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Sammanfattning 

Elmarknaden står inför stora förändringar de kommande åren, med stora produktionsanläggningar som 

måste ersättas och klimatmål som förväntas uppfyllas. Tillvägagångssättet har på den svenska 

elektricitetsmarknaden varit att satsa på förnybar energi, mestadels i form av vindkraft. Det är dock ett 

intermittent produktionsslag där produktionen är väderberoende och inte går att planera. Elpriset har till 

följd av detta varierat mycket under de senaste åren och blivit väldigt lågt, något som orsakar 

lönsamhetsproblem för producenterna. Ett resultat av detta är stängningen av fyra kärnreaktorer till följd 

av bristande lönsamhet, vilket skapar en oroligare situation för den svenska industrin som är beroende av 

både låga elpris och en tillförlitlig eltillförsel. Ett sätt att möta konflikten mellan producenternas 

olönsamhet och industrins krav är Energiöverenskommelsen, som delvis syftar till att göra kärnkraften 

med konkurrenskraftig.  

 

Elsystemet kommer att förändras till 2030 på många vis, men hur detta kommer gå till är svårt att 

förutsäga. Genom att skapa tre olika scenarion som speglar troliga framtida förändringar, har det gått att 

dra slutsatser om vad som är nödvändigt att förändra för att elsystemet ska vara robust och 

konkurrenskraftigt även i framtiden. Dessa scenarion tar hänsyn till vindkraftsutbyggnad, aktiva 

kärnreaktorer, exportmöjligheter och framtida elpris. 

 

Dessa tre scenarion har inburit identifiering av de viktigaste parametrar som måste förändras eller tas i 

beaktande till 2030. Dessa har delats upp i prisfrågor, leveranssäkerhet samt skatter med efterföljande 

förslag. De viktigaste punkterna under dessa är att behålla marginalprissättningen, skapa incitament för 

flexibilitet hos elanvändare och för producenter att tillhandahålla svängmassa. Dessa kräver särskilt fokus 

för att skapa ett robust och flexibelt system, men resterande punkter behövs för att hantera dessa frågor. 

Dessa punkter resulterade i ett ramverk som bör ligga till grund för beslutsprocesser. Ramverket bör 

också användas i sin helhet för att analysera situationer som kan uppstå under omställningen från dagens 

marknad till framtidens förnybara elsystem. 

Nyckelord: Marginalprissa ̈ttning, svängmassa, förnyar energi, elmarknad, ramverk, kärnkraft, vindkraft, 

aktörsanalys, 2030, subventioner, elcertifikat, flexibilitet, leveranssäkerhet   
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Abstract 

The electricity market is facing major changes in the coming years, with major production facilities that 

must be replaced and climate targets that are required to be met. The approach to the targets in the 

electricity market has been to invest in renewable energy, mostly in the form of wind power. However, it 

is an intermittent production type where production depends on weather conditions and planning cannot 

be predetermined. As a result, the price of electricity has varied a lot in recent years and has also become 

very low, which causes profitability challenges for the electricity producers. One consequence is the 

closure of four nuclear reactors due to lack of profitability. This creates a more uncertain environment for 

the Swedish industry, which is dependent on both low electricity prices and reliable power supply. A way 

to counter this has been the “Energy Agreement”, that partly aims to promote the use of nuclear power 

for their total technical service life. 

 

The electrical system will change until 2030 in many ways, but how this will go is difficult to predict. By 

creating three different scenarios that reflect likely future changes, it has been possible to draw 

conclusions about what is necessary to change for the electricity system to be robust and competitive in 

the future. These scenarios consider wind power, active nuclear reactors, export opportunities and future 

electricity prices. 

 

These three scenarios have included identification of the most important parameters that need to be 

changed or considered by 2030. These parameters have been divided into price issues, delivery security 

and taxes with subsequent proposals. The most important items under these are to maintain the marginal 

cost based pricing model, create incentives for flexibility of electricity users and for manufacturers to 

provide the power grid with inertia. These require special focus to create a robust and flexible system, but 

remaining points are required as well to handle these issues. These points resulted in a framework that 

should form the basis for decision making. The framework should also be used in its entirety to analyze 

situations that may arise during the transition from today's market to the future's renewable electricity 

system. 

Key-words: Marginal cost pricing, inertia, renewable energy, electricity market, framework, nuclear 

power, wind power, actor analysis, 2030, subsidies, certificates, flexibility, supply reliability 
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1 Introduction 

This section gives the contextual background information to our thesis. The section starts with background and 

problematization followed by the master thesis’s purpose as well as our research questions. Finally, the positioning of our 

thesis and its boundaries are discussed.  

1.1 Background 

The modern society completely relies on a stable, reliable energy supply. Even a short power shortage has 

great consequences for the industry and therefore the Sweden’s stable electricity supply is one of the 

unique selling points for companies to keep manufacturing here. Hence, it is of great political interest to 

keep a high delivery security of energy supply in the future as well (Byman, 2016).  

 

The delivery security depends on the constant match between energy supply and demand as well as a 

functional power grid. However, the currently low electricity prices, which are desirable for the Swedish 

industry, are affecting the energy companies' profits forcing the electricity producers to go on their knees. 

Nuclear power is acting as base production to the Swedish electricity grid (Söder, 2013) and over the past 

20 years, the variable cost for Swedish nuclear power plants often exceeded the spot price 

(Energikommisionen, 2015; Svensk Energi, 2016b). The lack of profitability has forced Vattenfall to shut 

down two of their nuclear reactors Ringhals 1 and Ringhals 2, five years earlier than initially planned 

(Alpman, 2015). The same reason forced OKG to shut down reactors Oskarshamn 1 and Oskarshamn 2 

ahead of expected time (OKG, 2017). However, if all of Sweden's nuclear power shuts down, a deficit of 

energy capacity would occur. That would drive up electricity prices but it could also have a negative effect 

on the electricity supply reliability. (Energimyndigheten, 2016a) 

 

Even though higher prices establish incentives for investment in additional energy production, the 

electricity deficit that would occur upon the closing of all Swedish nuclear power is not possible to 

counter with weather dependent intermittent power generation. Furthermore, it is found that 

hydropower, which currently acts as regulating power, would not be enough to meet the demand arising 

from such scenario. Maximum hydropower capacity is about sixteen thousand megawatts and further 

expansion is limited due to its destruction of nature and wildlife (Vattenfall, 2013). This means that the 

energy loss that occurs if all Swedish nuclear plant shut down possibly must be covered by electricity 

imports from other countries, such as Germany where coal power is acting as base production. 

Furthermore, carbon-generating power generation is seen as destructive and coal-based production is 

therefore not a sustainable alternative (Söder, 2013).  

1.2 Problematization 

In Denmark, for example, negative electricity prices occur as a result of their extensive expansion of 

implemented wind turbines (Svensk Vindenergi, 2016). A direct consequence of low electricity prices is 

the cancellation of many Nordic wind power projects (SVT, 2015). The low energy prices are challenging 

the competitiveness in the energy market and at the same time, our society demands safe energy from 

renewable sources. This means that energy-producing agents are facing major challenges. (Söder, 2013) 

 

The balance between energy-intensive industry´s requirements for low electricity prices and energy 

producers' profitability requirements is very critical. It is of political interest that Sweden has a sustainable 

and reliable energy supply as well as a viable industry. There is a conflict between the availability of low 

priced, renewable energy for the industry and energy producers' profitability requirements. The energy 

supply should also be matched with the society’s energy demand, but it must be profitable to produce 
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energy for this to be possible in the future (TT News agency, 2017). This means that the Swedish 

politicians requires assistance in developing framework with concrete components to consider when 

decisions regarding the energy system are made, and therefore our aim is to achieve such framework with 

our master thesis. Furthermore, the needed framework should take all of the energy market’s stakeholders 

into account.  

1.3 Purpose 

The purpose of this study is to create a framework of components to consider in the future energy system 

in 2030, in order to enable a sustainable development for the Swedish industry as well as energy 

producers. 

1.4 Research question  

To fulfil the purpose of the thesis, a main research question is formulated below as well as three sub-

research questions presented in bullet points. 

 

What components in the energy system need to be considered when decisions are made regarding the 

electricity market in 2030?  

 

○ Who are the main actors within the Swedish energy system? 

○ What is the current situation in today’s electricity market? 

○ How do the actors within the system see the future energy system in 2030?  

1.5 Positioning  

Much research has been done on how the energy market is affected by intermittent power generation. 

There are several reports concerning the electricity production from intermittent renewable energy 

production. Common to these reports is that they are, in detail, discussing the main specifications and 

technical implications. The conclusion of the majority of these studies is that there is great potential for 

renewable energy in Sweden, but there is a great need for economic incentives to be implemented 

extensively. (Amelin, Englund and Fagerberg, 2009; Söder, 2013; Nohlgren et al., 2014a; 

Energimyndigheten, 2016a)  

 

Another way of analysing wind power production and the strain on the grid that comes with it is 

discussed in the report “Getting Wind and Sun onto the Grid A Manual for Policy Makers” (Mueller and 

Vithayasrichareon, 2017). Mueller and Vithayasrichareon have analysed the share of wind power 

production in a country’s entire power production mix. The amount of wind power is then divided into 

phases that put different amount of strain on the system, which they discuss solutions to. However, our 

thesis will contribute to the understanding of how Sweden’s entire production mix can change, how it will 

affect the energy system and what components politicians and market actors need to consider in the 

future. 

 

The report “Four Futures – The Energy system after 2020” (Energimyndigheten, 2016b) is a scenario analysis 

that looks at the technology and market changes that can occur until 2050. These are optimistic, 

comprehensive and creative, but as our study is more focused on probable future development, they are 

complementing instead of substituting each other.  
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The Royal Swedish Academy of Engineering Sciences have, under the collection named “Vägval El” (The 

paths for power), written several reports, collecting knowledge about the energy system and presented 

suggestions and advice for future development of the grid. Based on these, mainly “Inertia in the system” 

(Karlsson and Nordling, 2016), “Delivery Security” (Normark et al., 2017) and “Five paths for Sweden” (Byman, 

2016), a foundation for our knowledge was built. These should be seen as complementary reports within 

the field to which our thesis will contribute.  

 

Furthermore, it can be stated that the energy system in its entirety is a system that is highly affected by 

what is happening in the surrounding environment. A direct consequence of changes in its environment 

is that new studies are required as decision basis for both politicians and actors in the energy market. In 

our case, our study will build on previous research and provide a current picture of the Swedish energy 

system. We will also analyse how the energy market’s actors forecast the future and what they think is of 

importance to consider for a sustainable energy system in the future. 

1.6 Report structure 

The structure of this report is shown in figure 1. As seen in the figure, the “results and discussion” section is 

divided in two parts, where part one cover the current electricity market and energy system. The second 

part covers the future system and three potential scenarios; scenario A, scenario B and scenario C. Under 

chapter four, the discussion is done under each scenario to provide suggestions for necessary changes. 

This is then discussed under chapter “4.3. Solution”, which derives into the developed framework. 

  

 
Figure 1: The structure of the report 
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1.7 Delimitations 

This work is defined and limited geographically to Sweden, since laws and regulations are determined 

nationally. Import and export of energy is considered, but only in terms of the impact it has on the 

Swedish electricity market. Furthermore, technical development is not taken into full account due to the 

complexity of forecasting successful improvements. 

 

Due to time constrains, the energy system and the electricity market will only be analysed through six 

perspectives; industry perspective, system operator perspective, producer perspective, political 

perspective, power trading perspective and external perspective. These perspectives combined give a 

picture of the energy system and electricity market, but there will always be more areas to consider 

regarding them due to their complexity. As an example, household perspective will not be addressed.  

 

In figure 2 it is shown how the perspectives chosen combined give us our view of the energy and 

electricity market. Interviewees representing each perspective work at companies within the system, and 

those companies can be seen in the figure 2.  

 

 

 
Figure 2: Our view of the electricity market and energy system based on six perspectives 
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2 Literature study 

This section starts our theoretical framework, which gives the reader an understanding of the structure of our literature study. 

The theoretical framework is followed by relevant findings in the literature.  

2.1 Theoretical framework 

To be able to carry out this study, it is very important that there is an understanding of the theoretical 

concepts affecting the results of our study. The theoretical concepts discussed in this section can be 

divided into five different perspectives; technical, economic, legal, political and actors on the energy 

market. 

 

Theoretical concepts investigated from a technical perspective; intermittent electric power (solar and 

wind), hydropower, nuclear power, today's grids and smart grids. 

 

Concepts that will be investigated from an economic perspective; the marginal cost based pricing model 

for energy that exists today and the power exchange market; Nord Pool. 

 

From a legal perspective, the following will be investigated; laws and regulations that currently exist 

around the Swedish electricity market. 

 

From a policy perspective, the following will be investigated; environmental targets set by the Swedish 

government, tax policy instruments and international cooperation and agreements.  

 

From the perspective of the energy market actors, the following will be investigated; Information about 

which actors there are in the energy system and impact of import and export of energy. 

2.2 An overview of the Swedish Electricity Market  

The Swedish electricity market was deregulated the first of January 1996. Since then the price is set based 

on the supply and demand of electricity (Damsgaard et al., 2005). The choice of the market model is not 

coincidence, as a free market with low government regulations have proved superior in its way of produce 

economic growth and welfare (Radetzki, 2004). The price is in effect based on the marginal cost of the 

most expensive power supply since this is the level at which it is profitable to run the power plant. In 

reality, this means that during normal operation when power demand is within normal levels, power is 

supplied by hydropower and nuclear power, both which have low production cost. Nuclear power has the 

cost of operation based on nuclear fuel cost. The water used in hydropower could be seen as free, but 

actually, the potential to produce power at another time by storing the water in dams give the water a 

potential value. These “costs” gives the marginal cost during normal operations (Damsgaard et al., 2005).  

 

Furthermore, the motives for governmental interference occur only when the market fails to create a 

market equilibrium. For an energy policy to be meaningful, it should have the purpose to correct these 

market misfits, and thus expecting these to occur. It also could have the purpose of achieve political 

goals. These could be contra productive though, as politically removed market equilibrium leads to sub-

optimization and should be avoided. Another problem is when the politics is implemented to gain 

political support instead of optimizing the market (Radetzki, 2004). 

 

As with emission, external cost can occur as a result of production, even though they are not affecting the 

consumer directly. In these scenarios, the result would instead be optimal if the cost for the society would 
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equal the benefit for the consumer. To correct this misfit, is the main objective of the environmental 

policy in the energy market (Radetzki, 2004) 

 

In Sweden, the development of wind power adds to the complexity of the price. Since these power plants 

only produce during the times when wind is available, the dependence on weather forecasts is crucial for 

short time planning. If the wind is available then this production adds to the total supply, pushing the 

price down, since more expensive power supply can go unused. The effective marginal cost of the wind 

power is zero, logically, since anytime the wind is available, the power plants produce electricity and the 

unused wind is wasted (Damsgaard et al., 2005). A problem is that if a certain instrument for change is 

used to change too much, it is wrongfully developed and sub-optimized. It is most effective when an 

instrument addresses one problem. In the same way, many solutions in tandem to solve one problem 

becomes ineffective. For example, when certificates have several different goals, they must be developed 

to solve all, they end  up less effective at all goals instead (Radetzki, 2004).   

 

The real struggle of the electricity system comes at times of high demand when the combination of 

nuclear, wind and hydropower does not satisfy the demand for electricity. At these times more expensive 

power plants are used, such as gas power plants, which have a significantly higher marginal cost of 

production (Damsgaard et al., 2005). As electricity is a necessary goods, with low price elasticity, 

disruption in production leads to drawbacks for all customers. For a well functioning market, redundancy 

against these disruption should be inaugurated, and the cost of the redundancy should correspond to the 

cost of a disruption. This, as information about availability is insufficient, leads to inadequate investments 

in redundancy, as seen on the electricity market. The problem for the market went from overproduction 

before the deregulation in 1996 to capacity shortage after 2000 (Radetzki, 2004). The development of the 

installed capacity can be seen in figure 3. 

 

 
Figure 3: The development of the installed capacity in Sweden. (Nohlgren et al., 2014b) 

The electricity market is also dependent on the available production elsewhere in the connected electricity 

market. Importing power at times of low cost and exporting at high cost is the usual approach, but at 

times of high demand and high prices within the country, the supply might still enable lower prices based 

on a difference in the available production. For example, in times when production in Danish wind power 

is high, it is advantageous to import the power from there. This continuous back and fourth transfer of 

power supply is why Sweden is a net exporter of electricity, but still an importer of electricity. (Damsgaard 

et al., 2005) 
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A problem with the lack of capacity is the disinclination to invest in new production capacity to cover the 

lack that can otherwise occur. As a shortage should act as incentive to new investments, in Sweden this is 

met with mainly political resistance. Many market actors fear that this incentive is lacking. New nuclear 

power is impossible, as is coal power, and further investments in hydropower is limited due to 

environmental codes. As a result, only alternative power production is viable. This, despite the problems 

these alternatives implies such as intermittent wind power. These investments are also inhibited due to the 

political instability with shifting focus and decisions. Furthermore, the investments in peak power 

production are also limited due to the risk associated with high marginal cost production. If the price is 

unlimited, there may be incentives to invest but if the government, due to social regard, limits the price, 

then the investment is unprofitable. The risk of this occurring is enough for investments to be avoided. 

(Radetzki, 2004)  

2.3 Nord Pool  

Nord Pool is the marketplace for electricity and is own 

by Svenska kraftnät (the Swedish system operator), 

Statnett (the Norweigan system operator), Fingrid (the 

Finnish system operator) and Energinet (the Danish 

system operator). The market place for physical 

electricity is divided into two markets; Elspot and Elbas. 

At Elspot, the electricity is bought and sold 24 hours 

ahead. Elbas can be seen as a complimenting market 

place where the time frame is only one hour ahead. This 

is needed since the production and load are not known 

in advance. (Svensk Energi, 2012) 

 

Furthermore, the Swedish market at both Elbas and 

Elspot is divided into four different price areas, as seen 

in figure 4. (Svenska Kraftnät, 2015) 

 

The different areas have its own prices since the supply 

and the demand is depending on production and load in 

the nearby area. Both supply and demand is correlated 

to current weather conditions, which makes the price 

volatile. The price for electricity at Nord Pool depends 

on the margin cost for the most expensive energy form 

sold in the specific area every hour. (Svensk Energi, 

2012) 

 

Nasdaq OMX Commodities enables the financial trading of electricity, which is not the same as the actual 

electricity but a way for actors to speculate and reduce the risk for high electricity costs. (Svensk Energi, 

2012). 

2.3.1 Balance Market 

The balance market is procured as a settlement between Svenska Kraftnät and participating balance actors 

that deliver bids for their potential production or demand change. Large industries can, thus, receive 

payment for decreasing demand at request. Production actors can, in the opposite way, receive payment 

Figure 4: Sweden’s four pricing areas (E.ON Elnät, 2017) 
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for increasing their production. These bids are procured in advance and used as needed in order of bid 

cost. (Statens offentliga utredningar, 2004) 

2.3.2 Spot price development  

The spot price of electricity varies over the year depending on supply and demand. Figure 5 shows the 

monthly average electricity price at which Vattenfall supplied the market with 2012 to 2016 (Vattenfall, 

2017f). 

 

 
Figure 5: Annual development of the spot price(Vattenfall, 2017f) 

The development of the price in the Swedish market varies a lot on a yearly basis, depending on available 

rainfall since the production in hydropower plants depends on available supply of water. During dry years 

the price rises since the producers must be more cautious for not using the full supply (Damsgaard et al., 

2005).  

2.3.3  The marginal cost price model 

The price of electricity is decided on a free market that compares available production and requested 

demand, deciding the price based on the supply and demand curve. This is seen in figure 6. As additional 

production is introduced or removed, the curve is shifted. The production is ordered based on marginal 

running cost. 

 

Wind power would sit right ahead of hydropower, but would shift curve dependent on wind intensity. In 

the Swedish market this shift is countered by the hydropower flexibility, to prevent the curve from 

shifting undesirable. The average may look like in figure 7, but momentarily it could account from almost 

nothing to large amount of requested demand. (Söder, 2013) 

 

In addition to this, many parameters and factors reflect the price paid by consumers. This is seen in figure 

6 on the following page. Politics, fuel prices, expectation, currency, competitive factors and new driving 

forces all affect the price in addition to the supply and demand curve. As noted, the price signal become 

less noticeable when more factors affect the price.  
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Figure 6: The marginal price setting model (Carlsson, 1999) 

 

 
Figure 7: Map of factors deciding the electricity price (Bixia, 2017b) 

 

These parameters result in a market price, an equilibrium based on all these factors. As the importance of 

supply and demand is reduced, the natural equilibrium, however, is moved towards levels that could be 

problematic for the producers or consumers. (Bixia, 2017b) 

2.3.4 Customer total price 

The price that the customer pays is not only the spot producer price. The cost for the power network is 

charged on every sold kWh of electricity. In addition, the taxes add on top of these, and lastly VAT 

amounting to 25 percent, resulting in a total price for the customer that is only partly dependent on spot 

prices. The amount going to grid owners is roughly 20 percent; to producers amounts to 40 percent and 

taxes and charges an additional 40 percent. (Energiföretagen, 2017; Svensk Energi, 2017a) 
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2.4 Power Transfer 

The power transfer in Sweden is done throughout the country by the means of two actor roles. The main 

network, the national grid, is run and controlled by Svenska Kraftnät, a Swedish government body. This 

agency runs the high voltage grid consisting of 15 000 kilometers of high voltage power lines. The role of 

this grid is to transfer the power from production units to the consumers throughout Sweden, but also to 

the nation borders for export and vice versa for import. (Svenska Kraftnät, 2017)  

 

When power has reached the local customers, the local distribution grid takes over, transforming the 

power to a lower voltage grid distributed to customers. Vattenfall, for example, has a separate company 

responsible for this distribution; Vattenfall Distribution AB. Ellevio is another example, the removed 

distribution business unit of producer Fortum. These distribution business units were separated from the 

production business following the deregulation of the market, as the distribution markets are natural 

monopolies and production is fully competitive. (Damsgaard et al., 2005) 

2.5 Renewable energy production 

Renewable energy is by many seen as a key for a sustainable future but also a way to secure energy supply. 

During 1970’s, the oil crisis took the community of guard and it showed us how much we relayed on oil 

in the past. Implementation of renewable energy is also a way to create jobs as well as pushing for 

technology innovation. (Lund, 2010) 

2.5.1 Wind power 

Wind power is an intermittent power production, dependent on favourable weather to generate energy. 

This creates tensions in the systems when power is required, but no production is arriving from wind 

turbines as the wind is gone. The construction of wind turbines began in the late 1980’s here in Sweden 

and since then, the capacity per wind turbine has increased from approximately 150-225 kW to 2-4 MW 

(Sidén, 2015). As an “infant industry”, some political engagement to encourage investment is probably 

advantageous, as the establishment of the power source as a relevant alternative would otherwise have 

been delayed (Radetzki, 2004). The last years have seen a dramatic decrease in investment cost, as the 

price of wind power projects have fallen 60 percent during the last seven years (OX2, 2017). 

 

The maximum mechanical effect in a wind turbine is, according to Betz law, 59.3 percent in theory. 

(Wizelius, 2015a; Ragheb, 2017) There are also losses when the mechanical effect is transformed into 

electricity, which are impossible to avoid. The highest theoretical effect shows that there is little potential 

to improve the effect of today's wind turbines since they can convert 50 percent of the wind's energy to 

electricity. (Sidén, 2015) Furthermore, the location of a wind turbine is a critical factor since the wind 

speed is the most crucial variable for the amount of produced energy. The most optimal wind turbines are 

large and most of all - located in windy places where the winds are stable. (Chivers, 2015) However, the 

wind turbines are not able to operate if the wind speed is too high, over 25 m/s for most wind turbines, 

due to safety. (Wizelius, 2015) 

 

Even though improvements in the wind turbines efficiency might not be as crucial anymore there is the 

high potential for other improvements areas. To state a few examples; improvements could be made to 

minimize the environmental impact by reducing the use of material and there is also high potential to 

decrease the investment costs. (Chivers, 2015; Sidén, 2015) After the investments in wind power started 

during the 1980’s, the investment costs have decreased. However, the trend slowed down in 2005 when 

the production costs started to increase due to higher material costs in combination with a high demand 

of wind power plants. Due to technical development, the decrease in investment cost then started again, 
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leading to dramatic investment cost reduction from 2010 and forward (OX2, 2017). Furthermore, a wind 

turbine has a technical life span of 20 to 25 years for most wind turbines but the life spam can differ 

depending on the producer.  (Wizelius, 2015) 

 

According to Lennart Söder (2013), the Swedish electricity grids already today have the capacity for 60 

TWh more energy produced from intermittent sources such as the sun and the wind. Furthermore, the 

Swedish government has decided that in three years (2020), the wind turbines should produce 30 TWh of 

energy every year. One-third of that amount should possibly come from wind turbines based in the sea. 

(Sidén, 2015; Stenkvist, 2016)  

 

The pros with wind turbines constructed out in the sea are the fact that communities around the wind 

turbines will not be bothered by them since they can be build long out from the coast. (Alpman, 2014; 

Sidén, 2015) There are also potential to decrease the investment costs by 30 to 40 percent for such wind 

turbines since the industry still is very new. (Alpman, 2014) New technology has also been tested in 

Norway, which enables wind turbines to be floating in water with a depth of up to 400 meters. There are 

also some studies showing that wind turbines based in the sea is less harmful to nature. (Sidén, 2015) 

 

On the other hand, the investment cost is approximately 50 percent higher than if the same capacity 

would have been implemented on land. (Sidén, 2015) However, there is more stable wind out in the sea 

and that is resulting in more electricity produced for a wind turbine based in the sea in comparison with a 

wind turbine based on land. (Alpman, 2014) But with low energy prices, Sidén (2015) argues that there are 

little incentives to invest in wind turbines in the sea due to higher maintenance costs as well as the high 

investment cost.  

 

The environmental impacts of wind power plants are widely discussed and some argue they are disturbing 

to see and that they sound too much. (Wizelius, 2015) Others argue that the wind turbines are harmful to 

animals, mostly for birds. But on the other hand, the use of fossil fuel is more harmful to animals in the 

larger perspective. (Chivers, 2015) A case study has been conducted as collaboration between wind 

turbine producers, energy producers and the Swedish Energy Agency (Energimyndigheten). During the 

case study, 1.5 million birds were observed and studied in Kalmarsund where 12 wind turbines are raised 

in the sea. During the study, only one bird was reported to be killed in a collision with a wind turbine but 

a total of 4 collisions were observed. It was concluded that the birds avoided the wind turbines both day 

and night time when the sight was bad. (Jan Pettersson, 2005; Sidén, 2015) 

 

Furthermore, the wind turbine industry is widely affected by politics. Politicians make decisions about the 

Swedish laws about where wind turbines can operate and they also make decisions about subsidiaries, 

taxes and electricity certificates. Before 2010, the Swedish Parliament gave a bonus to actors investing in 

wind turbines, both on land and offshore. (Wizelius, 2015) The bonus system started in 1994 and was a 

reduction in taxes depending on produced amount of energy but after the implementation of electricity 

certificates in 2003, the bonus system was reduced and 2009 was the last year for the bonus and then it 

was only available for actors producing energy from the wind off shore. However, the impact of the 

bonus system can be discussed since actors in the wind turbine industry knew it was only during a limited 

time period. (Power Väst, 2010) 

2.5.2 Hydropower  

Before the nuclear power was implemented in Sweden, the hydropower served both as regulating power 

and base supply for the electricity grid. Nowadays, hydropower is serving as regulating power due to its 

flexible characteristics. Hydropower production can quickly easily be adapted to the energy demand by 
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controlling how the water in large warehouse flows out through the turbines. The flow of water is 

controlled with respect to energy demand and energy supply in the grid. Furthermore, the efficiency of a 

hydropower plant is very high in comparison with wind turbines for an example, as the efficiency is 

around 90 percent. (Sidén, 2015) 

 

The production is mostly controlled to produce most energy during the winter season when the energy 

demand is at its peak due to need of heating. Storage possibility of energy in a reservoir depends on its 

altitude, the reservoir capacity, but also how much the water level may vary inside to hydropower plant. 

The combined storage capacity in Sweden’s hydropower plants is around 33.7 TWh of energy. There are 

different kinds of water reservoirs and different hydropower plants in use depending on the time period 

of the energy production planning. (Sidén, 2015) 

 

During 2015, hydropower stood for 40 percent of Sweden’s electricity production. After the energy 

supply from biomass, hydropower is Sweden’s second biggest source of renewable energy. When the 

water supply is normal the produced effect is around 65 TWh annually and the average used capacity is 

around 1600 MW. The peak level of hydropower production during the last 25 years was in 2001 when 

Swedish hydropower plants produced 78.5 TWh. (Sidén, 2015) 

 

The construction and investment in new hydropower plants is the main cost driver when it comes to 

hydropower. On the other hand, the operating cost is low, which can make it interesting for investors. 

Sidén (2015) argues that there is great potential to annually implement hydropower plants with the 

combined capacity of 27 TWh, seen from an economic perspective. However, there are other aspects to 

consider such as the environmental impact of hydropower plants and regulations. The Swedish 

government strictly regulates the constructions of new hydropower plants. This is due to the impact 

hydropower plants have on nature, animals and ecosystems. (Sidén, 2015b) According to 

Naturskyddsföreningen (2017), only 2 percent of all Swedish hydropower plants have working trails for 

fishes to prevent isolation of animals.  

 

Furthermore, the Swedish Energy Agency and the Marine and Water Authority is currently focusing on 

reducing the number of small-scale hydropower plants due to the combination of their low energy 

production and their large environmental impact. Small- scale hydropower plants are only standing for 6 

percent of the total hydropower production capacity. This could, according to Swedish hydropower 

Association, which is an industry organization for hydropower, result in the closing of 10.5 percent of the 

small hydropower plants. On the other hand, the largest hydropower plants are in need of renovations, 

which can increase the total energy capacity by 3 TWh. (Sidén, 2015) The distribution of the electricity 

production from hydropower in Swedish rivers during 2012, is seen in table 1 on the following page.  
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Table 1: Distribution of electricity production in different rivers in Sweden during 2012 (Sidén, 2015) 

Rivers with hydropower Production (Twh) 

Lule river 16.4 
Skellefte river 5.5 

Ume river 9.4 
Ångerman river 9.0 

Fax river 4.5 
Indals river 11.5 

Ljungan 2.3 
Ljusnan 4.1 

Dal river 5.8 
Klar river 2.0 
Göta river 1.9 

Other rivers in Sweden 5.6 
Total 78.0 

 

2.5.3 Solar Power 

During one hour, the sun radiates more energy than all humans worldwide use during a whole year. This 

exposes the potential in solar power, but also how important the financial part of energy production is. 

Regarding solar panels, the prices has globally decreased in a very fast pace (Chivers, 2015), in the last 

seven years it decreased by nearly 80 percent (OX2, 2017). 

 

Even though the price for solar panels has decreased, the production of solar photovoltaic panels in 

Sweden has decreased a lot during recent years as well. In 2008, five Swedish manufactures produced 

solar panels with a combined effect of 180 MW. Five years later, only one of them remained and the total 

effect in the solar panels produced was then reduced to 34 MW. In Sweden, the largest market for solar 

panels are private buildings installed by private actors. (Sidén, 2015)  

 

The efficiency for a solar panel is normally between 12 to 18 percent, this means that 12 to 18 percent of 

the energy in the sunlight is transformed into electricity. However, there is high potential to improve the 

efficiency of solar panels. The most efficient solar panel has almost an efficiency of 47 percent and is 

produced by a company called Fraunhofer, but it is also very expensive. Therefore, the use of ordinary 

solar panels with silicon cells is more suitable for electricity production on earth, at least for now. 

(Chivers, 2015) 

 

Regarding nano solar panels, the highest efficiency that earlier was seen as the limit for these types of 

solar panels has been exceeded and the highest efficiency measured is now 13.8 percent by researchers 

from the Faculty of Engineering LTH at Lund University. Nano solar panels have a low production cost 

and the aim of the research in Lund is to increase the efficiency even more, which would make these 

types of solar panels suitable for large solar panel farms. (Sidén, 2015) 

2.6 Nuclear Power  

Nuclear power production is one of the main production facilities in Sweden. The three nuclear power 

plants currently operational, Ringhals, Forsmark and Oskarshamn, produce, somewhere on average, 45 

per cent of total electricity in Sweden yearly. This translates into approximately 60 TWh per year (Söder, 

2013). This capacity is due to the nature of nuclear power plants, being run at a constant production level 

at a high installed capacity. This production is interrupted and stopped mainly due to scheduled fuel refills 

or unscheduled stops due to risks in production. Nuclear power, with the risks involved, has safety 
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features, shutting down productions if these systems run into issues. These issues are seldom occurring, 

making the power plants reliable. (Vattenfall, 2017h) 

2.6.1 Installed capacity 

Forsmark is nuclear power plant build north of Uppsala by the Baltic sea, and it is mainly owned by the 

Swedish- owned power company Vattenfall. It has an installed capacity of 986, 1120 and 1172 MW 

electrical output (Vattenfall, 2015). Ringhals, also owned mainly by Vattenfall is located south of 

Gothenburg in the western part of Sweden. It has an installed capacity, within its four reactors, of 878, 

865, 1063 and 1113 MW electrical output (Vattenfall, 2013). The third operational nuclear power plant in 

Sweden is Oskarshamn’s nuclear power plant, located north of the town Oskarshamn in southeast 

Sweden. The installed capacity is 492, 661 and 1450 respectively for its three reactors. The power plant is 

owned by Fortum and E.ON (E.ON, 2015). 

2.6.2 Nuclear power in the future energy mix 

The advantages of nuclear power are the reliability as the main production. The ability to predict and plan 

the productions is a huge advantage since seasonal variation plays a great part of the challenges the 

market faces. In 2015, the decision was taken that four reactors would be closed earlier than expected. 

These reactors are Ringhals reactor one and two, that will close in 2019 and 2020 respectively, and 

Oskarshamn one and two that will close in 2017 (OKG, 2016; Vattenfall, 2017e). As a result of the 

Energy Agreement, all nuclear power plants should be closed by 2045, when their service life will have 

reach close to 50 to 60 years, which is their expected technological service life (Vattenfall, 2017h).  

 

The future holds challenges for the nuclear power producers, as the low spot price make the reactors 

unprofitable. During 2015, Ringhals production cost was 38 öre per kWh, which is above the average 

spot price for the year, which amounted to 20.5 öre per kWh (Bixia, 2017a; Vattenfall, 2017a). In 2016, 

the production cost in Forsmark was 30.1 öre per kWh as the spot price was 27.7 öre per kWh, the spot 

price still below production cost (Bixia, 2017a; Vattenfall, 2017d). This means that unless the production 

cost can be reduced or the electricity prices increases, the future for nuclear power in the power mix is 

uncertain. A large part of the production cost, however, is the nuclear taxation, which will be removed 

until 2019. This amounts to almost a quarter of the total cost, and the removal will provide more 

competitive production costs (Vattenfall, 2017d).  

2.6.3 Repository 

The repository is the process where spent nuclear fuel and radioactive waste is handled and recovered to 

protect the environment from the radioactivity. The Swedish nuclear reactor owners co-own SKB, the 

Swedish nuclear fuel management company, who are responsible for the management of the radioactive 

materials. The most radioactive part is the spent nuclear fuel, that is handled with great care. It is stored in 

water pools to cool the fuel and limit radioactivity for the first duration after being spent. After this, 

which is approximately a year, the fuel is transported to CLAB in Oskarshamn, where it is stored for 40 

years and the radioactivity is decreased to just 10 percent. The remaining radioactivity is then planned to 

be stored in capsules for 100 thousand years for the remaining radioactivity to decrease. (Vattenfall, 

2017g) 

2.7 Coal Condensing Power 

Conventional power production is globally based on coal, much specifically bituminous black coal or 

lignite brown coal. The production of power using coal leads to large amounts of emissions, from both 



 
 

15 

carbon dioxide and toxic chemicals. In regards to this, the removal of coal power production is widely 

requested. The coal used as fuel is cheap, resulting in incentives to keep running them. The high delivery 

security and continuous plannable production is also favourable. It is widely used in Germany, which 

means in practice that a lot of production imported during need from Germany is produced by means 

undesired in Sweden. The production cost of coal power amounts to 25 öre per kWh, without taxes and 

VAT. Including these parameters, that are designed to promote the use of alternatives to coal power, the 

production cost rises to 40 öre, per kWh. (Nohlgren et al., 2014b) 

2.8 Inertia 

Inertia is power stored in rotating objects. In the power system, these mainly consist of turbines in 

nuclear power plants and other large spinning turbines. The inertia makes sure that the balance between 

production and demand is kept stable and more viscous when either changes quickly. When, for example, 

production is disconnected, the energy stored as inertia is used, decreasing the occurring frequency 

changes, until additional production can be connected to the grid to cover the lost production. This 

inertia results in a more stable frequency and less risk of frequency levels that could potentially damage 

equipment. This frequency is usually a lower level than 48 Hz for a 50 Hz system such as the Nordic grid. 

The primary regulating power is connected automatically when the frequency fall, meaning that most 

changes in frequency is handled without interruptions or the need for active control by the control room 

at Svenska Kraftnät. (Karlsson and Nordling, 2016) 

2.9 Smart Grids  

A smart grid is the notion that there exists a two-way communication between producer and consumer, 

allowing for an adaptable consumption that results in a more robust and effective grid. By allowing the 

communication, demand expectation and requirements can also be used to plan the production to fit 

demand. This concept, called load following, is based on the assumption that when the price is high the 

customer gets the choice of using that electricity at a different hour. This means in practice that heating 

run on electricity could be used during the night instead of during the morning at peak hour load when 

the price is higher. This gives the power grid several advantages. Mainly, there is a lower demand on the 

power production grid for high peak production capacity. This gives lower investment need for 

production capacity, instead of allowing the production from renewables for the same overall energy 

production over a day instead of momentary production or even over a full year. This gives better 

incentives for renewables since the production gives the following demand when production due to the 

wind, is high. (Smartgrid, 2017) 

2.9.1 Power grid in Gotland 

Öland and Gotland are two islands in the Baltic sea. As such, they have the disadvantage of not being 

able to be connected by land laid cables for power transfer. The need is instead for costly submerged 

cables, which means lower power transfer capabilities. This made the need for a smarter grid a necessity. 

They therefore created the project Smart Grid Gotland with the purpose to show how to modernize a 

power grid and allow for more renewable production with retained power quality. (Smart Grid Gotland, 

2013)  

2.10 Regulations  

The electricity market and energy system are both regulated within regulations, which are described within this section.  
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2.10.1 The Swedish Law 

The Swedish Electricity market is regulated by the “Electricity Law (1997:857)” and additional 

regulations. These work in tandem with deals between specific actors. (Svensk Energi, 2017b) 

2.10.2 The system operator  

Svenska Kraftnät is the system operator in Sweden. They are responsible for the national grid and the 

power balance. The balance implies observing and making sure that the frequency is kept stable at 50 Hz, 

by buying and selling regulating bids to compensate of imbalances. The cost of the imbalance is 

retroactively settled with the causing actor. They are also responsible for the robustness of the system, in 

case of emergency. (Svensk Energi, 2017b) 

2.10.3 The energy market inspection  

The Energy market inspection mission is to reviewing the power market and the local grid. This is to 

make sure that the rules are followed as expected by the actors. They are the regulating agency that verify 

that the grid owners do not overcharge the customers, as these owners run natural monopolies and can 

decide their prices to their own accord. This price must be kept under supervision.  The market for power 

transfer is a bit more complicated and this is due to the inefficiency in building competing physical grids. 

(Svensk Energi, 2017b) 

2.10.4 The Swedish Energy Agency 

The Swedish Energy Agency works with questions regarding energy consumption on the behalf of the 

government. They are managing the electricity certificate market and instruments to affect the market to 

adjust for a sustainable future. Their mission is to also spread knowledge among citizens and companies 

about effective energy utilization but also to develop and promote research within the field. The Swedish 

Energy Agency promotes research by supporting actors on the market both financially and with 

knowledge by proving official statistics about the energy market and utilization as well as forecast for 

different scenarios. Since it is a governmental organization, their missions, goals and budget are decided 

and regulated by the government every year.(Energimyndigheten, 2016d) 

2.10.5 Capacity reserve 

Svenska Kraftnät annually procure a capacity reserve to make sure that enough supply is contributed to 

the production, to meet demand in critical hours. This includes extra production capacity and the ability 

to decrease certain included companies demand. Part of the reserve is procured on the Nord Pool 

exchange, and if these bids are insufficient, Svenska Kraftnät can force producers to provide reserves. 

The reserve is only activated as a last resort when other production is insufficient. (Svenska Kraftnät, 

2015)  

2.11 Export and Import  

Export and import are important parts of the Swedish electrical grid, since Sweden is part of the Nordic 

integrated grid. Without the import and export, the Swedish electricity system would need to produce all 

requested demanded power or risk blackouts. In the event, especially with additional amounts of wind 

power producing electricity as high winds hit Sweden, that production exceeds demand Svenska Kraftnät 

is forced to cancel production contracts or having to waste production by spill over in production plants. 

This burden is somewhat reduced by being connected to a bigger grid with varying production and 
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demand. Peak hour is at different times, for example, Finland being part of a different time zone, thereby 

using peak electricity one hour earlier than Sweden. (Söder, 2013) 

 

Sweden usually has been a net export of electricity, although power is imported and exported in 

alternating patterns over the year. The demand of power was 136 TWh in 2015, with production of 158 

TWh, resulting in a net export scenario. Still, import amounted to 9 TWh. Swedens current grid 

connections is shown in figure 8. (Energy Agency, 2016) 

 

The prices that are set on Nord Pool Spot reflects the price for Sweden and for the Nordic grid with 

different prices based on supply, demand and bottlenecks in power transfer. (Svensk Energi, 2012) 

 

 
Figure 8: The Swedish integrated grid listing current power transfer, date 23-05-2017 at 13.38 (Svenska Kraftnät, 2017) 

2.12 Industry  

Sweden is a country with a lot of electricity intensive industry. Steel mills and factories, mining, paper and 

pulp factories and forestry are industries with a high demand for power. The companies acting on the 

market is therefore dependent on competitive electricity prices. The industry is sole user of about a third 

of the total demand of electricity in Sweden, amounting to around 50 TWh annually. Largest user of total 

energy is the paper and pulp industry, followed by the steel industry. Sweden is therefore ideal for 

industry, as the price is low and the production is stable. (IVA, 2013) 
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2.12.1 Holmen 

Holmen represent the Swedish forestry industry. They are a corporate group with five main business areas 

and 3000 employees. The three business areas with focus on producing products are paper, cardboard 

and different kind of wood products. Holmen also has two other business areas with focus on 

commodities such as both energy and forest. They own about 1.3 million hectare of forest and even 

though they do have their own energy production in form of both hydropower and wind power turbines, 

they are still a net consumer. They are approximately consuming 3.9 TWh and they are today producing 

approximately 50 percent of their total energy demand, mostly by production in their hydropower plants 

but also with wind power and bio power production from their facilities. Their first wind turbines were 

located in Hallstavik and they were taken into use in 2013/2014. Today, they have permission to expand 

their wind power production by 160 MW of wind power. (Holmen, 2017) 

2.12.2 Jernkontoret 

In contrast to Holmen, Jernkontoret is not a manufacture but an organisation for the Swedish steel 

industry. They represent the steel industry and acts for a sustainable environment for them. There are 

seven committees within Jernkontoret and they consist of represents from the industry as well as experts 

employed by Jernkontoret. Every committee is responsible to spread information both to Jernkontoret’s 

management but also to the industry and politicians (Jernkontoret, 2017a). Jernkontoret has a total of 31 

employees and is owned by 180 producers, but a lot of them are inactive. (Jernkontoret, 2017b)  

2.13 Taxation 

The Swedish energy production is taxed in several ways. There is taxation dependent on energy type, 

carbon dioxide, nitrogen emissions, property tax and tax on nuclear power. On top of this, sold electricity 

is taxed, both with energy taxation and with VAT. The industry is exempted from many taxes due to 

competitive disadvantage from excessive taxation (Damsgaard et al., 2005). The total expected tax income 

from the energy industry is 42 billion SEK in 2016.  

2.13.1 Energy taxation 

The energy tax is a consumer tax that is 29.5 öre per kWh (without VAT, and 36.88 öre per kWh 

including VAT). It will be raised the first of July 2017 to 32.5 öre per kWh (Vattenfall, 2017c). It amounts 

to around 20 billion SEK annually. (Svensk Energi, 2016a) 

2.13.2 Nuclear power tax 

The nuclear tax is based on thermal installed capacity. It is decided as 14 770 SEK per MW installed 

capacity, which amounts to around six to seven öre per produced kWh. This tax has been under scrutiny 

as it is explained as the reason for the low profit for the nuclear reactors. As the marginal cost for 

production is around 20-25 öre per kWh, this amounts to a significant share (Von Schultz, 2015). In total, 

the nuclear tax amounts to almost 5 billion SEK. (Svensk Energi, 2016a)  

 

In addition, a Studsvik tax amounting to 0.3 öre per kWh is also added to the nuclear power production 

to cover cost of Studsviks early operations. (Svensk Energi, 2016a) 
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2.13.3 Property tax 

The tax for property is an extensive tax that affect mainly hydropower plants, as these are taxed with 9 

öre per kWh, amounting to almost 6 billion SEK annually. Nuclear power, as well as CHP is property 

taxed, but this amount is lower and less decisive. (Svensk Energi, 2016a) 

2.13.4 Carbon dioxide tax 

The use of fossil fuels in power production is taxed heavily to decrease the use of these. Firstly, there is 

an energy tax of around eight öre per kWh, and in addition there is a carbon tax amounting to 22 öre per 

kWh for natural gas, 32 öre per kWh for oil and 37 öre per kWh for coal. In effect, the full carbon cost is 

119 öre per kg carbon dioxide. (Svensk Energi, 2016a) 

2.13.5 Sulphur tax 

The tax on sulphur amounts to 30 öre per kg sulphur emission. For liquid fuels, the tax is 27 öre per 

cubic meter for amounts over 0.05 percent. (Svensk Energi, 2016a) 

2.13.6 Nitrogen tax 

Nitrogen tax is complicated since much of the tax is reimbursed dependent on useful energy produced. It 

amounts to 50 öre per kg initially. (Svensk Energi, 2016a) 

2.13.7 Repository tax 

The tax the nuclear power producers pays for the repository costs are thought to cover the cost that will 

emerge when the power plants are closed. This tax is individually decided for each reactor, but amounts 

on average to 4 öre per kWh, ever since the increase in 2015 that doubled the cost. This gave addition of 

around 2.5 billion SEK to the nuclear repository fund. (Vattenfall, 2017d) 

2.13.8 Renewable energy tax 

There are tax reductions for produced renewable energy such as energy produced from fuel cells and 

biomass as well as energy from wind, sun, and water. The reduction is SEK 0.60 per kWh and is given 

anyone who provides and takes out energy from the same grid connection. The maximum amount of 

provided energy, which forms the basis for tax reduction per connection point and per person is 30 000 

kWh per year. However, if the total of kWh taken from the connection is less than the input, the total 

amount kWh taken from the connection is the maximum amount entitled tax reduction. Other 

requirements for tax reduction are that it must be notified to the grid owner and there also has to be an 

installed fuse in the connection point with a maximum of 100 amps. (Sidén, 2015) 

2.14 Subsidies and incentives 

Incentives are used to promote certain production in the system. These are punishing “wrong” 

production or benefit desired production. (Damsgaard et al., 2005) 

2.14.1 Financial investment cost  

The cost for different energy production depends on subsidies and other instruments. In table 2 on the 

following page, the cost of different energy production types is shown. In this table, the total production 

cost is calculated, with and without regards to political instruments such as certificates and taxes.  
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Table 2: The table shows total production cost for various types of energy production types if built, including investment cost. The calculations are made 
with a discount rate of 6 percent. (Nohlgren et al., 2014b) 

Production type Installed unit capacity (MW) Cost with  
instruments 
(öre/ kWh) 

Cost without  
instruments 
(öre/ Kwh) 

Energy production from coal 800   56 43 
Nuclear power 1720  60 54 

Energy production from gas 154  57 53 
Bio CHP 88  44 58 

Wind power, onshore 10-150  35-36 51 
Wind power, off shore 144-600  59-63 75-79 

Hydropower  5-90  42-52 46-56 
Solar panels 1  79 93 

2.14.2 Electricity certificate  

The most important subsidy is the green certificates. These are rewarded to producers of renewable 

production, that they can sell to producers with a decided quota that forces them to buy the certificates. 

This market gives renewable producers incentives to invest as they receive an additional income source. 

The average cost for the consumers, paying for the certificates, was 2.8 öre per kWh.(Svensk Energi, 

2016a) 

 

Electricity certificates were introduced to the energy market in may 2003. In practice, the energy 

producers get certificates from the Swedish government once a month. The number of electricity 

certificates given is based on the amount of MWh produced and sold energy from renewable sources such 

as hydropower and energy produced from waves, solar and wind power, geothermal power and energy 

from biofuels and peat. However, the requirement is that the energy production plant is new since 

certificates are given during the plant’s first 15 years and maximum until 2035. (Energimyndigheten, 

2016c) 

 

The value of a certificate is based on demand and supply since it can be sold on an international market 

for electricity certificates. Demand is created through regulations for energy producers and energy- 

intensive industries. The regulation states that energy-intensive industries and energy producers must have 

a certain amount of electricity decided by a yearly quota, which the Swedish government has decided for 

every year until 2035. During 2015, the quotas where adjusted due to higher ambitions for renewable 

energy production. New quotas are therefore effective from 1 January 2016. (Sveriges Riksdag, 2015; 

Energimyndigheten, 2016c) The quotas for electricity certificates could be seen in table 3 on the following 

page. 
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Table 3: Quota levels for electricity certificates (Fortum, 2016) 

Year Quota level Year Quota level 

2003 7.4% 2020 28.8% 
2004 8.1% 2021 27.2% 
2005 10.4% 2022 25.7% 
2006 12.6% 2023 24.4% 
2007 15.1% 2024 22.7% 
2008 16.3% 2025 20.6% 
2009 17.0% 2026 18.3% 
2010 17.9% 2027 16.2% 
2011 17.9% 2028 14.6% 
2012 17.9% 2029 13.0% 
2013 13.5% 2030 11.4% 
2014 14.2% 2031 9.4% 
2015 14.3% 2032 7.6% 
2016 23.1% 2033 5.2% 
2017 24.7% 2034 2.8% 
2018 27.0% 2035 1.3% 
2019 29.1% 

 

2.14.3 Emissions trading 

Since 2005, the European Union has distributed emissions allowances in order to decrease greenhouse 

emissions. All countries and actors within the European Union is a part of the system and have to follow 

the EU Emissions Trading Directive. Today, they are distributed to industries and power producers with 

emission of greenhouse gases but also to actors within the flight sector. For every ton of emissions 

released into the atmosphere, an emission allowance is needed. Others actors can also buy these emission 

allowances and maculate them, resulting in higher demand for the still existing ones. Higher demand leads 

to higher prices and the idea of the emissions trading is to create an incentive to reduce the emissions 

instead of buying a emission allowance.(Swedish Energy Agency, 2015)  

  

The amount of distributed emission allowances for free is based on a limit decided by EU. The limit is 

decreased every year until 2027, when all emission allowances will be auctioned. The price will be 

completely set by the market. (Swedish Energy Agency, 2015) 

2.14.4 Solar power subsidy 

Another subsidy is for solar panels. The Swedish state provides support for investments in solar panels. 

For applications submitted after January 1, 2015 the support is 30 percent of the total investment cost for 

corporations and 20 percent for individuals. Before 1 January 2015, the support covered 35 percent of the 

total investment costs. The maximum amount that could be provided in support for investment in solar 

panels per system is SEK 1.2 million and the maximum investment cost entitled the support per installed 

peak effect is SEK 37 000 per kW, exclusive VAT. The subsidiary for solar panels is only given to plants 

installed before the end of 2019. (Energimyndigheten, 2015; Sidén, 2015)  

 

Additionally, the support is also limited by the state and if the submitted applications together exceed the 

total amount intended for the support, the last submitted applications are rejected. (Sidén, 2015) 

Applications are submitted to State Provincial Offices and until the end of 2014, 3 000 applications had 

been approved of the total of the 8 000 submitted applications. (Energimyndigheten, 2015) During 2017, 

the total amount to be distributed as support for solar panels is going to be 225 MSEK. (Gustafsson, 

2017) 
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In Europe, different systems for subsidies have been used. Feed in tariffs and auctions such as contracts 

for difference have advantages and disadvantages related to the configuration of the subsidy system. 

(Hultquist and Machirant, 2012) 

2.14.5 Feed in tariffs 

A feed-in tariff (FiT), is a policy tool for promoting renewable energy. This works by guaranteeing a fixed 

payment per produced unit of electricity. These contracts usually last for many years, to provide 

incentives for investment. They are effective, as 75 percent of all photovoltaic, solar power, production 

has been deployed with the help of FiTs. The problem is that they are expensive, as seen in Germany, 

where the cost for the solar power FiTs amounted to 53 billion Euro (Grover and Daniels, 2017). To 

prevent a collapse of the system, the value of the tariff is determined by several factors such as investment 

cost, avoidance cost and excess of annual capacity (Pyrgou, Kylili and Fokaides, 2016). 

2.14.6 Contracts for difference 

Contracts for difference, CFD is a principle for settling cost differences in transactions where price is 

unpredictable and fluctuating. It is developed as a way for private producers to come to terms with a 

government agency over a predetermined price within a contract. It is a private contract, usefully labelled 

as such for the interest from private investors. (Onifade, 2016) 

 

The price paid with a CFD contract is the price difference between the “strike” price and the “reference” 

price. The strike price is the price reflecting the extra cost of producing electricity through low emission 

production. The reference price is the average market price. This means that when creating the contracts 

the different parties need to reach a conclusion and agreement on the strike price, based on what the 

parties can come to conclude is the extra cost of production. (UK Government, 2017) 

 

At times when the strike price is higher than the market price, this results in the producer being granted 

the difference from the government agency to reach the strike price production cost. In times when the 

opposite happens, market price exceeding strike price, the producer is expected to repay the difference, as 

to not receive an unreasonable market advantage over competing production businesses. (Onifade, 2016) 

2.14.7 CFD project appointment 

The strike price, as set up in Great Britain, is devised as an auction in several steps for excluding irrelevant 

prospects. (UK Government, 2016) 

 

In the first round, all potential producers list their possible projects based on the relevant cost of 

production, in combination with the total revenue. With this information, the levelized cost is compared 

to the needed strike price to deliver a net cash flow of 0 for the project. By using this division all projects 

are listed as a supply curve. The 19 per cent with the lowest CFD revenue addition needed is taken 

through to the next round. (UK Government, 2016) 

 

Those projects that go through to the next round is then calculated in detail, as to cover the revenue that 

would be required for the project to be profitable. The contracts are only contracted for 15 years, and 

since the expected lifetime of a wind power plant is roughly 22 years, this is being accounted for in the 

devised CFD. (UK Government, 2016) 
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2.15 The Energy agreement 

The Swedish government has in collaboration with three other parties committed an Energy Agreement 

in 2016 with the aim to reach 100 percent renewable energy production sold to competitive prices. The 

Agreement consists of a variety of agreements in order to reach the goal by 2040 and still keep satisfying 

energy delivery reliability. Two of the main points were the removal of the nuclear tax, which was said to 

limit the competitiveness of the nuclear power, together with reduction of the property tax for the 

hydropower plants, as these had problems with profitability. Furthermore, an addition of additional 18 

TWh of electricity certificates was agreed upon. (Government, 2016b)  

 

Nine of the key agreements are listed below: 

 

1. ”The tax on thermal output will be phased out gradually over a two-year period beginning in 2017” 

(Government, 2016a, p. 2) 

2. ”The property tax on hydropower plants will be reduced to the same level as for most other electrical production 

plants, i.e. 0.5 per cent. The tax will be reduced gradually over a four-year period beginning in 2017.” 

(Government, 2016a, p. 3)  

3. ”The electricity certificate system will be extended and expanded by 18 TWh of new electricity certificates until 

2030.” (Government, 2016a, p. 3) 

4. ”The level of ambition will not be raised any further before 2020.” (Government, 2016a, p. 3) 

5. ”The Swedish Energy Agency will be tasked with producing proposals on the design of the quotas for electricity 

certificates beyond 2020 and will optimise the system to ensure the most cost-effective electricity production.” 

(Government, 2016a, p. 4) 

6. ”The transmission capacity within Sweden must increase.” (Government, 2016a, p. 5) 

7. ”The transmission capacity between Sweden and neighbouring countries must increase.” (Government, 2016a, 

p. 5) 

8. ”Sweden must be proactive in the EU in favour of increased interconnection between and within countries” 

(Government, 2016a, p. 5) 

9. ”The abolition of the tax on thermal output and reduction of property tax on hydropower plants will be financed 

through an increase in energy tax. Electricity intensive industry will be exempted.” (Government, 2016a, p. 6) 

 

2.16 Challenges by supply and demand  

There are mainly three challenges the energy system faces due to intermittent power production. These 

need to be dealt with, with varying tactics and solutions. Based on the energy mix in the specific country 

observed, the three challenges are of varying difficulty to solve. (Boyle, 2007) 

 

2.16.1 C1 – Quick changes in production over short time periods. 

This challenge is due to natural changes in climate and weather. In fairly short time periods, for example 

within one hour, the wind could potentially increase dramatically, and if this is accompanied by an 

unexpected clearing of clouds in the sky, the production in intermittent wind and solar power would 
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increase manifold. If this is predicted ahead of time, production from other power sources could be 

expected to decrease production to counter the overproduction otherwise emerging. If not predicted 

correctly, over production might occur, forcing Svenska Krafnät to forcefully shut down or disconnect 

unwanted production to avoid the frequency rising, creating costly financial losses. (Söder, 2015) 

 

The opposite case is more problematic, not just financially. If the wind suddenly start dying down, and 

the clouds cover the sun, production ceases in many facilities. If this cannot be compensated for by other 

production facilities, the frequency starts to decrease. In countries with a lot of production in large 

facilities, the inertia in the spinning production rotors and turbines contain a lot of energy, which 

compensate for the immediate change in production by using the stored energy to power the demand. 

The decrease in frequency, if production cannot be started quickly enough, is harmful to electrical 

equipment, thus a loss of frequency must be prevented. If additional power production cannot be 

incorporated, the load is disconnected. These power cuts, thus, is a problem if power production in the 

power system is not flexible enough.(Söder, 2015) 

 

Countries with substantial use of coal powered plants are vulnerable to these varying production changes 

since a coal power plant may take several hours to heat up and connect to the grid for power production. 

This means in practice, that these power plants are unable to be used at all to compensate for production 

changes. Additional flexible production units must instead be used. Natural gas-powered production 

plants can quickly be taken into use, quickly enough to cover the loss of production output. These are 

plants with great financial cost involved; therefore there is the need to balance financial cost with the risk 

for power cut blackouts. (Söder, 2013)   

 

Sweden has a great advantage, which makes the power mixture more favourable for intermittent power 

production. The hydropower plants can spool up production incredibly quickly, within minutes, to 

counter declining frequencies. As long as there is enough available capacity for production, the 

hydropower complements the intermittent power production in an advantageous manner. (Vattenfall, 

2017i) 

2.16.2 C2 – Low wind power production and cold climate. 

The challenge of total demand exceeding available supply is mainly a problem during winter when a 

substantial amount of production is used for heating. This increases the total demand for power to 

around 25 thousand MW of electricity. This is not problematic if the installed capacity in nuclear power, 

around 10 thousand MW output, and hydropower, around 14 thousand MW, is running as expected since 

additional production from heat power plants covers the remaining demand. (Söder, 2013) The challenge 

emerges if nuclear power is removed from the equation, leaving a production deficit of several thousand 

MW. In times when the wind is producing power in the wind turbines, this deficit is covered. Installed 

capacity in wind power is at the end of 2016 around 6500 MW, which is sufficient to cover the deficit 

(Svensk Vindenergi, Swedish Energy Association, 2016). With the wind gone, however, the deficit is 

problematic and to cover this, additional power production must be included. This production can be 

domestic from additional heat power, or from foreign production imported. Greater power grids limit the 

vulnerability, since wind is usually active somewhere, covering the lack from elsewhere, but if there is a 

common lack of wind power production and not sufficient capacity for import, blackouts from power 

disconnection might occur (Svenska Kraftnät, 2017).  

 

The case is made more complex by additional factors. Firstly, lower air temperature means higher air 

density due to both temperature and lower water humidity. This means that for given wind speed, more 

energy is contained in the wind, thus providing more power in the turbine. This, in turn, means that wind 
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power is more effective during the winter, which is a positive correlation between when power is mostly 

needed, i.e. when heating is needed most, and maximum production from wind power. (Söder, 2015) 

 

Secondly, only lately good tools have been developed for making sure that wind turbines are not 

negatively affected by the cold. Frost and ice limit the production or stops it completely from turning. If 

these solutions are not implemented correctly, downtime for wind turbines will be severe. (Manwell & 

Lacroix, 2000) 

 

In a case scenario where this challenge occurs often, backup power or main production is necessary to 

limit the risk for blackouts. This costly since redundancy is a costly operational strategy. Good grid 

transfer from countries with a less severe climate can limit the vulnerability by using their over capacity to 

fill the void of supply. This will drive the spot price up, making the shortage of electricity a costly result. 

In a market with unregulated competition, this will supply an incentive to invest in production to fill the 

shortage to the point of the marginal cost level spot price. (Söder, 2013) 

2.16.3 C3 – High wind power production and warm climate 

With a production from wind power often producing a big share, or possibly entirely, of demanded 

power, price due to low marginal cost will decrease substantially. Since there is no marginal cost in wind 

power production, the producers have the incentive to produce as soon as there is wind available. If the 

producers have the incentive to produce power even in the case of a zero-revenue spot price, such as 

tariff and certificates, negative spot prices might even occur to succumb the overproduction. In a market 

where this overproduction often occurs, specifically with intermittent production, the collective (and 

correlated production since the wind often affect large areas at the same time thus providing the same 

result for many producers simultaneously) production from wind will be when the revenue is low. This 

removes the incentive to invest in power production since production will often correlate with low 

revenue, and low production when the price is sufficient. (Söder, 2013) 

2.17 Four phases for a 100 percent renewable energy system 

Another way of analysing wind power production and the strain on the grid that comes with it is to 

analyse the share of wind power production in a country’s entire power production mix. The amount of 

wind power is. These phases show the challenges that usually occur when wind power is introduced and 

expanded within the system. Variable Renewable Energy, VRE, is used in the table to present wind and 

solar power. (Mueller and Vithayasrichareon, 2017) 
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Table 4 The four phases based on a country’s share of implemented wind power production (Mueller and Vithayasrichareon, 2017) 

 
 

 

In figure 9, several countries are listed in regard to their development throughout the different phases. As 

noted, Denmark is in phase four with close to 50 percent of capacity in renewable intermittent power. 

Sweden is listed in phase two with approximately 10 percent renewable power.   

 

 
Figure 9: Some countries listed in their different phases in comparison to their wind production quota. (Mueller and Vithayasrichareon, 2017) 
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3 Method 

This section presents our research approach and research design. How primary and secondary sources are used is also 

discussed in this section. 

3.1 Research approach 

We mainly had an inductive research approach, as we first focused on understanding our research field 

before our method was chosen. We also formulated research questions that later were adjusted when we 

learned more and noticed what was of interest within our research field, which is typical for an inductive 

research approach. At the first stage, we started with our literature study and read a lot about the Swedish 

energy system in order to comprehend the current energy market and to recognise current trends within 

the energy system. Our next step was then to create a hypothesis for the current electricity market and 

develop a model to test it for a deeper understanding. At this stage, we had a deductive approach, which 

requires less time than an inductive research approach. Our two first steps had an important role to play 

for our own understanding and they laid the foundation for our third stage, which involved interviews 

with important stakeholders in the energy system. The last stage included analysing collected information 

and presenting our findings in the thesis report. 

3.2 Research design 

Since the aim of our study is to understand today’s complex energy system, forecast it’s future in 2030 

and pinpoint the most important factors to consider when decisions are made regarding the system in 

2030 we have used an exploratory research design where we have combined qualitative and quantitative 

methods. We have used a quantitative method when we modelled the relationship between spot prices 

and wind production and then we used qualitative interviews to collect the needed information.  

 

When all data was collected, we used an inductive approach to compound collected data from primary 

sources with knowledge from the secondary sources and the result form the modelling. This means that 

the literature study contributed to the understanding of the empirical data, which is typical for inductive 

research. All information gained was merged together in a thematic analysis. We categorized our gained 

information, based on highlighted areas during interviews, and read through each category one by one 

with a reflective mindset. That enabled us to reduce our material and to understand each category. We 

also focused on finding common opinions among the interviewees and collected information, as well as 

conflicts. In order to comprehend the weight of each aspect discussed during our interviews, we collected 

our interviewees’ answers and compared them in a table. Then we created three scenarios for the future 

energy system based on the categories found in our material. Each scenario was then discussed and 

presented in the thesis and conclusions were drawn.  

3.3 Literature study 

According to Collis and Hussey (2013), the literature study is a prerequisite for the collected data to be 

placed in context and therefore we started our thesis by writing the literature study. The first step in the 

process was to read through a lot of previous studies and then we reformulated our purpose as well as our 

research questions. Previous studies and literature then formed the basis of the systematic literature 

review that was conducted to enable evidence-based answers to the research questions in our study. 

(Eriksson Barajas, Forsberg and Wengström, 2013)  
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The information needed for our literature study was both from internet-based sources and printed 

sources. The collection of information was completed when repetition of references started to appear in 

the literature and before our writing process started, discussions about the sources’ credibility was held in 

order to ensure the reliability of our findings. (Blomkvist and Hallin, 2015) Found information was then 

sorted and analyzed, which is in line with Cooper’s (1998) process for a research-based study. The final 

step during the literature study was then to present and specify the relevant information in our literature. 

During the last step, the literature study was reviewed and reformulated multiple times as we learned 

more about the subject. The process of rewriting, reviewing and rethinking is according to Blomqvist and 

Hallin (2015) important to ensure the work’s validity.  

3.4 Modelling of current energy system 

After reading up on the subject, questions occurred regarding the relationship between spot price and 

prevailing power production mix. We created a hypothesis, which we then tested by calculating the 

correlation coefficient between wind power production and spot price. We also predicted the potential 

correlation to be linear, since the correlation coefficient cannot be calculated if the correlation is non- 

linear. A correlation coefficient is a measurement for defining the relation between two values. It varies 

between -1 and 1, depending on the correlation of their momentums. A correlation coefficient equals 1 

means that there is a direct and positive correlation between two values, meaning that if one factor 

increases, the other factors increases as well. However, if the correlation factors equals -1, it means that 

there is a direct and negative correlation between the values. In practice, it means that if one value 

increases, the other corresponding value decreases at the same time. (Investopedia, no date)  

 

As seen in formula 1, the average correlation coefficient (𝐶𝑚) was calculated each hour (𝑖) every month 

(𝑚) by dividing the covariance (Cov) between the wind power production and the spot price with the 

product of the standard deviation (𝜎) of each variable. The covariance measures the change between 

wind power productions each hour in the specific month (𝑤𝑖,𝑚) and the price each hour in the specific 

month (𝑝𝑖,𝑚). The standard deviation measures dispersion of the variables from their average. 

(Investopedia, no date) 

 

Formula 1: Calculation of the average correlation coefficient (𝐶𝑚) each month during 2016. 

 

𝐶𝑚 =

∑
𝐶𝑜𝑣 ( 𝑝𝑖,𝑚, 𝑤𝑖,𝑚 )

𝜎𝑝𝑖,𝑚 𝜎𝑤𝑖,𝑚 

𝑖=𝑛𝑚
𝑖=0

𝑛𝑚
 

 

 

𝑪𝒎 ∈ [−𝟏, 𝟏] 

𝒎 ∈ [𝟏, 𝟏𝟐] 

𝒏𝒎 = 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒉𝒐𝒖𝒓𝒔 𝒊𝒏 𝒕𝒉𝒆 𝒂𝒄𝒕𝒖𝒂𝒍 𝒎𝒐𝒏𝒕𝒉 

 

3.5 Interviews 

Empirical data was collected through qualitative semi-structured interviews with individuals active in the 

energy market. Our interview process started with identification of stakeholders within the Swedish 

energy system. Then we chose interviewees representing the, according to us, most important 

stakeholders that we thought had most impact on the system. It was during this part of the interviewee 
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process, we also decided to reduce our scope and only interview actors from the Swedish industry and not 

households due to their relatively low impact on the system.  

 

We conducted semi- structured interviews since semi-structure enables lively discussions based on our 

previous knowledge, in combination with the interviewee’s answers. Throughout the whole project, we 

also had openness to our methodological choice. That enabled us to conduct further interviews with 

more stakeholders then we initially planned, since we found interesting aspects we wanted to investigate 

further from other perspectives. Thus, our procedure to retained knowledge can be described as a 

hermeneutical spiral, configured in figure 10 where earlier discussions and analysis results in new 

understanding. This process enabled us to fulfil the purpose of our study and to contribute with new 

knowledge in the field of our thesis. (Blomkvist and Hallin, 2015) 

 

 
Figure 10: The hermeneutical spiral (Alvesson and Sköldberg, 2007) 

The interviews were conducted with individuals representing stakeholders in the energy industry. In figure 

11, it is shown which interviewee representing which actor. All interviews were voice recorded and notes 

were taken regarding body language, since only voice recording is not recommended by Blomqvist and 

Hallin (2015).  

 

 
Figure 11: Interviewee representing each actor within the energy system and electricity market. 

 

During the whole interview process, the information obtained through interviews was analysed 

retrospectively both direct after and then again when the voice recordings were transcribed. That is very 
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important to involve in the process since an individual's own preferences can shine through in interviews 

and by analysing the information multiple times can reduce the affect it has on our study results. 

(Blomkvist and Hallin, 2015) 

 

Since interviews are time-consuming, we prepared questions carefully in order to get relevant inputs from 

the interviewees. The preparations consisted of writing and formulating open questions of exploratory 

nature. Open questions allow the interviewee can provide detailed answers. Furthermore, we used silence 

as a tool to enable reflection of the interviewee. (Blomkvist and Hallin, 2015) However, semi-structured 

interviews are hard for other researches to repeat and it is also of high possibility that we, as interviewers, 

affected the interviewees’ answers.  According to Denscombe (2014) that is the case within all qualitative 

interviews, and that is also supported by Blomqvist and Hallin (2015). 

3.6 Reliability and Validity 

A study’s reliability combined with it’s validity measures the quality of the study (Blomkvist and Hallin, 

2015). According to Collis and Hussey (2013) validity is the correlation between what has been studied, 

the aim with the research and the results. The validity of our collected data from interviews is, in our 

opinion, high as a result of our watchfully chosen interviewees with relevant knowledge and experiences. 

We have also mainly been working inductively, which made us constantly reflect of our thesis validity.  

 

All interviewees had the chance of being anonymous, but all where passionate to share their knowledge in 

a transparent way, which increases the reliability of our thesis. To increase our thesis reliability further we 

have conducted many interviews with a range of stakeholder, which also increased our work’s 

generalizability. Furthermore, our interviewees were not affected by each other since all interviews were 

conducted one at a time. However, interviews are hard to repeat for other researches, which affect the 

reliability of our thesis negatively.  
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3.7 Perspectives employed 

This exploratory paper is based on a perspective based interview collection. In figure 12, the perspectives 

addressed during interviews are shown. The figure also shows which companies/institute our 

interviewees represent. Figure 13, shows the relationship among actors within the Swedish energy market. 

 

 
Figure 12: Perspectives addressed during interviews. 

 
Figure 13: Relationship between actors on the energy market. 
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Fortum AB and Vattenfall AB’s focus is electricity production, representing the producer perspective. 

They sell their produced energy on Nord Pool.  

 

Nord Pool represents the market sales perspective, as they are Europe’s leading power market trading 

service, supplying day-ahead trading and intraday trading. Nord Pool is owned by the system operators in 

the Nordic and Baltic states: Svenska kraftnät, Fin-Grid and Statnet among others. The Nord Pool 

market model success has led to the model currently being integrated into the Europe market. Basically, 

all large actors on the electricity market do their trading on Nord Pool, and almost all sale volume on the 

market goes through Nord Pool. Most producers sell their production and buy, in return, their customers 

demand on Nord Pool, and some industries trade directly on Nord Pool as well. System operators also act 

on the exchange, obtaining regulating bids the producers supply to the momentary balance market. In 

total, 380 actors act on Nord Pool.  

 

The industry is one of the main actors on the market and they are more affected by the price level for 

electricity than private households. Therefore, we have chosen the industry to represent the end user 

perspective. Holmen and Jernkontoret represent the Swedish industry in this thesis since they both 

represents energy intensive industries. They buy most of their needed energy at Nord Pool. 

 

Svenska Kraftnät and Ellevio AB represent the power transfer perspective. They are substantially 

different in what their mission is, but are different parts of the power grid operation nevertheless. Svenska 

Kraftnät is both system operator for the power balance, responsible for the function and balance of the 

technical function of supply and demand in the grid, and the agency responsible for national high voltage 

transfer grid. The fact that production must, at all times, correspond to demand, amounts to the need for 

a responsible actor that makes sure that this is sustained. Therefore, Svenska Kraftnät relies on both 

producers to produce electricity as well as industry to use the electricity, being able to alter and affect both 

parameters. Their responsibilities also include foreign power grid connections. The national transfer grid 

is connected to Ellevio AB´s grid. This grid is the local grid connecting the high voltage grid with the 

lower voltage supplied to customers. 

 

Interviewee C and interviewee D, represents the external perspective. As professors at The Royal Institute 

of Technology, their exhaustive knowledge and experience in the field of electricity production and 

market function is significant and relevant to this thesis. Interviewee C is a professor within Power Grid 

Technology at the institution for electromagnetic engineering, and interviewee D is a professor within 

Electric Power Systems at the institution for electric power and energy systems. Their studies provide all 

actors within the energy market with important knowledge and their findings can also affect the whole 

system. As an example, interviewee D has been part of a lot of studies and projects that have been the 

foundation for political decisions.  

 

The political perspective is represented by interviewee J, who is a member of Parliament for Moderaterna 

(M) and responsible for energy related questions. He participated in negotiating the “energy deal” 

(“Energiuppgörelsen”) that led to the Energy Agreement in 2016. He was also a part of the section that 

signed the Energy Agreement. The Swedish parliament is the deciding party, determining the scope of 

both the Energy Agency and Svenska Kraftnät’s goals and projects. The Energy Agency is a Swedish 

government agency working for a sustainable energy market.  

 

In table 5 on the following page, an overview of the actors and their business areas can be seen as well as 

information about number of employees and ownership.  
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Table 5: Information about the actors within the energy market our interviewees have represented. (Regeringen, no date: Allabolag.se, 2015: Nord 
Pool, 2015: Holmen, 2016: Svenska kraftnät, 2016: Fortum, 2017: Interviewee L, 2017: Jernkontoret, 2017: Vattenfall, 2017) 

 
 
  

 Business area Miscellaneous 

E
nergy P

roducer 

Industry 

P
olitical Influence 

E
nergy S

ustainability W
ork

 

E
lectricity B

alancing R
esponsibility 

T
rading 

W
ind P

ow
er in P

ortfolio 

N
um

ber of E
m

ployees 

S
tate O

w
ned or G

overnm
ental A

gency 

E
x

pert of E
nergy A

rea 

Fortum AB X  X X X X  ~8000   

Holmen AB X X X X X X X 2989   

KTH Professor – Interviewee C   X X    n.a X X 

KTH Professor – Interviewee D   X X    n.a X X 

Svenska Kraftnät   X  X   599 X X 

Ellevio AB   X  X   407   

Jernkontoret AB  X X     31   

Vattenfall AB X  X X X X X 19935 X  

Sveriges Riksdag   X     349 X  

Swedish Energy Agency   X X    400 X X 

Nord Pool   X   X  114 X  
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4 Results and Discussion 

In this analysis, we have divided the results of our studies and the discussion in two parts. Part one covers the current 
situation and it´s challenges and opportunities. The second part covers three potential future scenarios for the Swedish energy 
system in 2030. The focus in part two is challenges and opportunities. A framework regarding possible needs for changes in 
the future electricity-pricing model is also presented.  

4.1 Part 1 - Analysis of current energy system and electricity market 

The energy system is complex with many actors and factors affecting outcome and results. It is a dynamic 
system in need of momentary balance between energy supply and energy demand. The market actors have 
seen the electricity prices diminish and the whole energy system is under constant changes due to the 
implementation of intermittent energy production as well as the decided early closure of Swedish nuclear 
reactors.  

4.1.1 Modelling of the current energy production and electricity prices 

In an attempt to describe the current market situation, a model for the correlation between production of 

wind power and the energy price has been developed.  

 
Figure 14: Wind power and price correlation for 2016 

As seen in figure 14, the correlation between spot price and wind power production is negative, meaning 

prices are low when the production of wind power is high. This is a reasonable conclusion since wind 

power production, with low marginal cost, would naturally yield this result. Table 6 shows the correlation 

coefficient for the wind power production and spot price in 2016. It is clearly shown that the hypothesis 

that wind power leads to lower prices is correct, and that this implies the problem with profitability is 

viable.  
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Table 6: The correlation coefficient for 2016, monthly and average value 

January -0.417 
February -0.355 

March -0.419 
April -0.122 
May -0.178 
June -0.245 
July -0.516 

August -0.295 
September -0.390 

October -0.416 
November -0.492 
December -0.543 

Yearly average -0.366 

 

The average price for 2016 was calculated to 255.6 SEK/MWh, and the median price was 238.5 

SEK/MWh. This means that production, based on negative correlation to production, from wind power 

is often sold on the whole sale spot market at a lower price than the average spot price, thus it settles the 

hypothesis that the market disfavours wind power.   

4.1.2 Currently low energy prices 

There are currently low prices for electricity in Sweden due to oversupply of available production, both in 

Sweden and in neighbouring countries (Interviewee H, 2017). Today, there is a “phase two”-scenario, as 

discussed in the literature study, where C2 situations seldom occur and can be handled. C3 situations 

occur, however, when intermittent production is high. Implementation of wind turbines has been an 

alternative due to the additional revenue from sold electricity certificates. However, that is not the case 

presently. Presently, the investments in wind turbines have reach the requested amount, ahead of 

expected time frame, resulting in drastically decreased prices of certificates. Interviewee L explained in 

more detail: 

 

“The common idea was that as investments in wind power were being completed, it would get more difficult to invest further 

since favourable sites gets taken. That meant that the price of the certificates would increase over time. 

 

However, the technological development meant that more sites were profitable and the price of the investment decreased 

dramatically. This plummeted the price of the certificates. It was a lesson learned, not to be underestimated.” 

 

Interviewee H agreed with interviewee L and stated that: 

 

“The technical development was greatly underestimated. The actors investing later during the last 10 years have done so to a 

much lower cost, effectively pulling the rug from underneath the early investors.”  

 

From a producer perspective, low prices on both electricity certificates and electricity are putting the 

electricity producers under pressure and with decreasing profits. Both interviewee A and interviewee I 

think the market is over-established, but interviewee A stated that the pressure also is an opportunity to 

find new revenue streams in form of new services. He represents a company with a low share of wind 

turbines and a large share of hydropower in their production portfolio, in comparison to interviewee I 

who represents Vattenfall’s wind power division.  

 

However, interviewee D also highlighted that it is not really a problem seen from an external perspective 

since he thinks the producers will not be put out of business. The banks that have lent money for the 



 
 

36 

initial investments do not have any reasons to not let producers only pay for the interest due to the low 

value of the actual wind turbine. He argued that: 

 

“It is always better for the banks to get some money, than nothing at all.” 

 

 Interviewee A also highlighted the actors’ own choice in this scenario. He stated that: 

 
“The market for electricity certificates has been a cost-efficient solution to provide incentives for renewable energy. Electricity 
certificates are the reason why we have so much wind power implemented in our energy system. But now when the set targets 

are met, the price for electricity certificates have dropped and our competitors which invested more than we did in wind 
turbines have lost an important revenue stream. However, I think it is important to understand that it has been their own 

choice to invest in wind turbines and they knew they took on a risk when they decided to invest.” 
 

This implies that opinions of our interviewees can be coloured by their employer’s production mix, which 

interviewee H confirms, as he also is an employee at Vattenfall and are subjected to different opinions 

than interviewee I. As an example, he highlights that you naturally have different opinions within a large 

company as Vattenfall depending on what division the employees work within. 

4.1.3 Reliable energy supply 

However, while low prices put the energy producers under pressure, low energy prices are favourable for 

the Swedish industry. Even though the price for energy has a great impact on the industry’s profitability 

(all interviewees argued for the importance of low energy price), all agreed on the fact that the prices 

cannot be allowed to decrease too much. Their main concern with too low prices is the threat of further 

closure of nuclear power production earlier than planned. The nuclear power production is, as mentioned 

earlier in the literature study, the base production of energy in the Swedish national grids and their closure 

can lead to dramatic consequences. As an example, the closure of nuclear power reactors may jeopardize 

the important energy supply reliability that is currently present in Sweden. This is something both 

interviewees representing the industry perspective (interviewee B and interviewee G) emphasised great 

concerns for. An unreliable energy supply would result in much higher costs for the Swedish industry in 

the end and Interviewee B stated that a reliable energy supply is crucial, resulting in the investments in 

their own wind power parks, as he stated: 

 

“Due to the importance of a reliable energy supply as well as control over our own production costs, we have invested in own 

energy production. Reliable energy supply is very important for some of our more sensitive production and therefore we have 

our own power generators that can be started if the power supply is too unstable. We also have both wind turbines and 

hydropower but even so, we need more energy than we can produce today.   

 

Regarding wind turbines, the wind turbine park consists of 17 wind turbines and was finished during 2013 – 2014. We 

also have finished permits for 160 MW of wind power, but due to the low electricity prices we have no plans to build them 

right now.” 

 

Interviewee G agreed with interviewee B regarding the importance of a reliable energy supply. He stated: 
 
“In one facility there was a power cut-out for one second. This resulted in expenses of approximately 100 million SEK. The 

pumps shut down, clogging the system, grinding the process to a halt. This meant that the raw material within the process 
had to be scrapped, new parts needed to be replaced and there was no production for a week before normal operations could be 

resumed.” 
 

Furthermore, a stable and reliable electricity supply is also depending on the grid development. However, 

Interviewee E from Svenska Kraftnät, explained the complexity of completely avoiding such events: 
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“The target is that we during normal operations always can handle the power balance. We cannot however, build a system 
that can handle anything, that would be impossibly expensive. Instead, we aim for a robust system. It means it cannot handle 

10 simultaneous incidents; instead we use the N-1 classification, which means that we should be able to handle one major 
incident, a lost transfer line or transformer, and within 15 minutes be able to handle another.” 

 

Furthermore, interviewee E highlighted the necessity of more modern infrastructure. He thinks the 

energy industry need to go over to smarter systems, using more data and shorter time frames. He 

explained: 

  

“ 15 minutes is the more reasonable time resolution in the market, instead of todays hourly resolution. We push for all actors 

to go towards 15 minutes. From 2025 we might need something else but until then we absolutely need the higher time 

resolution. We have connected grand parts of Europe, that means we need to cooperate. They already have shorter time 

frames, so we know it works out. 

 

We couldn’t keep the manually systems for the 15 minutes’ frames, there are too much information needed. Automatization 

is crucial.” 

  

Additionally, interviewee K representing Nord Pool, explained that 15 minute- slots is easily integrated if 

Svenska Kraftnät solves the technological challenge: 

  

“We need to have 15 minutes settlements if we use 15 minutes time frames. For us, that is no problem, we already have 30 

minutes’ frames in the UK, and Germany has 15 minutes intraday frames. The problem is the changing process that is slow 

in the Nordic system. 

 

The wind power nature demands that we work towards reduceding forecast uncertainty, effectively shorting the time from 

planning procedure to actual production. We also work on shortening the gate for bid-closure to 15 minutes before active 

hours, from the 45 minutes today. This is to allow the system to come closer to forecasting correct result. Our systems are 

ready; we are waiting for Svenska Kraftnät. 

 

The systems are also ready for flexible production, aggregated ‘island operation’, separated from the system. We are not a 

driving force, but are ready with a easily modifiable system function.” 

4.1.4 Marginal cost pricing model 

The system will be tested, both economically and technologically until 2030. The financial situation of the 

future actors will depend on decisions taken regarding the market. Even though the Swedish electricity 

prices might be too low today, all interviewees agreed upon one thing; the current pricing model for 

electricity is the best alternative. As interviewee E puts it: 

 

“The marginal pricing is in theory the only correct pricing model. And in practise, is seems to work as expected.”  

 

Interviewee H agrees and also highlighted the importance of the price signal that the price represents. He 

stressed: 

 

“We don’t really have a good alternative. Even though the wind power lack a marginal cost, other types of production can set 

the price. The marginal cost also allows the customers to show their willingness to pay.”  
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4.1.5 The Energy Agreement 

There is a great spread in opinions among actors within the energy system regarding how the future 

should be and what market changes are needed. According to interviewee D, J and B the public debate 

about the Swedish energy system is often lead by the Swedish industry as well as energy producers arguing 

from their point of view. Interviewee D stated: 

 

“Producers think that taxes for carbon dioxide emissions are the right way to proceed since it will drive up the price for 

electricity. At the same time the industry argues that: 

-No! We should provide the producers with subsidies so they can afford to produce energy! 

The reason why they say that is because subsidies leads to low prices and more energy production.” 

 

Due to the spread in opinions, the politically cross spectrum “Energy Agreement” was by many seen as a 

revolutionary step towards a common and ambitious deal between political parties. In the Energy 

Agreement, the Swedish politicians agreed on steps that would give actors on the energy market a forecast 

to which they could adapt instead of the turmoil that ensues next legislature. A forecast and changes 

regarding tax levels was important enough for nuclear power producers that Torbjörn Wahlborg, chief for 

Vattenfall’s nuclear power production, commented in the Swedish newspaper where he signalised a 

possible closure of nuclear power reactors if nothing is done due to the need for new investments and 

renovations in current reactors (Törnmalm, 2016).This was the start for the cross- boundary discussions 

between Swedish parties that then resulted in the Energy Agreement signed in 2016.  

 

Interviewee J, who represents the Moderate party, claims that the government could have pushed for new 

laws and taxes without discussions with other parties, but they did not since that would have been a great 

political risk. According to interviewee J, the social democrats have expressed their intention on closing 

the nuclear power production. This made it very difficult for them to write a proposition by themselves 

arguing for a reduction in taxes for nuclear power plants. The nuclear power producers were comforted 

by the reduction of taxes for their production, there was other parts in the agreement that did not align 

with their thoughts. This was something interviewee H, from Vattenfall, emphasised: 

 
“Production taxation on nuclear and hydropower was reduced, and we were the driving part of that. With the contemporary 
prices, the taxation had to be removed for these facilities to survive unless a severe price increase would arise. However, the 

implementation of 18 TWh renewables, will pressure today’s electricity price even further.”  
 
Interviewee B agreed on the problem with the overcapacity in the grid, especially the additional 18 TWh 

of certificates that was the result of the Energy Agreement. He stated: 

 

“I am against these 18 TWh of wind. That is despite the fact that we own a lot of wind potential projects. It will crumble 

the price so heavily that the Swedish nuclear power simply will vanish. We want a low electricity price, but we are in a worse 

position if the nuclear power disappears. We rather sit safely, than with lowest possible electricity price.” 

 
Interviewee E agreed and his conclusion is that all subsidies should be removed. He stated: 
 
We could, theoretically, absolutely have a lot of wind power, but it should not be subsidised. If you have a market, the profits 

should be from market forces, not from subsidies. That is not a working market, if the level of subsidies is the deciding factor. 

Renewables are good, but it should be invested in a real market. The energy price should be enough of an incentive. If we 

want less CO2, then penalise the use of production releasing emissions. If you have too many rules, the system becomes too 

complex and you lose efficiency. 
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It is important to understand that any producer loses out in some way, because different types of production carry different 

disadvantages. In my opinion, the more manipulation of the market, the worse it gets. The market should be technology 

neutral, and instead work on what should be the optimum production mix.” 

 
The importance of the grid redundancy is another area that is important to manage, which is clarified by 

interviewee J, as he highlights the real challenges in the system that will become a reality in 2030. The 

investments that will spread through the system will require the system to handle large changes in transfer 

capabilities. He stated that: 

 

“The Energy Agreement states that 18 TWh wind power should be integrated into the system. This amount is not at all 
needed currently. But after 2030, we probably move towards a system that holds no nuclear power. The reactors would 

probably be offline by 2045 and no new investments in nuclear is probable. In addition to this, the technical service life of 
20-25 years of the wind turbines means that none of today’s turbines will be online by 2045. This all leads to a situation 

where there will be an investment need of approximately 90 TWh of production after 2030. So in the long run we need huge 

investments, but not right now. Today, investments in additional energy production lead to lower electricity prices.” 
 
Furthermore, interviewee L stated that the implementation of new regulations regarding electricity 

certificates might not be as successful in the future, when additional production actually might be needed. 

He stated that: 

 

“I am not sure whether or not it is a good idea to start with new regulations for the electricity certificates. There is a great 

potential the trust is exhausted and that the new regulations won’t have the intended effect on the market. There may be a 

need for another solution.” 

 
Interviewee J agreed with interviewee L and said that; 
 

“Even though there will be higher quotas for the electricity certificates, the market will most likely be more restrictive than 
last time. Recently, there has been a change in which kind of actors that now builds wind turbines. Previously, it was a lot of 

small actors such as municipalities and farmers, but nowadays it is mostly institutional investors.” 
 
In comparison, interviewee I believe that the earlier electricity certificates were great, because it pushed 
for the technical development. Furthermore, she has a strong believe in wind turbines to be an export 
product in the future, although without the use of subsidies. And regarding the “threat” of decreasing 
energy prices, she remains unworried. She believes that export would drive up the price, and in alignment 
with interviewee J and interviewee D, she also sees great potential for Sweden to attract new energy 
intensive industries, which also could drive up the price.  
 
As illustrated above, there was a great spread of opinions regarding whether the Energy Agreement was 
successful or not among all interviewees. Interviewee J, who had an important role in the signing of the 
Energy Agreement, expected this and he emphasises that even if all might not see it as the best possible 
agreement, it was the best that could have been. In politics, there has to be compromises in order to reach 
a point where an agreement can be signed at all. He stated:  
 

“The energy agreement was very important for the future of both nuclear- and hydropower producers. Nuclear power 
producers are mainly selling their production on long contracts and not to spot prices and we must remember that the 
electricity price level is affected by more factors than supply and electricity certificates. It is also affected by the economic 

climate, energy efficiency technology, and population growth. There is also high potential for Sweden to attract new industries 
such as data centres and battery factories and so on. What the net effect is of all these factors in combination is very hard to 
say so even if it was not our first choice to implement further subsidies for renewable energy production, we still thought the 

agreement in it’s whole is better than no agreement at all. 
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Interviewee J also highlighted other aspects regarding the complexity of the Energy Agreement. 

Politicians have to win votes from the people, but it is difficult to win votes by engaging in energy 

questions since it has a low priority for the average Swede. He claimed that: 

 

“The greatest issue with questions about energy, is the fact that it only seems to matter to people when something is bad. 

Many people think school, healthcare policy and integration is very important and something they really, truly care about. 

However, a reliable energy grid and energy supply is a hygiene factor. On the other hand, during the winter 2010 prices went 

up since there was a dry year with little water in the water reservoirs in combination with problems with nuclear power. It 

was also very cold outside. When this becomes an energy shortage or “high” energy prices, then people were angry and started 

to care.” 

4.1.6 System operator 

Svenska Kraftnät is the system operator for the Swedish national grid. The Swedish government directly 

controls the system operator’s role within the energy system. The system operators are responsible for the 

physical grid, making sure that it delivers expected functions and maintaining the frequency. This is done 

as an instantaneous process, with the momentary values of production and consumption as influenceable 

parameters.  

 

Svenska Kraftnät is also responsible for the power transfer motorways from northern to southern 

Sweden. Since the hydropower is located up north, and a lot of demand is located in southern Sweden, 

the transfer capabilities are critical. Many new wind projects are located in northern Sweden since there is 

less disturbance from urban areas. This increases the need for further transfer investments. Interviewee E 

continues: 

 

“System and development plans are developed right now. Which investments are necessary in the future is specified in those. 

We need to fortify and strengthen the north-south transfer. There will be a worse situation when the nuclear power shuts 

down in southern Sweden, which means less balance and larger risk of shortage. The foreclosure of the Swedish reactors was 

unexpected. 

 

 Also, Norway is expanding its southern transfer cables, effectively going around Sweden, to the rest of Europe.  

 This means we will need to depend on our own production more to some degree. More countries will see the Nordic 

hydropower as “batteries”, trading over long distances. It, unfortunately imply bigger losses. The transfer loss accounts to close 

to two percent of the produced power. Svenska Kraftnät alone “consumes” three TWh of power, wasted in cable tranfers. 

 

 We also need a better capability to supervise and monitor the system in real-time. We will have to monitor individual 

components in the system. 

 

We also know that power does not flow in one-directional ways. Kirchhoff’s laws states that power takes way around the 

system based on resistance. For example, in Germany, power runs through Poland and Czech Republic instead of their own 

grid as this is a huge bottleneck, creating congestion in the Polish and Czech power grid. TSOs didn’t take into account the 

capacity allocation that electricity can flow via different paths before, but in the future we will do so when we implement the 

new EU regulation on capcity allocation and congestion management.”  

 
In Sweden, the power grid used to be more geographically divided with less long distance transfers, with 

production and distribution vertically integrated by a few actors in a specific location. This held several 

key advantages, mainly for the operation of electricity intensive facilities like steel blast furnaces as the 

production facilities could run in tandem with the specific demand facilities (Interviewee F, 2017). With 

the deregulation, and the geographically scattered production, the distributors have to administer this 
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challenge in different ways. The Swedish frequency, integrated into the whole Nordic synchronous power 

grid, must be kept at 50 Hz. If production goes down, the frequency falls until additional production can 

be taken online. This is harmful to electrical products, possibly impairing them (Interviewee F, 2017).  

 

Furthermore, the balance security is something interviewee F also highlights:  

 

“More automation amounts to a need for a more robust system. Everything, even agriculture is automated today, meaning 

that a stable grid is vital. If the electricity cuts out, the society crumbles. We try dig and drag power lines in the ground to 

lessen the risk of power cuts. We aim for, as do Svenska Kraftnät, for the N-1 redundancy. For power going into 

Stockholm, and other important key point, we use N-2, redundancy. This development means there is a bigger need for 

investments, as we are now carrying out. We invested two billion SEK last year to ensure a reliable delivery.”  

 
The expansion of the grid due to wind power is a minor problem for the local grid owners, represented 

by interviewee F, as they see the expansion within their own local grid as a slower process: 

 

“We don’t know exactly where the wind parks are going to be built but we are part of the procurements. These usually take 

a long time to develop, meaning we are ready for grid connection when construction begins through thorough co-operation.” 

 

Interviewee E explained another challenge related to the implementation of wind turbines. The ever-

changing weather means that forecasts are more important than ever, since the energy produced by, as an 

example, a wind turbine is directly correlated to the wind speed. As a result, the inspection of favourable 

construction sites is extra important: 

 

“All planned wind power projects won’t all be realised. We have to guess which projects that will reach construction, and 

where these will be placed geographically. This information then implies where the grid has to be strengthened and expanded.” 

 
Regarding the transfer routes of the future system, interviewee G stated: 
 

“Until 2030, there will probably be built even further leading to more over capacity, within the Nordic region. How worried 

are the producers about the spot prices then? We might have a situation where there is not six, but only four reactors, in 

2021. Then we will be short on power in SE3. We will have a very strained situation then. Maybe we might even get 

electricity rationing. No one wants such a situation. The closure of the plants cannot be done too quickly. It really doesn’t 

help that much of wind production investments are in SE1 and SE2. The southern transfer route is a bottleneck with 

today’s production capabilities, even more production will only result in further bottlenecks.” 

 

Interviewee H explained their view on the grid: 

  

“We can handle a lot of scenario due to our hydropower. I think we will have quite a lot of wind power, but we will have to 

expand and strengthen the power grids and remove bottlenecks.” 
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4.2 Part 2 - Three potential scenarios in 2030 

As an outcome of the initial analysis, we have found different needs in the future depending on level of energy prices, demand, 
grid extensions enabling import and export of energy, political stability as well as technical development. Since it is difficult to 
predict the future, we have created three different scenarios where we discuss the actors view and draw conclusions regarding 
technical and political necessities, and also the pricing model for energy.  

4.2.1 The future energy system 

Even though an Energy Agreement was signed by the politicians, it is very difficult to predict the future 

and all interviewees agreed upon one thing – Sweden has a reliable energy system today but the 

production mix as well as the aggregated demand will change, which will put the system under pressure. 

How the future will look like is mainly up to politicians in combination with market actors’ actions, but 

table 2 shows the lack of consensus among them in three important areas. Since interviewee H and 

interviewee I represent the view of the same company, their answers are only presented once in the table.  

In table 7 on the following page, it is shown that: 

 9 out of 11 interviewed actors involved in the energy system think that subsidies should be 

removed. Something that many of them highlighted as a problem was the combination of 

subsidies and the aim to export. 1 out of 11 of our interviewees thought that subsidies are 

necessary and 1 in 11 did not have an official opinionated standpoint regarding this question. 

 

 5 out of 11 of our interviewees think that some market manipulation is necessary, and just as 

many thought that it was unnecessary. Market manipulation could be everything from laws 

regarding reserve power, a capacity market or laws regarding the separation of grid owners and 

energy producers. 1 in 11 did not have an official opinionated standpoint regarding this question. 

 

 Regarding export, 7 out of 11 think that export should be a set goal to work towards. 3 out of 11 

of our interviewees disagreed and 1 in 11 lacked an official opinion regarding export. 

The energy system has to adapt to the surrounding environment, and since there is a lack of consensus 

regarding the view of the future, we have created three different scenarios based upon information 

collected during our interviews.  
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Table 7: Quantitative Compilation of Attitudes 

 

 S
ubsidies are necessary 

 S
ubsidies should be rem

oved, now
 or over tim

e 

 S
om

e m
ark

et m
anipulation is necessary 

 T
he m

ark
et should be k

ept unregulated 

 T
here is a need for m

ore ex
port 

 E
x

port should not be advocated 

Fortum AB X   X X  

Holmen AB  X X  X  

KTH Professor – Interviewee C  X  X X  

KTH Professor – Interviewee D  X  X X  

Svenska Kraftnät  X  X  X 

Ellevio  X X   X 

Jernkontoret   X X   X 

Vattenfall AB   X  X X  

Sveriges Riksdag (the Moderate Party)  X X  X  

Swedish Energy Agency  X X  X  

Nord Pool - - - - - - 
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4.2.2 Scenario A – Over capacity in the grid and low energy prices 

Scenario A is based on the notion that overcapacity will remain in the system until 2030 as the industry demands are 

politically important and the stable and robust power supply is requested.  

4.2.2.1 The scenario specifications  

In this scenario, six remaining reactors are left after Oskarshamn 1 and 2 and Ringhals 1 and 2 are all 

closed by 2020. The remaining reactors are envisioned to produce power until 2035 to 2045, when they 

are taken offline in consistent order. In figure 15, the reactor hall of Forsmark is shown. 

 

 
Figure 15: The reactor hall of Forsmark nuclear power plant. (Nyberg, 2011) 

Even though only six nuclear reactors are left within this scenario, there is overproduction in the grid as a 

direct result of the Energy agreement, which subsidized 18 TWh of wind power turbines into the system. 

The wind turbines, with their production that run without marginal costs, has in this scenario reduced the 

spot prices even further than today’s spot prices. As a result, the spot prices are too low for production to 

be profitable. In contrast, the industry and consumers are satisfied with the price level for electricity in 

this scenario, but do understand the risk when producers are very unprofitable. 

 

Another change in this scenario in comparison with today’s system is that Nord Pool has improved the 

market for electricity. In this scenario, Nord Pool has 15 minute timeslots instead of one hour-long 

timeslots.  

 

This scenario corresponds to phase three in the four phase – analysis described in our literature study due 

to the production mix of less nuclear power production and equal amount hydropower in combination 

with increased wind power production. This scenario also corresponds to scenario C3, in most scenarios, 

due to the overcapacity within the system. As seen in the phase-analysis, the phase three leads to 
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challenges in supply and demand matching, something that will manifest as C2 situations in unfortunate 

times. The main points of this scenario are presented in table 8.  

 
Table 8: Specifications for Scenario A 

Six nuclear reactors online All the reactors outlasting the closure by 2020 are running. 

18 TWh of renewables 
completed 

The electricity certificates have enabled investments in production. Constructed in full by 2030. 

Limited grid connection 
expansion 

The grid has been expanded but still implies grid bottlenecks, which hinders full export and import. 

Limited rise in demand The demand is based on a minor demand increase, not affecting the export goal. 

Low spot prices The low marginal cost of wind power and existing over capacity in the system leads to low spot prices. 

Redundant and stable power The industry find the system stable enough for normal operation in this scenario. 

Alternative price models  
The low spot price in a favourable power system leads to requests of an alternative price model to 
reward the producers for their production.  

15 minute timeslots at Nord 
Pool’s market places 

Timeslots for biddings have changed from 1 hour timeslots to 15 minutes timeslots. 

 

4.2.2.2 Marginal cost based pricing model - Fear of unsustainable electricity prices 

The industry is most optimistic about the current state in Scenario A, since their profits partly rely on low 

prices for electricity as well as a stable grid with stable power supply. This reduces production costs, and 

minimizes the risk for unplanned stops of the production lines.  There is also the stable business climate 

in this scenario and interviewee B discussed how it affects the company’s future plans: 

 
“The energy price is definitely favourable for us as a production company since the electricity prices have a great impact on our 

profit. If the energy prices decrease with 0.01 SEK/ kWh our profit will increase with 20 MSEK. The energy price 

approximately stands for 30 percent of our total cost of production. However, Sweden does have other advantages as well. As 

an example, it has a stable political environment as well as a stable energy grid. Therefore, I think there is a low chance that 

we would move our production to other countries.” 

 
Interviewee B’s argument is also supported by interviewee G, who represents the steel industry. He 
claimed that: 
 

“The Swedish steel industry is a heavy energy user and therefore the impact of energy prices is great. It is also hard to push 
the expense for energy usage towards the end consumers, since the Swedish steel industry act on a global market. And 

regarding the future, the impact will probably increase even further since there are plans to change production method for steel 
production in order to reduce the use of coke coal. This change will lead to an increase of energy used in production, therefore 

also the price sensitivity.” 
 
Interviewee C agreed on the complexity of higher prices for produced products as an effect of higher 
production cost. Interviewee J explained on the importance of competitive energy prices for the Swedish 
industry, by stating that: 
 

“I think that many other factors besides the spot price must be considered and taken into account when talking about our 
industry's competitiveness. As an example: How much do the Swedish industry have to pay for allowances, costs for the 

electricity grid, transportation costs including all different kind of taxes, but also cost for fuel and rail infrastructure. We have 
also heard a lot of the importance for a reliable grid and I would actually like to highlight that experts say it is fully possible 
to manage and maintain our reliability over time if changes are implemented slowly and if we preserve both our hydro- and 

nuclear power.” 
 
This implies that a low price if favourable, but there is a threshold, where a lower price will simply 

deconstruct the market, making the energy system more fragile. This is also supported by the report, 

“Delivery security” (Normark et al., 2017), which is a result of the project “Paths for power”. They explain the 
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competitiveness that drives the incentives and concludes that an equilibrium is necessary for a stable grid.  

One thing that could be done is to implement a minimum price limit, to reduce the risk of too low prices 

that in the end might have devastating consequences regarding the grid stability. However, interviewee G 

first discussed a reasonable price for electricity but then also argued that a price limit is not a good 

solution: 

 

“We like a low electricity price, but a too low price will lead to closure in electricity production. That will lead to much more 

volatile prices. It is favourable with wind power production during the winter with heavier winds, but what if these winds 

come at a Sunday at noon when no production is running. What about Monday, when we start the production, what 

happens then?  

 

We want the price to be low enough, but high enough for the plannable power to remain. The system does not need to have 

nuclear power, as long as it’s a stable supply. Stable power to a reasonable price. This won’t come through energy storage, 

meaning we need production.  

 

This in turn means we think a price of 20 to 30 öre per kWh is good. We know Vattenfall have the break even at 19 öre, 

since they implemented changes to the procurements of the refurbishments of the reactors. They got rid of the internal politics, 

instead focusing on collaboration.  

 

We don’t want to give the producers more than necessary, but I think a price around 25 öre per kWh is reasonable. 

However, it should not be decided as a minimum price, due to the impact such method would have on the energy system where 

there are production alternatives with almost no marginal cost. It would result in a heavy overproduction and need for further 

investments in the grid.” 

 
One of the interviewees that agreed with interviewee G, was interviewee B.  He emphasised that: 

 

“I prefer a free market, I am hesitant to price regulation. But if we should set a minimum price, it would have to be around 

20 öre per kWh, because otherwise we will force nuclear out of business. The Nuclear power plants don’t have the endurance 

to handle all the wind power, forcing the price towards zero. Magnus Hall, CEO of Vattenfall said they will be able to 

produce power for a marginal cost of these 20 öre, instead of the 26 öre they manage today, partly by the removal of the 

nuclear taxation. If the average price is lower than that, the nuclear power probably will disappear. The question is during 

which time frame. The plants run at all times, they can’t hold on to power to produce at hours with higher demand.” 

 
Furthermore, the low electricity prices in this scenario might attract new energy consumers in form of 

new industries. As a result, the electricity markets equilibrium would move upwards, pushing up the price 

level for electricity. Even though interviewee D agrees on the risk with too low energy prices, he also 

emphasised the impact higher energy prices have on small energy producers:  

 
“Even for producers, problems will occur when the electricity price becomes too high because Nord Pool acts as a clearing 

institution and retailers, which often is producers as well, must be large and have great financial assets in order to be allowed 
to trade when the price is high. This is due to the fact that all retailers must be able to cover the purchases in full. With a 

high price, this amounts to large costs.” 
 
However, all interviewees agreed upon marginal pricing to be the best among other alternatives since it 

enables a match between electricity supply and demand. But since the price of electricity threatens to 

result in closing production that supplies the grid with inertia, the market must change to give incentives 

for producers that supply the grid with inertia. Otherwise they might stop their production (Normark et 

al., 2017). Interviewee L reflected on the importance of the inertia: 
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“We work on ways to pay for system services. Most important is the inertia. We have to find a way to price that, and 

somehow it must logically work to do that. A market solution is important, to avoid having to centralize the whole system. 

 

A way to handle the inertia is to let rotors and turbines spin in sync with the system acting solely as mass. That could be 

closes nuclear plant, letting their turbines spin even without being online producing any power. 

 

An alternative is synthetic inertia. It basically means that wind power turbines can increase production momentarily. In 

return they lose speed, and production until they are restored. The turbines are, after all, also spinning wheels, only not 

synchronously connected to the grid, effectively excluding smaller producers from Nord Pool.” 

 

Interviewee L’s argument is also supported by the report “Delivery Security”(Normark et al., 2017). Both 

interviewee L and the authors of the report agrees on the importance of inertia and the complex situation 

that might occur in this scenario with low energy prices, however the conclusion in the report is that the 

technic for synthetic inertia must development further before implementation in the grid is possible. 

Furthermore, no actor has the incentive to do so in this scenario, but Interviewee K, who represents 

Nord Pool, said they are ready to create a market-based solution creating incentives for producers: 

 

“Inertia is incredibly important for the system, and sure enough we could create a market for inertia on Nord Pool. The 

problem is that only Svenska Kraftnät and other System operators are willing to pay for the function, as they are the ones 

responsible for balancing the system.”  

 

On the other hand, it does not need to be seen as problematic if the only natural buyer is the system 

operator, since the cost can be transferred towards the consumers. One example discussed in interviews is 

to add another component for the needed inertia to the total price paid by consumers, similar to the extra 

cost for the electricity certificates at today’s market. However, all consumers, inclusive of the industry, 

should pay the cost for inertia according to both interviewee C and interviewee L. The industry should be 

included since they are the ones in greatest need of a reliable and constant power supply. On the contrary, 

to add extra costs for inertia is not supported by scenario forte in the report “Four Futures – The energy 

system after 2020” (Energimyndigheten, 2016b), which especially highlights the importance for the 

competitiveness of the Swedish energy-intensive industry.  

4.2.2.3 Subsidies - Support investments in wind turbines and other renewables 

In this scenario, the market for wind power production has changed since the last implementation of new 

quotas for the electricity certificates decided in the Energy Agreement. The market for electricity 

certificates has once again decreased as production has been completed, and the electricity certificates are 

no longer the main incentive for running wind power production. At the same time the price for 

electricity is low when the wind turbines produce energy, which leads to small revenue streams for wind 

power producers. Interviewee D commented on the relation between low electricity prices and 

production mix and he stated that the low energy prices are a direct result of the large investments in 

wind turbines. Our own modelling comparing the wind power production and the energy prices also 

supports this statement.  

 

Furthermore, subsidies in form of electricity certificates have pushed the technical development for wind 

turbines according to both interviewee C and interviewee I. This is agreed upon in the report “Five paths 

for Sweden” (Byman, 2016). That is due to investments in wind turbines driving the efficiency development 

of the turbines as well as reduction of investment cost. Interviewee I even stated that the technology for 

wind turbines probably is cheaper than ever in this scenario, and that the technology can be even cheaper 
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in the future due to the increased possibility to build larger turbines that can produce more to similar 

investment costs.  

 

Interviewee L also commented on the development of wind power: 

 

“Without subsidies, we would never have been in this situation, where renewable wind power holds the lowest investment cost 

of any type of production. It wouldn’t have been without the development driven by the subsidies. We cannot, however, keep 

subsidising it forever. The lower investment cost might lead to us investing us into a trap. If we have low fuel prices, driven 

down further by a lower demand for the fuels, and also a high wind production, then the price drops. If we follow this pattern 

with heavy investments in wind power production, we will soon have a lot of production completely independent of the spot 

price in the system. 

 

In reality, the system is built to disfavour wind power and favour conventional power production. It’s advantageous to be 

plannable. 

 

This is not an ideal situation for producers, risking delivery in the future. The target should be competitive power prices, 

security of power supply and ecological sustainability.” 

 

Interviewee I agreed with interviewee L and stated that: 

  

“Subsidies such as electricity certificates should exist in the short term but not in the long run, since I believe in export of 

electricity. Sweden’s focus should be to cover its own energy demand but if it is profitable to build wind power turbines without 

subsidies, then electricity is just as any other export products. However, the society must weigh advantages to disadvantages. 

Subsidies to renewable energy production can contribute with job opportunities.” 

 

Interviewee C also implied that further subsidies might not be needed for wind power any more due to 

the wind turbine development, but instead should be more adapted for investments in solar panels. This 

is agreed upon in the report “Five paths for Sweden” (Byman, 2016), as stated that unnecessary subsidies 

should be removed. Interviewee C stated that:  

 

“I believe that solar panels and batteries have great potential for further development and I think they can play a great roll in 

the future energy system. Therefore, I would like to see some kind of subsidies for this sort of power production. But I must 

highlight that market manipulation should be done with extreme caution. Subsidies often lead to over capacity in energy 

production, and that has consequences on the whole energy system.” 

 

However, interviewee C’s view of further subsidies was not supported by the other interviewees. 

Furthermore, there are questions regarding the need for any subsidies since the annual Swedish power 

demand has remained relatively similar since the 80’s. Based on this, the investments in additional 

production seem arbitrary, especially since the earlier deregulation of the market partly was to reduce the 

costly overcapacity. Interviewee H explained the difficulty of implementation of subsidies: 

 

“One must respect the difficulty in timing subsidies, in accordance to levels and type of production. It takes time to develop a 

subsidy system. The issue is that in Sweden, we have low climate impact from electricity production. To invest further in 

renewables is unnecessary and only resulting in driving the electricity price down even further.  

 

We think it’s reasonable to run the nuclear power plants for the duration of their production life. In this case, there simply is 

not enough room for additional production in the system. We also see the nuclear power as a competitive advantage for the 

Swedish industry.” 
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The majority of the interviewees agreed upon that too low price for produced energy will result in fewer 

producers in the long term, which would move the price to an equilibrium, or as Interviewee H explained 

it: 

“Any market is balanced sooner or later. The question is how uncomfortable it is for the involved actors.” 

 

This also means that, as the earlier constructed wind power turbines reaches its technological life 

expectancy, the price will increase enabling new investments, without subsidies, in wind power to a low 

cost due to their technical development. 

4.2.2.4 Deficit situation 

As the system can be identified as a phase three, as mentioned in the scenario specifications, this will lead 

to situations when production is deficit compared to demand. In these situations, import may not be 

available as the increased dependence on wind power will result in correlation in wind power production 

between countries in Sweden’s proximity. Therefore, flexibility in demand will be necessary.  

4.2.2.5 Import and Export - Constrains for the system operator 

The majority of the interviewees argued the possibility to export as a way to gain a bit higher prices for 

sold energy. Their argument is also supported by the report “Four Futures – The energy system after 2020” 

(Energimyndigheten, 2016b) where the authors even claims that the possibility to export will enable both 

hydropower and nuclear power producers to continue their production due to the higher price levels. 

However, this also set pressure on Svenska Kraftnät who must strengthen the grid and reduce 

bottlenecks.  

4.2.2.6 Changes for the future 

Scenario A requires changes to the market for the transition from the stable nuclear power production to 

renewables to be driven by incentives and not only by political decisions. The working market forces 

enable a smooth transition, which could be enabled by rewarding actors producing and supplying the 

system with inertia. This will result in higher direct costs for the consumers, but in the end a more stable 

energy supply, which is even more valuable.  

 

The low spot price will make the power production unprofitable, but an extra revenue steam will 

compensate, through the pricing of inertia. Furthermore, the electricity market will move to a sustainable 

equilibrium as a direct result of the design of the marginal pricing model. This equilibrium would 

probably result in a bit higher prices enabling new investments in production and a reliable electricity 

supply for the industry, especially if it is possible to export electricity. Therefore, the marginal cost pricing 

model should be kept as seen in table 9, where important factors to be considered within this scenario are 

listed. 

 

The situation where deficits occur should be handled by demand flexibility, as the system still holds 

overcapacity and any attempts at market manipulation would be costly, and probably unnecessary. This 

flexibility is favourable if it is the result of a clear price signal, that increases the price elasticity, effectively 

making the actors more sensitive to price changes. This is one additional reason for keeping the marginal 

price setting in this scenario,  
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Table 9: Important components to consider within Scenario A. 

Scenario Important key notes Description 

Scenario A Marginal cost pricing 
Low profits for producers when there is overcapacity in 
the grid, but it is a working system. 

Overcapacity Export Allowing for a market equilibrium. 

 Inertia Rewarding actors for the system service. 

 Flexibility Increase price signal to reduce demand.  
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4.2.3 Scenario B – Lack of capacity 

A scenario with a shortage of capacity at peak hours is improbable in the contemporary system. Closure of production is 

however a quick decision away, and new investment takes time to develop and construct.  

4.2.3.1 The scenario specifications 

As seen in table 10 on the following page, the electricity producers decided upon the early closure of the 

several of the remaining nuclear power plants, resulting in only three reactors. The decision was driven 

upon the competitive market and low spot prices for electricity. This decision is shared as a probable 

scenario in the report “Four Futures – The Energy system after 2020” (Energimyndigheten, 2016b) as 

renewables changes the market extensively. The closure of the four reactors by 2020 did not affect the 

price enough to provide incentives to run all remaining reactors by 2030. A choice that is quick to make, 

but irreversible as soon as it has started. It was also a result of the increased payments to the nuclear 

repository fund. The fund payments was calculated based on service life production, leading to deficit 

funds when reactors are closed ahead of predicted.  

 

The problematic situation occurs in this scenario as a geopolitical deterioration of the cooperation 

between the countries in the Nordic and the countries in the southern European continent, which hinders 

import and export of electricity from the continent. The situation implies that not enough power transfer 

is available in the momentary situation with high demand despite the construction of additional 18 TWh 

renewables in form of wind turbines. However, it is natural due to fluctuations in wind-speed, which then 

results in power shortage since the electricity from wind power production is limited at times. Power 

shortage is destructive for the Swedish society, as expected functions and services may cease to work as 

expected. The figure 16 shows a power shortage in New York City. This is made worse by the increased 

production that was invested in Sweden in data centres and battery factories, when the system was 

sufficiently stable with low competitive prices. These facilities now face profitability and stability issues. 

(Interviewee J, 2017) 

 
Figure 16: Power shortage in New York City (National Geographic, 2012) 
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Electricity shortage during short time periods is difficult to predict, and due to the unplannable 

characteristics for wind power production. In this scenario, Nord Pool has changed its marketplace for 

intra-day enabling 15 minute timeslots for buying and selling electricity, instead of today’s one hour long 

timeslots. This was done to enhance the predictions for weather and expected demand.   

 

However, it is difficult to completely avoid capacity deficit when partially relaying on fluctuating wind 

power production. When an energy shortage occurs, the spot price increase and some consumers must be 

shut down. Moreover, interviewee D explained that it is impossible to actually debate about capacity 

deficit and not discuss the electricity price. If the price were high enough, it would be profitable to install 

more plannable capacity within the grid and then actors would do so, minimizing the chances of capacity 

deficit occurring. He stated: 

 

“Maximum price and capacity is closely integrated. A high enough price results in lower demand and therefore no problem 

with need for production capacity. This in return means that Svenska Kraftnät does not have to disconnect any customer. 

They cut their demand at their own accord, in concern to their production capabilities. A high price also results in incentives 

to invest in production. As long as price and capacity is discussed in tandem, there is a logical problematization.” 

 

Still, discussions of acceptable prices are complex and the question is what price-levels that are politically 

viable according to interviewee H. When the price fluctuates, as it does in this scenario, the market has 

been called “Kalle-Anka-Börs” (Eng: Donald Duck Exchange), for allowing the price to spiral. This leads 

to a stressed political situation where actors have to explain their actions, and the event, as a justification. 

Interviewee L explained this further from today´s perspective:  

 
” The electricity prices five years ago were quite high, something that is being forgotten today. There was reports and visits 
from media and politicians. The government did everything to protect the customers, among it changing taxes for producers, 

such as higher taxes on hydro power and nuclear power.” 
 

Furthermore, the discussions about reasonable price levels within this scenario are also infected by the 

society and industry’s expectations for low and highly affordable prices. The price spike is, however, 

obvious from a technological and economical perspective but that does not hinder distressed rubrics in 

the Swedish newspaper and a raging industry threatening to move production within this scenario. 

 

Scenario B is a development of the phases, moving towards phase three (Mueller and Vithayasrichareon, 

2017). It is also a clear C2 situation, where lack of capacity in production creates an extensive problem 

with supply shortage (Söder, 2015).  

 
Table 10: Specifications for Scenario B 

Three nuclear reactors online The low electricity prices have resulted in an early closure of additional nuclear power reactors. 

18 TWh certificates completed The certificates are predicted to be used in investments and production completed by 2030 in full. 

No extensive grid connection 
This scenario predicts import and export between the Nordic countries, but not the European 
continent. 

Rise in demand The demand for electricity has increased in comparison to today’s electricity demand. 

Extremely volatile spot prices 
The low marginal cost of wind power and risk for limited capacity in the system leads to volatile spot 
prices. 

Unstable industry climate 
The industry finds the system problematic and considers moving production abroad or build 
extensive local redundancy. 

Political pressure  The lack of capacity in the system implies political involvement to counteract the lack of capacity. 

15 minute timeslots at Nord 
Pool’s market places 

Timeslots for biddings have changed from 1 hour timeslots to 15 minute timeslots. 
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4.2.3.2 Increase in wind power production  

With the increasing amount of wind power, the pressure on the system will increase. If the expected and 

forecasted windy weather arrives half an hour early, the predicted production at that quarter will be 

significantly higher. Today, the hydropower plants cover that amount, since the system allows for 

hydropower capacity to be available, not running it at maximum amount but in this scenario, the energy 

deficit sometimes exceeds available production capacity within the Swedish hydropower plants. 

Therefore, a relevant question is how much strain the system can handle. As seen in the Four-Phase Wind 

Power table, the system can be going through any of the phases, resulting in different problems and 

solutions. The report “Five paths for Sweden” (Byman, 2016) clearly shows the increased wind power 

production and the challenges that will ensue. Interviewee L commented on this: 

 

“The system goes through different phases when additional intermittent production is taken online. The old system works 
today, when wind is a small part of the production mix, but that will change as wind power is heavily invested into. Many 
aspects may change to handle the demands. Denmark is probably phase 4, and Sweden phase 2, both experiencing different 

issues. 
 

In the Nordic system, with a lot of hydropower, the curve might be changed somewhat to handle even further investments into 
wind, than the European continent will be able to handle. Even so, the future will require solutions for the system operators. 

 
Addition to this, Vattenfall tries to calculate how much installed wind capacity the Swedish system could handle. Based on 

the capabilities of hydropower today and current demand, the limit is 13 000 MW. That means we still have available 
capacity to invest into further wind power, from our current level of 6500 MW.“ 

 

The investments in wind power would result in additional 18 TWh of wind power, in the proximity of 

6000 to 7000 MW of installed capacity. This would imply an installed wind power capacity close to 

Vattenfall’s calculated maximum manageable level. 

 

Additionally, fluctuations in wind power production also leads to difficulties for the control room at 

Svenska Kraftnät to keep available capacity within limits and keep the frequency within the available 

marginal. Interviewee E commented on this and stated that the quality of the frequency has probably 

fallen further in this scenario in comparison with today’s frequency quality due to switches of electricity 

direction within large cables. Interviewee L thought Svenska Kraftnät should have more real- time 

monitoring, something interviewee E agreed upon. Interviewee E stated: 

 

 We also need a better capability to supervise and monitor the system in real-time. We will have to monitor individual 

components in the system. 

 

But real- time monitoring requires a more modern infrastructure for electricity bids on the market place 

Nord Pool. According to interviewee K, Nord Pool is very flexible and they act on a market with 

competitors. He believes they will work hard to meet the energy markets demand. However, the bidding 

actors must probably then go over to smarter systems, using more data and shorter time frames.  

 

Furthermore, Svenska Kraftnät does not have a specified level of delivery security. What the system needs 

in terms of production and what price could be handled, when wind power production is low, is unclear. 

They now follow the N-1 classification for disruptions, but no clarification is made elsewhere. 

Interviewee E highlighted the actions needed: 

 

“We would want it to be specified what we should be able to handle, mainly from a political perspective. Some measurement 
that we must manage. Delivery reliability is a diffuse expression. This would ease investment decisions since there would be a 

clear goal.” 
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This statement is in agreement with the problematization that is explained in “Five paths for Sweden” 

(Byman, 2016) found regarding the delivery security and reliability. The lack of clarity is an extensive 

obstacle. In the report, the reliability and security is explained and developed into a concept frame work.  

 

Svenska Kraftnät also procures back-up agreements for peak power, and this is being reduced as well, 

from 2000 MW to 750 MW in 2020 (Riksdagen, 2014). This may become insufficient as the demand for 

the reserves will increase until 2030 (Interviewee L, 2017).  

 

The large investments in wind power do not only affect the system operator, but also grid owners with 

the task to keep the voltage within their regional/local grids. Despite the fluctuations in electricity 

production within this scenario, Interviewee F stated:  

 

“The wind power won’t really affect us much. We make sure that there is enough transfer capability in agreement with the 

wind power exploiter, but since we don’t balance the net our main operational task is to make sure the voltage is correct, and 

since we can affect that parameter, we can handle fluctuations well. If no one is flexible, there must exist enough transfer 

capability.” 

 

The consensus is that the operators of the grid deliberately over-dimension the investments to handle 

inflexibility.  

4.2.3.3 Flexibility of electricity demand  

When demand exceeds production, the price increase. To balance the system, some actors must decrease 

their demand. The easiest way is for a price sensitive actor to regard a price to high and therefor decrease 

manufacturing and decrease the need for energy when there is an electricity deficit within the grid. In 

Sweden, there is a maximum price of 3000 Euro per MWh today, and that is also the case within this 

scenario (Interviewee E, 2017). However, this might not be enough for consumers to be willing to cut 

demand (Interviewee D, 2017). Moreover, raising the maximum price is a difficult decision to make, from 

a political perspective (Interviewee J, 2017). Interviewee D, who represents the external perspective, 

thinks the Energy Market Inspection Agency should have the responsibility for this in a scenario where 

capacity deficit occurs within the electricity grid. Interview D explained: 

 

 “A problem arises to whom should set the maximum allowed price. Svenska Kraftnät decides the price, and a discussion 

emerges if this is reasonable. Politics decides the pricing, and possibly the Energy Market Inspection Agency should be 

responsible for this decision.”  

 

To handle the risk for capacity shortage within the Swedish energy system, the risk must be carefully 

evaluated and actions must be taken in regards to how high risks the Swedish government can argue for 

(Interviewee J, 2017). It is seen as impossible to have a theoretically perfect system, and Svenska Kraftnät 

has the goal to handle one disruption in the grid (Interviewee E, 2017). The risk can be calculated through 

a probability factor, which together with the resulting costs of it occurring, leads to a quantitative result in 

the uncertainty analysis. The risk for mountainous energy deficit is also related to the cost that the 

companies would pay to shut down their production for the sake of balancing the power system. To 

balance a situation where there exists shortage of capacity, the inflexible demand is problematic since it 

prevents the load demand to follow the available production capability (Interviewee L, 2017). 
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The inflexible demand is covered in “Four Futures – The Energy system after 2020” (Energimyndigheten, 

2016b), explaining that the customers in the future will need to be much more flexible to handle the 

intermittent production, or to handle the volatile prices. Interviewee E explained: 

 

“What is needed for a more flexible demand is that the price fluctuation must be allowed. The ‘value of lost load’ should be 

reflected in the energy price. It means that the price for which energy intensive industries would rather shut down production 

and wait for more favourable prices is the price that should be allowed to reach the consumers. The steel industry is 

notoriously vulnerable to power cuts. Contracts for countering this could be included in the system. If the company specify ‘At 

this cost X, cut our power instead’, this will act as a tool that Svenska Kraftnät can use.” 

 

As noted with the “Value of lost load”, price spikes should possibly be allowed. However, there are 

consumers unwilling to change demand, even though the electricity prices are high at short time periods. 

Interviewee G, representing the steel industry explained their view on the matter:  

 

“The steel industry is fairly bad at flexibility. We consider alternative power sources, but then again these are fossil and affect 

the climate. We cannot stop the blast furnaces, because a halt in production might lead to a month of recovery. We look at 

alternatives as a varying temperature goal instead, maybe allowing us to lower peak power demand momentarily.”  

 

Interviewee H, also highlighted this and stated that perhaps there must be a combination of flexible 

electricity demand and peak power capacity: 

 

“If the incentives are big enough, there will probably be a lot of actors willing to decrease demand for electricity. Few would 

however want to cut demand day three due to a power rationing when even buildings are getting cold inside.  

 

At these times, I think we need some peak power capacity, but it is difficult to develop due to the uncertainty regarding 

revenue streams.”   

 

Interviewee L also added the possibility to use taxes to provide incentives to become more flexible. He 

stated: 

“To get the flexibility that is requested in a working marked, then the customers must understand the advantages of actively 

acting on the price signals. For example, the taxes could be proportional to the spot price to create a larger incentive to be 

flexible.” 

4.2.3.4 Implementation of new electricity contracts  

The implementation of new electricity contracts for energy users is a way to handle lack of capacity in the 

electricity grid. Interviewee L stated a concrete example of how the capacity problem is handled in 

France: 

 

“In France there are multiple electricity contracts. They are different in how secure and dependent delivery one requests. In 
Sweden we all sign the contract on the basis that we can always consume power. There is an idea in paying for a guaranteed 

amount of power instead, which can be selected. If for example you don’t accept the price, you will have so switch of some 
internal lights to stay within the limited cap. 

 
There are also alternatives where at a certain spot price, you only receive half of the requested power, or bids based on levels. 
For example, at this price you may lower my power supply by a certain amount. We often get stuck on the flexibility, but 

this may work.” 

 
The possibility of new contracts are also explained by interviewee H: 
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“Today, there is no system for telling on forehand what expected demand one predicts. Customers pay for the ability to use 

power limited only by the fuse box, letting the producers know amounts post-usage. It’s as being able to buy 10 litres of milk, 

returning the unused ones, even though they are spoiled. These contracts would not exist in a market with a fully flexible 

demand.  

 

Instead, customers would have to predict on forehand their demand, and the price they would be willing to pay for this to be 

fulfilled. This capacity would then exist to a fixed price. If the customer demands electricity exceeding this, they would go over 

to a fully flexible price, without guarantees on reasonable price or availability. In this case, a ‘Tesla-battery’ might make 

sense. 

 

However, this customer interface does not exist today. Instead customers are accumulated into groups, and their demand is 

predicted, resulting in a risk. 

 

The best way would be to find a contract form to solve this. An option where customers either cannot expect full power 

delivery after their fix demand is spent, or paying additional for the extra demand. It is not a capacity market, instead a 

natural market solution.” 

 

The discussion of new contracts is relevant as limited demand decreases the problem with peak demand. 

This is also discussed in “Four Futures – The Energy system after 2020” (Energimyndigheten, 2016b), leading 

up to contracts that limit or remove demand for customers as contracted, when needed.  

4.2.3.5 The importance of inertia 

A power system is eased in it its operation by the integrated inertia in the rotors and turbines. The energy 
in the inertia retains the frequency for a while, giving Svenska Kraftnät time to recover production or 
cutting consumption. This process is quite manual today, which is unnecessarily inefficient. As 
interviewee E stated: 
 

“We still call the producing power plants by phone to ask them to adjust their production to counter need for additional 
production. We need automatic call outs to make this process more streamlined. In the future, we cannot keep this old 

system.” 
 

In addition to this, the decision-making process that determine if additional production is needed is quite 

arbitrary. The needs to return the frequency to 50 Hz is handled by requesting production changes. This 

is seen as problematic as there is no routine or system for the balance. Interviewee E continued: 

 

The more experienced people in the control room match the frequency with production and consumption by gut feeling and 

instinct. Basically, it is just educated guessing. If the system feels a bit heavy, we adjust the production upwards to counter 

this.” 

 

The system also becomes much more fragile when plannable large production units are replaced by small 

wind turbines. These wind turbines hold almost no inertia, and when the frequency starts to fall, their 

turbines do little to prevent this. Interviewee E explained: 

 

If we have all nuclear power reactors offline for maintenance but one, we have a lot less inertia. If this reactor, for example 

Oskarshamn O3, is hit by a critical error, taking it offline, you firstly lose its production of 1400 MW. But in addition to 

this you lose the inertia of this 1400 MW turbine, which make up a big part of the redundant inertia as the other reactors 

are offline. Even though the hydropower plants can recover the production in a few minutes, you have an extremely fragile 

system that risk cutting out. This would result in a dark powerless Sweden. A disturbance of that magnitude would cost 
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billions. We have information films on what happens in this scenario. Credit cards, transportation such as trains, water 

sewage plants, all shuts down… “ 

 

This event scenario is in agreement with the report “Inertia in the system” (Karlsson and Nordling, 2016), 

that explains the need for inertia, and the robustness that it implies. With inertia being reduced, a 

problematic situation with frequency management will occur. Maintaining inertia is therefore seen as 

important.  

4.2.3.6 Alternative market models 

Interviewee G commented on alternatives to marginal cost pricing models: 

 

“An alternative to the market based system is the capacity market. Gas turbine power plants are good for peak load, but 

have high marginal production cost and relatively low investment cost. For the few hours they would run annually, they would 

require a really high price to cover the investment. A capacity market model would allow these investments to be profitable, 

and run as required. The problem with this market is that it implies giving money to anyone. In England, they tried the 

system to promote gas turbines, but instead got several old coal power plants online again instead. It also implies a cost for the 

whole system to have these plants on standby at all times.”  

 
Interviewee C also identified the threat of the prices for energy increasing so much that it would be 

acceptable to invest in coal power plants just to get the prices down. To avoid that scenario, she thought 

it is essential to introduce commissions for the use of coal. However, interviewee D emphasised the 

political difficulties of implementing these commissions, such as objections from the industry actors. 

 
On the contrary, another alternative is to enable Svenska Kraftnät access of reserve capacity in the form 

of hydropower in combination with hydropumps to allow more plannable energy storage. Interviewee L 

commented on this with arguments focusing on the German market, which has much more implemented 

solar power than in this scenario. Interviewee L stated:  

 

“I believe hydropumps could be something worth focusing on. It is probably a cheaper solution than batteries in large scales. 
The problem is the solar power, as seen in Germany. The pump plants ran the pump during nighttime and then power 
production during the day. The solar power replaced the need during the day, leaving just peak load during morning and 

evening, but even these are covered when the wind is sufficient. This ruined the economical aspect of the operation. An 
alternative could have been even more wind power and more pump plants instead of costly subsidized solar power.” 

 
On the other hand, the volatile prices that would occur in this scenario, however, would provide 

incentives to decrease production when needed. This is discussed in “Four Futures – The Energy system after 

2020” (Energimyndigheten, 2016b), explaining the need to be flexible to handle the volatile price, though 

this also allows for incentives as production run during low prices are more competitive.  

4.2.3.7 Changes for the future 

In a market with a lacking capacity, actions must be taken to avoid power shortage and components to 

consider in this scenario is listed in table 11. A challenge with capacity deficit is the effect it will have on 

the frequency within the power grid. Ever-changing electricity demand without ability to follow the 

supply in a satisfactory order will result in frequency fluctuation, and may in severe cases be destructive to 

the industry’s machinery, and thus should be avoided.  

 

The most important tool for countering a fluctuating frequency today is the inertia stored in the massive 

turbines spinning synchronously with the frequency. These are mainly found in the hydro and nuclear 
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power plants. In a system where there is less or no nuclear power, which is the case in this scenario, there 

may be lower availability of this inertia (Normark et al., 2017). In this scenario, there exists no incentive to 

provide inertia to the system by the market. This could be countered by pricing pure inertia. This inertia 

could then be supplied by the market, to make sure there is enough stored energy in the system to limit 

fluctuations (Interviewee L, 2017; Interviewee K, 2017).  

 

To limit the effects of the varying wind power, a transition to even shorter time frames is necessary. With 

production able to change greatly over short times, Svenska Kraftnät need shorter times frames to avoid 

the large jumps occurring in this scenario at the 15- minutes mark. Real time measurements would be 

ideal, as this reduces stress on the system. Infrastructure for this transition is needed, as is automated 

systems for regulating the balance, thus smart meters are needed that could deliver required function. In 

addition to the automated systems, a measurement for expected delivery reliability should be developed 

by the government, to allow Svenska Kraftnät to easily know if the system is working as requested 

(Interviewee L, 2017). 

 

Another problem is the lack of flexibility. When substantial capacity demand is requested simultaneously, 

need for high capacity production occurs. If the output capacity is lacking, there will occur shortages in 

the grid. In practise, this means that if the customers demanding power could shift demand to other 

times, the system could cope effectively. To succeed with this solution, there must be tools to make sure 

that demand is indeed shifted. The spot price would (in theory) lead to a demand shift when the price 

rises. Keeping the price signal, that is the result of the marginal cost price setting, and strengthen it may 

be necessary. Allowing the price to rise to limit demand is an effective solution to prevent electricity 

shortage situations (Interviewee D, 2017).  

 

Furthermore, the electricity price in this scenario is too uncertain for investments in production facilities 

due to the importance of the return of investment that is affected negatively by low and fluctuating spot 

prices. Thus, production of costly, but required peak production, may need additional incentives for 

investments to be realised. Svenska Kraftnät could provide this incentive as they could procure the 

expected production through an additional capacity reserve. To use this reserve, without moving market 

equilibrium, the cost should be significantly higher than the spot price (Interviewee L, 2017).  

 

The existing electricity contracts don’t allow for flexibility. The design of the contracts means 

retroactively adding up the used amount of electricity, with monthly coverage. Instead, a contract where 

the customer specifies the level of demand they need could be used. This would remove the risk that 

certain hours would receive unwanted peak demand. Also, smart meters installed would result in direct 

interactions with Nord Pool that would show willingness to pay at real time.  

 

Taxes could be used in addition to the price to create the incentive to become flexible in demand. This 

could be achieved by designing the tax to be proportional to the spot price, thus the total cost rises 

proportionally when the shortage situation approaches. (Interviewee L, 2017) 

 

However, the industries use financial hedging, forward contracts, for their electricity price to make sure 

that there is economically validity to run their production when desirable. They are not able to plan 

production based on the spot price in the extent necessary for a fully flexible system. This also counters 

the price signal that would allow for a decrease in demand since the industry run their production for a 

predetermined price, regardless of actual spot price. 

 

The “value of lost load” should reflect the cost that the industry would be willing to pay not to be 

disconnected. In a shortage situation, this value should reflect order of disconnection. This could be 
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represented by a premium paid by the industry to avoid disconnection ahead of other companies more 

willing to allow their production to cease. To allow the market to handle this transition, a contract 

solution would solve this issue.  

 

As the hedging market is affected by the more volatile price development, the hedging will become 

costlier in order to handle the price peaks. This will create incentives to address the inflexibility for those 

industries that are able, thus reducing their “value of lost load” at the same time. This will reduce the 

amount of industries that are decisively inflexible. (Savage, 2011) 

 
Table 11: Important components to consider within Scenario B 

Scenario Important key notes Description 

Scenario B Marginal cost pricing  Retain price signal to reduce peak demand 

Capacity deficit Inertia Increasing robustness in a fragile system 

 Reserve capacity Retain reserve capacity procurement 

 New contracts Limiting allowed demand in deficit situations and 
Value of lost load 

 Smart meters Allowing for direct interaction with Nord Pool 

 Real time power measurements Better balance and forecasts 

 Energy taxes To incentivize demand flexibility 

 Delivery reliability A stated measurement for reliability 
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4.2.4 Scenario C – Electricity trading with removed bottlenecks 

In this scenario, the political goal of export is fulfilled and the transfer grid is developed to handle all but the most extreme 

scenarios of export and import. This means that the market has a common price area with shared price over large areas and 

distances.  

4.2.4.1 Scenario specification 

An extensive development and extended national and international grid connection has in this scenario 

resulted in a free market. A push from Svenska Kraftnät, driven by the export goal stated by the 

government within the earlier signed Energy Agreement, has led to investments that results in several 

additional transfer routes for power going south towards the continent, such as those seen in figure 17. 

The removal of bottlenecks has led to a common price in larger price areas.  

 

 
Figure 17: Transfer allowing for extended export (van Velthoven, 2009) 

This in turn enables wind power production at geographically dispersed sites to cover demand in areas 

without wind at that time frame. The dispersed sites balance the investments throughout the whole grid. 

This means that there is lower necessity to regulate and control the market, in order to keep the grids 

frequency and production within operation parameters. Instead, the price signals will incentivise 

investments where the market actors see fit. The market change has also led to the closure of all but three 

of the nuclear power reactors as these were uncompetitive in the large flexible market. The remaining 

regained the incentive as the scenario specifications led to higher prices, partly explained by the closure of 

competing reactors.   

 

The system is moving towards a phase four, within the four-phase model, as the system is more and more 

reliant on renewables (Mueller and Vithayasrichareon, 2017). The system is less sensitive to changes in 

production, but as large amounts are exported and imported, the C2 and C3 situations can occur if large 

areas are affected by the same conditions simultaneously (Söder, 2015).  
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Further specifications for this scenario are listed in table 12. 

 
Table 12: Specifications for Scenario C 

Three nuclear reactors online 
The low spot price and availability to the southern continent implied a situation where nuclear power 
is uncompetitive, leading to the closure of all but three reactors. 

18 TWh certificates completed The certificates are predicted to be used in investments and all completed by 2030. 

No grid connection bottlenecks This scenario predicts that the grid has been expanded; bottlenecks is therefore no longer an issue. 

Limited rise in demand The demand is based on a minor demand increase, not affecting the export goal. 

Higher spot prices The possibility to export over production in the system leads to higher spot prices. 

Redundant and stable power 
The industry find the system stable enough for normal operation. All deficits are covered by 
imported power.  

Functioning market and 
infrastructure 

The unlimited transfer routes lead to a working market, and standardised infrastructure, allowing the 
market to work without subsidies and political assistance. 

 

4.2.4.2 Electricity grid’s infrastructure 

The question of exporting electricity is, as stated in the scenario description, mostly a political question. It 

is decided politically what investments that should be implemented within the Swedish grid since it is a 

natural monopoly. Regarding the possibility to export, interviewee C claims that the aim to export energy 

in this scenario probably has accelerated the grid’s development and expansion. This has led to reduction 

of bottlenecks in the grid and it would also probably lead to less political concern about implemented 

overcapacity in the Swedish energy production, than today. The majority of our interviewees claimed that 

energy export probably would result in higher energy prices, which is useful for energy producers in the 

long term. This is also covered in “Four Futures – The Energy system after 2020” (Energimyndigheten, 2016b) 

as a probable result.  

 

However, there is an alignment between the need for higher electricity prices due to export and the 

needed investment costs in the electricity grid to reduce bottlenecks. All investments in the grid enable 

grid owners to increase the grid charge paid by consumers. Even though investments in the grid are 

costly, interviewee C highlighted the importance of a functional infrastructure for electricity and said that: 

 

“I have a strong believe in the market - if the grid is built correctly.” 

 

Regarding the technical effect export has on the Swedish grid, interviewee H stated that the export grid is 

also designed in a way that limits the impact that an extreme situation could have on the Swedish system: 

 

“We have bottlenecks to the foreign states, protecting the system. The frequency is not affected negatively in the Swedish grid, 

due to the bottlenecks. They would simply result in different price in the affected price areas. It would be a political and 

practical impossibility to disconnect Swedish customers, to allow export to another country.  

 

There is also no possibility for a German system operator to activate a hydropower plant in Luleå to cover their deficit, as 

would happen on a united balance market.”  

 

In this scenario, then, this protective design is no longer working as the bottlenecks are removed. Instead, 

the impact of production deficit is shared between all connected countries and electricity demand could 

be forcefully reduced, in crisis situations, equally or as predetermined, as a result of international 

agreements.   
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4.2.4.3 Subsidies in combination with export 

In this scenario, an additional of 18 TWh of renewables is implemented within the Swedish energy 

system, which probably also continues to push the technical development for wind power turbines 

forward (interviewee H, 2017). The report “Five paths for Sweden” (Byman, 2016) agrees that subsidies 

should not be rewarded to production that is unnecessary, or to production types that don’t need the 

subsidies. Since the technical development for wind turbines already has reduced investment costs for 

wind turbines, there might not be a need for subsidies. Interviewee H was one of the interviewees that 

stressed the negative economic effect for Sweden if subsidies are combined with export. He stated: 

 

“I like the idea of export. But, it is horrible to think that Sweden subsidizes production of renewable energy sold to other 

countries. That is just not good for Sweden and no private person would ever invest in such affair. Especially, when the 

production costs are higher than the actual revenue from sold energy production.”   

 

All interviewees but interviewee J and interviewee L (interviewee K is excluded since Nord Pool does not 

have an official opinion regarding export), are very critical to export in combination with subsidies. They 

believe incentives to invest in energy production should be driven by higher energy price in the long term 

instead of subsidies, especially if the produced energy is exported to other countries.  

 

Interviewee E highlighted that the opportunity to export electricity also gives Sweden the possibility to 

import electricity if needed, something the report “Four Futures – The Energy system after 2020” 

(Energimyndigheten, 2016b) also highlights as important to handle a lack of capacity. Interviewee E 

stressed: 

 

“On a political level, we are moving towards a more export-centric grid. The energy commission say Sweden should be an 

netexport land. The question is if Swedish taxpayers should pay for subsidies for investments that result in exported cheap 

electricity for the rest of Europe. That is not obvious. From a geopolitical security perspective it is favourable to be self-

sufficient on electricity. If we are going to be an export land, we need to get rid of the subsidies first. Otherwise it is a great 

problem to subsidies over production because that reduces the prices even further. 

 

Transfer cables overall should not be export arrows of power transfer, but a two-way transmission.” 

 

But on the other hand, interviewee D highlighted the complexity that results from trying to ensure 

imported energy is renewable and produced in a sustainable way: 

 

“It is impossible to implement commissions on imported electricity produced with fossil fuel, since it is impossible to prove the 

actual origin of the imported electricity in a world where energy grids are connected and some countries still uses coal.”  

 

Interviewee B agreed with interviewee D, but stressed the need for available import in dire times to 

reduce the risk of lacking capacity. He also highlighted that imported power also need to be ridden of 

fossil fuels to allow the renewable system to remain fossil free with the use of import He stated: 

 

“There is of course a major concern to get rid of fossil emissions, and this should be done by expensive carbon credits. This 

should be used to compensate for the risk of importing dirty electricity, but the fact is that increased power transfer capabilities 

can limit the risk of power shortage. This might be worth the cost of the subsidies that drives the price down and might 

amount to the foreclosure of older existing power plants.”  
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Additionally, both interviewee L and interviewee J emphasised some positive effects from the 

combination of subsidies and export of electricity. Interviewee L also stated the importance of 

geopolitical reasons: 

 

“Parts of Europe see the renewables as a must, not due to climate change. Renewables are sustainable from more perspectives 
than climate. The reduced need for fuels, from questionable sources and methods, are important incentives and also something 

that can reduce the rest of Europe’s dependence on Russian gas. 
 

The coal might run out, local emissions and problem for people in the dirty oil-mines, these are all problems that to some are 
more important than climate change. 

 
Furthermore, we are a part of the EU, it’s good for us to help each other. Protectionism is not good; it’s better to use market 

mechanisms that make it work. In addition, our subsidy system isn’t that expensive.” 
 

The geopolitical question is something interviewee J also touched on, even though he saw the drawbacks 

of the otherwise unnecessary export: 

 

“There might be reasons to subsidies some export. For example, the Baltic States are dependent on Russian energy, which 

might be problematic. Integrating these states into the Nordic grid might be advantageous. However, I would rather see the 

Swedish industry use the electricity”  

 
However, interviewee L emphasised the importance of a specific export goal were there are no room for 
exporting non-renewable electricity: 
 

“We are going to need much variable production, but that may imply that we need an overproduction. If we want a system 
with 100 percent renewables, and at the same time import, then that could be an oxymoron when imported power is not 

renewable. Or possibly, if you have a net renewable production that exceeds demand, you might be allowed to produce non-
renewables as long as that is the ‘export-share’. There is no explanation of the net export goal today.” 

4.2.4.4 Higher electricity prices 

The majority of our interviewees implied that the possibility to export leads to higher electricity prices 
than we see at today’s electricity market. Therefore, within the scenario it is assumed that the prices will 
be higher than today. This is seen by the interviewees representing the Swedish industry’s perspective as 
worrisome. In contrast, interviewee A stated that the industry can use hedging to secure the energy prices 
to avoid the large fluctuations that will occur as a result of intermittent production. This is something he 
thinks that most industries already do, and that is also confirmed by interviewee B. However, the price for 
derivatives is reflected in the underlying risk.  
 
Interviewee L discussed their calculations of the profits of the net export goal. There is a lack of 

consensus on the impact of export on spot prices, as interviewee L believes the prices will decrease, in 

contrast to the report “Four Futures – The Energy system after 2020 (Energimyndigheten, 2016b), and several 

other interviewees, that believe the price will instead rise. Interviewee L stated:  

 
“We see, in our calculations, no profit in an increased export. If we have the 18 TWh of certificates on export, or nothing at 

all being built, we end up with basically the same revenue for the producers. This is due to the fact that the price goes down in 

relation to the existing overproduction. The bottlenecks profits, that mean that the price goes up due to local shortage profiting 

producers, are also basically the same. In total, there is no economical reason to have the export. Also, if the climate is the 

key assumption for exporting ‘green’ power to coal intensive Germany, then building the production there is a better 

alternative. If it is a natural market it’s fine, but the absolute decided goal is problematic.” 
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The lack of consensus complicates the result of export expectations but a large working market is, 

however, more efficient which is favourable. (Radetzki, 2004) 

 
Regarding the question about the Swedish industry moving to foreign countries in this scenario where 

there are higher energy prices, interviewee B thinks that they might consider it in the long term but 

highlights that there are other positive aspects with production in Sweden. Sweden has a stable political 

environment, which is something that they also value besides low prices, and therefore he thinks it would 

take a lot for the Swedish industry to indeed move their production, although further investments could 

probably be avoided as a result of the price development. The export is also seen as a possible solution to 

the energy shortage that could have been the case in this scenario if there were no possibilities to export 

and import electricity. This is explained in “Four Futures – The Energy system after 2020” 

(Energimyndigheten, 2016b). Also, the system should be developed to create incentives to move even 

further production to Sweden, as stated in the report “Five paths for Sweden” (Byman, 2016). 

 
Interviewee C also highlighted that we have a large share of hydropower, which is, according to her, a 

very impressive heritage, that she thinks should be preserved. This production is also a very reliable, that 

can be planned efficiently. Interviewee D disagrees with the need to preserve small hydropower plants, 

due to their negative effect on nature, but is of the same opinion regarding security of energy supply and 

the benefits that comes with our Swedish climate. 

 

In addition, interviewee J stresses the potential environmental effect of high electricity costs, as this may 

force the industry to move its production to foreign countries, leading to negative outcomes. He stated 

that: 

 
“It is right that the competitive industry, such as the steel industry, should have low energy taxes, otherwise it would not work 
in the global market. I also think we must be genuinely careful about what we do regarding taxes, allowances and so on. My 
hang-up around this is the risk of CO2- leakage and moving production. CO2 leakage means that total emissions increase 

as they buy products from other countries, such as China, and then transport the goods for longer distances.” 
 
Furthermore, interviewee D claims that it is difficult to state how high level of energy prices the industry 

can survive with. However, he highlighted maybe that it ought to not be the focus of the discussion since 

the industry will be competitive, if their competitors also have the same conditions. It is a competitive 

advantage to keep production costs low, but if all producers have the same conditions regarding electricity 

prices, that would lead to higher productions costs. The need for stable production is highlighted in in 

“Four Futures – The Energy system after 2020” (Energimyndigheten, 2016b). Interviewee D thinks that the 

industry are going to threat to move production to get even more benefits stating:  

 

“During 40 years, the paper industry and steel industry said that they need better conditions or else they would have to move 
abroad. It is in the nature of their companies’ ownerships and it is actually stated in by law that they have to think of the 
interest of their shareholders. Therefore, the industry has - and will continue to – hire consultants to write reports in their 

favour, which are then used to back up their arguments.” 

4.2.4.5 Swedish impact on the electricity price 

In this scenario, where market actors are trading electricity over the Swedish borders without transfer 

limits, the market will settle and balance between supply and demand. This allows the marginal cost based 

pricing model to work as expected and create incentives to invest when more production is needed within 

the system. Actors within the Swedish energy market are however quite small player on a more integrated 

European market and therefore their choices have a reduced impact on the energy markets equilibrium 

between demand and supply of electricity. In practice, it means that Swedish actors possibilities to affect 

the current market price without new laws are limited, something interviewee D stressed. Efficient use of 
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resources, however, is an incentive to collaborate in a larger market, stated in the report “Five paths for 

Sweden” (Byman, 2016). 

4.2.4.6 Changes for the future 

As seen in table 13 below, it is of great importance to keep the marginal cost-pricing model since it 

enables market equilibrium to be reached. This equilibrium would probably be at a slightly higher price 

level than todays. This might be favourable, as the energy prices results in extensive difficulties for power 

producers. Furthermore, there are both pros and cons with subsides in this system, but overall Sweden 

would, in our opinion, profit from a Swedish energy system without subsidies in this scenario. 

 

When the market becomes larges, the power balance should be managed in a way to enable efficiency for 

the whole system. The question emerges of who should be liable and responsible for the balance. System 

operators should have agreements and settlements between them, to clarify responsibilities and 

commitments.  

  
Table 13: Important components to consider within Scenario C 

Scenario Important key notes Description 

Scenario C Marginal cost pricing Market equilibrium follows 

No bottlenecks Subsidies No subsidies in an international market 

 International agreements Cooperation in united balance market 
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4.3 Solution 

In this part of the thesis we will discuss the main topics uncovered in our three scenarios. These will lay the foundation for a 

framework that predicts certain courses of actions depending on steps taken towards 2030. 

4.3.1 Important scenario findings 

In the result part of this paper, solutions and complications in the three scenarios have occurred as 

outcomes of the interviews. As seen in table 14 and 15, where the keynotes are presented, some of the 

solutions occur in several scenarios. These unifying points indicate that they are important and should 

receive extra attention. However, as any prediction is of how the actual future scenario will look like is 

uncertain, all these point will need to be taken into consideration to maintain the situation under control.  

 

Table 14: The table shows actions needed in the three analysed scenarios 

Scenario Important keynotes Description 

Scenario A Marginal cost pricing Low profits but working system 

Overcapacity Export Allowing for a market equilibrium 

 Inertia Rewarding actors for the system service 

 Flexibility Increase price signal to reduce demand. 

Scenario B Marginal cost pricing  Price signal for reduced demand 

Capacity deficit Inertia Increasing robustness in a fragile system 

 Reserve capacity In case of shortage to high price 

 New contracts Limiting allowed demand in deficit situations 

 Smart meters Allowing for interactions with Nord Pool 

 Real time measurements Better balance and forecasts 

 Energy taxes To incentivize demand flexibility 

 Delivery reliability A stated measurement for reliability 

Scenario C Marginal cost pricing Market equilibrium follows 

No bottlenecks Subsidies No subsidies in an international market 

 International agreements Cooperation in united balance market 

 

The scenarios display a wide array of important keynotes. What is most prominent is the fact that several 

key points emerge several times. Three of the most important notes are the need for inertia in the grid, 

improved demand flexibility and keeping the marginal pricing for energy. Table 15 shows these keynotes 

when all three scenarios have been summarized.  

 
Table 15: Keynotes from different scenarios 

 
 

 M
arginal cost pricing 

 S
ubsidies  

 Im
port and E

x
port of electricity 

 Inertia 

 Infrastructure of the grid 

 F
lex

ibility 

C
apacity 

 E
nergy tax

es 

D
elivery reliability 

Scenario A X  X X  X    

Scenario B X   X X X X X X 

Scenario C X X        
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Furthermore, these diverse scenarios demonstrate the need for certain actions depending on the situation, 

which combined result in a framework for components to consider in the future energy system. As seen 

in table 16 at page 68, we have identified three main areas corresponding to the selected components; 

pricing model for electricity, reliable energy grid and taxes.  

4.3.2 Opportunities for development 

Even though the marginal cost based pricing model has received criticism lately due to the low spot 

prices, it is still considered as the preferred model for pricing. It combines the supply and electricity 

demand in a market-efficient way, allowing for a price signal to emerge. This is important in a system 

where electricity shortage occurs and when a match between supply and demand cannot be conceived. 

The price signal makes sure that whenever the price increases, as shortage is approaching, it gives 

incentives for the demand side to react and lower their demand. A higher electricity price also gives 

incentives for producers to increase the electricity supply to the grid. Therefore, the marginal cost based 

pricing model, in theory, result in a system where shortage of power seldom occurs.  

 

This system is, however, flawed due to an inherent inflexibility from some types of industries, as an 

example the steel industry. They often hedge the price for their required demand, which means that 

whenever the price increases dramatically, following a shortage, the industries run as usual to a 

predetermined price. This procedure limits the effect of the price demand flexibility. The increasing price 

fluctuations from a volatile production, that would require a flexible demand to handle would, 

counterproductively, lead to more hedging and less flexibility.  

 

Another important aspect is that even though most of the energy- intensive industries buy their electricity 

directly on Nord pool, most consumers are charged with the month’s average spot price from the energy 

producers. This also reduces their incentives to improve their production procedure and become fully 

flexible.  

 

On the other hand, there are already some appliances, which are partly flexible with a span of possible 

temperatures enabling functional operation. If the current temperature is within the higher allowed range, 

then the energy usage could be decreased at short periods of time when the spot price peaks and an 

energy deficit occurs. However, to allow “smarter” flexibility, certain infrastructure is required. Smarter 

and standardized meters could in the future be used for direct communication with the exchange and 

Svenska Kraftnät, which is necessary to enable real-time trading. Additionally, smarter meters enable real-

time measurements, which open the possibility for direct changes of electricity supply and usage, faster 

communication and more reliable forecasts. Two-way communication allows for flexible load following 

that optimizes the demand structure.  

 

An extension of changing the inflexibility is to contracts that limit demand when necessary. With 

contracts that allow for a subscription of certain amount of power at problematic times would keep 

demand controlled. Working together with smarter home appliances, the use of the oven would 

temporarily limit the production from other appliances. As the system get smarter, it could predict certain 

paths, allowing for preparation for temporary power reduction such as increased power demand ahead of 

time. The smart infrastructure could make sure that the aggregated demand is kept levelled.  

 

As noted in scenario B, a problem with inflexibility is that if price fluctuations are problematic, then in 

return the company will hedge their price. As inflexibility makes companies sensitive to volatile prices, an 

incentive to increase flexibility for more insensitive manufacturing would be the introduction of “value of 

lost load” contracts, where more inflexible demand is settled with a higher premium. As the price gets 
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more volatile, the hedging contracts will get more expensive to handle in a capacity shortage situation. To 

reduce inflexibility, would thus result in lower contract premium and less need for hedging contracts. 

 

Increased export availability will lead to an easier transition to market equilibrium. With the available 

demand in Sweden, the overproduction decreases the price to unsustainable levels. With a market, 

stretching over geographically widespread areas, demand in momentarily less windy areas will increase the 

request for wind power produced in Sweden even in cases when Sweden requires no more production. 

Wind is a local occurrence, and with a larger area, the likelihood of production increases. This also creates 

incentives to invest further than with only domestic demand in mind. This increased demand will 

compensate for the low existing prices occurring in the Nordic system. 

 

These prices are partly due to subsidies, certificates mainly in Sweden, that are an efficient way of quickly 

inaugurate a certain production into the system. The certificates have been moderately inexpensive in 

Sweden, in comparison to German feed-in tariffs most prominently, justifying them if they serve their 

purpose. The complexity arrives when the grid ceases to be seen as domestic, understanding that the 

electricity system is integrated beyond borders.  

 

The certificates results in lower electricity prices, as production is forced into system by political will and 

not by market forces, thus moving the market equilibrium. In this case, it should be understood that 

energy generated in Sweden is not necessarily used domestically. This changes the argument over 

subsidies, seen by all actors interviewed for this thesis. Swedish consumers fund the subsidies, leading to 

overproduction sold to foreign countries. In practise, this means that as we go towards and internationally 

integrated grid with more trading abroad, a natural path is the removal of the subsidies for a fair market, 

reaching the organic market equilibrium. In a case when the system develops huge requirements of 

investments, then the certificates is a quick way of incites the investments. Thus, the certificate systems 

should be removed but be kept inactive, to allow for a scenario when the market degrades. In this case, a 

quick response to provide requested power should be kept available. Alternative, more complete subsidies 

could be used if the incentives are insufficient, such as contracts for difference.  

 

Another way to make certain that production is what is expected is, as Svenska Kraftnät noticed, that 

there is no given “amount” of expected delivered reliability in the system. This should be specified, and 

would allow Svenska Kraftnät to negotiate back-up power and regulating bids with a quantifiable 

measurement specifying needs that should be upheld. 

4.3.3 Framework 

These key point leads to a framework that should be considered when discussing future problems. As the 

scenarios chosen in this thesis are extreme cases, it should allow for responses in situations more 

moderately critical. This framework is presented in table 16 on the following page. It is divided into topics 

regarding pricing, reliability and taxes.  
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Table 16: Framework for components to consider in 2030 for a sustainable energy system   

Focus areas Component Description 

Pricing of electricity 

Marginal pricing 
Price signal 
Internal Supply and Demand of electricity  

 

Subsidies 
Electricity Certificates 
Alternative Subsidies 

 

Import and Export of electricity Political decision 

Supply reliability 

Inertia 
Robustness of frequency  
Pricing of Inertia 

 

Smarter grid 
Modern infrastructure 
Standardised systems 

 

Flexibility and Capacity 

New contracts for load following 
Smarter grid with exchange connection 
Aggregated demand from user clusters 
Reserve capacity 
Value of lost load 

 

Reliability measurements Politically stated measurement  

Taxes 
  Energy Taxes Driving incentives  

 

 

The framework will be used to alter the market into a system of parameters that will be competitive in 

2030, and that will handle the transition from the current energy system into a renewable, albeit 

intermittent, system. The presented focus areas are most important to discuss in order to understand the 

development of the actors’ actions. A quick decision to withdraw from the market cannot easily be 

responded to by other actors, since investments in the market take a long time. This is the case, even in 

relatively quick production types, such as wind power. Planning, permits and construction takes time. 

During this time, the system is sensitive, as production will be missing from the system until the 

equilibrium is returned. To counter this delicacy, this framework should be used actively to balance the 

actors and their incentives to act on the market. Thus, to increase knowledge and predictability, this 

framework ought to be used proactively prior to, and in, 2030.  

 

As all the actors have different, and sometimes contradictory, opinions of the future, this framework is 

developed to strengthen the system as a whole, not specifically for a certain actor. This, in return, gives 

the actors more predictable preconditions to act on this market. The industry requires a stable system, and 

the producers can address this by supplying inertia to the system. As a result, the nuclear power plant can 

deliver this inertia, thus giving them incentive to run the facilities. With this extra system service payment, 

the system allows a low electricity price with an intact stability and inertia. As with most payment systems, 

they ought to be technology neutral. This gives incentive to run the most efficient renewable system.  
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Thus, the consensus of the actors in this thesis is that the system will require more flexibility, more focus 

on reliability and reasonable compensation for necessary production, as all involved actors believe that the 

prices will remain low for a long time to come because of the overproduction. This, should however be 

handled by the market, for the sake of efficiency and lowest overhead cost for the involved actors. 

Therefore, the marginal cost price should remain central in the price, as this delivers the signal willingness 

to pay, and also the willingness to reduce demand in situations where lack of production forces the price 

to increase.  
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5 Conclusion 

In this chapter of the thesis the conclusions of the thesis are presented, followed by recommendation for course of actions. 

Thereafter, the contribution to the research field is presented, and this is followed by some suggestion for future research. 

5.1 The main conclusions found in the thesis 

The future of the market, the marginal cost and price, and regulations, was covered throughout all the 

interviews. They agreed mainly on one thing: The market should dictate the main prerequisites of 

investment. This, however, does not mean that the market must look like it does today. A capacity 

market, though, is unfavourable and inefficient, and price alteration does more harm than good. The price 

signal of the marginal cost is the most efficiently working market model, but the model is also able to 

handle more than just spot prices.  

 

To fulfil the purpose of the thesis, the research questions should be answered to ensure consistent 

development.  

 

 What components in the energy system need be considered when decisions are made regarding 

the electricity market in 2030?  

○ Who are the main actors within the Swedish energy system? 

○ What is the current situation in today’s electricity market? 

○ How do the actors within the system see the future energy system in 2030?  

 

These question leads into the framework that was developed in this thesis. For the system to work in and 

after 2030, certain key aspects need to be addressed and altered to allow for a more fluctuating and 

volatile market to remain competitive for the industry in the future. The components are presented in 

topics in the framework. Actors representing producers, industry, policymaking, system and grid operator, 

external experts and power trading are employed to ensure a coherent and adequate understanding of the 

market.  

 

This market, and the system on which it is built, will need a way to handle volatile prices, a lowered 

electricity quality and risks of power outages in 2030. These necessary changes will be a mixture of 

technology progress and smart choices and decisions as well as new revenue streams.  

5.2 Recommendation 

The framework component changes are developed to work together, providing a more robust market and 

system. Certain solutions may not be necessary, but are possible to inaugurate as needed. For 2030, this 

means that this tool provides the most important key point that is important to improve upon. The 

framework provides these key aspects, and must all be taken into consideration when decisions are being 

taken affecting the power system and market.  

5.3 Research contribution  

Based on the perspectives and challenges found in the literature and from actor interviewed, key areas 

have been found that are significant and important to focus on for a robust power grid and system with a 

working market for the future beyond 2030. This framework will provide the tool to make sure that the 

system is developed with all perspectives in consideration. This provides contrast to earlier studies that 

proceeds from the requirements of certain actors to provide changes.  
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5.4 Suggestions for future research  

As this thesis has led to development of the framework for 2030, additional research should be realised to 

gain understanding of the changes that are approaching. The parts of the framework that should be 

studied more in detail is inertia, export, new contracts and future reliability measurements. 

 

The inertia is an important topic as this system service is included in the system today, without 

reimbursement. As the large production facilities add this inertia by default of their operation, a 

suggestion is the contract settlement from Svenska Kraftnät to ensure smooth frequency stability in the 

future system as well. This must, however, be research more in detail to develop a working market 

solution that incentivise the investment in inertia or to retain the current delivery inertia system services. 

 

The question of expected and requested export should be studied in detail to ensure that the result of 

increased investments to remove bottlenecks is, in fact, desirable. As discovered in this thesis, the 

development of the spot price lacks consensus on the topic of export. Some actors expect the reduced 

bottlenecks to reduce the spot price, other actors expect it to rise as bottlenecks disappear. As this 

question remains unsolved, additional research is required. 

 

The actors interviewed, and the literature that precede them, agree that the Swedish market needs to gain 

demand flexibility. This flexibility may require alternatives to the contracts that are used today for 

requesting electricity. Premiums for more power delivery or delivery security is two alternatives, but 

research is needed to conclude if these contracts could work in the Swedish power grid. 

 

When the system moves towards renewables, the topic of reliability will become more important. As 

Svenska Kraftnät is system operator, they will require tools to guarantee delivery security. As the market 

decides the speed of investments, the system operator will need measurement to make sure that the 

system works as expected. Electricity is a necessary commodity for society. Thus, to allow for the system 

to work, levels of delivery security should be possible to identify and quantify as a measurement. These 

measurements could aid Svenska Kraftnät, but additional research is needed to discover the need or shape 

of the measurements.   
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