would have approximately the
same rated discharge as before.
18.31.1.1 Power output
The power output for the new turbine alone would be 2,9 MW, and the power plant in total 5 MW. The
electricity production would be 25,6 GWh annually (HydroTerra, 2007).

18.31.2

New power station, higher discharges

Below in Table 24Table 1 the annual energy production for higher rated discharges for alternative B in the
feasibility study are listed shortly. A comparison is made with alternative B where the annual energy
production would be 25,6 GWh (Fortum, 2004a).
Table 241. Increase in energy production for different rated discharges (Fortum, 2004a).
Rated discharge [m3/s]
Annual energy production [GWh/year]
Increased energy
(compared
to
[GWh/year]
80

26,4

0,8

90

26,9

1,3

100

27,3

1,7
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18.31.3

Lost potential

Frykfors HPP is not included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco (Sweco, 2016). Since the proposed
project was approved, there is in fact no lost potential in power output in relation to what was applied for
in this case. Although it seems like there was a potential to increase the power output even further for
Frykfors HPP according to what is described in Alternative B: New power station, higher discharges. It is unclear
why it was not chosen to increase the rated discharge, and if it was due to legal rather than economic
reason it can be seen as a loss of potential increase in power output due to these alternatives not being
chosen.
As the power output for the new alternatives are not found in the feasibility studies, a calculation for this
is included below to be used for comparing the different alternatives. A control of the power output from
the new hydropower plant is also included to see if the formula is applicable in relation to the efficiencies
of the turbines. As shown in [1] the formula gives a good approximation. The power output for the
different increased rated discharges is calculated in [2]-[4]. The calculation is made using Equation 2 from
the main report.
8,7

70

8,3

8,7

5,1

5

/

8,7

80

8,3

8,7

5,8

2

/

8,7

90

8,3

8,7

6,5

3

/

8,7

100

8,3

8,7

7,2

1

4

If taking this unused potential increase of power output into consideration, the lost potential ranges from
0,8 to 2,2 MW, even though the alternative applied for in the project was approved (Fortum, 2004a;
HydroTerra, 2007).
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Appendix 6: Case study of Hansjö HPP
In the river Oreälven, the hydropower plant Hansjö is located. Upstream of Hansjö HPP, Unnån HPP is
located, while the reservoir Siljan is located downstream (Fortum, 2010b). Downstream of Siljan, Gråda
HPP is located (Fortum, 2017a). Hansjö HPP was commissioned in 1956 with one unit G1 along with the
dam construction. In 1985, a refurbishment was partially made on the unit with focus on the generator
(Fortum, 2010b). The area where Hansjö HPP is located contains high values considering nature
conservation and is therefore classified as an area of national interest (Fortum, 2010c) according to the
Environmental Code (SFS 1998:808). These high values concerns fish and bio-ecological aspects (Fortum,
2010c).
Compared to the upstream hydropower plant, Hansjö HPP could be considered a bottleneck. By
increasing the rated discharge of Hansjö HPP to approach the same as the upstream hydropower plant,
namely 50 m3/s, it would enable for an increased production in the river section where Hansjö HPP is
located, as well as for the upstream hydropower plants. However, due to issues regarding cavitation and
bad efficiency, Hansjö HPP cannot operate at its full potential (Fortum, 2009b). The current rated
discharge for Hansjö HPP is found below in Facts in short together with other relevant information.

18.32

Facts in short
River: Oreälven
Upstream: Unnån HPP
Downstream: Siljan (reservoir) and then
Gråda HPP
Amount of units: 1
Turbine-type: Kaplan
Commissioned: 1956
Head: 10,6 m
Power: 3,3 MW
Energy production: 18 GWh/annually
Capacity turbines: 40 m3/s
(Fortum, 2010b; Fortum, 2017a)

Figure 221. Map over the location of Hansjö HPP, marked with the red
oval (Google Maps 2017).
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18.33

The case in short

The scope of the project in Hansjö HPP comprised of refurbishing and upgrading of the turbine with a
remained rated discharge of 40 m3/s. The project also comprised of cleaning and other minor actions of
the generator. Reason for the need of refurbishment was partially that no refurbishment of the turbine
had been made since the date of the commissioning. Due to the age of the turbine-system and to the
operation running discontinuous, losses had started to occur affecting the efficiency. Even if the generator
was partially refurbished in 1986, it was still in its current state in need of refurbishment (Fortum, 2010c).
Before the scope was decided, additional alternatives was evaluated through three different pre-studies.
The first pre-study report came in 2007 and comprised of two alternatives regarding building of an
additional unit G2. The main difference between the two alternatives was the location of the new unit,
where in the second alternative the unit was to be placed further away from the existing unit compared to
the first alternative. Looking at the profitability calculation, it can be noted that the two alternatives were
more or less equally profitable, but the first alternative was shown to be slightly more profitable (Fortum
Generation AB, 2007).
In 2009, another pre-study comprising of three alternatives was conducted, considering refurbishment of
unit G1 as well as the spillway dam. The first alternative comprised of building a new hydropower plant
replacing the existing one, as well as a new spillway dam. The proposed location for the new hydropower
plant was on the left side of the existing hydropower plant. The first alternative also comprised of
increasing the rated discharge to either 50 m3/s or 65 m3/s. Further on, the first alternative was divided
into four sub-alternatives where the two first comprised of a rated discharge of 65 m3/s and the last two
of a rated discharge of 50 m3/s. The differences among the alternatives consisted of how to design and
build the intake. However, it was found that the area required for building a new hydropower plant was
lacking (Fortum, 2009b).
The second alternative in the pre-study form 2009 comprised of a new unit G2 as a complement to the
existing unit. The existing unit and spillway dam were also to be refurbishment in this alternative. This
alternative was similar to the one evaluated in the pre-study made in 2007. However, the new unit in this
alternative was to have a rated discharge of 25 m3/s and was to be commissioned after the refurbishment
of the existing unit, due to the bad condition of the existing one. Finally, the third alternative in the prestudy from 2009 comprised of refurbishment of the existing unit G1 and the spillway dam. For each
alternative presented in the pre-study from 2009, three different profitability calculations were made where
the first calculations included a fishway and new spillway dam. The second calculation excluded the
fishway and only include the new spillway dam, while the third calculation excluded both the fishway and
the new spillway dam. From the calculations it was found that the first alternative was not profitable for
any of the calculations made. For the second alternative it was shown to be profitable, but not in the same
extent as the third alternative. The third alternative turned out to be the most profitable alternative
regarding all three different probability calculations. However, further investigations were proposed for
the second and third alternatives (Fortum, 2009b).
In 2010, the latest and final pre-study came which comprised of two alternatives. The first alternative
considered refurbishment of unit G1 with unchanged rated discharge and was the alternative that later on
was recommended and conducted. The second additional alternative comprised of refurbishment as well,
but in another extent. For instance refurbishment of the existing turbine runner was proposed instead of
replacing it, which was proposed in the first alternative. The second alternative would lead to a decreased
rated discharge due to limitations of keeping the old runner. Instead of a rated discharge of 40 m3/s it
would be reduced to 36 m3/s. There were also some risks associated with the second alternative making it
a less profitable choice. Even if the turbine would partly be refurbished, the life time would still be short.
This would result in that a new refurbishment of the turbine after approximately fifteen years would be
needed, which would require a large investment cost. No refurbishment of the dam was planned for either
alternative in the pre-study report from 2010 (Fortum, 2010c); the investment in the dam was instead
postponed (Fortum, 2010b).
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From the profitability calculation made for the two alternatives in the latest pre-study from 2010, a third
alternative was evaluated. The third alternative was the same as the first alternative but postponed by five
years. From the profitability calculation is could be seen that the second alternative was the least profitable
one. The third alternative turned out to be the most profitable one, but postponing the refurbishment
would increase the risk for major failure. Therefore, the first alternative was estimated to be the most
profitable on why it was recommended and chosen to be the scope of the project (Fortum, 2010b).

18.34

The legal process

Since the scope of the project did not include upgrading the hydropower plant, installing an additional
unit or building of a new dam, no application was submitted to the Environmental Court (Fortum,
2010b).

18.35

Water Rights Permit

Since no new application was submitted, the Water Rights Permit given for the commissioning of Hansjö
HPP back in 1956 is still in force after the project was completed (Fortum, 2010c). Through the judgment
from Österbygdens Water Court on the 10th of January 1956, permission to discharge an amount of water
through the hydropower plant of 40 m3/s was given (Österbygdens vattendomstol, 1956).

18.36

Environmental protection

As mentioned in the beginning, the area around Hansjö HPP is a part of the national interest area SiljanSkattungen (Fortum. 2010c), which is stated in chapter 4, section 2 in the Environmental Code (SFS
1998:808). This area inherits some high values such as nature conservation regarding both fish and bioecological aspects (Fortum. 2010c). In Figure 23Figure 2 below protected area can be seen. The area with
blue dashed lines leaning right is a water protection area, while the area with blue dashed lines leaning left
is a Natura 2000 area regarding the directive about species and habitat (Naturvårdsverket, 2017).
An important species that is living
downstream of Hansjö HPP is
Hansjööringen, which is strongly impacted
due to difficulties reaching the play areas.
Breeding of Hanssjööring enables the
species to survive today. Fishways were
evaluated in the pre-study from 2009
(Fortum, 2009b). However, no changes
in the environment or the impacts on it
would occur from the state before the
project was conducted since no change
of the rated discharge would result from
the project. The current rated discharge
of 40 m3/s would be remained, resulting
in the same conditions for the area
around the hydropower plant (Fortum,
2010c).

Figure 232. Map showing protected areas near Hansjö HPP. The red
oval shows the location of Hansjö HPP (Naturvårdsverket, 2017).
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18.37

Potential power

The proposed project was approved in this study. The installed power output and the annual production
for the proposed alternative, along with consideration form the profitability calculations, are presented
below. A presentation of the power output and production related to the alternative from the feasibility
study from 2009, comprising of increase rated discharge, are also presented below.

18.37.1
Alternative Refurbishment and upgrading of G1 with
remained rated discharge
This alternative comprised of refurbishing the unit G1 with a remained rated discharge. By refurbishing
the turbine and generator the efficiency will increase. The total increase of the efficiency is estimated to be
4,2 %, where the increase for the turbine is estimated to be 4 % and for the generator 0,2 %. From the
profitability calculation this alternative was considered to be the most profitable one (Fortum, 2010b).
18.37.1.1 Power output
As mentioned above, the efficiency would increase with this alternative, giving an increase of
approximately 0,5 MW. This results in a new installed power output of 3,8 MW. For the annual
production, an increase of 0,72 GWh annually would be gained, resulting in a new annual electricity
production of 18,72 GWh (Fortum, 2010b).

18.37.2
Alternative Building
replacing the existing one

a

new

hydropower

plant

for

This alternative was evaluated in the feasibility study from 2009, and comprised of building a new
hydropower plant to replace the existing one. With the new hydropower plant, the rated discharge was to
be increased as well. The new rated discharge would either be 50 or 65 m3/s (Fortum, 2009b). The rated
discharge that will be considered here is the rated discharge of 65 m3/s.
For this alternative, the profitability calculation was made based on three different scenarios. In addition
to each of them including a new hydropower plant with a rated discharge of 65 m3/s, the different
scenarios included the following (Fortum, 2009b):
A. Fishway and a new spillway included
B. Fishway excluded, only a new spillway included
C. Fishway and the new spillway dam excluded
From the profitability calculations the alternative turned out to be profitable for each scenario, but not as
profitable as the proposed alternative (Fortum, 2009b).
18.37.2.1 Power output
For the alternative with a rated discharge of 65 m3/s, the calculated installed power output would be 6
MW, giving an increase of 2,7 MW. The calculation can be seen in the section Lost potential. Regarding the
annual production, this rated discharge would give a new total annual production of 20,91 GWh (Fortum,
2009b).
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18.37.3

Lost potential

Hansjö HPP is not included in the report “ Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco (Sweco, 2016). The proposed
alternative was approved, giving no increase of the rated discharge. However, if the second alternative
above would have been conducted, there would have been a larger increase of the power output. In the
feasibility study from 2009, alternatives with an increased rated discharge were evaluated. Even if these
alternatives were excluded due to being less profitable, it can be considered a loss of potential power
output not conducting them. Calculations of the power output are performed for both alternatives
elaborated on in section Potential Power. A calculation of a rated discharge of 50, which was an option for
alternative B, is conducted as well. The calculation performed below is made using Equation 2 from the
main report.
8,7

/
/
/

8,7
8,7

65
50

40
10,6
10,6

10,6
8,7
8,7

8,7
6
4,6

3,7

3,8

1

2
3

When looking to the untapped potential, the loss of power output ranges from 0,8 to 2,3 MW when
including the power output from a rated discharge of 50 m3/s. Looking only at the power output from a
rated discharge of 65 m3/s, the loss of power output would vary between 2,2-2,3 MW. (Fortum, 2090b;
Fortum, 2010b).
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Appendix 7: Case study of Laforsen HPP
The hydropower plant Laforsen is located in the river Ljusnan, where Öjeforsen HPP is located on the
upstream side, and Norränge HPP and Edeforsen HPP is located on the downstream side (Fortum,
2016c). Several protections regulates the water operations in the area downstream of Laforsen HPP. The
area is classified as a Natura 2000-area (Fortum, 2016b) and constitutes as well as a nature reserve which is
called Mellan-Ljusnan (Fortum, 2015b). The area is also protected by the Environmental Code (SFS
1998:808).
Laforsen HPP consist of three units, where units G1 and G2 were commissioned in 1953 and their
turbines are of the Francis-type. The third unit G3 was commissioned in 1956, but preparation for a third
unit was made already during the commissioning of the two first units. The third unit G3 has a turbine of
the Kaplan-type. The total rated discharge of Laforsen HPP is 210 m3/s, where unit G1 and G2 have a
rated discharge of 55 m3/s each, and unit G3 has a rated discharge of 100 m3/s (Fortum, 2015b). Below in
Facts in short, the rated discharge of the hydropower plant if found as well as other relevant information.

18.38

Facts in short
River: Ljusnan
Upstream: Öjeforsen HPP
Downstream:
Norränge
HPP and Edeforsen HPP
Amount of units: 3
Turbine-type:
G1+G2
Francis, G3 Kaplan
Commissioned:
1953, G3 1956

G1+G2

Head: 35 m
Power: 58 MW
Energy production: 331,5
GWh/annually
Capacity turbines: 210 m3/s
Reservoir: Laforsen
(Fortum, 2015b; Fortum,
2016c)
Figure 241. Map over the location of Laforsen HPP, marked with the red oval (Google
Maps, 2017).
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18.39

The case in short

The project can be divided into three parts, where the first part cover the refurbishment of the turbines
and generators. The second part concerns the gates for water inlet, and the third part includes measures
regarding EHS (Fortum, 2016b). Further on, the focus in this study will be on the first part, namely
refurbishment of the turbines and generators. The proposed scope of the project comprised of
refurbishment of the turbines and generators for both unit G1 and G2 (Fortum, 2015b).
The process of deciding the scope of the project started in 2015 with a feasibility study. In this feasibility
study four main alternatives were proposed and evaluated. The first alternative comprised of a continued
operation of the hydropower plant. To increase the lifetime of the hydropower plant, minor
refurbishment measures would be made. The second alternative comprised of refurbishment of the
turbine in both unit G1 and G2. The rated discharge would be remained but a minor increase in the
power output may occur with higher efficiency of the new turbines. The second alternative was further on
divided into two sub-alternatives regarding the refurbishment of the generator. In the first sub-alternative,
the generator in both unit G1 and G2 were to be refurbished, while the other sub-alternative implied
minor refurbishment of the generator in unit G1 and major refurbishment of the generator in unit G1 was
proposed to be postpone. Both sub-alternatives implied an increase of production but also a decrease of
risk for failure and thereby a decreased risk for losses. Later on, it was the second alternative with the first
sub-alternative that was chosen as scope for the project. Even if a refurbishment of both unit G1 and G2
implied a higher investment cost, it was shown to be more beneficial to perform the refurbishment of
both unit now rather than postponing the refurbishment of unit G1. By performing the refurbishment of
both units now, one also decreased the risk for failure compared to the scenario included the alternative
that comprised of postponing this (Fortum, 2015b).
The third alternative from the feasibility study included the same measures as the second alternative with
the first sub-alternative, namely refurbishment of the turbine and generator in each unit G1 and G2. The
difference was however that the third alternative also comprised of an increased rated discharge. Instead
of a rated discharge of 55 m3/s, the rated discharge was proposed to be 60-62 m3/s (Fortum, 2015b).
Looking at the hydropower plant upstream of Laforsen HPP, the rated discharge is controlled by Sveg
HPP, where it is desirable to have the same rated discharge through the river section between Sveg HPP
and Laforsen HPP. When comparing the rated discharge of Sveg HPP with Laforsen HPP it was noticed
to be the same, why it was found not to be a need for upgrading the rated discharge in Laforsen HPP at
the moment. There was as well uncertainty regarding whether or not a new license for a larger rated
discharge in Laforsen HPP would be approved (Fortum, 2016b).
In addition to all the above mentioned alternatives, a forth alternative has been evaluated. This alternative
implied that no refurbishment or measures were to be made and that the operation was to be continued
with no changes (Fortum, 2015b).
Later on in the process when the TG2 decision was to be made in 2016, a modification of the earlier
proposed alternatives were evaluated. Similar as before, an alternative comprising of no action taken was
evaluated, which was used as an alternative to compare with. The first alternative proposed for the TG2
decision comprised of refurbishment of the turbines in unit G1 and G2, but of minor kind. Further on,
the alternative implied a major refurbishment of the generator in unit G2 was to be made, but for the
generator in G1 only a minor overhaul refurbishment was to be made. The second alternative comprised
of refurbishing the turbines in unit G1 and G2 of major extent. For the generators, the one in unit G2
would have a major refurbishment while the one in unit G1 would have a minor refurbishment. Finally
the third alternative, which also was the one recommended, comprised of major refurbishment regarding
both the turbines and generators in units G1 and G2 (Fortum, 2016b).
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18.40

The legal process

Since no increase of the rated discharge was planned, nor building of a new hydropower plant or unit, no
application was submitted to the Land and Environmental Court. However, the project had to be
announced to the County Administrative Board (Fortum, 2015f).

18.41

Water Rights Permit

Since the scope of the projects includes no change of the rated discharge or any application for new Water
Rights Permit (Fortum 2015f), the valid Water Rights Permit from before the project were kept. The
Water Rights Permit that applies currently was given by the Water Court of Österbygden on the 5th of July
in 1963. In this permit there is an approval of a hydropower plant consisting of three units, where two of
the units are to have a combined rated discharge of 110 m3/s. The judgement from the 5th of July 1963
approves as well of a third unit with a rated discharge of 80 m3/s. It is important to clarify, which is made
in the judgement, that the approved rated discharge is nominal. This implies that the right was given to
divert a flow of 190 m3/s, or the amount that the turbines together can discharge (Österbygdens
vattendomstol, 1963).

18.42

Environmental protection

As mentioned in the beginning, the area downstream of Laforsen HPP is protected according to several
regulations. Firstly, the area downstream is a part of a Natura 2000-area, which is marked with blue dashed
line in Figure 25Figure 2 below. It is the directive regarding species and habitat that are covered by this
Natura 2000-area. The area market with green dashed lines in Figure 25Figure 2 is a nature reserve
(Naturvårdsverket, 2017). The nature reserve is called Mellan-Ljusnan (Fortum, 2015b) and contains species
with high conservation value as well as rare plants. Mellan Ljusnan does not only cover the river, but also

Figure 252. Map showing protected areas near Laforsen HPP. The red oval shows the location of Laforsen HPP
(Naturvårdsverket, 2017).
some parts of the surrounding nature as certain woodland (Länsstyrelsen Gävleborg, n.d.).
The area downstream of Laforsen is also protected by chapter 4, section 6 and then the second part in the
Environmental Code. More specific, it regards the area between Laforsen and Arbråsjöarna. There is
however an exception, which implies that if it can be proved that the potential impacts from the water
operation is insignificant, it is allowed to perform the water operation in the area (SFS 1998:808).
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18.43

Potential power

The power output and the production for the proposed alternative are presented below. The power
output and production are also presented for the alternative from the feasibility study from 2015
comprising of an increase of the rated discharge. The conclusions from the profitability calculations for
these two alternatives are also stated.

18.43.1
Alternative major refurbishment
remained rated discharge

of

unit

G1+G2,

This alternative was the proposed one and comprised of major refurbishment of both the turbine and the
generator in both units G1 and G2. The rated discharge was to be remained due to both uncertainties in
receiving an approval for increasing the rated discharge, as well since it was found that there was no
reason for upgrading the hydropower plant. This alternative was considered as the most profitable one
from the profitability calculation (Fortum, 2016b).
18.43.1.1 Power output
Although no change of the rated discharge, an increase of the power output would occur thanks to more
efficient turbines. An increase of the installed power output of 5-6 MW could be expected, giving a new
total power output of 63-64MW. For the annual production, an increase would occur as well due to the
increased efficiency. The new total annual production would be 350,5 GWh, corresponding to an increase
of 19 GWh annually (Fortum, 2016b).

18.43.2
Alternative Refurbishment of unit G1+G2, increased
rated discharge
This alternative was evaluated in the feasibility study from 2015 and comprised of refurbishment of the
turbine and generator, while also increasing the rated discharge to 60-62 m3/s. This alternative was as well
considered as profitable from the profitable calculation, but was excluded due to the fact that there was no
need for upgrading the hydropower plant (Fortum, 2015f). The rated discharge that will be used here, for
comparisons further below in the section Lost potential, is the rated discharge of 62 m3/s.
18.43.2.1 Production
Using the rated discharge for unit G1 and G2 of 62 m3/s each, this would give a new total rated discharge
of 224 m3/s. With this rated discharge a new calculated power output equal to 68,2 MW would be
obtained. This corresponds to an increase of 10,2 MW. The calculation can be seen below in the section
Lost potential. Looking at the annual production, it would with this rated discharge increase by 16,3 GWh
annually. The new total annual production would thereby be 347,8 GWh (Fortum, 2015f).

18.43.3

Potential according to Sweco

Laforsen HPP is included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco. The assumed installed power in
the report is 57 MW and the rated discharge is 210 m3/s (Sweco, 2016). The power output used in Facts in
short is on the other hand 58 MW. Otherwise Sweco were found to have used the same data as have been
stated in Facts in short (Fortum, 2016c).
In the report it can be seen that Laforsen HPP has a potential for expansion of the rated discharge to 276
m3/s, when the river would be re-dimensioned according to the rated discharge in Norränge HPP. An
increase of the power output is estimated to be 18 MW, giving a new total power output of 75 MW
(Sweco, 2016). Compared to the data in Facts in short for the current output, the increase would either
result in a new output of 76 MW, or an increase of 17 MW.
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18.43.4

Lost potential

As can be seen, the second alternative presented above would imply a large increase of the power output
compared to the first alternative. Since the second alternative was excluded, due to not being as profitable
as the proposed alternative, the difference in power output could be seen as a loss of potential. The power
output for the proposed increased rated discharge of 62 m3/s is calculated below, as well as the proposed
increased rated discharge of 60 m3/s. A calculation of the current power output is performed as well, as a
comparison with the one stated in Facts on short. This in order to test if this formula makes an appropriate
estimation in this case. The calculations is made using Equation 2 from the main report.
/
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From the calculation, the current power output that is calculated differs from value stated in Facts in short
with approximately 6 MW (64 MW versus 58 MW). The power output with increased rated discharge
would be 68,2 MW, giving a loss of power output of 4,2-10,2 MW (Fortum, 2015b; Fortum, 2015f). This
when compared to the power output expected for the proposed alternative and the calculated output for
the proposed alterative. Looking at the comparison with what was estimated in the report by Sweco
above, the lost potential of increasing the power output would be 11-17 MW.
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Appendix 8: Case study of Linnvasselv HPP
The hydropower plant Linnvasselv is located in the river system of Ångemanälven (Fortum, 2014c), and
more specifically in the river Faxälven (Brännälven) (Fortum, 2016a). The location of the hydropower
plant is near the Norwegian border, and the town Gäddede by a distance of approximately 20 km
(Fortum, 2011c). Upstream of Linnvasselv HPP the Norwegian hydropower plant Röyrviksfors is located
and downstream, the hydropower plant Gäddede HPP is located (Fortum, 2016d). Linnvasselv HPP is
partially owned by Fortum, where Fortum’s share of the ownership and the power production is 34,58%.
The hydropower plant is an underground station (Fortum, 2013a), with a supply channel with a length of
5 km that leads the water from Norway to Sweden. Two units were installed in the hydropower plant
when it was commissioned in 1962 (Fortum, 2014c).
Looking at the hydropower plants located upstream and downstream, the rated discharge of Linnvasselv
HPP is considerably smaller (Sweco, 2016). Consequently, Linnvasselv HPP could therefore be assumed
to constitutes a bottleneck with its rated discharge of 79,5 m3/s. The discharge is divided over the units,
where unit G1 has almost twice as large rated discharge as unit G2. The rated discharge of unit G1 is
approximately 52 m3/s and unit G2 has a rated discharge of approximately 28 m3/s (Fortum, 2014c).
Additional information about Linnvasselv HPP is found below in Facts in short together with other relevant
information.

18.44

Facts in short
River: Faxälven (Brännälven)
Upstream: Röyrviksfors HPP
Downstream: Gäddede HPP
Amount of units: 2
Turbine-type: Francis
Commissioned: 1962
Head: 107 m
Power: 84 MW
Energy
production:
GWh/annually

199

Capacity turbines: 79,5 m3/s
Reservoir: Limingen (Norwegian)
(Fortum, 2014c; Fortum, 2016a;
Fortum, 2016d)

Figure 261. Map over the location of Linnvasselv HPP, marked with the red oval.
The water area in the upper part of the map is the upstream reservoir Limingen in
Norway (Google Maps, 2017).
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18.45

The case in short

Both units were in great need for refurbishment, even though a major refurbishment was done in 2001.
Due to the age of the hydropower plant, and the fact that the end of the lifetimes was approaching for
both the turbine and generator, major failure was a risk that became more and more apparent (Fortum,
2016a). The scope of the project therefore included refurbishment of the turbines and the generators in
both units. No change of the rated discharge was proposed, it was to be remained at 79,5 m3/s. Reasons
for remaining the rated discharge were based on the duration curve. No additional production would be
achieved by upgrading the hydropower plant, since Linnvasselv HPP function as a so called peak power
hydropower plant. It was also found through internal discussion that there would not be any guaranteed
benefits by upgrading Linnvasselv HPP. However, with new turbines and generator the efficiency would
increase with an estimated level of 2-3 %, resulting in an increased production (Fortum, 2011c). It was
estimated that for unit G1 the production would increase with 9,92 GWh annually, and 2,48 GWh
annually for unit G2. The refurbishment of the units were divided into two phases, where the work with
unit G1 was projected to start in May 2015 and end in March 2016. For unit G2, the period of the
refurbishment was to take place from June 2016 until November 2016 (Fortum, 2016a).
Before the scope was decided, six additional alternatives were evaluated. The scope of the first alternative
only covered refurbishment of the turbine in unit G1, but since the generator was in need of
refurbishment, this alternative was irrelevant and therefore excluded The second alternative comprised of
refurbishing both the turbine and the generator in unit G1. However, since the generator in unit G2 also
was in need of refurbishment, this alternative turned out to be irrelevant as well. The third alternative
comprised of refurbishing the turbines in both unit G1 and G2, as well as refurbishing the generator in
unit G1. This alternative was not as beneficial as the recommended alternative, since no investment was to
be made in the generator in unit G2 which also was in great need of refurbishment (Fortum, 2013a).
The recommended alternative was the fourth proposed alternative. It comprised of, as mentioned above,
refurbishment of both the turbines and generators in units G1 and G2. A fifth alternative was evaluated as
well, which was similar to the fourth alterative but postponed by four years. Looking at the difference
between the fifth and fourth alternatives, the fourth alternative was the most beneficial one from both an
economic, but also from a technical, point of view (Fortum, 2013a). Since the hydropower plant was in
great need of refurbishment of both unit G1 and G2, it was regarded too hazardous to only refurbish
parts of each units and not both completely. And by postponing the project the risk for failure increases
for each year that would pass. That applied for both units (Fortum, 2011c). Finally, there was as well an
alternative comprising of taking no measures at all. Instead, the operation of the hydropower plant would
continue as today. However, this alternative was excluded due to the need of refurbishment (Fortum,
2013a).

18.46

The legal process

Since no change were suggested for the rated discharge or the water management, no application for a
new permit had to be submitted to the Land and Environmental Court (Fortum, 2013a). There was on the
other hand a notice submitted to the County Administrative Board about the refurbishment of the units
G1 and G2. The notice was submitted in 2014, describing the scope of the project. It was also stated in
the notice that since the water management would remain the same, no impacts on interest from either
public or private aspect would occur (Fortum, 2014c).

18.47

Water Rights Permit

When Linnvasselv HPP was commissioned, the Water Rights Permit was initially given by the Norwegian
authority. A time limit was given to the permit, which was determined to expire in July 2012 (Fortum,
2011c). Parallel in Sweden, a permission was given for building the hydropower plant. In the judgment
given by the Water Court of Mellanbygden on the 5th of October 1959, a permission for building the
hydropower plant with a rated discharge of 79,5 m3/s was given. It is also stated in the judgment that the
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possibility to discharge the amount of water the turbines are able to discharge is approved as well. In the
judgement from 1959, it is also stated that the permit regarding the hydropower plant would be given a
time limitation similar to the Norwegian permit regarding the regulation of Limingen (Mellanbygdens
vattendomstol, 1959).
Since the time limitation was to expire, a new permit had to be applied for in order for keeping
Linnvasselv HPP in operation. According to Norwegian authorities, Sweden could apply for new Water
Rights Permit (Fortum, 2011c). The process with the application for a new Water Rights Permit ran
parallel with the project, but was not to affect the project itself (Fortum, 2013a). The scope of the
application that was submitted to the Environmental Court covered the right to continue the operation of
Linnvasselv HPP with the right to utilise the same rated discharge as before; 79,5 m3/s or the amount of
water the turbines are able to discharge. Also, the application stated that Limingen would divert the same
amount of regulation water to the hydropower plant as before. The application was approved and a new
Water Rights Permit covering the scope of the application was given in the judgment from the Land and
Environmental Court on the 2nd of October 2012. Similar to the permit from 1959, a time limit was given
the Water Rights Permit, which will last until the 4th of July 2062. The time limit is also dependent on the
permit considering the regulation of Limingen, in such way that the time limit can also expire at a certain
time given by the permit for the regulation of Limingen (Östersunds tingsrätt, 2012).
As a conclusion, the Water Rights Permit that is currently valid for Linnvasselv HPP was given in the
judgment from the 2nd of October 2012, given by the Land and Environmental Court which allows for a
rated discharge of 79,5 m3/s which is the same as the project included (Fortum, 2014c).

18.48

Environmental protection

As mentioned in the notice to the County Administrative Board, the work with the project would not
impact either on public or private interests (Fortum, 2014c). There are as well no protected areas in the
nearby areas that would be affected by the project (Naturvårdsverket, 2017).

18.49

Potential power

The power output as well as the production for the proposed alternative are presented below. The
outcome of the profitability study is presented as well. No other alternative is presented, since there was
no additional alternatives comprising of increased rated discharge.

18.49.1 Alternative Refurbishment of turbine and generator in
unit G1+G2
This alternative comprised of refurbishment on the turbine and generator in both units G1 and G2. The
rated discharge is to be remained in this alternative. Even though the rated discharge is remained, there
will be an increase of the power output and the production due to the increased efficiency of the installed
turbines and generators. From the profitability calculation, this alternative was considered to be the most
profitable one (Fortum, 2016a).
18.49.1.1 Production
The installed power output before the refurbishment was 73 MW (Fortum, 2011c) and with the new
turbine and generators, a new power output of 84 MW would be obtained. This corresponds to an
increase of 9MW. For the production, this alternative would imply an annual increase of 12,4 GWh, giving
a new total annual production of 211,4 GWh (Fortum, 2016a).

18.49.2

Potential according to Sweco

Linnvasselv HPP is included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco. In the report, the assumed
current power output is 73 MW and a current rated discharge is 80 m3/s for Linnvasselv HPP. The head
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stated is 108 m (Sweco, 2016). From the Facts in short, the power output is 84 MW and the rated discharge
is 79,5 m3/s. The head is stated to be 107 m (Fortum, 2014c; Fortum, 2016a; Fortum, 2016d). A possible
expansion of the rated discharge for Linnvasselv HPP in the report would be is 156 m3/s, and this is
possible to receive when the rated discharge is re-dimensioning for Linnvasselv HPP to equal six times the
average rated discharge in Faxälven. That corresponds to an increase of the installed power output of 69
MW, to a new installed power output of 142 MW (Sweco, 2016). Compared to the data in Facts in short for
the current power output, the increase would either result in a new power output of 153 MW, or an
increase of 58 MW (Fortum, 2016a).

18.49.3

Lost potential

None of the evaluated alternatives comprised of increasing the rated discharge, why no lost potential
could therefore be calculated in relation to the feasibility studies. Looking at the comparison with the
power output estimated in the report by Sweco, this would give a loss of power output equal to 58-69MW.
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Appendix 9: Case study of Ljusne Strömmar HPP
In the river Ljusnan, approximately 2 km upstream of Bottenhavet, the hydropower plant Ljusne
Strömmar is located. The hydropower plant Höljebro is located upstream of Ljusne Strömmar HPP and
the hydropower plant Ljusnefors is located downstream of it. The commissioning of Ljusne Strömmar
HPP took place in 1949-1951, when two units were installed. The two units G1 and G2 both have
turbines of the Kaplan-type. Ljusne Strömmar HPP is a run-of-the-river hydropower plant, and its
operations therefore depend on the current flow from the upstream hydropower plant at all times. This
due to the small reservoir of this type of hydropower plant, which requires it to discharge the same
amount of water as is received as inflow. When considering the rated discharge for Ljusne Strömmar HPP
before the project, it was shown to be lower than the rated discharge of the two nearest hydropower
plants, located upstream and downstream of it. Both Höljebro HPP and Ljusnefors HPP have a rated
discharge of 300 m3/s each, while the rated discharge of Ljusne Strömmar HPP was 260 m3/s. Ljusne
Strömmar HPP could therefore be considered a bottle neck, since it limited the production in a negative
way (Fortum, 2006a).
The time for the water to travel is relative short (between 5-15 minutes) for both the distances between
Höljebro HPP and Ljusne Strömmar HPP, and between Ljusne Strömmar HPP and Ljusnefors HPP. The
flow through these three hydropower plants is therefore, due to Ljusne Strömmar constituting a run-ofthe-river hydropower plant, required to be the same. Anyhow, from the feasibility study it could be seen
that Ljusne Strömmar HPP had the potential of an increased rated discharge from a hydrological aspects
(Fortum, 2006a). The rated discharge for Ljusne Strömmar HPP before the project is found below in Facts
in short together with other relevant information.

18.50

Facts in short
River: Ljusnan
Upstream: Höljebro HPP
Downstream:
HPP

Ljusnefors

Amount of units: 2
Turbine-type: Kaplan
Commissioned: 1949 and
1951
Head: 16,2 m
Power: 37 MW (G1 18,5
MW, G2 18,5 MW)
Energy production: 253
GWh/annually
Capacity turbines: 260 m3/s
Reservoir: No reservoir
(Fortum, 2006a; Fortum,
Figure 271. Map over the location of Ljusne Strömmar HPP, marked with the red oval
2014f)
(Google Maps, 2017).
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18.51

The case in short

The scope of the project comprised of installing a third unit in the hydropower plant with a rated
discharge of 90 m3/s. The location of the third unit was to be in one of the existing spillways, denoted as
“spillway one”. Looking at both technical and economic aspects, this alternative was the most profitable
compared to the additional alternatives that had been evaluated through different feasibility studies. Since
the existing spillway would in this alternative disappear when the new unit was going to be built, a new
spillway would be needed. Finally, measures regarding dam safety was also included in the scope (Fortum,
2008f).
In addition to the chosen scope of the project, other alternatives have been evaluated through two
different feasibility studies. In the feasibility study from 2006, four alternatives was evaluated. The two
first alternatives comprised of a new unit with either a rated discharge of 70 or 40 m3/s. The new total
rated discharge would then be 330 m3/s or 300 m3/s. Regarding both alternatives, it was found that the
best location of the new unit would be on the left side of the existing power station. Both alternatives
assumed to receive electricity certificates, where the total production form the hydropower plant including
the new unit would be covered by the certificates. Regarding the third alternative, it comprised of a
refurbishment of the existing units G1 and G2. With the refurbishment, it was found possible to make an
upgrade of the two existing units to a rated discharge of 150 m3/s each. The fourth alternative comprised
of placing the new unit at the bottom of the spillways. However the fourth alternative was not
recommended, since it was found that no unit could easily or practically be installed at the proposed
location. For the first three alternatives presented in the feasibility study, an increased total rated discharge
would be achieved, which in turn would result in increased power output and electricity production. An
increased discharge would also result in a better short-term regulation and reduced waste, which would be
economically beneficial (Fortum, 2006a).
The third alternative from the feasibility study from 2006 became regarded as sort of a Zero-alternative in
the feasibility study from 2008. In the new feasibility study, four different scenarios of the Zero-alternative
was evaluated, which comprised of different constellations of refurbishment of the units G1 and G2 and
building of a new spillway. All of the Zero-scenarios were considered to be possible and were later on used
for comparison with the other alternative considered to be the most profitable (Fortum, 2008f).
Another alternative from the feasibility study from 2008 was an alternative comprising of building a third
unit G3 with a rated discharge of 60 m3/s. By using the rated discharge of 60 m3/s, the Water Rights
Permit from 2003 would be valid. The unit was to be placed on the right side of the existing power
station. Anyhow, this alternative turned out to be less profitable and would reduce the probability of
receiving electricity certificates for the production. Further on, there was another alternative comprising of
building a new station for a new unit G3, where the station was to be placed on the left side of the first
spillway. This alternative was rejected due to potential problems in the subsoil. The last alternative in the
feasibility study from 2008 comprised of a new unit G3 with a rated discharge of either 70 or 90 m3/s.
The third unit was proposed to be placed in “spillway one”, why a new spillway had to be built as well in
this alternative. This alternative was considered to be the most profitable one, since the other alternatives
implied both large risks and investment costs, as well as reduced probability to receive electricity
certificates (Fortum, 2008f).
Regarding the recommended alternative, it can be seen from the feasibility study from 2008 that for the
scenario with a rated discharge of 90 m3/s, the total rated discharge would be limited to 300 m3/s. For the
scenario with a rated discharge of 70 m3/s however, the total rated discharge would be 330 m3/.
Otherwise, the same conditions applied for both scenarios. Considering the electricity certificates, it would
apply for the total production. From the profitability calculations it turned out to be more profitable to go
for a rated discharge of 90 m3/s for the new unit (Fortum, 2008f). However, in new feasibility studies
from 2011-2012, the total project was later on proved to be unprofitable. Since the project included
electricity certificate for the entire unit G3, it became dependent on the electricity price. With the drop in
the electricity price that occurred during that period, the profitability of the project decreased. The result
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was that a decision was made to not perform the project. Instead, a change of the scope was made to only
include dam safety actions (Fortum, 2012b).

18.52

The legal process

Since the project initially comprised of building a new unit, an application had to be submitted to the
Environmental Court, which was done on the 21st of October 2008 (Fortum, 2009c). The application
covered building of a new unit, on the left side of the river, with a nominal rated discharge of either 70 or
90 m3/s (Fortum, 2008a). With this, the total maximum rated discharge of the hydropower plant was to be
kept at the same level that had been approved in the permit given by the Environmental Court the 17th of
January 2003, namely 330 m3/s (Östersunds tingsrätt, 2003). After the application was submitted, the
Environmental Court distributed it to several stakeholders, such as the County Administrative Board,
Fiskeriverket, the municipality of Söderhamn and Kammarkollegiet for opinions. After the court received
the opinions on the 16th of January 2009, comments were sent to Fortum in order for clarification of
certain points. The 13th of March 2009 was the due date for Fortum to hand in the clarifications (Fortum,
2009c).
On the 27th of August 2009 came an approval from the Environmental Court. The approval covered the
requested building of a new unit G3. Placing the new unit on the left side was also approved as well as a
nominal rated discharge of either 70 or 90 m3/s. Depending on which rated discharge that was to be
chosen by Fortum, the fee for facilitating fish would differ (Östersunds tingsrätt, 2009a). The approval
was appealed by Kammarkollegiet, who for instance claimed another design of the rebuilding of the
floating spillway in such way that it was to be designed as a surface spillway. Kammarkollegiet also claimed
that certain measures should be adopted for protecting the fish and the fishery. Evaluation of a possible
fishway should also to be done, according to the opinion of Kammarkollegiet (Östersunds tingsrätt,
2009b).
The appeal was submitted to the Superior Environmental Court on the 10th of September, and on the 12th
of February 2010 the Superior Environmental Court declared their decision. The Superior Environmental
Court did not find any reasons for approving the appeal from Kammarkollegiet, meaning that the
approval given by the Environmental Court remained valid (Svea hovrätt, 2010).

18.53

Water Rights Permit

The Water Rights Permit that is valid is the one given in the judgement from 27th of August 2009, which
implies an approved total rated discharge of 330 m3/s. Regarding the third unit G3, the approved nominal
rated discharge was either 70 or 90 m3/s (Östersunds tingsrätt, 2009a). However, a time limit for
conducting the third unit as well as the safety measure for the dam was set to ten years. If the conduction
would not be finished within the time limit, a discussion whether or not a new application had to be
applied for, was to be held with the County Administrative Board (Fortum, 2006a).

18.54

Environmental protection

Looking at the area where the hydropower plant Ljusne Strömmar HPP is located, this is not part of any
national interest area that are protected by the Environmental Code. The area is neither protected by any
other regulations and contains no habitats of high values for nature conservation that could be effected by
the project. Regarding the cultural environment, there is an ancient monument located downstream of the
dam. Along with the project, positive impacts are to be expected, for instance by placing the third unit on
the left side of the river this would prevent the left shore from erosion. Regarding the fish that migrate
upstream and downstream, no impacts would occur from the proposed work (Fortum Generation AB,
2008).
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18.55

Potential power

The proposed alternative comprised of a new unit G3 with a rated discharge of 90 m3/s. The installed
power output together with the annual production for the proposed alternative are presented below. The
outcome of the profitability calculation can also be seen (Fortum, 2008f).

18.55.1

Alternative New unit with 90 m3/s

This alternative comprised of building a new unit with a rated discharge of 90 m3/s. An application was
submitted and approved. By increasing the rated discharge, less water would be spilled, giving a reduction
of the spill. From the profitability calculation this alternatives was considered to the most profitable one
(Fortum, 2008f).
18.55.1.1 Power output
With a rated discharge of 90 m3/s, the increase of the installed power output would be 10 MW, giving a
new maximum power output of 46,5 MW. Concerning the annual production, this would increase with
17,3 GWh annually, giving a new total annual production of 270 GWh (Fortum, 2008f).

18.55.2

Potential according to Sweco

Ljusne Strömmar HPP is included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys av
potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“ by Sweco. In the report, Sweco assumes a
power output of 36,4 MW and a head of 16 m (Sweco, 2016). In Facts in short, it can be seen that the
power output is 37 MW and the head is 16,2 m (Fortum, 2014f). The rated discharge is the same both in
the report by Sweco as well as the one used in Facts in short. From the report, the possible potential
expansion of the rated discharge would be 356 m3/s for Ljusne Strömmar HPP. This rated discharge is
achievable when a re-dimensioning the river Ljusnan based on the current rated discharge of Norränge
HPP. The increase of rated discharge would corresponds to an increase of the installed power output by
13 MW (actually 13,6 MW) to a new installed power output of 50 MW (Sweco, 2016). Compared to the
data in Facts in short for the current power, the increase would result in a new power output of 50 MW, or
an increase corresponding to 13,6 MW.

18.55.3

Lost potential

Since it was decided to not perform the proposed alternative (the alternative presented above) and the
scope instead was changed to focus on dam safety actions (Fortum, 2012b), the installed power output
remains at 37 MW. This gives that the increase the proposed alternative would have result in can be seen
as a loss of potential power output. Even if the proposed alternative comprised of a new unit installed
with a rated discharge of 90 m3/s, the increase of the total rated discharge would be limited to only be 300
m3/s. This since regards has to be taken to limitations of up- and downstream located hydropower plants
(Fortum, 2006a). Calculation of loss in the installed power output for this alternative is performed below.
This is thereafter compared to the new power output that was estimated in the feasibility study from 2008.
The calculation is made using Equation 2 from the main report.
/

8,7

300

16,2

8,7

42,3

1

As can be seen in the alternative above, the new power output is estimated to be 46,5 MW. By not
performing the alternative, the loss in power output would therefore vary between 5,3-9,5 MW compared
to the current installed power output of 37 MW. Looking at the comparison with what was estimated in
the report by Sweco above, the lost potential would be 13 MW.
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Appendix 10: Case study of Skedvi HPP
Skedvi hydropower plant is located in Dalälven in the municipality of Säter. Located upstream of Skedvi
HPP is Långhag HPP and located downstream are Avestaforsen HPP and Avesta Storfors HPP. The
hydropower plant lacks any significant reservoir and thereby functions as a run-of-the-river hydropower
plant and simply bypasses the water that is received from upstream. This makes Skedvi HPP highly
dependent on the operations in Långhag HPP. Skedvi HPP can also be considered a bottleneck in this
section of Dalälven, due to both the up- and downstream hydropower plants having higher rated
discharges of approximately 500 m3/s compared to that of 400 m3/s in Skedvi HPP. It might therefore be
of interest to increase the rated discharge in Skedvi HPP to enable better co-operation of the hydropower
plants. This idea has previously been explored in feasibility studies, which were conducted due to the
turbines approaching the end of their technical lifetimes and there in addition being cavitation damages on
the turbines (Fortum, 2009a). Although, in the end no upgrade of the rated discharge was made in the
project (Fortum, 2015c).
The outflow of water from the spillways and the outflow of water from the draft tube is side by side, and
the stream merges approximately 30 meters from the outlet. This layout suggests that the effects on the
surrounding area would be practically the same by spilling water from the hydropower plant as running it
though the turbines. In Figure 28Figure 1 below the spillway-gates are shown. In Figure 29Figure 2 below
the point where the spillway water merges with the water flow from the turbine can be seen. The “thing”
separating the water streams that can be seen in the picture to the right is an old timber floating gate that

Water
flow
from spillways

Water
flow
from turbines

Figure 281. Skedvi HPP, spill-gates.

Figure 292. Skedvi HPP, outlet from turbine and spillgates.

is not used anymore (Fortum, 2010d).
Skedvi HPP is not located in a section of Dalälven that is protected by chapter 4, section 6 in the
Environmental Code. Although there are other protections that needs to be taken into account both
upstream and downstream of the hydropower plant (Fortum, 2009a). These areas are mentioned under
the section regarding Environmental protection, and some of the landmarks mentioned in this section can be
seen in Figure 30Figure 3 below. In the section Facts in short, the main data for the hydropower plant is
summarized.
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Formaterat: Engelska (USA)

Långhag HPP

Skedvi HPP

Figure 303. Satellite picture of Skedvi hydropower plant (Google Maps, 2017).

18.56

Facts in short

These facts are valid for the old hydropower plant before the renovations in 2013-2015 (Fortum, 2009a).
The location of Skedvi HPP and the upstream hydropower plant Långhag is shown in figure 3 above.
River: Dalälven
Upstream: Långhag HPP
Downstream: Avesta HPP
Turbine-type: vertical Kaplan turbines
Amount of units: two
Commissioned: 1949
Head: 10,7 m (rated head) 11,1 m (head gross)
Power: 38 MW (19 MW/unit)
Energy Production: 217 GWh/year
Rated discharge: 400 m3/s
Reservoir: no reservoir, run-of-the-river HPP
(Fortum, 2004b; Fortum, 2009a)

18.57

The case in short

Different alternatives for the project of renewing Skedvi HPP was investigated initially. In the feasibility
study five different options, with several sub-options, were investigated regarding their profitability. Some
of the options included upgrading the hydropower plant and its rated discharge to match this of the upand downstream hydropower plants. A hydropower plant with a rated discharge of 500 m3/s it was
investigated, as well as different layouts for the hydropower plant. One reoccurring thought was to locate
a new unit on the other side of the river, since this unit would then be more likely to receive electricity
certificates for its entire electricity production compared to if it was to be located next to the existing two
units. Increasing the existing units rated discharge was also considered. If one was to enter an application
process for new permits in order to increase the rated discharge, it was also considered to apply for an
increased retained water level upstream of the hydropower plant. It was in this case also considered to
change the location for the official water-level gauge for the upstream water level, from the current
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position at Översätra to instead be located at the hydropower plant. Below the different options included
in the feasibility study for the project are listed (Fortum, 2009a).
1. Renovation and upgrading of unit G1 and G2. The rated discharge after the finished work would
be 490 m3/s. Two different alternatives for the project schedule was suggested, either (A) both
renovations conducted in 2012, or (B) only G1 in 2012 and G2 later in 2027.
2. Renovation of unit G1 and G2 with existing rated discharge and the construction of a new
hydropower plant at the other side of the river. The new hydropower plant was proposed to have
either (A) 80 m3/s or (B) 100 m3/s as rated discharge. Other proposals were to (C) only renovate
one unit, take away the other one, and build the new suggested hydropower plant with rated
discharge of 100 m3/s. It was also suggested to (D) do the same thing as in 2(B) but postpone the
renovation of one unit until 2027. For all the alternatives for 2 there would be a maximum
discharge of 500 m3/s during operations even though the hydropower plant would have a higher
rated discharge.
3. Renovation of unit G1 and G2 at current rated discharge.
4. Same as 3, but postponing the renovations until 2019.
5. Replacing existing units with new ones with the combined rated discharge of 500 m3/s.
The alternatives that was shown to be more profitable through the feasibility study was either 4 or 2(D),
but it was also mentioned that a higher discharge could be good for other strategic reasons as well
(Fortum, 2009a).
Later in an upgraded feasibility study from the 18th of June 2010, two of the previous main options was
further elaborated on. The options are the previous number 1 and number 3, but with some change in the
sub-options (Fortum, 2010d):
1. Renovation and upgrade of units to 490 m3/s with an electricity production of 229,8 GWh per
year (A) the on-site work is done during two years at a row (B) G1 first and then G2 within a 10
year period (C) same as option 1(A) but including in the permit application an increased retained
water level upstream of Skedvi HPP and the possibility to do short-term regulations above 400
m3/s.
3. Renovation of units with the same rated discharge as before with (A) the on-site work done
during two years at a row or (B) unit G1 first and then unit G2 within a period of 10 years
(Fortum, 2010d).
In this study it was concluded that it would be more profitable to simply renovate, and that it might take a
long time to go through the process of applying for a new permit that would enable more profitable
regulations. One of the hinders were due to the old permit having a long list of persons entitled to small
sums due to them living by the shore. This list might need updating and would require a lot of work to go
through (Fortum, 2010d).
In the end the project consisted of a renovation of both units with the same rated discharge as previous to
the renovation. Initially only unit G1 was to be renovated right away, and unit G2 was to have its
renovation delayed, but due to bad condition on unit G2 this was changed. The first unit was renovated in
2013-2014 and the second in 2014-2015. The rated discharge was as mentioned kept the same, but the
efficiency of the new turbines were an improvement to before. At operations at peak efficiency the
difference is approximately 4% (Fortum, 2015c).
The new data for Skedvi HPP after the renovation are as follows: Power output: 38 MW (Fortum, 2017d),
Energy production: +3,2 GWh/year with a total of 220,2 GWh/year (Fortum, 2012a), Rated discharge:
400 m3/s (Fortum, 2017d).
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18.58

The legal process

No legal process was initiated in order to change the current Water Rights Permit. Skedvi HPP was
instead renovated according to the existing permit with the same retained water level and rated discharge.
After the renovation the combined rated discharge of the two units is therefore 400 m3/s (Fortum,
2015c). The reason for not increasing the rated discharge is at least to some extent due to several other
legal processes taking place for Fortum during this time, which is why Fortum Legal Counsel advised
against starting up a trial for new permits in this case (Jirving, 2017; Fortum, 2015c).

18.59

Water Rights Permit

The official water-level gauge that measures the water level upstream of Skedvi HPP is located at
Översätra. Översätra is located approximately 4 km upstream of Skedvi HPP. The retained water level at
this location is set as +94,00 (RH00) for water flows below 890 m3/s. This maximum allowed water level
rises with increasing water flows according to a table specified in the permit from the 21st of May 1949.
This table is based on the natural increasing water level that would occur at this location when the water
flow increases, and is specified up to a flow of 2740 m3/s, that during unregulated conditions would result
in a water level of +97,00 (RH00). For the rated discharge of Skedvi HPP it is stated that it is supposed to
be dimensioned for the same discharge as the upstream hydropower plant, which was already at this time
Långhag HPP, or 400 m3/s (Österbygdens vattendomstol, 1949).
There are restrictions regarding the operations of the upstream hydropower plant Långhag, which would
have to be revised in order to make use of short-term regulation. The current restrictions prohibits
Långhag HPP from discharging more than 400 m3/s at all times when the inflow is not higher than 400
m3/s. There are also some restrictions connected to the flow in Håvran downstream of Skedvi HPP, and
Lillälven upstream of Skedvi HPP that might need revision in order to utilize short-term regulation if the
hydropower plant was to be upgraded to a rated discharge of 500 m3/s (Fortum, 2010d).
Due to the turbines intended for Skedvi HPP at that time there was no requirements for fine trash racks.
The requirement on Fortum of constructing a fish ladder was removed with the conditions of a one-time
sum of 10 000 SEK and a yearly fee of 1000 SEK from year 1950 and forward, that could be changed
according to certain specifications (Österbygdens vattendomstol, 1949).

18.60

Environmental protection

Skedvi HPP is not located in a river section that is under protection according to chapter 4, section 6 in
the Environmental Code. Other protections are although to be considered. There are several areas nearby
that have been classified as Natura 2000 areas, nature reserves or that are under the protection according
to chapter 3, section 6 in the Environmental Code as a natural interest. The areas of concern are listed
below with short explanations of the existing protection. Besides the protected areas there is interest for
lakes connected to this section of Dalälven, such as Amungen, due to it being a good lake for fishing
(Fortum, 2004c). In Figure 31Figure 4 below the protected areas nearest of Skedvi HPP are shown,
according to the map showing these areas from the Swedish Environmental Protection Agency
(Naturvårdsverket, 2017). The areas covered with blue sideways leaning lines sloping to the left are water
protection areas, the areas with blue lines sloping to the right are areas protected according to the directive
about species and habitat. The areas with red lines sloping to the right are protected according to the bird
directive. The areas with green sideways leaning lines are Nature reserves.
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Figure 314. Map of protected areas around Skedvi HPP according to the Swedish Environmental Protection Agency
(Naturvårdsverket., 2017).
18.60.1.1 Säterdalen
This area is a nature reserve that is located at the place where the river Ljusterån flows into the main river
section of Dalälven. This is located upstream of Skedvi HPP, while still downstream of Långhag HPP.
This intersection of the rivers has also been classified as a Natura 2000 area (Fortum, 2004c).
18.60.1.2 Håvran
This area has been classified as a national interest and thereby has gained protection according to chapter
3, section 6 in the Environmental Code. This area is located downstream of the area Myckelby which can
be seen in Figure 31Figure 4 above.
Downstream of Myckelby there is also other
protections from chapter 3, section 6 in the
Environmental Code as this area has been
classified as a national interest for the sake
of its cultural values. The area contains
ancient remains and is protected according
to the Heritage Conservation Act. The lake
Håvran is also on the Convention of
Wetlands-list and constitutes an important
location for birds (Fortum, 2004c). The area
is shown in Figure 32Figure 5. For
explanation on what the protection are for
the different marked areas see the first
section in Environmental Protection.

Figure 325. The protected areas in Håvran according to the Swedish
Environmental Protection Agency (Naturvårdsverket, 2017).
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18.60.1.3 Stackharen
Stackharen is the name of a small island located downstream of Skedvi HPP in the lake Håvran. This
island has been classified as both a Natura 2000 as well as a nature reserve (Fortum, 2009a).

18.61

Potential Power

Studies exist on the matter of expanding the rated discharge of Skedvi HPP. One of these are the report
Hydropower Assets, Increasing the productivity and profit final report, Skedvi and Laforsen HPP from the 9th of
February 2004. In this study both the alternative of renovating while keeping the current rated discharge
and renovating and upgrading the units to a rated discharge of 250 m3/s each are investigated. The results
from these two options are summarized in the sections below. The calculations for the first two
alternatives are based on a flow duration chart that is presented in the report. This chart is based on the
discharges from the upstream station Långhag HPP in the period 1961 to 2000 (Fortum, 2004b). Besides
for these study there were also calculations made during the feasibility study from some years later. The
upgrading options from this study will be included in this section as well (Fortum, 2010d). All the
alternatives below were shown to be profitable from an economic point of view in the different reports.

18.61.1

Renovating and upgrading to 500 m3/s

This option included the re-dimensioning of the turbines in order for them to have a rated discharge of
250 m3/s each, or 500 m3/s in total. To do this the runner needs to be replaced by one with a larger
diameter, as well as the discharge ring and parts of the draft tube. There would also be a need for more
extensive renovation of the generators for them to handle this upgrade; both the stator and rotor would
have to be replaced. It was unclear in the study if the water-ways would need to be re-dimensioned, or if
the draft tube would be capable of this upgrade without any modifications.
18.61.1.1 Power output
The increased output from the turbines would be 5,3 MW. This increase would be both due to higher
efficiency of the new turbines, at peak efficiency approximately 94% instead of 90%, and due to increased
rated discharge. The annual production would rise to 220 GWh in this case (Fortum, 2004b).

18.61.2

Renovation with current rated discharge

This option includes a renovation of the existing units where the runner is replaced. There would also be
some renovations on the generator for unit 1 but not as extensive as for the previous option. The stator
windings would need to be replaced, and the poles would require to be reinsulated (Fortum, 2004b).
18.61.2.1 Power output
The increased output from the turbines would be 2 MW, all due to a higher efficiency of the turbines. In
this option it would be the same increase in peak efficiency as for the previous option; to 94% from 90%.
The annual electricity production would rise to 215 GWh (Fortum, 2004b).

18.61.3

Renovation and upgrading to 490 m3/s

This is option 1 from the updated feasibility study from year 2010 that is described in the section The case
in short. This upgrading would include changing the runner as well as the discharge ring. For this
alternative the flow duration chart is instead based on the flow thought Skedvi HPP using more recent
data from between the years 2003 to 2009 (Fortum, 2010d).
18.61.3.1 Power output
The output from the turbines would increase to 22,4 MW/unit, and the annual electricity production to
226 GWh. When including the value of flexibility the annual production would be 229,8 GWh instead
(Fortum, 2010d).
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18.61.4

Renovation with current rated discharge; Updated

This is the resulting power output and energy production according to option 3 in the feasibility study.
18.61.4.1 Power output
Due to more efficient turbines it is expected for the turbine output to increase to 20 MW/unit. The
annual electricity production would then increase to 221,5 GWh, or 225,3 GWh when including the value
of flexibility (Fortum, 2010d).

18.61.5

Potential according to Sweco

The potential power output for Skedvi HPP is included in the report “Rapport Effektutbyggnad Vattenkraft:
En kvantitativ analys av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk” from Sweco. According
to the data in that report, Skedvi HPP currently have a power output of 38 MW and a rate discharge of
400 m3/s, which corresponds to the data acquired in this study. In the report from Sweco it is suggested
to increase the rated discharge from 400 m3/s to 482 m3/s which would give a new power output of 42
MW (Sweco, 2016). According to our data for the current power output this would result in an increase of
4 MW. The reason for this specific increase in rated discharge was in order to make it better match that of
the hydropower plant located upstream; Långhag HPP.
This estimation is quite close to a calculation for upgrading Skedvi HPP to 500 m3/s made by Fortum in
2004. The difference in this case would be another additional 1,3 MW compared to the calculation made
by Sweco (Fortum, 2004b).
When using Equation 2 from the main report, the resulting power output turns out slightly higher than
the estimations as can be seen in [1] and [2] below. The calculation for 482 m3/s turns out 3,9 MW larger
that the estimations from Sweco, and those for 500 m3/s turns out 3,2 MW larger than the estimations
from Fortum. The calculations are shown in [1] and [2] below.

18.61.6

8,7

500

10,7

8,7

46,5

1

8,7

482

10,7

8,7

44,9

2

Lost potential

Due to several legal processes in Fortum at the time of the project no application for a new permit
allowing an increased rated discharge was made. This implies that the current rated discharge are at 400
m3/s. The output today is 38 MW. The lost potential in relation to the highest suggested rated discharge in
Fortum would thereby be 5,3 MW. Compared to the potential according to Sweco this would be a lost
potential of 4 MW.
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Appendix 11: Case study of Sunnerstaholm HPP
Sunnerstaholm HPP is located in the river Voxnan which is a tributary to Ljusnan. The location of the
hydropower plant is shown in Figure 33Figure 1 below. The hydropower plant was commissioned back in
1942 and is therefore approaching the end of its technical lifetime. There are two turbines of Francis-type
in the hydropower plant with a combined rated discharge of 40 m3/s. The upstream hydropower plant
Alfta has a rated discharge of 60 m3/s, which is the rated discharge that was proposed for the new

Voxsjön

Sunnerstaholm
HPP

Figure 331. Sunnerstaholm HPP from above. The hydropower plant is circled in on the map (Google Maps,
2017)
hydropower plant that was to replace the current one in Sunnerstaholm HPP (Svea hovrätt, 2014).

18.62

Facts in short

The facts concern the current hydropower plant. This is also the one referred to as the old hydropower
plant as the new hydropower plant was never built.
River: Voxnan (tributary to Ljusnan)
Upstream: Lake Voxsjön, Alfta HPP
Downstream: Lenninge HPP
Turbine-type: Francis
Amount of units: 2
Commissioned: 1942
Head: 17,9 m
Power: 6 MW
Energy Production: 35 GWh/year
Rated discharge: 40 m3/s
Reservoir: Lake Voxsjön
(Fortum, 2011e; Fortum, 2014i; Östersunds tingsrätt, 2008)
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18.63

The case in short

As the old hydropower plant was approaching the end of its technical lifetime, it was applied for to build a
new hydropower plant with a rated discharge of 60 m3/s to replace the old one with the existing rated
discharge of 40 m3/s. The new hydropower plant was to be built close by the existing one, as the later one
would be demolished after the construction of the new hydropower plant (Fortum, 2011e). Due to the
outcome of the legal process the future of the hydropower plant is now reevaluated and a new feasibility
study is conducted at this time (Sjögren, 2017).

18.64

The legal process

The application for a permit to build the new hydropower plant to replace the old Sunnerstaholm HPP
was done in April 2007. Fortum meant to apply for new permit regarding the allowed regulations in the
lake Voxsjön upstream of the hydropower plant later in another application.
In comments regarding this initial application, Kammarkollegiet claimed that they did not agree with this
way of dividing the applications and thought that everything should be handled in a single application.
Kammarkollegiet also stated that BAT9 was not followed in this application and that a fish way and a
minimum spillage to the dried up old riverbed needed to be included as requirements in the application in
order to receive a permit. The County Administrative Board of Gävleborg and the municipality of Bollnäs
commented that the application should be made for constructing an entire new hydropower plant rather
than for replacing or changing an old one as had been done in this case. They also argued for including
the requirement of a minimum discharge to the now dried up riverbed. Fiskeriverket also agreed on the
last point made by The County Administrative Board of Gävleborg and the municipality of Bollnäs.
Fiskeriverket also argued that a fishway or a natural fishway would be needed, as well as inclined trashracks in front of the intake to the turbines (Östersunds tingsrätt, 2008).
The Environmental Court did not agree on any of this, except for the requirement of inclined trash-racks,
and gave a permit with the condition that the construction of the new hydropower plant should be
finished within five years. The Environmental Court did not think that the entire case had to be confined
in one application and therefore approved this division. Further they did not see how it was reasonable
within this application to put as conditions to construct a fishway or set a minimum discharge to the dried
up riverbed. The later was partially since Fiskeriverket had claimed that this dried up riverbed was entirely
damaged and the Environmental Court decided that it therefore was no point in trying to repair it. It was
claimed that the benefit for the society at large outweighed the negative aspects and the construction was
approved (Östersunds tingsrätt, 2008). Fortum further agreed on having a minimum discharge of 1 m3/s
to the dried up riverbed (Hushållningssällskapet Nord AB, 2011). An appeal was made to the Superior
Environmental Court which rejected the appeal on the 6th of May 2010. It was then further appealed to
the Supreme Court, which also rejected the appeal on the 2nd of Mars 2011 and thereby confirmed the
ruling made in the Environmental Court (Östersunds tingsrätt, 2008).
As it was applied for the construction of the regulating dam and the permit regarding regulation of the
lake Voxsjön in separate permits, the outcome was still unclear at this point. Fortum waited to start the
constructions as they sent in a complementary application in February 2012 to the Land and
Environmental Court regarding the regulations for the coming new hydropower plant. Before sending in
this application a study was made by Hushållningssällskapet Rådgivning Nord AB on behalf of Fortum.
This was regarding what discharge to the dried up riverbed that would be appropriate. In the study it was
found that it would be sufficient to discharge 3 m3/s during the summer, 1,9 m3/s during the autumn,
0,95 m3/s during the winter and then the excess water that cannot pass though the turbine during the
spring flood (Hushållningssällskapet Nord AB, 2011). This was then proposed. The main hearing took
place in May 2013 and during this hearing, Fortum sought to have the regulating dam pronounced legal
and to get a permit for the desired changes in regulation of the lake Voxsjön. The Land and
9
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Environmental Court pronounced the hydropower plant legal, as well as the changes that had been
proposed for the new hydropower plant that was to be constructed. Although all was not approved, such
as the permit for taking the new plant into operation when finished later. This rejection was due to the
Environmental Impact Assessment lacking in certain areas. The proposed construction of a fishway or a
natural fishway was rejected as well. Fortum was given the opportunity to complement the application
according to the critique given by the Land and Environmental Court. Fortum was given until the end of
mars 2014 to hand this in. After this some changes was done in the application by Fortum (Svea hovrätt,
2014).
The judgement was appealed against in the Superior Environmental Court regarding the regulating dam
being judged as legal. This was done by the municipality of Bollnäs and Kammarkollegiet amongst others.
The ruling was that that the regulating dam could not be judged separately from the other aspects and the
case was then sent back to the Land and Environmental Court (Svea hovrätt, 2014). As the trial continued
the time limit given in the permit was getting closer. The constructions were to be finished by Mars 2016
according to the permit. Therefore Fortum applied for a prolonged construction time and received a
rejection on this in December 2016 (Sjögren, 2017).
Fortum is now to present the future plans for Sunnerstaholm HPP latest on the 25th September 2017. The
process is currently in the TG0-stage, which means that the feasibility study is being conducted at the
moment. A TG1 decision is to be made before Fortum is to present their future plans for Sunnerstaholm
HPP (Sjögren, 2017).

18.65

Water Rights Permit

A permission was received for the regulating dam to be constructed on the 30th of October 1926, but it
were slightly changed when constructed compared to in the permit. The regulation of the lake Voxjön has,
according to official statements, been changed from the original one due to preferences from the residents
around the area that had desired amongst other specifics higher water level in the summer. One of the
reasons to keep the water levels down during the summer, that was a base for the given regulations in the
original Water Rights Permit, which is no longer the case today has been claimed to be due to the
agriculture (Fortum, 2014d). In the judgements from earlier, there is no requirement for a minimum
discharge into the riverbed downstream (Svea hovrätt, 2014).
The water regulations of the lake Voxsjön was latest updated in a judgement from the 10th of January
1953. The water levels are specified for certain intervals of the year (Fortum, 2014d). If more information
regarding this is desired, see the judgement from the 10th of January 1953 case Ans. D. 23/1942.

18.66

Environmental protection

There is an Översiktsplan from 1990 that concerns the area with an additional shore-protection. Although
the existing, or planned hydropower plant, and its operations was deemed not to interfere with any of
these (Östersunds tingsrätt, 2008).
Further downstream of the hydropower plant a section of the river is located within a national interest.
The concerned national interest is the one known as Ljusnans dalgång protected according to chapter 3,
section 6, in the Environmental Code (Östersunds tingsrätt, 2008).

18.67

Potential Power

The alternative that has been up for application is the only one considered in this section.

18.67.1

The new hydropower plant

This is the earlier described new hydropower plant with a rated discharge of 60 m3/s. It was to be located
nearby the existing hydropower plant, which was to be demolished after the construction of the new one.
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There would thereby only be electricity production from the new hydropower plant after the
constructions were finished (Svea hovrätt, 2014).
18.67.1.1 Power output
The Kaplan unit in the new hydropower plant would have a power output of 9 MW (Fortum, 2011e).
There are different statements regarding the annual electricity production, which varies between 40,6
GWh (Fortum, 2014d) and 44 GWh (Fortum, 2011e).

18.67.2

Lost potential

Sunnerstaholm HPP is not included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys
av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“ from Sweco (Sweco, 2016). The lost
potential is therefore based on the gap between the current power output and that of the hydropower
plant that was planned for in Sunnerstaholm. As the old and the planned hydropower plants had power
outputs of 6 MW versus 9 MW the lost potential is 3 MW (Fortum, 2011e). The lost annual energy
production would in turn range from 5,6 to 9 GWh (Fortum, 2014d; Fortum, 2011e).
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Appendix 12: Case study of Untra HPP
The hydropower plant Untra is located in the river Dalälven between Söderfors HPP that is located
upstream and Lanforsen HPP which is located downstream. The location of the hydropower plant is
shown in Figure 34Figure 1. Dalälven is, in this particular area, protected according to chapter 4, section 6
part two in the Environmental Code. The rated discharge though the turbines in Untra HPP is lower than
for the hydropower plants in the river directly up- and downstream in relation to it. This results in Untra
HPP constituting a bottleneck in the river, as water has to be spilled in Untra HPP to enable the other
stations to run at maximum capacity. The up- and downstream hydropower plants have rated discharges
of 480 and 550 m3/s. The current rated discharge of Untra HPP is found below in “facts in short”
(Fortum, 2006d).

18.68

Facts in short

River: Dalälven
Upstream:
Untrafjärden

Söderfors

HPP

and

Båtfors

Downstream: Lanfjärden and Lanforsen HPP
Turbine-type: Francis
Amount of units: 5
Commissioned: G1-G4 (1918) and G5 (1936)
Head: 14 m
Power: 43 MW
Energy production: 270 GWh/year
Capacity turbines: 429 m3/s
Reservoir:
Untrafjärden
(day
Hedesundafjärden (weekly regulation)

regulation),

(Fortum, 2006d; Fortum, 2015e; Fortum,
2016f)
Figure 341. Untra HPP and the surrounding area. The location of
the protected area Båtfors shown on the map (Google Maps, 2017).

18.69

The case in short

As the units G1-G3 were starting to reach the end of their technical lifetime, it was initially applied for
permits to construct a new unit G6 in a separate power house. According to the first plan for the
construction of unit G6, it was to be located on the left side of the current hydropower plant in parallel to
this. Soon it was realized that this would never be approved in court as the area intended for the
construction are classified as a Natura 2000 area. The new unit G6 was then proposed on the right side of
the current power plant and of the river. This proposal was accepted by the Land and Environmental
Court in June 2012, but then rejected by the Superior Land and Environmental Court in June 2013. The
alternatives being considered for Untra HPP now is instead different alternatives for replacing the units
G1-G3 with three new units in the same power house (Fortum, 2013b).
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The different alternatives that were investigated in the feasibility study are summarized below (Fortum,
2006d):
1. To build the power plant for unit G6 at the left side of the river in parallel to the existing
hydropower plant in Untra HPP. Unit G6 would have the same rated discharge as G1-G3 have
today, thereby replacing these old units and these would be taken out of operation. The chosen
turbine type for this alternative was Kaplan. It was assumed that this alternative would entitle the
new unit to receive electricity certificates for the produced electricity.
2. This alternative is the same as for 1, except that unit G6 would have an additional 100 m3/s rated
discharge compared to the combined rated discharge that G1-G3 have now. Restrictions would
still be that the average rated discharge during the day would be the same as now; 429 m3/s but
this would led to more variations in the flow during the day than currently. The same type of
turbine was also considered for this alternative as for 1, as well as the assumptions regarding the
electricity certificates.
3. Same specifics as for 2, but no limitations in the rated discharge though the day. This alternative
were also assumed to get entitled to receive electricity certificates for the produced electricity of
the new unit.
4. Replace G1-G3 with three new Kaplan turbines in the existing hydropower plant. The new units
would not be entitled to receive electricity certificates for the entire production, only the
additional production that results from the higher efficiency of the new turbines (Fortum, 2006d).
The different alternatives that proceeded to be considered after the feasibility study later on in the
Environmental Impact Assessment (Ahlfors, 2007) was then as summarized below, with the addition of
some adjusting of the headrace, the barrier dam and the construction of an additional bridge:
1. To build the power plant for unit G6 at the left side of the river in parallel to the existing
hydropower plant in Untra HPP. Unit G6 would have a rated discharge of 100 m3/s more than
the existing combined units G1-G3. Unit G6 would replace G1-G3 and the rated discharge of
Untra HPP would increase to 520 m3/s, but the average discharge during the day would be kept
at today’s level of 429 m3/s (the same as alternative 2 in the feasibility study).
2. Within the existing hydropower plant G1-G4 is replaced by three new Kaplan-turbines, each with
a capacity of 85 m3/s. Together with unit G5, the rated discharge of Untra HPP would then
become 440 m3/s (Ahlfors, 2007).

18.70

The legal process

In the end of 2005 the pre-investment proposal was approved for initiating the feasibility study as well as
the application process that would be required for the construction of the new hydropower plant for unit
G6. Unit G6 was to be located on the left side of the river, which is the opposite side of the existing Untra
HPP (Fortum, 2013b).
The application was initially made for option 1 from the Environmental Impact Assessment on the 4th of
October 2007. The thought was to operate Untra HPP (after the project) with the same average water
flow over the day, but by having larger capacity available enabling a more extensive optimized production
(Ahlfors, 2007). Due to that the proposed hydropower plant was to be located in a Natura 2000 area,
there was an opposition from the County Administrative Board and Kammarkollegiet to the proposed
project. After this a new adjusted proposal for unit G6 was made and sent in on the 28th August 2008
(Fortum, 2013b).
In the new proposal the hydropower plant was to be located on the right side of the river, which is the
same side of the river as the current hydropower plant. Due to the change in location there is no need for
constructing a bridge to enable access the left side of the river during the construction period. There was
also changes made for the rated discharge, and it was instead applied for the same water regulations as
those that applied for the current plant; 420 m3/s (Ahlfors, 2008) instead of 520 m3/s as applied for in the
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previous case. As in the previous case, no changes in allowed water levels up- or downstream the
hydropower plant was applied for (Ahlfors, 2007).
There were additional complaints connected to this application. Kammarkollegiet, the County
Administrative Board of Uppsala and Naturskyddsföreningen claimed that this new alternative location
would not be allowed to be tested in the continued process due to it not having been the subject of the
consultation process earlier regarding the construction of Untra HPP unit G6. Therefore they argued that
the Environmental Impact Assessment process was not complete, and questioned if the case of unit G6
would be a new hydropower plant or a partial replacement for the existing hydropower plant. However
this was dismissed by the Environmental Court on the 20th May 2009 on the grounds that the new unit
was to partially replace the existing hydropower plant with no change in the water regulations, and that the
new proposed localization were within the boundaries of what had been discussed during the consultation
(Nacka tingsrätt, 2009). Kammarkollegiet then made an appeal regarding this, which was later dismissed
on the 19th of April 2010 by the Supreme Court (Högsta domstolen, 2010), which thereby enabled the
process to continue in the Environmental Court.
The process continued, and then the County Administrative Board of Uppsala put a restriction on Untra
HPP to only run 250 m3/s. This was motivated by that this was the rated discharge that they concluded to
be the actual legal rights for the hydropower plant, due to the existing permit and judgements made.
Naturskyddsföreningen and Kammarkollegiet referred to this as reason to either dismiss the case of
building unit G6 in Untra HPP, or if not this than at least to not continue the process until it became
certain what rights were valid for the hydropower plant. These claims were dismissed in the
Environmental Court the 16th October 2010 (Nacka tingsrätt, 2010b). The restriction of 250 m3/s was
effective from the 12th of May 2010 and were removed by the Environmental Court due to an appeal from
Fortum (Nacka tingsrätt, 2010a).
In an opinion from the 15th of November 2010 the Environmental Court stated, regarding the
construction of unit G6, that they judged that there would be no difference of the effect on the protected
areas, such as Båtfors, during the operation period. Although they could not give permits for the
constructions as there might be negative environmental effects during the construction period. They
therefore judged that the permits must be given according to chapter 7, section 29 (Nacka tingsrätt,
2010a). This means that a permit has to be given by the government (SFS 1998:808).
During this period, the County Administrative Board put a restriction of Fortum regarding the operation
of the unit G5 on the 26th of May 2011. This was motivated by that there were no clear permits for this
unit. This was disapproved by the Land and Environmental Court that pronounced unit G5 as legal
(Nacka tingsrätt, 2012). Motivation for this is found in the section regarding Water rights permits.
Initially the plans for the construction of G6 was not approved by the government, due to the
construction phase taking place during four consecutive months during the summer. This was declared on
the 1st of Mars in 2012, and the case was sent back to the Land and Environmental Court. The
construction period was thereafter divided into two months at a time, where the constructions were to
take place during the winter in two consecutive years. The change made in the proposal now resulted in it
not requiring permits according to chapter 7, section 29 but should instead be according to chapter 7,
section 28 a. Thereby only an approval by the Land and Environmental Court was required. This proposal
was then approved by the Land and Environmental Court on the 27th June 2012 (Nacka tingsrätt, 2012).
This was not approved by the authorities, which proceeded to appeal against this judgement to the
Superior Environmental Court. The Superior Environmental Court approved of the appeal and removed
the approval of unit G6, however it did not approve of the restrictions that had been put on unit G5, so
these restrictions were removed as well (Fortum, 2013b).
After the rejection regarding the construction of G6 Fortum developed a new proposal regarding the
replacement of the units G1-G3. In the new proposal the units G1-G3 were to be replaced by new
Kaplan-turbines with the same nominal rated discharge as for the existing Francis-turbines. This would
-145-

include adjusting of the existing water ways and to some extent the power house. In addition to this it was
also applied for constructing a bio channel on the right side of the river in order to promote the
transportation of fish in the river. The case was separated into three different permit applications; one
concerning the replacement of the three units, one concerning the bio channel and one regarding safety
measures for the dam (Fortum, 2015a). On the 17th of February 2017, the Land and Environmental Court
approved the applications for both the safety measures at the dam and the renewal of the existing
hydropower plant according to the applications. The sub-project for constructing a bio channel was
however not given an approval, based on that the EIA was not extensive enough. Due to the bio channel
being proposed in a Natura 2000 area, different complaint were received regarding that the description of
the effects on the surrounding was lacking according to Naturskyddsföreningen and the County
Administrative Board. It was also deemed by the Land and Environmental Court that the sub-projects
were to be considered independently, therefore the other sub-projects were not affected by the bio
channel not being approved. After this judgement there have been appeals to the Svea hovrätt and
Superior Environmental Court regarding this from Älvräddarna, Kammarkollegiet, Havs- och
vattenmyndigheten, the County Administrative Board, the Swedish Environmental Protection Agency and
Naturskyddsföreningen (Nacka tingsrätt, 2017).
More recently the sub-judgement regarding replacing the units G1-G3 have also been appealed against to
the Superior Land and Environmental Court. This was done by the County Administrative Board of
Uppsala (Svea Hovrätt, 2017d), Kammarkollegiet (Svea Hovrätt, 2017c), Naturskyddsföreningen (Svea
Hovrätt, 2017e), Havs- och vattenmyndigheten (Svea Hovrätt, 2017b), Älvräddarna (Svea Hovrätt, 2017g)
and the Swedish Environmental Protection Agency (Svea Hovrätt, 2017f). The written statements from
the different parties concerns largely the same aspects. These concern the legal right to divert the amount
of water that is currently done in Untra HPP. Several of the parties mean that the unit G5 do not have
permit to operate. This would thereby imply that the application concerns an increased allowed rated
discharge for Untra HPP. Other comments have emerged regarding the division of the application into
several court cases, as they deem that the bio channel should be judged in the same case as the renewal of
the hydropower plant. Some comments also concern that the project is not following BAT10. The appeals
were approved by the Superior Land and Environmental Court on the 29th of May 2017. Fortum now has
until the 14th of June 2017 to reply to the statements from the opposing parties (Svea Hovrätt, 2017a).

18.71

Water Rights Permit

The reservoir directly upstream of Untra HPP is called Untrafjärden. This reservoir is not large enough in
order to optimize the production on a weekly basis, but enables optimisation throughout the day. Weekly
optimisation can be done using the reservoir Hedelundafjärden that lies directly upstream of Söderfors
HPP, which is operated by Vattenfall. Untra HPP is thereby limited in its production in some ways in
respect to how Söderfors HPP is operated. The retained water level according to the water rights permit
from the 3rd of September 1944 for Untra HPP is measured at Sjöbo in Untrafjärden. This level is set to a
maximum of +100,75 m when the flow in this river section is less than 1 240 m3/s. There are exceptions
to this limit, and it is allowed to at times exceed this upper limit up to +101,00 m during the day on the
conditions that it does not have any negative effects on the power production of other hydropower plants
nearby, and that the water level is lowered back to +100,75 m the same day. There is also requirements to
keep the water level from changing more than 0,5 meters during one day in Kågbosjön (Ahlfors, 2007).
In 1985, a settlement agreement was reached in the Water Court between Kammarkollegiet and the owner
of Untra HPP at that time. This agreement was regarding the responsibility to take actions in order to
preserve the fish population due to more difficult passage due to the introduction of Untra HPP as well as
Lanforsen HPP. In the settlement agreement it was decided that Fortum would be free of all past and
future obligations to take actions or compensate due to harm on the salmon or other river fish
populations, on the terms that they paid an onetime cost of 27,4 million SEK to the other parties. This is
10

Best Available Technology
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valid for both Untra HPP and Lanforsen HPP, and in the agreement it is stated that these costs would be
valid for Untra HPP even if the rated discharge was to be increased by 300 m3/s (Nacka tingsrätt, 2010a).
In the initial water rights permit from the 3rd October 1914 the construction of the hydropower plant
Untra was approved with a rated discharge of 250 m3/s. The Environmental Court commented the 15th of
November 2010 on the permit not being specific enough in stating the maximum rated discharge to 250
m3/s. Thereby it has been deemed ok that the turbines was dimensioned larger than this to begin with. In
1942 the 17th of June, an application for permits to increase the allowed retained water level since, as
stated in the application, the need for this had arisen due to an additional unit in Untra HPP. This was
deemed to be the unit G5 by the Environmental Court the 15th of November 2010, and the unit was also
deemed legal. Due to the laws current when unit G5 was introduced (the Water Law and the Transition
Laws) it was deemed that the construction of unit G5 did not require a permit. The Environmental Court
established the allowed rated discharge in Untra HPP to 420 m3/s the 15th of November 2010 (Nacka
tingsrätt, 2010a).
In addition to these stated conditions there are a set of minimum discharges for the several dams
connected to Untra HPP and its reservoir, such as to the Båtfors area. None of these minimum discharge
rates were sought to be changed though any of the projects proposed for Untra HPP and will therefore
not be discussed further in this case study. Worth to mention is that the discharge to the Båtfors area was
to vary more during the day, but have the same average discharge over the day, in the initial proposal for
unit G6 located on the left of the river. This was however changed as unit G6 was proposed on the right
side of the river. Several parties however, such as Naturskyddsföreningen, still worried that this discharge
might change. This can be noted in an opinion from the Environmental Court the 15th of November
2010, where the Environmental Court judged that the areas downstream of Untra HPP were not to have a
changed impact during future operations in the case of unit G6 located on the right side of the river, with
exceptions for the construction phase however (Nacka tingsrätt, 2010a).

18.72

Environmental protection

Untra HPP is located in Dalälven in the area where the main river stretch is protected according to
chapter 4, section 6 part two in the Environmental Code. In this area of Dalälven the river gets separated
into several river stretches, and Untra HPP is not located in what has been defined as the “main river
stretch” but instead in one where water only would flow during high flows before the introduction of the
hydropower plant into the river (Fortum, 2006d). As the second part of section 6 in chapter 4 only
concerns the main river stretch and not the tributaries (SFS 1998:808) there have been several
interpretations whether or not this protection applies for Untra HPP. According to the final motivation
for the judgement, regarding the unit G6, it seems that Untra HPP was regarded to be located within the
protected area (Nacka tingsrätt, 2012). In the EIA from 2015 named “Untra Kraftverk: Utförande av
dammsäkerhetshöjande åtgärder på södra och norra vallen och förnyelse av kraftstationen samt anordnande av biokanal” it
is stated that the hydropower plant is not located within the main stream, but instead located in an
artificial river section in parallel to this, which was constructed in 1911-1918 simultaneously as the
hydropower plant. This river section later flows back into the main river stretch. The main river stretch
has been defined to be the river section that flows through Storgysingen back in 1909 in a permit given by
Kungl Maj:t regarding construction of hydropower plants in this river section. With this reasoning Untra
HPP would not be located within the protected area according to the second part of section 6 in chapter 4
of the Environmental Code (Fortum, 2015a).
The area is as well under the protection of chapter 4, section 2, in the Environmental Code. This section
in the Environmental Code concerns national interest for tourism and outdoor life (Ahlfors, 2015a).
There are several other areas of interest for protection in the immediate area. There are three different
Natura 2000 areas; the Båtfors area, Kvarnön and the Untra area. The latter is divided into several subareas that are scattered around mostly upstream of the hydropower plant. Two of the twelve sub-areas are
located close to the hydropower plant on the left side of the river. These two sub-areas are those denoted
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as number 9 and 10. The entire Untra Natura 2000 area was established due to the bird directive, and
serve the purpose of preserving rare bird-species and their natural living habitats (Fortum, 2015a).
The Båtfors area is protected on the basis of the Bird Directive, but also the Species and Habitat
Directive. Besides Båtfors being a Natura 2000 area, it has also been declared a nature reserve. The area
Båtfors-Untrafjärden-Bredforsen is also considered a national interest that is protected according to
chapter 3, section 6 in the Environmental Code. This protection concerns the forest and the waterways, in
addition to the flora and fauna that also is protected due to the area being classified as Natura 2000. The
reason for the extensive protection is due to the unusual blend of different habitats in the area. The
northern forest types blend here with the southern, and due to the several river streams passing through
and shaping the landscape, as well as regular overflows in the past, the composition of flora and fauna is
unique. The Båtfors area is mainly located downstream of Untra HPP and there are specifications in the
Water Rights Permit regarding minimal discharge to this area from the hydropower plant (Fortum, 2015a).
In the översiktsplan (comprehensive plan) for the municipality of Tierps there is also a protection of the
shores up to 300 meters from the shoreline.
In Figure 35Figure 2 some of the mentioned protections are shown in a map. The areas marked with red
lines sloping to the left shows the areas protected according to the Bird Directive, and are therefore
Natura 2000 areas. The areas with blue lines sloping to the right are areas protected according to the
Habitat Directive, which are thereby also Natura 2000 areas. The areas marked with green sloping lines
that cross with both red and blue lines to the right in Figure 35Figure 2 represents the edges of the Båtfors
area. This area is both a nature reserve and is protected according to both the Bird Directive and the
Habitat Directive. In Figure 36Figure 3 the entire Båtfors area is shown in a map of the area from further
above. The hydropower plant is circled in this figure as well (Naturvårdsverket, 2017).

Figure 352. A map of Untra HPP showing the protected areas nearby (Naturvårdsverket, 2017).
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Figure 363. A map from Untra from further above including the Båtforsarea (Natårvårdsverket, 2017).

18.73

Potential Power

According to the flow duration chart for Untra HPP, which is presented in the feasibility study, the water
flow is above 400 m3/s during more than 20% of the year. The flow duration chart is based on data from
the years 1950-2003. There is therefore a potential for increasing the rated discharge from the hydropower
plant (Fortum, 2006d). The option that will be elaborated on here is that of unit G6 that was initially
applied for. Since it was stated that the specifications for the hydropower plant was the same for the right
and left side of the river only one option will be included here (Nacka tingsrätt, 2010a).

18.73.1

Building a new hydropower plant G6

The rated discharge of the new unit G6 would alone be 340 m3/s. The other units were to be kept and the
production alternated between them in order to keep the rated discharge at a maximum of 420 m3/s at all
times. This alternative was shown to be economically profitable (Fortum, 2006c).
18.73.1.1 Power output
The power output of G6 would be 41 MW and the entire hydropower plant would have a power output
of 48 MW when operated according to the restrictions included in the application. This would result in an
annual electricity production of 306 GWh (Ahlfors, 2008).
In the feasibility study (Fortum, 2006d) it was estimated that if the rated discharge was not restricted to
420 m3/s and instead allowed to reach 520 m3/s, then the power output would reach 57,1 MW giving an
electricity production of 305,4 GWh. It was further estimated that for the rated discharge of 420 m3/s, the
power output would be 48,4 MW and the electricity production 295,6 GWh (Fortum, 2006c).

18.73.2

Potential according to Sweco

The case for Untra HPP is included in the report “Rapport Effektutbyggnad Vattenkraft: En kvantitativ analys
av potentialen för effektutbyggnad i befintliga Svenska vattenkraftverk“ from Sweco. According to the data
presented in this report Untra HPP currently have a power output of 43 MW, which differs by 1 MW
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from the data acquired from Fortum. Otherwise the mentioned data corresponds with what was found
during this case study (head, amount of units, type of turbine). In this report it is suggested to increase the
rated discharge from 429 m3/s to 617 m3/s which would give a power output of 62 MW. According to
our data for the current power output this would result in an increase of 19 MW (Sweco, 2016; Fortum,
2015e). The suggested rated discharge for Untra HPP has in the report by Sweco been dimensioned to
match that of Lanforsen HPP (Sweco, 2016).
As it was estimated in the feasibility study that a power output of 57,1 MW could be reached for a rated
discharge of 520 m3/s this estimation seems feasible (Fortum, 2006c). Although when using Equation 2
from the main report, the resulting power output turns out higher than the estimations as can be seen in
[1] and [2] below.

18.73.3
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8,7
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13,35

8,7

71,7
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Lost potential

It can be noted that if comparing the alternative actually applied for initially (G6) to the potential
according to Sweco there is a gap 14 MW. This since the project applied for would result in a power
output of 48 MW compared to the potential of 62 MW (Sweco, 2016; Ahlfors, 2008). The choice not to
upgrade further may be either economical, connected to the probability to get the project approved by the
Environmental Court or some other reason. Since the project initially applied for, regarding unit G6, was
not approved the current gap compared to the potential is even larger than this. The now suggested
refurbishment of units G1-G3 would result in a new power output of 46 MW (Sweco, 2016; Fortum,
2015e).
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