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Abstract 

In Sweden, EU: s Water Framework Directive led to an investigation that started in 

April 2012 by the Swedish government, called Vattenverksamhetsutredningen freely 

translated to “Water Activities Survey”, with the purpose to investigate the 

Environmental Code’s rules concerning water activities and water plants. The survey is 

divided into 3 reports, two sub-reports and a final report. One of the sub-report is 

focused on Swedish hydropower and the investigators found that many hydropower 

plants have old permits. One suggestion in the survey was to reconsider old permits so 

they would become consistence with today’s Environmental Code. There have been 

discussions regarding whether Sweden will lose much of its electricity production from 

hydropower as an outcome if the survey’s suggestions becomes reality. 

 

The aim with this literature study is to investigate how the EU: s Water Framework 

Directive and the Water Activities Survey will affect Swedish hydropower and if there 

will be a decrease in electricity production as an outcome if the suggestions made in the 

survey becomes reality.  

 

The results in this literature study shows that there will probably be a decrease in 

production for Swedish hydropower, but with how much is hard to say because the 

Swedish government has not yet decided what they will do with the suggested actions in 

the Water Activities Survey. A comparison is done with Sweden’s import and export 

statistics between the years 2001-2014 with a predicted loss of 13 TWh per year, which 

is a number taken from a survey made by Vattenfall. A comparison with a loss of half 

of 13 TWh per year is also done. Between the years 2001 and 2014 Sweden imported 

electricity 6 out of 14 years and exported electricity 8 out of 14 years. If adding the 

predicted loss of 13 TWh per year to the import and export statistics, Sweden would 

have had to import electricity 12 years and export 2 years. If adding a loss of 6.5 TWh 

per year Sweden would have had to import electricity 8 years and export 6 years.  

 

The conclusions is that Sweden will have to import a lot more electricity if only looking 

at import and export statistic if the loss of electricity is between 6.5-13 TWh per year.  
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1 Introduction  

This thesis work is a literature survey of 15 credits and it is a final course in the Master 

Programme in Energy Engineering, Energy-online. The following sub-sections descripts 

the background, purpose and objectives for this report.  

1.1 Background 

The hydropower in Sweden has been a huge subject of discussion since its start, 

regarding the environmental impact. If a power company wants to construct a 

hydropower plant there will most likely be articles written and protest lists collected 

from the concerned village where the plant is supposed to operate. In recent years there 

has been much discussion about the EU: s Water Framework Directive (WFD) and how 

it will affect Swedish hydropower. The WFD were imposed in Swedish law 2004 

through the fifth chapter in the Environmental Code and Sweden have revived criticism 

from EU that they are not doing enough when it comes to the WFD [1, 2]. To meet this 

criticism and questions from EU, the Swedish government started an investigation in 

April 2012 called Vattenverksamhetsutredningen freely translated to “Water Activities 

Survey”, with the purpose to investigate the Environmental Code’s rules concerning 

water activities and water plants. 

The Water Activities Survey have done two sub-reports, one in January 2013 and one in 

October 2013, the final report was given to the government the 4th of June 2014 [3]. The 

survey also had the objective to investigate that all permit water activities have permits 

that comply with the environmental requirements in the Environmental Code and by 

other EU: s directives, including the Water Framework Directive. The survey found that 

many hydropower plants have old permits and one suggestion in the survey was to 

reconsider old permits so they are consistence with today’s Environmental Code.  

The Water Activities Survey is supporting material for the government on how they 

should improve the Environmental Code so it conforms today’s society and help 

authorities to achieve today’s environmental goals. Power companies in Sweden and 

other small hydropower owners have become worried of the consequences of the 

survey. There have been discussions regarding if Sweden will lose much of its 

electricity from hydropower as an outcome if the survey’s conclusion becomes reality.  

This report will investigate how the Water Framework Directive and the Water 

Activities Survey will affect Swedish hydropower and how Sweden will cope if the 

outcome is a decrease in electricity from hydropower. 

1.2 Purpose 

The purpose with this report is to investigate how Swedish hydropower will be affected 

by EU: s Water Framework Directive and the Swedish governments Water Activities 

Survey. The report will be done as a literature study and information will be found from 

books, surveys, public documents and different web pages. 
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1.3 Objective 

This report are divided into three objectives.  

 Objective 1: Compose background information about Swedish hydropower, the 

EU: s Water Framework Directive, the Swedish government’s Water Activities 

Survey and how the environment are affected by hydropower. 

 

 Objective 2: Investigate how Swedish hydropower will be affected by the Water 

Framework Directive: 

o Will there be a decrease of electricity from hydropower? 

o Will Sweden cope with a decrease? 

o Will there be better environmental control?  

 What are the consequences for the power companies? 

 

 Objective 3: Compare advantages and disadvantages with the Water Framework 

Directive, from a power company point of view and as a third party. 

1.4 Limitations 

This report will not go into EU: s Renewable Energy Directive 2009/28/EC. The goal of  

the directive is that each EU Member State should increase their share of renewable 

energy and that EU in total should increase its share of renewables with 20 % until 2020 

[4]. Sweden’s environmental goals and different taxes will also not be a part in this 

report. However these issues also affects the hydropower companies in Sweden and the 

politics must also take them into account when making decisions regarding the 

hydropower in Sweden. The organizations Älvräddarna freely translated to “River 

rescuers” is also not mention in this report, this organization fights a lot against 

hydropower with the aim to get more fish in Swedish rivers. How truthful this 

organization is with their aim is often don’t mention in the debate, to summarize in few 

word they want to increase the fish population so people can fish more and that leads to 

another environmental problem which is overfishing.  

However the report will reveal that people working around hydropower in Sweden is 

often far apart from each other in their objectives and often only with their own interest 

in mind. 
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2 Theory  

This section presents information about hydropower worldwide, information about 

Swedish hydropower and what EU: s Water Framework Directive and the Water 

Activities Survey is about. The section also covers the environmental impacts from 

hydropower. 

2.1 Hydropower worldwide 

Hydropower is a developed and cost effective renewable source in the world. 16 % of 

electricity worldwide comes from hydropower production. Looking only at electricity 

created from renewable energy sources (hydro, solar, wind and geothermal), 

hydropower production stands for 85 % of the global renewable electricity and 

hydropower is available in 159 countries [5]. 2012 the net installed capacity in the 

world was 1 025 GW. 

 

The top-ten producers of hydropower is China, Brazil, Canada, United States, Russia, 

Norway, India, Japan, Venezuela and Sweden. According to IEA’s report from 2014 

China produced 872 TWh and Sweden 79 TWh during 2012. Looking at net installed 

capacity China has 194 GW. China is the country with the highest amount of net 

installed capacity. Norway is on place eight (and) has 30 GW installed. Sweden does 

not reach the top-ten countries in this category. If looking at the percent of hydro in total 

domestic electricity generation between each country, Norway is on first place with a 

percentage of 96.7 %, Sweden is on fifth place with a percentage of 47.5 % and China 

on seventh place with a percentage of 17.5 %. All statistic presented here comes from 

the report Key World Energy Statistics 2014 from the International Energy Agency [6].  

 

The global installed hydropower capacity is growing for each year. In recent years it has 

grown with an average of 24.2 GW per year. However there is still much undeveloped 

technical potential in the world, for example Africa has a potential of 92 %, Asia 80 % 

and Europe 47 % [5].  

 

In Europe Sweden has one of the highest hydropower potential, with a gross theoretical 

capability around 176 TWh per year. Of that around 130 TWh per year is technical 

feasible and 90 TWh per year is economically feasible [7]. Facts about Swedish 

hydropower will be presented in next chapter.  
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2.2 Swedish hydropower  

Hydropower is an important source of renewable energy in Sweden, the amount of 

electricity created from hydropower is around 45 % of the total produced electricity per 

year. A normal year the hydropower produces about 65 TWh of electricity. How much 

hydropower that is produced depends a lot of how much rain- and snowfall there is. In a 

dry year the numbers are about 50 TWh and in a wet year about 75 TWh [8]. How the 

production can change between dry and wet year can be seen in Graph 1, the statistics is 

taken from the Energy Authority in Sweden [9]. In 2014 the total installed hydropower 

were about 16 155 MW according to Svensk Energi, the power industries professional 

association [10].   

 
Graph 1. Electricity production statistic from the Energy Authority 

  

Sweden have nuclear power as a base load production and hydropower are used as both 

base load power and fast regulation power [10]. The quick regulation power is useful, 

for example when a nuclear power plant unexpectedly stops power is needed fast to 

meet the demand to prevent blackouts. Hydropower plants that aren’t operating is 

started to maintain the frequency on the grid, this of course requires that there are some 

plants that aren’t operating. Svenska kraftnät are the authority in Sweden that is 

responsible for obtaining the frequency on the grid.  

 

The increased installation of wind power in Sweden makes the Swedish grid more 

volatile and the hydropower’s role in Sweden gets more and more essential. The wind is 

difficult to predict and the more wind turbines that are installed the more it will affect 

the grid [11].  
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There are about 2 000 hydropower plants in Sweden and approximately 200 of these are 

“large” hydropower plants with a power capacity of 10 MW or more [12]. Since 1960 

Sweden has four major rivers that are national rivers, Torne River, Vindel River, Kalix 

River and Pite River. National rivers means that it is forbidden to build new hydropower 

plants in them [13, 14]. However there is one large hydropower plant in Pite River 

called Sikfors, the first station was built in 1911-1912 and it was operating until 1990 

when it was replaced with the current station [15], in Figure 1 a photo of the spring 

flood in 2014 can be seen from Sikfors floodgates.  

How different the annual production between the expanded rivers are in Sweden can be 

seen in Table 1, statistic taken from the annual report from Svensk Energi, Elåret & 

Verksamheten 2014 freely translated to The electricity year and operation 2014 [10]. 

The differences in production depends on the difference in head (the vertical change in 

elevation), installed power and water flow in the rivers.  

Table 1. Annual production in different rivers in 2014  

River Production 

[TWh] 

Lule River 13.4 

Indal River 8.5 

Ume River 6.8 

Ångerman River 6.8 

Dal River 5.6 

Fax River 3.5 

Ljusnan 4.8 

Skellefte River 3.9 

Ljungan 2.1 

Göta River 2.1 

Klara River 1.9 

Other rivers 4.8 

Total production  64.2 

 

Figure 1. At Sikfors hydropower plant spring flood 2014  Photo: Anna Karlberg 
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The total preliminary electricity production in Sweden 2014 was 151.2 TWh and the 

consumption was 135.6 TWh, which means that Sweden exported 15.6 TWh [7]. In 

Graph 2 Sweden’s import and export of electricity is presented, numbers are taken from 

Statistics Sweden [16]. 

 

 

Graph 2. Sweden’s import and export between 2001-2014 (*estimated) 

 

2.2 EU: s Water Framework Directive 

In 2000 EU: s Water Framework Directive (2000/60/EG) came into force. The Water 

Framework Directive (WFD) is a directive for a united action on water policy in EU. 

The WFD should conduce to EU-countries coordination of resources in a better way to 

come to terms with the shortages in the water environment goals. The work should be 

similar in the EU and it shall be directed against decreasing pollutions, encourage 

sustainable water use and improve the welfare for the water-dependent ecosystems [17].  

 

The WFD shall get Europe’s polluted water cleaned and clean water should maintain 

cleaned [18]. The overall aim for the WFD is to reach both “Good ecological status” 

and “Good chemical status” for all surface water by year 2015 [19], if it is impossible, it 

may be postponed until 2027. In 2009, 43 % of EUs water surface had “Good or high 

ecological status” and according to the SOER 2015, the number will probably be 53 % 

in 2015 and in Figure 2 is a map from the SOER 15 presented, which show the 

percentage of water in Europe which don’t have “Good ecological status” [20].  
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Figure 2. Percentage of water which don’t have “Good ecological status” from SOER 15 [18].  

The WFD was imposed in Swedish law in 2004 through the fifth chapter in the 

Environmental Code. There are two authorities working with the WFD, 

Vattenmyndigheterna “the Water Authorities” and the Swedish Agency for Marine and 

Water Management. The Water Authorities consists of five county administrate boards 

and they are responsible for the water management in Sweden. The Swedish Agency for 

Marine and Water Management supports the Water Authorities with guidance and 

regulations and it is the Swedish Agency for Marine and Water Management that 

reports Sweden’s work to EU [21]. Sweden has before the introduction of the WFD 

worked with water management with the help of legislative and policy instruments.  

 

The water management works in six year working cycle, Sweden have made one cycle 

which ended in December 2009 and the second cycle will end in 2015. The working 

cycle contains a number of steps: Identify and analyze, Set goals and standards, 

Develop action programs, Monitor environmental permit and Design management and 

reporting [22]. In the step Identify and analyze waters ecological status are classified on 

a five-point scale: High, Good, Moderate, Poor and Bad. To qualify, the water must be 

good or high [23]. Waters chemical status is either classified as good or not reaching 

good status.  

 

The measuring of the ecological status in the water is done in three steps: Assessment of 

quality factors, Integration of quality factors to obtain a value of the ecological status 

and Supplementation with expert assessment if necessary. The first step, Assessment of 

quality factors, contains three qualities factors that should be measured: Biological, 

Physicochemical and Hydro morphological. The Biological factor measures algae, 

plants, fish and benthic fauna.  
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The Physicochemical factor measures oxygen, acidification parameters, nutrients, 

transparency and other pollutants. The Hydro morphological factor covers hydrological 

conditions, like physical obstacles for the fish like dams and hydropower plants. The 

next step to determine the ecological status is Integration of quality factors to obtain a 

value of the ecological status. This step should mainly be based on the result in the 

biological quality factor and it is the biological factor with the worst outcome that is the 

decisive factor. If there is not any data for the biological factor in the water the other 

two quality factor can act as a decisive factor. However, the quality factor 

Physicochemical, cannot lower the ecological status from moderate to worse and the 

quality factor, Hydro morphological, cannot lower the ecological status from good to 

worse. The last step to determine the ecological status is Supplementation with expert 

assessment if necessary which can lower the status from moderate to worse if biological 

data is missing. Determining of the waters chemical status is done by looking at thirty 

three substances prioritized by EU that should not exceed EU’s limits [24].  

 

Several waterways in Europe are physically changed, which means that water and river 

basins has been modified by human activities, like drinking water supply, power 

generation and channels for transportation. These types of modified water bodies will 

have difficulties to reach “Good ecological status”, if not major changes are made and 

that can lead to great consequences for our society. The cases with much physical 

changes to the water bodies can be classified by authorities as “Heavily modified water” 

which mean that waters with power plants can be classified as “Heavily modified 

water”. However, the waters that is classified as “Heavily modified water” must instead 

of reaching “Good ecological status” reach “Good ecological potential”. “Good 

ecological potential” means that in the concerned waterway affordable improvements 

should be done on the water activity that is affecting the waterway in a negative way, 

and at the same time not creating new consequences for our society [25]. “Heavily 

modified water” must still reach “Good chemical status”.  

 

In 2009 the Water Authority created an action plan for agencies and municipalities, in 

the action plan there are directions on which waterways the agencies and municipalities 

should work with to reach environmental quality standard “Good ecological status” or 

“Good ecological potential” [26]. Sweden have been criticized from EU and from 

power companies that the action plan's actions was too simplified to reach the 

environmental quality standard without further explanations on the basis of an 

individual assessment of ecological benefits, costs, or production impact. 

 

To get better guidance in classifying water as heavily modified and how to reach “Good 

ecological potential”, the Swedish Agency for Marine and Water Management 

presented two proposals in January 2014, where concerned authorities and 

municipalities could reply to the referral until September 22, 2014. The first proposal 

focused on “Vägledning vid förklarande av kraftigt modifierade vatten”, freely 

translated to “Guidance for explanatory of heavily modified water” and the second on 

“Vägledning för kraftigt modifierade vatten med tillämpning på vattenkraft”, freely 
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translated to “Guidance on heavily modified water with application to hydropower” 

[27].  

 

The Water Authority started a joint project during 2014, were they worked after the 

draft “Guidance on heavily modified water with application to hydropower”. The 

project’s objective was to decide which waterways (affected of hydropower) that should 

be classified as “Heavily modified water” and suggestions of environmental quality 

standards in terms of ecological potential. The joint project started in November 2014 

and ended in April 2015.  The project concluded that with the current background 

material it was not possible to propose any suggestions on measurements for “Heavily 

modified water”. The project proposed that action plans for environmental measures in 

hydropower should be developed according to the Swedish Agency for Marine and 

Water Management‘s “Guidance on heavily modified water with application to 

hydropower”. The action plan should contain measurements needed to reach the 

environmental quality standard “Good ecological potential” in the concerned waterway 

and observe if the measurements will affect the production or the balance power and if 

so, with how much. The action plans should be created during 2017 so a decision can be 

made in 2018 [28].  

 

The Swedish Agency for Marine and Water Management and the Energy Authority 

have also done a report called “Strategy for action in hydropower” where they suggest 

that there should be limited planning goals for environmental improvement in 

hydropower at a national level. A maximum of 2.3 % of the hydropower’s current 

annual production should be claimed, which is around 1.5 TWh [29].   

 

There are many investigations going on in Sweden with the objective to try and answer 

how Sweden should handle the WFD, like the ones mentioned above. However there is 

one investigation that have gotten a lot of criticisms from the power industry and it is 

the Water Activities Survey, which will be presented in the next section. 

 

2.3 Water Activities Survey 

The Water Activities Survey is an investigation that started in April 2012 as an 

assignment from the Swedish government, with the purpose to investigate the rules on 

water operation according to the Environmental Code (MB), and the Act (1998:812) 

with specific provisions on water operations. The investigation has gotten two 

supplementary directives, the first one came in May 2012, with the purpose to analyze 

the fourth chapter 6 § in the Environmental Code. The results from this were presents as 

a first sub-report in January 2013 and the report has the title “4 kap. 6 § miljöbalken”, 

freely translated to “4th Chapter 6 § Environmental Code”. The other supplementary 

directive came in March 2013, with the purpose to analyze the legal range when it 

comes to water activities with old permits and with this directive the period for the 

investigation was extended.  
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The second sub-report was presented in October 2013 and were called “Ny tid ny 

prövning – förslag till ändrade vattenrättsliga regler” freely translated to “New time, 

new trial - proposals for revised water law”. The final report called “I vått & torrt - 

förslag till ändrade vattenrättsliga regler” freely translated to “Through wet and dry - 

proposals for revised water law” was presented in June 2014 [3].  

In the first sub-report, the investigators analyzed the application of the 4th Chapter 6 § in 

the Environmental Code in relations with the purpose of the conditions [30]. This report 

will not go into depth in the various parts in the Environmental Code. However, the 4th 

chap. 6 § covers the protection against expansion of hydropower in the four national 

rivers in Sweden and 38 other watercourses [31]. In the sub-report the investigators has 

looked into how the court have applied the 4th chap 6 § regarding different request to 

rebuild currently operating hydropower plants in watercourses which are protected by 

4th chap 6 §. The investigators found that in the cases that were analyzed, six out of 

eleven were granted by the court in their applied request. So the investigators proposal 

was that no changes would be done in the 4th chap 6 § [30].  

The second sub-report “New time, new trial - proposals for revised water law”, 

analyzed the legal range regarding water activities with old permits, before the 

Environmental Code had entry into force. The investigation makes suggestions on how 

to operate and form the installations that does not have permit according to the 

Environmental Code. The investigation proposes a system where those with permits 

issued before the Environmental Code had entry into force. This is necessary for the 

regulators so they can set requirements for the older installations and activities so they 

are conducted accordance with applicable law. The Swedish Agency for Marine and 

Water Management is commissioned together with the Energy Authority and 

Kammarkollegiet to develop guidance for the activities and facilities that should be 

prioritized in these trials.  

There are 3 727 hydropower plants and regulatory dams in Sweden that have permits 

but only 73 have permits according to the Environmental Code [32]. When it comes to 

improvement suggestions the investigators refers to a report done by Roland Jansson 

Bedömning av ekologisk potential i utbyggda vatten i Norrland, freely translated to 

Assessment of the ecological potential of the expanded water in Northern Sweden, the 

report can provide guidance in which measurement that can be considered to decrease 

the hydropower’s environmental impact. The report focus on the Northern Rivers in 

Sweden and on heavily modified water bodies.  
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Summarize of improvements mention in the report (Bedömning av ekologisk 

potential i utbyggda vatten i Norrland): 

This improvements have high potential to raise the ecological status of the waterway 

but with high loss of power 

 Increased annual water discharge/summer flow/winter flow in the dry channel. 

 Reinstate the natural seasonality of flows and the spring flood. 

 Transient high flows in waterways with decreased through flow. 

 Construction of fish ladders and bypass channels in the dry channel or in 

concerned waterways. According to the report the power company’s should only 

lose a few percent of the power production. 

This improvement have high potential to raise the ecological status of the waterway 

with no loss of power  

 Smolts separator in front of the turbine intake 

 Remove the pivot arms, caissons, embankments and dredging spoil 

This improvements have a moderate potential to raise the ecological status of the 

waterway with no loss of power  

 Avoid sudden large water spill in the dry channel, but this is something that can 

threaten the dam safety. The power company cannot always control the water 

spill. If plenty of water suddenly comes to the dam and the turbine cannot use all 

the water, it is necessary to spill water in the dry channel. Problems with the 

turbine can also lead to the necessity to spill water.   

 Inputs of nutrients 

This improvements have little potential to raise the ecological status of the waterway 

with no loss of power but with other risks 

 Construct mirror ponds and thresholds 

 Gravel bed to restore spawning beds for fish 

 Planting of fish 

All improvements mention in Bedömning av ekologisk potential i utbyggda vatten i 

Norrland are not mention in this report [33].  
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The final report called “Through wet and dry - proposals for revised water law” the 

investigators proposes a lot of changes regarding permit applications. Some of them are 

listed below to give a glimpse: 

 A permit application should be specific, with a three-point scale, A-C, similar to 

environmentally hazardous activities. 

o A-Activity: A licensable activity which should be reviewed at Land and 

Environment Court. 

o C- Activity: A notifiable activity which should be notified to the 

supervisory authority, preferably a county. 

 Questions concerning compensation for intrusion and damage have previously 

been investigated by the one seeking permission. These types of questions 

should be taken out from the permit application and compensation may instead 

be brought by summons application. This is also similar to permit applications 

regarding environmentally hazardous activities. 

The report also propose changes when it comes to retrial. The retrial time is very slow 

in Sweden. Between 2000-2010 approximately four authority retrials per year. These 

changes aim to speed up the retrial process. The report also propose changes regarding 

land drainage, the law with specific provisions on water operations and unclear 

responsibilities [3].  

The state energy company in Sweden, Vattenfall, have analyzed some of the examples 

proposed in the second sub-report. Vattenfall have gone through Sweden’s 200 large 

hydropower plants with a capacity of at least 10 MW, which constitutes 94 % of the 

Swedish hydropower production. Three different scenarios have been analyzed. The 

first case introduce fish migration routes and spilling water corresponding to annual 

average low water flow in the dry channel. The result of this is a 20 % decrease of 

hydropower production, which is approximately 13 TWh per year. The second case is a 

reduction of short-time regulation to limit the fluctuation of the flow in the waterway. 

The consequences of this is that the hydropower cannot follow the electricity demand, 

there are for example a higher electricity demand in the morning and lesser in the 

evening. The third case is a reduction of seasonal adjustments, which will lead to a more 

natural water flow variation throughout the year. The consequences of this will be that 

in the summer more water has to be spilled or more electricity exported and in the 

winter there will be a decrease in production which implies that Sweden has to replace 

the hydropower with some other power source or import electricity [34].  
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2.4 The Environmental Impact of Hydropower 

Hydropower is a renewable energy source with low emissions and climate impact. 

However hydropower is affecting the waterways and the environment around and in the 

waterway in a bad way. The main impact on the environment is when a hydropower 

plant and dam are built, the consequences can be that some areas are drained and others 

are flooded. Waterways can disappear, which makes it hard for the fish and other 

animals to survive [35]. Many plants and animals that are dependent of waterways and 

streams have in many areas in Sweden disappeared and the biodiversity in the 

developed rivers have decreased. After the power plant and dam are built the obstacles 

to migration is the biggest problem, the most affected species are migratory fish as 

salmon, eel, trout, lampreys and asp [36].  

 

Another environmental impact is short term regulation, which is often mentioned as one 

of the benefits with hydropower. Short term regulation often follows the electricity 

consumption with the outcome that during the day, when the consumption of electricity 

is high, the water flow through the turbine is higher. During the night, when the 

consumption often is lower, the water flow is also lower [40]. The worst that can 

happen for the living species in the waterway is when there is zero vintage in the 

waterway. However, some of the negative effects would likely be prevented with 

limitations in the raising- and lowering speed of the short term regulation [37, 38, 39]. 

Water is passed to the power station via a tube, tunnel or a channel. The power station 

can be located nearby or far away from the dam or the intake, this creates a dry channel, 

see Figure 3 which show in a simple way how it can be designed. The dry channel can 

also be called “the old channel”. Depending on the distance between the dam and the 

power station, the dry channel can be very long.  

 

 

Figure 3. How a hydropower plant/dam can be design 

 

The dry channel can be from around hundred meters up to several kilometers, the water 

in some waterways has been redirected to another sub-basin. In some of the rivers in 

northern Sweden the redirection of water to another sub-basin has led to drainage of 

mile-long channels. A long dry channels can lead to that local water flows ends up in 

the dry channel. This means that the channel is not completely dry.  
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In connection with some hydropower plant a minimum discharge have been determined, 

which means that the plant has an obligation to spill a certain amount of water in the old 

channel. The requirements for the minimum spill of water is often lower than 5 % of the 

average water flow. It can be hard for the ecological system to develop with low water 

flow, but not unrealistic and when the spring flood comes or when there is lots of water 

and the hydropower plant must spill water from the flood gates. There is a risk that the 

big mass of water washes away the ecological system that has been developed or affects 

the ecological system in a negative way. Figure 4 shows how a dry channel can be 

designed and how it looks when it is dry compared to when the floodgates releases 

water.  

 

Figure 4. The old Channel in Trollhättefallen in Trollhättan Sweden  Photo: Anna Karlberg  
 

Another concern with a completely expended river with many hydropower plants along 

the river is that new ecological systems are created. The river does not have the 

ecological characteristic of a river anymore but as many lakes between the plants. The 

consequences of this problem is that the stream species disappear and species suited for 

lakes occur, such as pike, perch and whitefish. For these species another problem occur, 

which is fragmentation. Fragmentation means that these species will be divided in 

different populations and will be genetically isolated from the outside world. Another 

problem is that the transportation of some usual chemical elements in the waterway 

such as calcium, silicon, potassium and magnesium decreases. Other substance that 

decreases are organic material and nutritive salts. The minerals accumulates between the 

dams which results in a high concentration of a substance between two dams and lower 

between two others. This in turn results in a decrease of organic material in the Baltic 

Sea [40]. New research have shown that the regulation of the Northern Rivers in 

Sweden has reduced the supply of silicon to the Baltic Sea and thereby affecting the 

algae population [41].  

 

A summarize in which way hydropower affects the environment: 

 A change in waters chemistry 

 Migration obstacle for different water species  

 Unnatural flow due to short-term regulation 

 Dry channels 

 Change in biodiversity 
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The hydropower industry affects the environment in a negative way. There is a lot of 

research being done on this subject to try and conclude whether the negative results seen 

in the environment is mainly caused by hydropower or if other forces also contribute to 

the negative results. This is of course a complex problem and there are a lot of things 

that could affect the environment that is not included in this report.  

 

A supplementary fact on the Baltic Sea is that it is a vulnerable sea. It is isolated from 

other oceans which lead to accumulation of chemicals in higher levels compared to 

other oceans. There is also many other industries (for example pulp) in the area that 

contributes in a negative way and there are also problems with overfishing to name a 

few of the problems that cannot be blamed on hydropower [42]. The problem with 

migration obstacle for the migrating fish is of course caused by the hydropower plants.  

So what does the power companies do to decrease the environmental impact from 

hydropower? One interesting fact is that according to Svensk Energi, the environmental 

impact from an operating hydropower plant is marginal [13], however the industry is 

trying to make improvements by [43]:  

 

 Building fish ladders – So the fish can swim past the plant/dam via a ladder. 

 Building bypass channels – So the fish can swim via the bypass channel. 

 Increasing the water discharge – Instead of discharging minimum amount of 

water, increase of water discharge is made.    

 Fish farming - Power companies in Sweden are required to compensate for the 

damage they do on the fish population which is done by fish farming and 

restocking the fish in the waterway.  
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3 Method 

To create this thesis different literature has been studied. Information has been taken 

from different authorities in Sweden that are connected to the hydropower industry, like 

the Energy Authority, Svenska kraftnät, the Swedish Agency for Marine and Water 

Management and the Water Authority. Other sources of information has been from the 

European Environmental Agency, the European Commission, Svensk Energi, the 

Government Offices in Sweden, different county councils in Sweden and the state 

energy company Vattenfall. Information has been collected from books, surveys, public 

documents and web pages. Different sources of information with different stakeholders 

and objectives has been used to obtain an impartial and correct result. 

 

The project was planned with the help of a timetable before the work started. The 

timetable contained two parts, one part contained searching of information for the report 

and writing of the literature survey, this was the most time consuming part of the 

project. The second part was writing of the result, discussion and conclusion.  
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4 Results  

Here are the result of objectives two and three presented, the Water Framework 

Directive vs. Swedish hydropower, and the advantages/disadvantage with the Water 

Framework Directive.  

 

 4.1 The Water Framework Directive vs. Swedish hydropower 

The four questions in Objective 2 where: 

 Will there be a decrease of electricity from hydropower? 

 Will Sweden cope with a decrease? 

 Will there be better environmental control?  

o What are the consequences for the power companies? 

These answers have been obtain from the information presented in chapter 2 Theory: 

 

 Will there be a decrease of electricity from hydropower?  

o YES, but in which way and how much is hard to answer because 

Swedish government have not selected which direction they will take in 

this matter yet. If the government choose to take the Water Activities 

Survey literally there can be a high decrease. If they take a softer 

direction the decrease can be minimum. It is hard to approximate a 

number because there are no decisions made by the Swedish government 

yet.  

 Will Sweden cope with a decrease? 

o NO, if compering Sweden’s import and export statistic between the years 

2001-2014 presented in chapter 2.2 Swedish hydropower with Vattenfalls 

predicted loss of 13 TWh per year , see results in Figure 5. The figure 

shows that Sweden will have to import a lot more of electricity. Even if 

the predicted loss is reduced with half, the consequences will be 

substantial which can be seen in Figure 6. 

 
Figure 5. Result of import and export with a loss of 13 TWh per year  

from hydropower production 
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Figure 6. Result of import and export if decreasing the hydropower production with  

6.5 TWh per year 

 

 Will there be better environmental control?  

o YES, with a classification of a waterway, from high to poor, makes it 

easier to work with improvement of the environment and it will probably 

lead to better control and follow-ups. However, it is necessary that the 

guidance gets better so the people working with hydropower knows how 

to deal with the problem, as mention in chapter 2.3 The EU: s Water 

Framework Directive, different authorities is working with this.  

 What are the consequences for the power companies? 

 The consequences for the power companies are mention 

in chapter 2.4 Water Activities Survey, but to name a few 

it can be building of fish ladders, an increasing in water 

spilling during the summer and a smaller power 

regulation possibility.  

4.2 Advantages and disadvantages with the Water Framework 

Directive 

Advantages: 

 

The benefits with the Water Framework Directive is that EU is working with all of 

Europe’s water and that water issues in Sweden have become more priorities. The 

environmental impact from hydropower in Sweden has not been included in major 

investigations since it was decided to classify four major rivers as national rivers. There 

has never been such intense activity within the hydropower area, since that 

classification, with such huge consequences for the power companies as now. The 

Water Framework have led to the Water activities Survey.  
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The benefits are/will be: 

 

As a third party For the power companies 

(The consequences?) 

More environmental control on national 

level for all waterways 

The power companies will not be able to 

operate as freely as before 

Better guidance on how to take care of a 

waterway 

The power companies will get more concreate 

actions regarding the environment in 

proximity to the power plant  

The status of Swedish water have been 

determined 

It is now clear how much the hydropower 

affects the environment  

  

 

Disadvantages  

 

One risk is that the directive can be interpreted differently between the EU countries. 

Sweden have started a lot of administrative work related to the directive, like creating a 

new authority that does a lot of paper work but few concrete action on how to make 

waterways better. Different authorities in Sweden are doing different investigations with 

different outcome and it slows the process of any decisions down, especially when the 

result in the different reports is that more investigations are needed. 

The disadvantages are/will be: 

 

As a third party For the power companies 

(The consequences?) 

A lot of paper work with few concreate 

actions. 

Same as for a third party 

Difficult to understand and too many 

levels of classification. 

Same as for a third party 

If the hydropower production decreases 

there is a risk of increasing of electricity 

price.  

Risk of increased costs for the power 

companies that will jeopardies the 

profitability within hydropower. 
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5 Discussion 

The sources selected in this literature study is from organizations that are involved in 

this matter (the Water Framework Directive) and contribute with different perspectives 

to the subject. That is the reason why so many sources has been selected, which is also 

the strength of this report. The limitations made in the beginning was necessary because 

this is a complex subject and the issues mention in this report is just one, but crucial, 

part in the decision making regarding the future for hydropower. The weaknesses of this 

report is that not all information regarding this subject have been studied, mainly due to 

shortage of time. 

 

It is clear that the hydropower industry will be affected in some way in Sweden but how 

much is hard to say because no concreate actions have come from the government. 

There is a lot of researching going on, from the government, different authorities and 

the power industry. The outcome from all investigations is that something needs to be 

done for the environment but how and to what extent has turned out to be a hard 

question to answer. The power industry are doing things, like building fish ladders and 

bypass channels, for improving the environment around the hydropower plants but they 

should show this more to the public and communicate out to the public how important 

hydropower is for Sweden. The hydropower is very important for Sweden and has been 

for a very long time and the power industry should do their best to protect this valuable 

resource and explaining why hydropower is vital for Sweden.  

 

Now EU: s Water Framework Directive and the Water Activities Survey are coming 

with information and suggestions on how Swedish hydropower should be improved, 

should it not be the industry that comes with suggestions on how they can be more 

environmental friendly and how much they are doing for the environment? How 

important hydropower is as regulation power, explaining how important hydropower is 

to support wind power and other power sources with its fast regulation and start/stop. 

Maybe the industry are not doing enough and maybe they are working too slowly when 

it comes to the environmental work but whose fault is that? The authorities around 

hydropower in Sweden is very bureaucratic, it takes years to get approvals from the 

court and it is slowing down the process.  

 

All involved in the subject, environment vs. hydropower, would gain more if they 

collaborated. The big issue is often forgotten and that is that we cannot do whatever we 

want to the nature without harming it and right now we have the power to do something 

about it. We have the knowledge and technology, but it is not fully utilized. If the 

government is serious in their work regarding the environment why are they not doing 

more for Swedish hydropower? They should work together with the power companies 

and help them with the work to improve the environmental aspect around hydropower 

and maybe aim their influence on major polluters and realize if hydropower disappears 

it is hard to replace it.  
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The alternatives could be coal, more nuclear, oil or gas, since these power sources are 

powerful enough to act as a regulating power source or base power source. That is hard 

to do if we want to improve the state of our environment.  

 

The essential in this matter is that, hydropower is a good power source. It has helped 

Sweden in the introducing of other renewable sources such as wind power and solar 

power. Sources that are hard to predict but with hydropower as a strong regulating 

source it has been possible. Hydropower has helped Sweden to become the country it is 

today. The government should help the hydropower industry to become better with 

policy instruments or contribution. For one truth is that the hydropower industry will 

probably not be able to do this by their own.  
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6 Conclusion  

Both the Water Framework Directive and the Water Activities Survey has brought 

attention to the environmental impact from hydropower. The survey in Sweden has 

definitely started a debate, which is good. However it is time consuming work and it 

appears to be hard to determine how to deal with “Heavily modified water”. The Water 

Framework Directive has existed in Sweden since 2004, which is eleven years. The 

result of this is, new authorities (the Swedish Agency for Marine and Water 

Management and the Water Authorities) and a lot of paper work.  

The good in the WFD is that the EU-countries are working together with the water 

sources in EU, since nature does not have land borders, it is reasonable that they work 

together to improve the environment. However all the paper work that is needed for 

reporting to the EU and the proposal in the Water Activity Survey to reconsider all old 

hydropower plants/dams permits seems to be a waste of important time. The reality is 

that Sweden cannot cope with a decrease in electricity from hydropower, hydropower is 

an important base in the whole electricity grid. Sweden will have to import more 

electricity as an outcome if there is a decrease between 6.5-13 TWh. The last three years 

Sweden has exported much electricity, if only looking at those number Sweden would 

be okay. However if a dry year comes plus a hard winter these statistic would probably 

look different, so decision cannot only be made from looking at import and export 

statistic. There is other parameters that affects how much electricity Sweden produce 

during a year.  

Continued work can be to look into how other countries have done when it comes to the 

WFD and compare how other countries do with the environmental aspects around 

hydropower. Above all the Swedish government needs to decide which direction they 

want to take and hopefully one that preserves Swedish hydropower.  
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