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Energy sources of the future – an explorative scenario analysis 
of Sweden’s energy security in regard to present energy policy 

AXEL EHRLING 
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44 pp, 30 ECTS/hp 

Abstract: 

Energy has always been an essential commodity, vital for a well-functioning society. Since, the industrialization 

has fossil fuels been used as man’s main energy source. Consequently, vast amounts of emissions have spread into 

earth’s atmosphere and lead to an unprecedently quick global warming. Governments are today reacting to climate 

change, and energy policies to limit the effects are developed. Sweden has since year 2008 established energy 

policy targets to reduce its emissions. This report looks into outcomes of Swedish energy policy by forecasting 

scenarios to measure target achievement and effects on Swedish energy security. Energy security has historically 

been dominated by geopolitical issues and oil, however, today the term has grown to encompass secure access to 

energy services at a sufficiently low and stable price, in a way that is socially and environmentally acceptable 

compared to other energy options. Thus, energy security in this report is understood as ‘Ensuring access to 

affordable, reliable, sustainable and modern energy for all’. From this definition are forecasted scenarios developed 

and analyzed towards an energy security framework consisting of three subcategorize, affordability, reliability and 

sustainability. The scenarios are made by linear, exponential and logistic trendlines, to cover different expansion 

patterns. The general outcome of the scenarios suggests that energy security as defined will become more 

sustainable and reliable at the cost of affordability for energy consumers. However, even though sustainability is 

increasing are some of the energy policy targets not likely to succeed if business continues as usual.  

Keywords: Sustainable Development, Renewable Energy Sources, Energy Security, Energy 

Policy, Energy Security Indicators, Forecasting. 
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Summary: 

In the search for less polluting energy sources has Swedish energy policy adopted a set of targets towards a more 

sustainable energy future. This report evaluates how current energy policy influences Swedish energy security, by 

looking into three fields, Affordability, Reliability and Sustainability. The term energy security originates from 

the 1970s and was understood as the security of access to cheap oil. However, today, the term has grown to contain 

issues of climate change and a lot more. Consequently, several definitions have sprung up, and there is no clear 

classification. In this report is energy security defined and evaluated along the lines of the 7 th Sustainable 

development goal, ‘Ensuring access to affordable, reliable, sustainable and modern energy for all’. From this 

definition are several different forecasted scenarios made to give a better understand how present energy policy 

influence Sweden’s energy future. The results indicate a more sustainable future at the expense of higher prices 

for energy consumers in Sweden. Yet, some of the energy policy targets set are not positively achieved. This 

despite of the forecasts not including external factors that might bottleneck the sustainability progress of some 

scenarios. In conclusion does the prognoses suggest that Swedish energy security according to the definition will 
become more reliable and sustainable while the price for energy will increase. 

Keywords: Sustainable Development, Renewable Energy Sources, Energy Security, Energy 

Policy, Energy Security Indicators, Forecasting. 
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1. Introduction 
 
Energy is an essential commodity for a well-functioning society. The availability of low-cost energy has 

historically been of importance for economic growth and improved standard of living (IEA, 2010; 

Johansson, 2013; Blum & Legey, 2012). At the same time, energy-use generally contributes to several 

environmental problems as the use of fossil fuels has contributed to increased levels of greenhouse gases 

in the atmosphere. In addition, the harvesting, processing, and distribution of the fuels create additional 

environmental concerns. Moreover, linked to the environmental concerns are severe health concerns 

since the use of un-modern cooking fuel claims thousands of lives every year (Gustavsson et al., 2011). 

This have been recognized by the United Nations, which for decades have worked towards a worldwide 

agreement to address social, economic and environmental problems. Furthermore, in 2015 the 2030 

Agenda of Sustainable Development was adopted by all United Nations member states. It provides a 

shared plan for prosperity for people and planet, now and in the future (UN, 2019). At the heart of the 

Agenda is 17 sustainable development goals (SDGs). The SDGs recognizes 17 global challenges, for 

which normative goals are set to solve said interdisciplinary problems. Additionally, UN assigned its 

member states to come up with their own action plans to implement the goals of Agenda 2030.  

 

During the socialist coalition government (2014-2018), consisting of the Social Democrats and the 

Swedish Green Party, an action plan of Swedish commitments to 2030 Agenda for Sustainable 

Development was adopted. The plan consists of a normative vision with several commitments for 

Sweden to become a modern and sustainable welfare nation. The Prime Minister of Sweden, Stefan 

Löfven, announced in a speech to the UN General Assembly that Sweden will work towards becoming 

‘one of the world’s first fossil fuel-free welfare countries’ (Government, 2015). Thus, the Swedish 

government appointed different investigations to declare responsibilities and plans for fulfilling Agenda 

2030. Furthermore, a number of political arrangements between a majority of the parities in the 

parliament were made to ensure the commitments and the fulfillment of the action plan. Part of the plan 

focuses on energy and emissions, wherefore a set of national goals have been introduced, e.g. Sweden 

is to become one of the world’s first fossil free welfare state with an electrical system based on 100 

percent renewable energy. Moreover, the Swedish energy policy focus also states that by no later than 

the year 2045 Sweden will be a neutral emitter of greenhouse gases. In order to achieve this vision, the 

government has initiated several step-programs for business and industry to reduce their emissions of 

greenhouse gases to zero (Regeringen, 2018). A summary of the defined goals and targets that are 

covered in this report are found in Table 1.  

 

A fulfillment of all the goals set in Agenda 2030 would change the energy infrastructure map of Sweden. 

Posing new potential threats on Swedish energy security. Hence, it is of importance to evaluate the 

potential impacts such an energy transition might have. The energy transition required to undertake 

Swedish energy policy needs to be evaluated and different possible future scenarios for Sweden’s 

commitments should be assessed to value Swedish energy security. This paper takes its starting point in 

addressing the energy transition, looking into trends in the current Swedish energy market and 

forecasting them to evaluate the realization of Agenda 2030 and other belonging energy targets. In order 
to understand consequences of current energy policies the forecasted scenarios are analyzed through the 

perspective of energy security. Furthermore, energy security is defined in line with the seventh SDG: 

access to modern, reliable and affordable energy. Thus, providing a framework for this paper to analysis 

the forecasted scenarios of trends related to commitments to Agenda 2030. The framework will be used 

to uncover what impact these scenarios will have on Swedish energy security during the time period 

2020 to 2050.   
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1.1. Research Question 
The purpose of the study is to critically asses and evaluate Swedish energy policy in regard to Agenda 

2030, specifically focusing on the sustainable development goal 7. The study aims to assess how energy 

trends today will influence energy security in different future scenarios for Sweden.  

The research questions that will be answered are the following:  

- Will the energy policy goals set by Sweden be reached? 

- What possible future energy scenarios could Swedish energy policy lead to? 

- How will Swedish energy policy influence future energy security in Sweden?  
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2. Theoretical Background 
 
The world has experienced an unsustainable use of resources and energy since the beginning of 

industrialization, this led scientists and others half a century ago to raise concerns for what implications 

such behaviors would inflict on the planet and its inhabitants. One early report that stimulated a lot of 

attention was The Club of Rome-report ‘The Limits to Growth’ published in 1972. Even though the 

report was criticized for having to simplistic scenarios the message was clear; there are limits to growth 

as resources are limited to Earth. World leaders and the energy market experienced a resource shortage 

first-hand during the 1970s oil crises. Wherefore, the concept energy security was born (Cherp & Jewell, 

2014). However, the approach to energy security developed during the 1970s can only partly be related 

to the findings of The Club of Rome report, nations divested in nuclear and hydropower for electricity 

production, but the term energy security implied the ability to ensure a steady supply of cheap oil for 

nations (Cherp & Jewell, 2014). Today UN’s members states have agreed to reduce emissions and invest 

in energy sources other than fossil fuels in order to lower humans’ impact on climate change. This has 

led to redefinitions of energy security as a concept, and a confusion to what the term contains. Numerous 

definitions have spread and consequently, it becomes of great importance to define energy security 

before using it. 

 

2.1. Literature Review 
Climate adaptation and energy security are today two vital fields of energy policy. The latter is affected 

by the first as less emitting energy systems change energy security in multiple ways (Johansson et al., 

2014). However, the global energy system is still dominated by fossil fuels. What is more, the main 

body of energy security literature focuses on geopolitical conflicts and dependences of fossil fuels. Yet, 

the definition of energy security is not unequivocally, rather the opposite. Depending on angel of interest 

energy security has been defined differently by researchers (Johansson et al., 2014). Historically, energy 

security has primally been discussed through the lens of national security, relating to how nations should 

remove threats from energy dependence (Johansson et al., 2014). Often defined as the task of ensuring 

the supply of cheap and secure oil. But, with time the concept has been criticized and developed to 

incorporate a wider meaning, and today energy security can include matters as climate change to 

geopolitical threats, including safety of vital infrastructure and energy sources, to human security 

(Winzer, 2012; Cherp & Jewell, 2014). Thus, it can be hard to delimit energy security as a concept, and 

when used it should be clearly defined.   

 

One aspect of energy security that in recent years has gained interest is the increasing use of renewable 

energy sources (RES) in the global energy mix. Renewable energy is defined by the Intergovernmental 

Panel on Climate Change (IPCC) as “any form of energy from solar, geophysical or biological sources 

that is replenished by natural processes at a rate that equals or exceeds its rate of use. Renewable energy 

is obtained from the continuing or repetitive flows of energy occurring in the natural environment and 

includes low-carbon technologies such as solar energy, hydro power, wind, tide and waves and ocean 
thermal energy, as well as renewable fuels such as biomass” (Edenhofer et al., 2011). Thus, what 

separates fossil fuels from being a RES is the replenishing speed of primary energy compared to rate of 

extraction. Furthermore, RES present different energy security threats compared to fossil fuels due to 

their different attributes. In comparison to fossil fuels, most RES depends on flows rather than stocks. 

Consequently, most RES are only active during the incoming flows of energy, e.g. wind- and solar 

power. Though, hydropower and bioenergy on the other hand can store energy in stocks, e.g. dams and 

biofuels. Moreover, bioenergy and fossil fuels share some security aspects due to their similar attributes, 

however production faces different security challenges.  Furthermore, RES as bioenergy, wind- and 

solar power can be harvested through a widespread of locations leading to security aspects that partly 

differ from fossil fuels-based energy systems (Johansson, 2013b). The security aspect of renewable 

energy has often been overlooked, however, there are some reports dealing with some aspects of the 

relationship between RES and energy security, see refs (IEA, 2007; Johansson, 2013b).  
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2.1.1.  Aspects of Energy Security 
Studies provide various definition and approaches to energy security, and the term has developed to be 

entangled in energy polices for problem such as mitigating climate change and providing affordable 

access to modern energy (Winzer, 2012; Cherp & Jewell, 2014). Models such as the ‘four A’s of energy 

security’, (availability, accessibility, affordability and acceptability) have been introduced to 

conceptualize the term, but energy security remains hard to define since it means different things in 

different situations to different actors (APERC, 2007). The term itself can today involve energy poverty 

to climate change, and this large variation stresses the need for conceptual clarity. Thus, to bring clarity 

to the meaning of energy security, the concept of security most be understood, and it can be done through 

three questions posted by Baldwin  (1997):  

 

• Security for whom? 

• Security for which values? 

• Form what threats? 

 

Security for whom? Security for what actor? Whom to provide security for may differ through different 

perspectives. Economic security for the producing nations or environmental security for the planet? It 

might be nation security for a nation’s consumers or security for producing businesses. Energy security 

finds itself entangled in different perspective and can be understood and motivated through different 

actors’ view. Hence, security is subjective, therefore perspective matters when defining energy security.  

 

Security for which values? Human values? Energy security looks out for energy systems, not necessarily 

human values. Which energy systems are to be protected? By what means? Different nations possess 

different social values, implying that protecting values of different nations means protecting different 

energy systems (Cherp & Jewell, 2014). The oil producing nations might have a different agenda than 

the coal producing nations etc. Also, it should be noted that policy-making in society rely on finding 

suitable numerical measurements for things to be valued, which do not necessary translate to human 

perceived values.  

 

From what threats? An element of time is needed, are the system built to protect form short term threats 

or long term? Should energy security be optimized for climate change, poverty or war? Stock depletion 

or sudden demand shocks? Low energy security increases costs, but improved energy security also 

increases costs. Hence, energy security becomes an optimization problem.  

 

Cherp and Jewell address these three questions in their paper ‘The concept of energy security: Beyond 
the four As’ through the four As model and concludes that the model brings with it a level of subjectivity 

and fails to answer Baldwins questions. Thus, they try to go beyond the four As by redefining energy 

security as ‘low vulnerability of vital energy systems’ (Cherp & Jewell, 2014). Yet, the four A model is 

not inapplicable and is still workable, but Cherp and Jewell’s paper highlights the importance of how 

energy security is defined when applying the concept for analyzes.  
 

Furthermore, the relationship between energy and security can also be understood differently by whether 
the energy system is seen as an object exposed to security threats, or as a subject generating or enhancing 

insecurity, see Fig. 1. (Johansson, 2013a). 
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Fig. 1. Johansson’s illustration of energy and security understood as object vs subject (Johansson, 2013a).  

 

Johansson’s definition of energy security as an object is understood through two different security 

aspects, security of supply and security of demand. Johansson (2013a) states that for most agents and 

countries, security of supply is the most important aspect. He links security of supply to the chain of 

well-functioning infrastructure stretching from extraction through transport, to refining and distribution 

and finally to the end consumer. Johansson highlights the potential threats to this network, and he marks 

out factors of interest for security, e.g. potential natural or human threats to the security of supply 

(Johansson, 2013a).  Security of demand is of greater importance for energy producing countries, 

Johansson argued that exporting countries national budgets depend on the income. Hence, the need for 

security of demand (Johansson, 2013a).   

 

For the definition of energy as a subject, which generates threats, Johansson (2013a) locates three risk 

factors. Firstly, economic and political threats or interests, arguing that international conflict could arises 

from scare resources. Secondly, technological risks, such as technological hazards, e.g. the nuclear 

disaster in Fukushima. And lastly, environmental threats, which gained greater focus in recent years. 

Also, Johansson (2013a) states that climate change is seen as a threat multiplier by enhancing existing 

threats to the system. This definition of energy security is wider than the original concept and would 

today be a more useful tool to measure energy security.  

 

The literature on energy security continuous to evolve and so does the definitions. The lack of a uniform 

definition has made energy security into a conceptual framework rather than a one-sided method. Winzer 
(2012) reviewed 36 definitions of energy security and found them lacking ‘protection from or 

adaptability to threats that are caused by or have an impact on the energy supply chain.’. However, he 

argued that due to the difficulty of measuring these threats, authors have limited their definitions of 

energy security, by conceptual boundaries. Instead of doing this Winzer argues for a separation of energy 

security from other interfering policy goals, by simply making the definition of energy security neater 

(Winzer, 2012). However, others like Blum and Legey (2012) mean that energy security also should be 

interpreted by interfering policies such as sustainable development policies. Hence, they defined energy 

security as ‘the ability of an economy to provide sufficient, affordable and environmentally sustainable 

energy services so as to maintain maximum welfare state’. Consequently, a much broader definition, 

including other policy goals.  
 

In conclusion, the wide typology of energy security provides no clear uniform way of defining energy 

security. However, the wide range of definitions provides a structure of understanding from which the 

different aspects and perspectives on energy and security can be analyzed. Energy security remains an 
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umbrella expression. However, depending on approach to the object of interest, different definitions 

may be of different use when explaining energy security. In this report the focus on energy security will 

be through the lens of Agenda 2030 and its many goals connected to renewable energy sources hence a 

definition relevant to sustainable development would seem to fit best. Thus including how energy 

security deal with a shift in energy sources towards more renewable energy.  

 

2.1.2.  Strengths and Weakness of Different Energy Types 
Energy is found in different forms and can be separated in different ways; renewables or non-

renewables, stocks or flows, primary or secondary energy, to name a few. Some properties are more 

desirable than others, and some sources suits different needs better than others. Historically development 

has gone from less energy rich materials to richer materials, e.g. wood to coal, coal to fossil fuels, to 

nuclear. However, properties, costs and resource availably can hinder certain fuels affectability, e.g. 

there are yet no nuclear cars. Desired properties vary for what the energy source is used for, but 

commonly are low costs, flexible and easy handle with low environmental impact wanted qualities.  

 

Most renewable energy sources are found in flows, e.g. solar and wind. This attribute makes the energy 
outcome rather unpredictable which might cause a need for energy storage. However, on the plus side, 

they have low environmental impact and can be used in a large variety of environments. Also, production 

costs have in recent years decreased to competitive levels (IRENA, 2018a; Sharma, 2018). Furthermore, 

large scale production of flow-based energy sources is likely to lead to fluctuations in energy output, 

which must be balanced to not damage electricity grids, it could theoretically be equalized with 

multination connected grids, which might become reality in EU, although such entangled constructions 

faces severe energy security threats to vital infrastructure. Moreover, flow-based energy sources are 

important for modern energy services at off-grid areas with low accessibility (IRENA, 2018b).  

 

Additionally, hydropower can both be seen as a flow and a stock, however its ability to store energy 

gives it a user advantage over other flow-based energy sources. Yet, it is not as accessible as the wind 

and solar. Besides, the construction of large-scale dams ruins the natural landscape and vital 

environments for biodiversity (Zarfl et al, 2015). Yet, the upside is cheap electricity, that can be 

regulated after demand. Making hydro power a good stabilizer for shifts in demand and production, see 

example of electricity demand over an average day in Fig. 2. 

 

 
Fig. 2. Demand for electricity changes through the day (EIA, 2011). 

 

Non-renewable energy is typically found in stocks, e.g. coal, oil and natural gas. Due to being stocks 

they can be harvested whenever the need for energy occurs, making them desirable from a user 

perspective. Their relatively easy handling and storage abilities makes them well suitable for means of 

transportation, that combined with a low price has made fossil fuels the world’s most dominant energy 
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source. However, the downside is their environmental impact, fossil fuel and traditional biomass related 

air pollution claims seven million lives yearly and the emissions of CO2 is the principle driver for global 

warming (Sommer, 2016; WHO, 2018). Furthermore, it is a question of volume, due to long replenishing 

times compared to consumption pace will fossil fuel stocks eventually depleted. It is argued that man 

will find more and more pockets of fossil fuels, in more remote locations e.g. offshore, however, the 

globe is limited in volume and so will fossil fuels be.  

 

Another non-renewable energy source is nuclear power, it too comes in the form of stocks, but are not 

as easy to handle and flexible in output as e.g. natural gas. Additionally, nuclear power relies on large 

upfront investments in order to build the power plants. On the other side the benefits are reliable, cheap 

electricity with low environmental since the waste does not generate any greenhouse gases. Yet, nuclear 

waste still raises environmental concerns, since it is radioactive for years to come. However, due to 

nuclear powers high energy concentration are the waste samples small. Nonetheless, there are no active 

long-term solution for how to store the radioactive waste, even due plans are made to bury radioactive 
waste deep underground (Lanaro et al., 2015; Vattenfall, 2017; Vattenfall, 2019b).  

 

Lastly, there is biomass, which is classified as a renewable energy source, since the organic materials 
used to produce it are replenishing. The organic materials that make up bioenergy are natural parts of 

the carbon cycle, hence biomass is considered carbon neutral. Just like wind and solar are found in all 

sorts of environments are bioenergy widely available. However, production might compete with 

farmlands and forestry. Plus, unsustainable biomass production can lead to deforestation (Dutschke et 

al., 2006). Additionally, biomass is not as efficient as fossil fuels, hence it is often fortified with fossil 

fuels to increase efficiency (Kukreja, 2019).  

 

2.1.3.  Energy Policy in Sweden 
Access to energy is an essential commodity for a functioning Swedish society, without it almost all civic 

functions cripple. In the last century, extreme weathers have caused power failures, leaving whole 

societies without electricity for days (SMHI, 2019). Hence, a stable and secure energy provision is 

fundamental for Sweden’s resilience towards future extreme weathers as well as foreign powers. 

 

Moreover, EU and Sweden’s neighboring countries also affect energy security from the perspective of 

resilience. Since, Sweden’s electric grid-system is linked to its neighboring countries in order to balance 

the supply and demand of electricity. Thus, can a shortage of electricity in Sweden be dealt with by 

importing electricity and vice versa. This trade of electricity is important especially since Swedish 

energy policy aims at becoming fossil free. Hence, electrification will be central which in turn make 

ensured electricity power vital (Wiesner, 2019).  

 

 
Fig. 3. Share of electricity production by source of origin (Swedish Energy Agency, 2019).  
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Today Swedish electricity is mainly generated from hydro and nuclear power (see Fig. 3.), which both 

are fairly cheap and generates low emissions. Though, the integrated electric system has increased the 

demand for Swedish electricity, which in turn has led prices to rise, decreasing affordability for Swedish 

citizens. This trend is likely to continue as Europe wages similar energy policies as Sweden, reducing 

their CO2-emissions by converting traditional coal power to other energy sources, and during that 

transition will Sweden probable keep exporting electricity. Furthermore, it is likely that electrical prices 

are set on a larger market as the European electrical grid gets more entangled. Which today means higher 

prices for Swedish consumers compared to historical trends.  

 

 

In the mid 1950s after the second world war, Swedish energy independence was highly valued to ensure 

long-term development and resilience during the uneasy times of the cold war. A nuclear energy 

investigation was conducted in 1955 which concluded that investments in nuclear power would reduce 

import dependence on fuels used for heat and electricity. Also, it was suggested that Sweden would try 
to develop domestic uranium and heavy water production to ensure total nuclear independence (SOU 

1956:11). This self-sustaining ‘heavy water-based’ nuclear power was later abandoned for more 

profitable light-water reactors, which instead used imported enriched uranium as fuel. Furthermore, 
twelve reactors were built during the 70s and 80s, and those have produced a third to almost half of the 

electricity need in Sweden. After the Three Mile Island accident (Sv. Harrisburgolyckan) in 1979, a 

growing opposition towards Swedish nuclear power caused a referendum to take place in 1980. The 

vote lacked a positive choice for continues use and build out of nuclear power and instead consisted of 

three alternatives to phase out nuclear. It was decided that no more nuclear power plants where to be 

constructed and that nuclear power would be phase out in favor for renewable energy sources. However, 

the lifetime of reactors has led nuclear power to be a relevant question even today, as some reactors are 

due to be closed within a year or two (Vattenfall, 2019a). The current energy policy formulation of 100 

percent renewable electricity production indicates that nuclear will be phased out, however the loses of 

this reliable fossil free energy most then be replaced, posing potential threats to Swedish energy security.   

 

Beyond electricity provision, Swedish energy security has to consider its almost complete import 

dependence of oil for the transport sector (Johansson et al., 2014). Currently using 23 percent of 

Sweden’s total energy and producing 32 percent of Sweden’s domestic emissions, thus being equally 

polluting as the industry, and a main threat to energy security, the transport sector would be a favorable 

benefiter of an energy transition (Swedish Energy Agency, 2019). As of 2010, there has been a rapid 

increased use of biofuels in the Swedish transport sector (Swedish Energy Agency, 2019). However, the 

transport sector still heavily relies on oil products and will likely do so at least for the life span of new 

cars, it is worth noting that year 2017 only 11 percent of new cars bought used other fuels than petrol 

and diesel (SCB, 2018).  

 

Sweden has since 1991 had a carbon dioxide tax on energy alongside an energy tax and a value added 

tax (VAT) on fuel (Lagen, 1994), these taxes are today justified by climate threats but have historically 

been justified by other labor market policies (Holmström, 2019). As of 2017, taxes on fuels are expected 
to increase with consumer price index (CPI) plus 2 percent units, however due to the current political 

scene in Sweden this taxation was removed in 2019’s budget proposal, yet after the January agreement 

(sv. Januariavtalet) it is expected to proceed (Andersson, 2019). If this increasing fuel tax remains will 

the price for petrol and diesel likely increase exponentially, mostly due to taxation. Additionally, the 

Swedish government is looking at a ban on selling new petrol and diesel cars from 2030 

(Socialdemokraterna, 2019). These are some of the arrangement made to reduce emissions from the 

transport sector.  

 

A win-win scenario for energy policy making is energy efficiency. Since, what is good for the climate 

in this sense is also good for security. More energy savings, less energy transports and less vulnerable 

infrastructure means better energy security. Thus, energy savings is one strategy to increase efficiency. 

But it can lead to short-sighted benefits that disappear when society grows used to them and even give 

origin to rebound effects, causing more energy to be used (Johansson et al., 2014; Energimyndigheten, 

2016). Furthermore, energy intensity is measured as supplied energy in TWh divided by GDP in billion 

SEK and shows how efficient energy is used in the economy. A decrease in energy intensity means that 
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less energy is required to give the same amount of economic value, or more economic value is given by 

the same amount of energy. This can either be achieved if the relative decrease of GDP is less than the 

relative decrease in energy supplied, or if the increase in GDP is larger in relation to the increase in 

energy supplied. Thus, energy efficiency increases if GDP growth outpace increases in supplied energy. 

Moreover, Sweden has interpreted EU’s goal of a 20 percent decrease in energy supplied by 2020 

compared to 2008 as a 20 percent reduction in energy intensity (Energimyndigheten, 2016). Hence, the 

goal can be achieved either by energy reductions or increasing GDP. Therefore, the goal does not 

necessarily measure reduced climate impact compared to references years, but rather the competitive of 

the economy; can the economy produce more per kWh compared to reference years 

(Energimyndigheten, 2016). 

 

Furthermore, energy policy in Sweden encourage the expansion of RES. The increasing use of RES 

brings with it many positive benefits from an energy security perspective, for example, long-term 

recourse management, diversification of energy sources and decreased dependence of concentrated 
energy resources such as oil (Johansson et al., 2014). However, RES also generates challenges of supply 

security, due to its variable electricity production. RES also creates conflicts over land use, e.g. dams 

and wind parks. Moreover, self-contained energy systems built on RES is argued not to be economical 
rational if not the problem of supply security is resolved by e.g. more integrated electricity markets 

(Johansson et al., 2014). Nonetheless, the Swedish Defence Research Agency (FOI) claims that future 

energy systems with low emissions can be at least as secure as today but claims that the transition period 

can be challenging. They believe an integrated electricity market and proper investments in expanding 

energy sources are key for the transition (Johansson et al., 2014). 

 

Currently, there are three central goals for Swedish energy policy, ecological sustainability, reliability 

and competitiveness (Regeringen, 2016; Prop, 2018). Other aspects of energy security such as nation 

security and climate adaptation, are not included in energy policy. Instead, national security is dealt with 

by foreign affairs and security policy and climate adaptation via climate politics. Through the lens of 

energy security this may hinder useful synergies and create unwanted energy policy-goal conflicts 

between the departments (Johansson et al., 2014).  

   

The targets illustrated in Table 1. are compiled from Swedish-energy policy propositions. They are 

extracted from parliament approved documents between the years 2008-2017 and are partly found in 

Sweden’s action plan in regard to Agenda 2030, all targets originate from Sweden’s national energy 

policies for the coming decades.  
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TARGETS YEAR 

1. The share of renewable energy should make up at least 50 percent of the total 

energy consumption.  
2020 

2. The share of renewable energy in the transport sector should make up at least 

10 percent. 
2020 

3. Energy usage will be 20 percent more efficient year 2020 compared to 

reference value 2008. 
2020 

4. Energy usage will be 50 percent more efficient year 2020 compared to 

reference value 2005. 
2030 

5. Emissions of greenhouse gases from domestically transport, expect domestic 

flights, will be decreased with 70 percent compared to reference year 2010. 
2030 

6. 100 percent of the electricity produced will be from renewable sources. 2040 

 Table 1. Selected targets from Swedish energy policies, sorted by year. 

 

Target one to three set to 2020 were first introduced in a government proposition in 2008 by the ruling 

centre-right liberal conservative political alliance in Sweden. The targets were part of a long-term energy 

policy meant to ensure a sustainable energy politic for the environment, market compositeness and 

security (Prop, 2009). Target four and six originates from the framework agreement on energy policy, 

which was an agreement on Swedish energy policies between five of the parliaments eights parties 

(Regeringen, 2016). Target five was later introduced as a stage goal for the transport sector in 2017 

(Prop, 2017). Domestic flights are not included in target five since they are covered by EU’s rules for 

trade with emission licenses. The six goals together make up the core energy related targets that Sweden 

have committed to in regard to Agenda 2030.  

 

2.1.4.  Other Studies  
There have been a large number of previous studies exploring possible future scenarios. Not least in 

recent years, where a lot of studies have been focusing on predicting climate change scenarios (some 

examples are IEA, 2009; Gustavsson et al., 2011; IPCC, 2011; Jonsson et al., 2014). Common for most 

scenarios are the increased use of renewable energy sources (RES). Many scenarios also predict the 

declined use of oil, due to what is known as ‘Peak oil’, referring to the point where maximum of oil 

production is reached. According to IEA did the peak occur in 2006 (IEA, 2010). Others have put the 

peak a few years later (some examples are Aleklett et al., 2010; ASPO, 2010; Miller & Sorrell, 2014), 

however there is a uniform consensus that peak oil will/have occur/occurred. This doesn’t mean that oil 

will be depleted, but that production will decline. Thus, future generations will have to look for other 

energy sources if the same level of energy consumption is to be seen in the future as today. Hence, the 

share of RES is often predicted to increase, also many scenarios add expanded use of nuclear power to 

support the energy needs of the future. The more climate ambitious scenarios predict rapid increase of 

RES as well as new technologies as Carbon capture storage (CCS) to reduce emissions.  

 

Additionally, there have been several studies dealing with Swedish energy scenarios, see refs (Johansson 

et al., 2010; Gustavsson et al., 2011; Jonsson et al., 2014). The Swedish Defence Research Agency 

(FOI), has commissioned studies on energy security, with a focus on climate politics and potential 

conflicts that may arise from different energy scenarios (Johansson et al., 2010; Jonsson et al. 2014). 

These studies tend to focus on energy dependence and consequences of shifting geopolitical power from 

the predicted decline of oil and increased demand for rare earth metals used in RES rather than energy 

sustainability. These matters are of great importance for a military and nation security perspectives on 
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energy security. However, this study will focus on energy security form the interest of Swedish citizens 

today and in the future, through the perspective of affordable, reliable and sustainable energy. 

 

3. Methods 
 
The scenarios developed in this report are based on three different forecasts. Forecasting as a method 

use present and past data to draw trendlines into the future. The predictability of the method mainly 

depends on three factors; how well the understanding of contribution from different factors are, how 

much data are available and whether the forecast can affect what it is trying to forecast (Hyndman & 

Athanasopoulos, 2018).  

 

This study uses a quantitative forecasting approach to create trendlines into the future. Consequently, 

forecasting future data as a function of past data. Data availability in this study differs for different 

targets but the data-set is generally rather small, making long-term scenarios less trustworthy. 

Quantitative forecasting models are appropriate to use when it is reasonable to assume that past data 

trends are expected to continue into the future. Hence, when the knowledge about contributing factors 

are good the models fit better. E.g. forecasting electricity demand over a year can be highly accurate 

because it is known that the main contributors to demand are largely driven by temperature, however, 

forecasting electricity demand 30 years into the future might be affected by unknown changes in trends 

(Hyndman & Athanasopoulos, 2018). Thus, these models are usually good descriptions of the short- to 

intermediate-range future. Much like the weather reports often have great success with short term 

reports, the long-term trends have larger margin of error (Månsson, Johansson, Nilsson, 2014). 

However, energy trends tend to shift slowly.  

 

Furthermore, forecasting does not account for abrupt changes, but they are good estimates of business 

as usual. This study uses three different forecasting scenarios, in order to account for some possible 

future trends. There are a linear, an exponential and a logistic forecast, all calculated as extrapolated 

best-fitting curves to the necessary data corresponding to the six targets found in Table 1. and additional 

forecasts for the framework in Table 2. Since the future trendlines’ accuracy cannot be tested are their 

uncertainties evaluated through their R2-value, describing how well they correspond with past trends. 

The assumption is that a good R2-value (over 0.90) would indicate a higher accuracy of the forecast than 

a bad R2-value (below 0.70). However, it’s important to remember the great uncertainty to this approach 

and that a model which fits past data well can always be obtained by using enough parameters, still the 

model will not necessarily forecast well (Höök et al., 2011; Hyndman & Athanasopoulos, 2018). Thus, 

what this report tries to identify is systematic patterns/general trends in the data.  

 

Moreover, the forecasted scenarios chosen deals poorly with shocks or trend changes. So, another 

limitation is that the predictions assume that patterns in past data are expected to continue into the future. 

Furthermore, the forecasts are made with data that excludes external factors, meaning that bottlenecks 

that might occur is not accounted for in the results. Unless otherwise specified, all known and unknown 

factors are held constant and trendlines are calculated from uninfluenced data in all scenarios.  
 

Linear functions are good estimates of constant growth, the step-height remains the same throughout the 

whole period and are commonly used in everyday life, e.g. when buying more than one product a linear 

line can represent the increase in cost for additional purchases. Exponential functions are good 

approximations for growth or decrease that is relative to the amount of the function. E.g. compound 

interest on savings increases exponential, another example is radioactive decay that break downs 

exponentially. Exponential forecasts can never be equal to zero, thus, they are not used for scenarios 

that cross the x-axel. Logistic functions are good estimates of growth limited by carrying capacities, e.g. 

population of animals on an island; they can only increase as long as there is enough food for all. 

Additionally, logistic functions have showed similarities to how people adopt new technology, at first, 
demand grows quickly. Later, it slows since the majority of people have purchased the new technology 

and eventually, there are no new customers (Mundy, 2015). This make logistic forecasting an 

appropriate model for e.g. the introduction of RE to energy markets (Tsoularis & Wallace, 2002 ; Höök 
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et al., 2011). Furthermore, in this study logistic functions are not used for scenarios with no upper or 

lower limit. 

 

The linear and exponential equations are produced by Excel’s curve-fit program and are optimized in 

regard to best R2 -value. The linear equation: 

 

𝑓(𝑥) = 𝑘 × 𝑥 + 𝑚 

Equation 1. Linear function for linear-forecasting scenario. 

 

k and m are both constants and real numbers, k is the rate of change, often referred to as the slope of the 

line, and m is known as the interception, the point where the line intercepts the y-axel. The exponential 

equation: 

 

𝑓(𝑥) = 𝐶 × 𝑒𝑘×𝑥 

Equation 2. Exponential function for exponential-forecasting scenario. 

 

C and k are constants and real numbers, C scales the function and k determents the rate of change. 

Exponential equations on this form cannot be used with data-sets that crosses the x-axel, since the 

function is never equal to zero for all C distinguished from zero. The logistic function is not found in 

Excel’s curve-fitting program and has to be calculated accordantly: 

 

𝑓(𝑥) =  
𝐾 × 𝑃0 × 𝑒𝑘×(𝑥−𝑥0)

𝐾 + 𝑃0 × (𝑒𝑘×(𝑥−𝑥0) − 1)
 

Equation 3. Logistic function for logistic-forecasting scenario. 

 

K, P0, x0 and k are real number constants, where K determents the functions upper limit, E.g. in the case 

of renewable energy in total energy consumption the max-value must be 100 percent since no more than 

100 percent can be consumed. P0 is the initial value, in this study the first data point in each data-set. k 

is a scaling factor for the rate of change, referred to as the logistic growth rate or the steepness of the 

curve. x0 referrers to the initial year corresponding to P0 in the data set. 

 
3.1. Conceptualizing Energy Security 
This study aims to provide three different possible scenarios for a broader understanding of how Swedish 

energy policy might influence energy security. The scenarios provide necessary understanding of how 

current energy policies will develop Swedish energy security in the future. Furthermore, forecasting is 

commonly used in similar studies reviewed (some examples are IPCC, 2009; Gustavsson et al., 2011; 

Jonsson et al., 2014). In this study are the forecasting trends compared to the targets set up in Table 1. 

and evaluated through the lens of energy security defined below in Table 2.  

 

In order to evaluate the future scenarios presented by the normative goals of Agenda 2030, it is a 

necessity to define energy security in such way as to which it is possible to measure it. Due to the 
agenda’s primary focus on sustainability will the definition be in line with the 7th Sustainable 

Development Goal (SDG) on energy. Also, inspired by Blum and Legey’s (2012) definition ‘ability of 

an economy to provide sufficient, affordable and environmentally sustainable energy services so as to 
maintain maximum welfare state’.  Accordingly, energy security in this study is defined as; 

 

‘Ensuring access to affordable, reliable, sustainable and modern energy for all’.  

 

Furthermore, the different components in the definition are understood through similar ideas as those 

seen above in the 4 As of energy security. Namely; affordability, reliability and sustainability. Modern 

Energy is supposed to be covered by the current standard of living in Sweden, hence will it only be of 

interest if Sweden are to develop insufficient energy supplies in the future. Additionally, Baldwins ideas 

of security is answered as; security for all (in this case Swedish citizens) by the values of sustainability, 

from threats of not having access to affordable and reliable energy.  
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Affordability is understood as affordable energy, which is measured and compared to reference year 

2017’s energy prices. This is done by comparing 2017’s electrical kWh prices with the expected prices 

found in the scenarios, creating a percentage value of change for electrical prices. Similarly, fuel prices 

are measured and compared. Also, to ensure that energy affordability is evaluated from the perspective 

of Swedish citizens are affordability measured as energy expedites as a share of household income. 

Lastly, energy efficiency is assessed as defined by target three and four (see Table 1.), as a measurement 

of affordability. Table 2. provides an illustration of energy security dimensions, what indicators are 

being measured and how to interpret the outcome.   

 

Reliability is measured through two indicators. Firstly, domestic electricity production as a percentage 

of the total electricity consumption. This is later used to compare future scenarios with the present 

situation. Secondly, domestic energy production as a percent of total energy usage. Also, comparing 

future scenarios with the present situation. The difference between the two could indicate to some extend 
how resilience the system is to different types of shocks. For interpretation, see Table 2.  

 

The concept of sustainability is greatly simplified and only understood as the use of renewable energy 
(RE) sources in the energy mix. Thus, it is measured as the share of RE in the total energy consumption. 

As well as the percentage of RE in the total electricity consumption and percent of RE in the total use 

of energy used for the transport sector. Also, sustainability is assessed as share of emissions of 

greenhouse gases from the transport sector. See Table 2. for illustration.  
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DIMENSIONS OF 

ENERGY SECURITY 

INDICATORS INTERPRETATION 

AFFORDABILITY 
Energy expedites of household income: 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2012
 

Higher percentage more 

expensive 

 Electric prices: 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2017
 

Higher percentage more 

expensive 

 Fuel prices: 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2017
 

Higher percentage more 

expensive 

 Energy efficiency: 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 𝑦𝑒𝑎𝑟
 

Lower percentage more 

efficient 

RELIABLILTY 

𝐼𝑚𝑝𝑜𝑟𝑡−𝑒𝑥𝑝𝑜𝑟𝑡

𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
 comparing  

𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 

Higher percentage more 

reliable 

 

𝐷𝑜𝑚𝑒𝑐𝑠𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
 comparing  

𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 

Higher percentage more 

reliable 

SUSTAINABLITY 
Share of RE of total energy used in transports 

compared with the present
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 

Higher percentage more 

sustainable 

 
Share of RE of total electricity consumption 

compared with the present
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 

Higher percentage more 

sustainable  

 
Share of RE of total energy consumption 

compared with the present
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 

Higher percentage more 

sustainable  

 
Emission of greenhouse gases in transport 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2010
 

Lower percentage more 

sustainable 

Table 2. Dimensions, indicators and interpretations of energy security.  
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3.2. Forecasting Indicators of Energy Security 
The energy policy targets found in Table 1. are all relevant as energy security indicators and are therefore 

also found in Table 2. All indicators in Table 2. that allow it are forecasted as linear, exponential and 

logistic trendlines. Moreover, the trendlines are forecasted to year 2050. Hence, covering the time period 

of the targets in Table 1. The data required is gathered from the Swedish authorities Swedish Energy 

Agency (sv. Energimyndigheten), Statistics Sweden (SCB) (sv. Statistiska centralbyrån), and Swedish 

Environmental Protection Agency (sv. Naturvårdsverket). Additionally, all calculations for the scenarios 

are made with ten decimals accuracy.   

 

The forecasts are divided into three subcategories; affordability, reliability and sustainability. Target 

three and four from Table 1. are found under affordability whereas the rest of the targets are forecasted 

as sustainability indicators. The predicted success rate of each energy policy goal is presented in Table 

15. and the individual results are found in each subcategory.  

 

The first affordability indicator in Table 2. measures energy costs as share of household expenditures. 

Available data are separated into energy for housing and fuel for transport to give the reader an 

understanding of the division. However, only the total share is forecasted, see Fig. 4. The forecasted 

data is used to compare expenditures differences with the reference year 2012.  

 

Secondly, electricity prices for detached houses without electric heating are forecasted. There is no 

upper-limit for how expensive electricity can become, thus no logistic scenario is made. The forecasted 

trendlines are compared to reference prices the year 2017 in Table 4.  

 

Data on fuel prices consists of petrol, diesel and E85. Unique trendlines are calculated for each one. 

Again, no upper-limit can be appointed, hence no logistic scenarios. The forecasted prices are compared 

to the reference year 2017 in Table 5.  

 

Target three and four define energy efficiency as supplied energy [Wh] per GDP unit [SEK]. Data used 

for GDP calculations are retrieved from SCB’s report ‘GDP: expenditure approach (ESA2010) by type 
of use. Quarter 1980K1 - 2018K3’ updated 29th November 2018. Data on supplied energy is retrieved 

from Swedish Energy Agency in the above-mentioned report. Moreover, GDP is measured as real value 

GDP ref. 2017 and the data set stretches between 1981-2016.  Furthermore, target three has the goal of 

20 % more efficiency 2020 than 2008. Hence, the target is achieved if:  

 
𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 2020

𝐺𝐷𝑃(2020)2017
≤ 0.8 × 

𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 2008

𝐺𝐷𝑃(2008)2017
 

 

Equation 4. Equation for fulfilling target three on energy efficiency.  

 

Whereas, target four has the goal of 50% more efficiency 2030 than 2005. Thus, true if:  

 

𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 2030

𝐺𝐷𝑃(2030)2017
≤ 0.5 × 

𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 2005

𝐺𝐷𝑃(2005)2017
 

 

Equation 5. Equation for fulfilling target four on energy efficiency.  

 

Both forecasts are expanded to 2050. 

 

The first reliability indicator measures electricity dependence as imported minus exported electricity 

divided with total electricity consumption. Due to the data crossing the x-axel and can no exponential 

forecast be made. The forecasts are compared to reference year 2016 in Table 8.  
 

Secondly, domestic energy production is measured as share of total energy consumption. The forecasts 

are compared to reference year 2016.  
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The second target in Table 1. requires data on the share of renewable energy in the transport sector. The 

Swedish Energy Agency provides said data in the report ‘Energy in Sweden, facts and figures 2018’ 
(Swedish energy Agency, 2019). However, for the transport sector the available data only stretches back 

to 2005, covering the years 2005-2016. Furthermore, in accordance with the renewable directive (sv. 

förnybartdirektivet) are biofuel production from e.g. food waste prioritized and weighed to give greater 

effect (Direktiv, 2009; Energimyndigheten & Naturvårdsverket, 2014). This mean that some biofuels 

are given greater importance in the calculations than their actual energy value. In order to give the whole 

picture a second calculation is made for renewable energy in transport based on their energy output in 

TWh, data is available from 1996-2017. Calculated scenarios in accordance with the renewable directive 

will be illustrated in Fig. 12. Results for every decade will be provided in Table 10. The second scenario 

of renewable energy used in transport based on TWh will be illustrated in Fig. 13 and Table 11.  

 

Forecasted scenarios for target six are calculated with previous mentioned data from the Swedish 

Environmental Protection Agency, the data set covers 2005-2016. Calculated scenarios are illustrated in 
Fig. 14. 

 

Furthermore, the aforementioned report from the Swedish Energy Agency provides necessary data for 
the first target on renewable energies share of total energy consumption in Sweden. Data is available 

from 1990 to 2016 and calculated according to the renewable directive established by EU (Direktiv, 

2009).  

 

Lastly, target five requires data for emissions in the transport sector and said data originates from the 

Swedish Environmental Protection Agency. Swedish Environmental Protection Agency in turn have 

used data from SCB ‘Greenhouse gas emissions and removals’, to which they have applied UN’s and 

IPCC’s guidelines for method reports to interpret the amount of emissions originating from different 

greenhouse gases. Thus, by translating different greenhouse gases into their global warming potential, 

it is possible to parse all greenhouse gases into one number, their CO2-equivalence. The Swedish 

Environmental Protection Agency have used this method when compiling the data from SCB (The 

Swedish Environmental Protection Agency, 2018). The set of data stretches from 1990-2017. Target 

five is achieved if: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 2030 ≤  0.3 × 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 2010 

 
Equation 6. Equation for fulfilling target five on domestic emissions.  

 

3.3. Limitations 
Data comes from open-access sources and some of the data-set does not stretches further back than 

2005. Overall, the data-sets is arguably too small, and errors in forecasts will grow to the year 2050, this 

should be taken into consideration. Also, data used in this report covers different periods for different 

results, generating problems when comparing or interpreting different targets with each other. Some of 

the data is based on yearly averages or averages in the population, which contains margin of errors in 

themselves. This report does not take future tech in consideration and scenario analyses are limited to 

decades between 2020-2050. Furthermore, there are no deeper analysis in regard to external factors such 

as economic and infrastructure that might influence decision making and scenarios. This includes 

technical limitations in biofuel production and effect problems in powerlines from RES. The 

extrapolated scenarios take no regard to future policy changes or trend changes, merely looking at the 

business as usual case. This study only focus-country is Sweden, and no geopolitical influences are dealt 

with, except Europe’ influence on electrical prices in Sweden. Furthermore, is the concept of 

sustainability greatly simplified to only cover the use of RES, this is done due to the focus on RES in 

SDG six and to better relate sustainability with Swedish energy policy. Lastly, energy security is to some 

extend subjective, so the reader most keep this papers’ definition of energy security in mind when 

comparing this paper to other works on energy security. 
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4. Results 
 

Data used originates from the Swedish Energy Agency, SCB and Swedish Environmental Protection 

Agency. Forecasts are made with linear, exponential and when possible logistic functions, see method-

chapter.  

 

4.1. Affordability 
Forecasting energy costs as share of household expenditure 

 
Fig. 4. Forecasting of energy costs as share of household expenditure, data 1985-2012. 

 

The low amount of data-points and bad curve-fit did not allow for a logistic projection.  

 

 Target years 2020 2030 2040 2050 

Total 

energy cost 

as share of 

household 

expenditure 

Linear forecast 
value 

10% 11% 11% 12% 

Increased 

expenditure in 
percent ref. 2012 

22% 33% 43% 54% 

R2-value 0,56 

Expon. forecast 

value 
9% 10% 11% 12% 

Increased 

expenditure in 

percent ref. 2012 

7% 19% 33% 48% 

R2-value 0,56 

Table 3. Results of forecasting energy costs as share of household expenditure, compared to reference year 

2012. All projections have low/bad R2-values.  
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Forecasting electricity prices 

 
Fig. 5. Forecasting electricity prices to year 2050, ref. year 2017, data 1996-2017.  

 

Since there is no upper-limit for electricity price can a logistic scenario not be included.  

 
Target years 2020 2030 2040 2050 

Linear forecast value 218 267 315 364 

Increased prices in 

percent ref. 2017 
15% 41% 66% 92% 

R2-value 0,87 

Expon. forecast value 242 339 474 663 

Increased prices in 

percent ref. 2017 
28% 79% 150% 250% 

R2-value 0,87 

Table 4. Results of linear and exponential forecasting, values in öre per KWh, with acceptable R2-values. 

 

Forecasting fuel prices 

 
Fig. 6. Fuel prices forecasted to year 2050 and measured in 2017 price level, data 1980-2017 and 2005-2017.  
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No upper-limit for fuel prices does not allow for logistic projections.  

  
Target years 2020 2030 2040 2050 

Petrol 

Linear forecast value 15 16 19 20 

Increased prices in 
percent ref. 2017 

6% 18% 31% 43% 

R2-value 0,79 

Expon. forecast 

value 
17 19 23 27 

Increased prices in 

percent ref. 2017 
18% 38% 61% 89% 

R2-value 0,78 

Diesel 

Linear forecast value 16 19 21 24 

Increased prices in 

percent ref. 2017 
13% 34% 55% 75% 

R2-value 0,87 

Expon. forecast 
value 

16 22 30 42 

Increased prices in 
percent ref. 2017 

17% 60% 120% 202% 

R2-value 0,90 

 Linear forecast value 12 13 15 17 

E85 

Increased prices in 

percent ref. 2017 
3% 18% 33% 47% 

R2-value 0,79 

Expon. forecast 

value 
14 16 19 22 

Increased prices in 

percent ref. 2017 
20% 42% 68% 99% 

R2-value 0,79 

Table 5. Results linear forecasting of fuel prices, measured in 2017 price level, values in SEK per litre.  

 

Large variations in R2-values, ranging from acceptable to good. A low amount of data-points for 

projections of E85 in comparisons to petrol and diesel. 
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Forecasting energy and GDP growth 

 
Fig. 7. Historical trend of supplied energy and GDP measured in real value, reference year 2017, data 1981-

2016.  

 

No upper-limits, hence no logistic curves.  
 

Forecasting target three 

 
Fig. 8. Forecasting TWh per billion SEK compared to 2008, ref. 2017, data 1981-2016. 

 

Passing zero percent is impossible, which should be taken into consideration when evaluating the linear 

projection.  
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Target years 2020 2030 2040 2050 

Linear forecast value 77% 53% 29% 5% 
R2-value 0,93 

Expon. forecast value 83% 68% 56% 46% 

R2-value 0,92 

Logistic forecast value 87% 74% 63% 54% 
R2-value 0,77 

Table 6. Share of TWh per billion SEK compared to 2008. Linear, exponential and logistic forecasting to year 

2020, 2030, 2040 and 2050. 

 

Target three; Energy usage should be 20 percent more efficient year 2020 compared to 2008. Hence, 

results for 2020 lower than 80 percent fulfills targets. The linear scenario fulfills target three, whereas 

exponential and logistic forecasting does not (Lin. 77%, Exp. 83%, Log. 87%). The R2-values range 

from acceptable to good.  

 

Forecasting target four 

  
Fig. 9. Forecasting TWh per Billion SEK compared to 2005, ref. 2017, data 1981-2016. 

 

Passing zero percent is impossible, which should be taken into consideration when evaluating the linear 

projection.  

 

Target years 2020 2030 2040 2050 

Linear forecast value 69% 47% 26% 5% 
R2-value 0,93 

Expon. forecast value 74% 61% 50% 41% 

R2-value 0,92 

Logistic forecast value 61% 39% 23% 13% 
R2-value 0,94 

Table 7. Share of TWh per billion SEK compared to 2005. Linear, exponential and logistic forecasting to year 

2020, 2030, 2040 and 2050. 
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Target four; Energy usage 2030 should be 50 percent more efficient compared to 2005. Hence, results 

for 2030 lower than 50 percent fulfills target four. The linear and logistic scenario fulfills the target 

whereas the exponential scenarios does not (Lin. 47%, Exp. 61%, Log. 32%). Good R2-values.  

 

4.2. Reliability 
Forecasting electricity dependence 

 
Fig. 10. Forecasting share of import minus export of total electricity production, data 1970-2016. 

 

Heavy fluctuations in input data generates low R2-value, however linear projection is used to highlight 

direction of overall trend. Since the data crosses the Y-axel can no exponential forecast be made, 

additionally there is no upper or lower-limit, thus no logistic projection.  

 

Target years 2020 2030 2040 2050 

Linear forecast value -5% -7% -9% -11% 

Compared with 2016 -29% -6% 17% 39% 

R2-value 0,26 

Table 8. Results of forecasting import minus export of total electricity production, compared to reference year 

2016. 
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Forecasting energy dependence 

 
Fig. 11. Forecasting domestic energy carriers in relation to total energy use, including losses, data 1983-2016.  

 

Potential trend variation around the year 2005. Some fluctuations in data input contributes to lower R2-

values. 

 

  Target years 2020 2030 2040 2050 

Domestic 

energy in 

relation to 

total energy 

use 

Linear forecast value 41% 47% 52% 58% 

Value compared to 

2016 
-3% 10% 23% 36% 

R2-value 0,76 

Expon. forecast value 42% 50% 59% 70% 

Value compared to 

2016 
-1% 18% 40% 66% 

R2-value 0,80 

Logistic forecast 

value 
43% 48% 54% 60% 

Value compared to 

2016 
2% 14% 28% 42% 

R2-value 0,44 

Table 9. Results of forecasting domestic energy carriers in relation to total energy use, including losses. 
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4.3. Sustainability  
Forecasting target two in accordance to EU directive 

 
Fig. 12. Forecasting share of renewable energy sources in transport sector, in accordance with EU directive, data 

2005-2016. 

 

Exponential projection increases past 100 percent which is impossible. Low amount of input data. 

 

Target years 2020 2030 2040 2050 

Linear forecast value 33% 54% 74% 95% 
R2-value 0,88 

Expon. forecast value 44% 187% 792% 3356% 

R2-value 0,96 

Logistic forecast value 39% 75% 93% 98% 
R2-value 0,93 

Table 10. Share of renewable energy sources in transport sector. Linear, exponential and logistic forecasting to 

year 2020, 2030, 2040 and 2050. 

 

Target two; Share of renewable energy sources in transport sector should make up 10 percent. Target is 

fulfilled for all scenarios (Lin. 33%, Exp. 44%, Log. 39%). Good R2-values. 
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Forecasting target two as consumed TWh 

 
Fig. 13. Forecasting share of renewable energy sources in transport sector, calculated as TWh consumed, data 

1996-2017. 

 

Exponential projection increases past 100 percent which is impossible.  
 

Target years 2020 2030 2040 2050 

Linear forecast value 20% 28% 37% 45% 
R2-value 0,76 

Expon. forecast value 26% 65% 159% 390% 

R2-value 0,91 

Logistic forecast value 26% 47% 68% 84% 
R2-value 0,69 

Table 11. Share of renewable energy sources in transport sector calculated as consumed TWh. Linear, 

exponential and logistic forecasting to year 2020, 2030, 2040 and 2050. 

 

Target two; Share of renewable energy sources in transport sector should make up 10 percent. Target is 

fulfilled for all scenarios (Lin. 20%, Exp. 26%, Log. 26%). Some variation in R2-values.  
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Forecasting target six 

 
Fig. 14. Forecasting share of renewable energy sources in electricity consumption, data 2005-2017.  

 
Exponential and linear projections increases past 100 percent, technically impossible. Low amount of 

input data. 

 

Target years 2020 2030 2040 2050 

Linear forecast value 72% 86% 100% 114% 
R2-value 0,96 

Expon. forecast value 77% 98% 125% 159% 

R2-value 0,96 

Logistic forecast value 71% 81% 88% 93% 
R2-value 0,95 

Table 12. Share of renewable energy sources in electricity consumption. Linear, exponential and logistic 

forecasting to year 2020, 2030, 2040 and 2050. 

 

Target six; 100 percent of electric energy will come from renewable energy sources by 2040. 

Target is fulfilled for the linear and exponential scenario, but not for the logistic scenario (Lin. 

100%, Exp. 125%, Log. 88%). Good R2-values. 
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Forecasting target one 

 
Fig. 15. Forecasting share of renewable energy sources in total energy consumption, data 1990-2016.  

 

Exponential projection goes past 100 percent, which should be taken into consideration.  

 

Target years 2020 2030 2040 2050 

Linear forecast value 56% 64% 72% 80% 
R2-value 0,94 

Expon. forecast value 57% 70% 85% 103% 
R2-value 0,96 

Logistic forecast value 55% 62% 69% 75% 
R2-value 0,95 

Table 13. Share of renewable energy sources in total energy consumption. Linear, exponential and logistic 

forecasting to year 2020, 2030, 2040 and 2050. 

 

Target one; 50 percent renewable energy sources in the total energy consumption by 2020. Target is 

fulfilled for all forecasting scenarios (Lin. 56%, Exp. 57%, Log. 55%). Good R2-values. 
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Forecasting target five 

Fig. 16. Forecasting emissions in domestic transport, expect flights, compared to ref. 2010, data 1990-2017. 

 

Trend change around 2005, hence two set of forecasts.  

 

Target years 2020 2030 2040 2050 

Linear forecast (1990-

2017) value 
91% 87% 84% 80% 

R2-value 0,23 

Expon. Forecast (1990-

2017) value 
90% 87% 84% 80% 

R2-value 0,25 

Linear Forecast (2005-

2017) value 
77% 57% 37% 17% 

R2-value 0,93 

Expon. Forecast (2005-

2017) value 
78% 63% 51% 41% 

R2-value 0,92 

Logistic forecast (2005-

2017) value 
65% 20% 3% 0% 

R2-value 0,92 
Table 14. Share of emissions compared to reference year 2010. Linear, exponential and logistic forecasting to 

year 2020, 2030, 2040 and 2050. 

 

Target five; Emissions of greenhouse gases from domestic transport, expect domestic flight, will be 

reduced with 70 percent to the year 2030 compared to 2010. Therefore, results lower than 30 percent 

the year 2030 will fulfills the target. There is no logistic scenario for 1990-2017 since there was no 

positive R2-value for the curve-fitting, meaning that a straight line would fit the curve better than a 

logistic curve. However, by creating forecasts after the trend change around year 2005, three new 

scenarios were calculated. Only the logistic scenario fulfills target five. The second set of projections 

have good R2-values whereas the first once does not.  
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4.4. Framework Outcome 
Target achievement 

 
TARGETS YEAR SCENARIO 

OUTCOME 

1. The share of renewable energy should make up at least 50 percent 

of the total energy consumption.  
2020 

Probable  

3/3 

2. The share of renewable energy in the transport sector should make 

up at least 10 percent. 
2020 

Probable  

6/6 

3. Energy usage will be 20 percent more efficient year 2020 

compared to reference value 2008. 
2020 

Doubtful  

1/3 

4. Energy usage will be 50 percent more efficient year 2020 

compared to reference value 2005. 
2030 

Possible 

2/3 

5. Emissions of greenhouse gases from domestically transport, except 

domestic flights, will be decreased with 70 percent compared to 

reference year 2010. 

2030 
Doubtful 

1/5 

6. 100 percent of the electricity produced will be from renewable 

sources. 
2040 

Possible 

2/3 

Table 15. Targets success rate based on scenario outcome.  
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Energy security outcome 

 
DIMENSIONS OF 

ENERGY 

SECURITY 

INDICATORS OUTCOME 

AFFORDABILITY Energy expedites of household income: 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2012
 Less affordable 

 Electric prices: 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2017
 Less affordable 

 Fuel prices: 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2017
 Less affordable 

 Energy efficiency: 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2017
 More efficient 

RELIABLILTY 
𝐼𝑚𝑝𝑜𝑟𝑡−𝑒𝑥𝑝𝑜𝑟𝑡

𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
 comparing  

𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 More reliable 

 
𝐷𝑜𝑚𝑒𝑐𝑠𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
 comparing  

𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 More reliable 

SUSTAINABLITY 
Share of RE of total energy used in transports 

compared with the present
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 

More sustainable 

 
Share of RE of total electricity consumption 

compared with the present
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 

More sustainable 

 
Share of RE of total energy consumption 

compared with the present
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2016
 

More sustainable 

 
Emission of greenhouse gases in domestic 

transport 
𝐹𝑢𝑡𝑢𝑟𝑒

𝑅𝑒𝑓 2010
 

More sustainable 

Table 16. Dimensions, indicators and outcome of energy security. 
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5. Discussion 
 

This section provides a discussion around the results from the energy security perspective defined in the 

methodology.  

 

5.1. Affordability 
Results for affordability based on the introduced energy security framework, show that energy is 

becoming less affordable for all indicators except energy intensity, see target three and four. Fuel prices 

and electricity prices are predicted to increase. Also, aggregated household expenditures on energy 

display an increase, meaning that the real price for energy is predicted to become more expensive. The 

linear and exponential forecast of aggregated household expenditures predicts an increase of around 10 

respective 15 percent units per decade (Lin: 22%,33%,43%,54%. Expon: 7%, 19%, 33%, 48%, Fig. 4.) 

compared to reference value 2012. Consequently, energy security according to the definition of 

affordability is getting worse. However, the fairly low R2-values in the scenario would suggest that this 

conclusion withholds a large margin of error. Even do the R2-value state nothing but the future accuracy 

of the forecast does it say something about the historic curve fit, therefor also the reliability of the 

trendline. Furthermore, does the fluctuations and missing data in household’s energy expenditure leave 

room for doubt. Moreover, if household salaries increase in similar fashion as the price of energy, 

affordability for citizens would not be affected. Yet, both trendlines indicate a rise in energy costs, which 

also is found in the estimates for future electrical prices and fuel prices. This suggests that in a business 

as usual future scenario will energy be more expensive than today for Swedish households. However, 

economic predictions are hard to make accurate and the how higher energy prices in the end affects 

households in Sweden is complex. Almerud et al. tried in 2015 to predict the Swedish economy in a 

couple of scenarios to year 2060. Their findings indicate that higher electricity prices are expected, but 

that it will not necessarily have negative economic effects on Swedish household, on the contrary they 

argue that earnings from the electricity production market will spill over the household economics 

(Almerud et al., 2015).  

 

The current energy policy aiming at reducing CO2-emissions, increasing the share of renewable energy 

sources and increase energy effectivity, will put pressure on the electrical systems. Additionally, energy 

goals to reduce CO2-emissons leads industries to electrify. Thus, generating additional need for electrical 

power which may increase electrical prices as demand rises. However, it is not only Swedish industry 

that influence electrical prices but also the European market and its demand for cheap and clean 

electricity. Sweden’s electric system is international and integrated on a Nordic market. Europe’s 

increasing need for electricity and higher price level has led the Nordic countries to export a lot of 

electricity. Consequently, electricity prices in Sweden are set by a larger European market, making 

electricity more expensive in Sweden (Almerud et al., 2015; Energimyndigheten, 2016b). This trend is 

found in forecasted scenarios Fig. 5. and is likely to continue as long as the European continent does not 

build out their own affordable electricity production. As the European continent pursue similar energy 

policies as Sweden, will they likely reduce their reliance on coal and gas and increase production of 

RES (Almerud et al., 2015). However, Swedish hydro will probable play a vital role in balancing the 
irregular flows of future RES on the European market. Furthermore, it is unlikely that electricity prices 

continue to grow indefinitely, a more reasonable scenario would be that prices stabilizes at a European 

average changing with the inflation-rate. Moreover, variations in electrical prices will presumable be 

more common as the share of RES expands, their flow-dependent and the lack of viable storage 

technology for electricity remains a weakness of RES that might affect future affordability (IVA, 2015). 

The forecasted scenarios found in Fig. 5. indicates continues increase in electricity prices, however it is 

reasonable to believe that at some point will supply and demand stabilize on the European market, also 

stabilizing Swedish electricity prices (IEA, 2016; Sweco, 2017). Consequently, energy security from 

the perspective of affordability of Swedish citizens will be affected negativity and it is possibly that a 

new equilibrium for electricity prices will be found at a higher European price-level.  
 

The transport sector’s share of CO2-emissions has in recent years been addressed and goals to reduce 

fossil fuels in the sector have been introduced. Current energy policy focuses on limiting the use of fossil 

fuels transport, trying to turn the sector towards alternative fuels. Nonetheless, if the whole transport 
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sector is to marginalize fossil fuels, substitutes most be available at economically reasonable prices. Not 

just the substituted fuel’s prices, but also the price of all the new vehicles needed. As of year, 2017, 11 

percent of new cars bought used other fuels than petrol and diesel (SCB, 2018). The amount of non-

fossil fuel and diesel cars is increasing, whereas the number of petrol cars is declining (SCB, 2018). 

Furthermore, the expected lifespan of personal vehicles in Sweden is 18 years, hence the proposed ban 

towards petrol and diesel cars by 2030 would therefore reach its full potential after roughly 20 years 

(Trafikanalys, 2016).  Thus, there will still be petrol and diesel cars in the forecasted future and the 

forecasted increase in petrol and diesel prices is likely relevant to assess the affordability of fuel for 

Swedish citizens. Moreover, fuel prices are predicted to increase for all types of fuels, not just petrol 

and diesel, see Fig. 6. According to the forecasts are diesel prices increasing fastest, however, this could 

be misleading, since petrol and diesel prices have accreted towards the same price, and since 2009 have 

they roughly changed equally fast. The main share of fuel prices are taxes, e.g. for petrol taxes make up 

roughly 70 percent of the price. Additionally, fuel taxes are set to increase with a consumer price 

indexing plus additional 2 percent-units yearly. Consequently, fuel affordability will decrease, 
especially hurting those who cannot change mode of transportation. It is important to remember 

Sweden’s geography, and take its sparsely populated areas in consideration. Also, worth noting is that 

in year 2017, 76 percent of all traveled distances within Sweden was made by personal cars 
(Trafikanalys, 2018). The larger cities may increase their use of public transport, but the country side 

does not have the benefit of substituting car travel with public transport. Hence, the element of 

affordability in energy security from the perspective of Swedish citizens is hurt by increasing fuel prices, 

unless reasonable alternatives are presented. Electrical and biofuel car owners might be better off, but 

the scenarios presented predict increasing price there as well. Lastly, it should be noticed that studies 

have argued that fuel taxes from a national economical perspective are viable, however the economic 

cost burden is not share equally (Larsson & Sandin, 2018). Hence, it would be interesting for future 

studies to look into other management control measures, such as congestion tax and parking fees, to see 

their effect on affordability for Swedish citizens.  

 

Energy intensity measured in target three and four contradicts the other findings of affordability. A 

reason for this could be due to what energy intensity really measures. Fig. 7. shows how GDP historically 

has grown and is predicted to continue, whereas the total energy supplied almost has stagnated. Thus, 

energy intensity is getting more efficient compared to reference years. This means that Sweden is 

becoming less wasteful of energy relative to the economic utilities gained per kWh. However, the reason 

behind this can be understood by different aspects. One aspect is explained by innovations making newly 

developed products and technologies more price-efficient, thus can the same amount of energy give 

greater yields. Another aspect is that the Swedish economy in the past decades has been service based, 

accordingly imported energy heavy production and goods are not covered by the measurement. If energy 

intensity is to be understood as a climate/sustainability measurement must the imported energy aspect 

be small. A way of improving energy efficiency from the sustainable perspective is taxes, it is an 

economical incentive to reduce consumption. Sweden has energy taxes on electricity as well as fuels, 

making energy more expensive, to decreasing wasteful use. However, this might lead industry and 

production to move aboard. Furthermore, the scenarios developed for energy intensity head towards 
zero percent of the reference values, but they can only converge towards zero, not go beyond. Thus, the 

exponential and logistic scenarios might be more reasonable forecasts than the linear one, which predicts 

a trendline that will cross the x-axel at some point, see Fig. 8. and Fig. 9. Increasing GDP and a somewhat 

stagnated energy supply are the predicted trends for energy intensity (Almerud et al., 2015). 

Furthermore, the energy policy goals for target three and four are fulfilled by both linear prediction but 

not for the two exponential forecasts. Moreover, the logistic scenarios fulfill the latter target but not for 

the first. Hence, the forecasts leave no uniform confirmation on whether or not the targets are achieved. 

If GDP growth continues combined with somewhat stagnated energy needs, it is likely that energy 

intensity as defined will continue to increase. Lastly, energy intensity focuses on a nationwide macro 

perspective, hence might not be the best measurement of affordability according to this paper’s 

definition.  
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5.2. Reliability 
The forecasted scenario of import minus export as share of domestic electricity production predicts an 

increase in export, see Fig. 10. This could be achieved by increasing domestic electricity production 

and/or a decrease in domestic consumption.  Either way will reliability defined as import independence 

in this paper increase. However, import independence can be a misleading measurement of security, 

since mutual dependence and economic integration in many cases increase security, e.g. the foundation 

of EU (Johansson et al., 2014). As seen in Fig. 7. has Swedish energy consumption almost stagnated. 

Hence, the increasing build out of RES together with stable electricity supplies from hydro and nuclear 

power are probable causes for the increased domestic electricity production leading to this export trend. 

However, due to hydropower’s large share of electricity production will there be a large margin of error, 

rain volumes may diverge. Furthermore, future risks of fluctuations might be further driven by the 

unreliable flows of solar and wind-power. A way to deal with unreliable fluctuations is to further expand 

RES and use hydropower more or less as a stabilizer. This might appear inefficient from a Swedish 

perspective, but it is likely that Europe’s hydropower will need to work as an energy storage and 

stabilizer in a more entangled and RES based European grid (Eurelectric, 2011; Siemonsmeier et al., 

2018). Another future path is to renew Swedish nuclear to ensure a stable supply of electricity. This 

would make room for hydropower to work more as a stabilizer to fluctuation from RES. Although, an 

expansion of nuclear investments could lead to a decrease in economic incentives to build out RES. 

Furthermore, is it likely that the Nordic electrical grid will become more entangled in the European, 

creating opportunities for spreading the surpluses and shortfalls, hence stabilizing the whole region. This 

on the other hand, generates problems of security of supply (see Bengtssons framework), since vital 

infrastructure will be at increased risk. Thus, risking the whole regions electricity supply. Hence, a 

combination of centralized and decentralized electricity systems is to be preferred, especially since they 

together deal well with flows that are expected from increased use of RES. However, building 

infrastructure for both will likely increase the cost of energy. Furthermore, the forecasted reliability 

scenario found in Fig. 9. has rather ill fitted curves, with bad R2-value. Yet, the general trend head 

towards a larger domestic electricity production with increased export.  

 

The recent increase of renewable energy in transport (Fig. 12.) originates manly from domestic biofuel 

production, contributing to an increasing total domestic energy production, see Fig. 11. The build out of 

biofuel is preferable from an energy reliability perspective, since it increases Sweden’s self-sustaining 

abilities. Still, an increased production of biofuel might be at the expense of e.g. food production, since 

they both compete for farmland. Fig. 12. predicts a rapid increase of renewable energy sources in 

transport, however it is likely that the share of this generation’s biofuels will be limited in an early stage 

by competed farmland area (Energimyndigheten, 2016a). Hence, the predicted share of domestic energy 

production found in Fig. 11. is likely to increase in short-term but will probably stagnate when biofuel 

production stagnates. Furthermore, the forecasts in Fig. 11. seems to experience a trend change around 

year 2005, making the curve-fit to the predictions worse. The trend change occurs at the same time as 

biofuels where introduced in large scale. However, the limited amount of data points from 2005 and 

onwards should be taken into consideration when evaluating forecasts based on that data.  

 

The fact that Sweden is an electricity exporter and an energy importer, means that Sweden reacts 

differently to energy shocks than electricity ones. During the oil shocks in the 1970s was energy imports 

domed a vulnerability. Thus, energy reliability was arguably increasing if energy consumers could 

switch to electricity, which also happened as Sweden built out nuclear power to cover its energy needs. 

On the other hand, thus said electrification decreases the diversity in the energy mix, posing other threats 

to reliability, which must be considered going in to the future. Therefore, it is not necessarily best 

practice to electrify all energy needs from the perspective energy security of reliability (Akademia Baru, 

2018).  

 

On the one hand, Sweden’s inland mountain range provides it with great access to hydropower, which 

is a fairly unique RES since its flow can be controlled and stored, this make it a good stabilizer to the 

more oscillating outputs from solar and wind. On the other hand, a future expansion of solar power at 

Sweden’s high latitudes is not as effective as it would be in e.g. southern Europe, thus it is more likely 

that Sweden would import solar electricity from large solar parks in southern Europe than building out 

its own solar power. Nonetheless, Sweden has the capacity to increase its wind power, both onshore and 
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offshore, and the technology has become economically attractive through the substantial cost reduction 

over the last decades (Pietzker et al., 2016; Enevoldsen & Perminen, 2018). Nevertheless, a build out of 

wind power would need to be stabilized for times of low production to ensure reliability, this could 

either be done by hydro or/and nuclear power but also with a more integrated European grid. Due to the 

profitable possibility of exporting electricity to the continent could Sweden experience an increased 

build out of RES or/and a renewal of nuclear power. From a reliability perspective would probably the 

net-effect of renewed nuclear power have the greatest benefits, since the output is more reliable.  

 

5.3. Sustainability 
A focus point for energy policy has been to reduce the use of fossil fuels, thus giving support for 

expansion of RES. The forecasted scenarios on percent of RES in energy/electricity and transport all 

show increasing numbers. However, the drastic increase of RES in the transport sector found in Fig. 12. 

is a bit misleading, mainly due to two factors. Firstly, the extrapolation does not account for external 

factors, the creation of what seems like endless growth of bioenergy in Fig. 12. and Fig. 13. are 

constrained by conflicting interested over farmlands, food vs fuel. Thus, bioenergy affects food security. 

Other limiting external factors are water use, deforestation and production scalability (Popp et al., 2014). 

Secondly, the EU renewable directive 2009/28/EG adds weights to some of the RES used as fuel in 

transport. E.g. are biofuels produced by food waste given a weight of 2, hence being counted twice. This 

directive is used to encourage countries to develop biofuel production from waste instead of crops that 

would compete with food production (Direktiv, 2009). However, the same directive is used in a 

misleading way to evaluate policies about RES in the transport sector, e.g. target two in Table 1. is 

calculated in accordance to this directive. In order to give a more gradate view and a second 

interpretation of target two is Fig. 13. calculated as RES share of energy used in the transport sector, 

without any attached weights to different means of production. The instant difference between Fig. 12. 

and Fig. 13. is the rate of change, where Fig. 13. does not experience as rapid increase as Fig. 12. 

However, both exponential forecasts predict an unbelievable outcome, which has to do with how 

exponential functions behave when initial input data increase rapidly. Nevertheless, all scenarios show 

increasing use of RES in transport. Currently the main component of RES in transport is biofuel which 

today are mainly mixed out with regular petrol and diesel, e.g. the regular 95 octane petrol contain 5 

percent ethanol and the B7 diesel is a mix with 7 percent biodiesel. Though, this biofuel mix cannot 

increase indefinitely, modern cars can handle a mix of 10 percent ethanol, whereas biofuels for diesel 

cars seems to have a more promising future, however still limited at some extent. Thus, one of the 

sustainable issues relate to an increasing amount of RES in the transport sector is the transport fleet 

itself, as of today 92 % of cars are petrol and diesel cars (Trafikanalys, 2018). Hence a full out transition 

would also mean replacing existing cars. Furthermore, the forecasted scenarios do not take this in 

consideration which might limit their credibility, a logistic scenario that consent the limits mentioned 

above and stabilizes around a lower value than 100 percent would probably give the fairest prediction. 

Nevertheless, the forecasts do predict an increasing use of RES in transport which from the sustainability 

perspective of energy security is positive. Other studies such as the ‘FFF- investigation’, The Swedish 

Environmental Protection Agency’s  and IEA’s reports have also concluded that it is not viable to 

assume a total replacement of all fossil fuels in transport without lowering energy consumption in the 

sector (IEA, 2012; Naturvårdsverket, 2012; Energimyndigheten, 2016a). 

 

Target six declares that by 2040 should Swedish electricity production be 100 percent renewable, which 

in practically would be the end of Swedish nuclear power. However, prescribed energy policy explicitly 

states that target six should not be seen as an end-date of nuclear power in Sweden. This appears to be 

a contradiction by definition and has recently been addressed in media where some politicians argue that 

the target should be changed to ‘100 percent fossil free electricity production’, whereas others argues 

for a suggestive phase out nuclear power. If the current definition remains it is likely that Sweden need 

to continuously build out its wind power to cope with the electricity losses from decreasing nuclear. Else 

Sweden might need to import electricity to cover current demand. Currently, Swedish electricity is 

predominately extracted from hydro and nuclear power, however the trend found in the forecasted 

scenarios in Fig. 14. mainly originates from the build out of wind power, since hydro and nuclear power 

have remained fairly stable at net productions around 60 TWh each (Swedish Energy Agency, 2019). In 

order to achieve target six, following its current definition, the share of wind power must presumably 

increase from 17,6 TWh year 2017 to around 80 TWh, just to replace current effect of nuclear power, 
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this is an increase of about 450 percent. IEA’s current policies scenario predicts a global increase of 

renewables in electricity from 24 percent in 2016 to 31 percent in 2040, thus only a 29 percent increase 

(IEA, 2017). If Sweden follows the same increase rate would renewables in electricity by 2040 be 85 

percent, which is fairly close to the logistic scenario of 88 percent, see Table 12. IEA’s sustainable 

development scenario is more in line with the exponential growth trendline and would result in a 163 

percent increase of renewable electricity production to 2040 (IEA, 2017). Such expansion would no 

doubt be expensive, but at the same time Swedish nuclear power plants are reaching the end of their 

lifetime, hence a continues use of nuclear energy would rely on new generations of nuclear power plants 

to be built (Vattenfall, 2019a). Either way, investments in new electricity production will be need if 

current electricity needs are to be met. Nuclear and wind power both generate insignificant carbon 

footprints compared to fossil fuels, however from a sustainability perspective on energy security is wind 

to be preferred due to the unsolved issue of nuclear waste. If current build out of RES continues along 

the trends found in Fig. 14. is it plausible for Sweden to achieve the goal of 100 percent renewable 

electricity production. However, the forecasts made will be inapplicable if target six is rephrased and 
nuclear power is built out.  

 

In regard to target one, 50 percent of total energy consumption should come from RES is almost the 
aggregated result of forecasts for electricity and fuel production. It is calculated in accordance with the 

EU directive for renewable energy, hence the added weights to biofuel production are included. 

However, the main part of total energy consumed originates from electricity, so the difference is not as 

apparent as in target two. Results found in Fig. 15. indicate that target one already is achieved, the latest 

data from the Swedish Energy Agency states that 54,5 percent of energy used in Sweden comes from 

RES (Swedish Energy Agency, 2019). A further increase of RES in total energy used faces the same 

challenges discussed above, where limits to biofuel production and next generation nuclear power are 

decelerating obstacles. Thus, it is unlikely that the forecasts are believable if new nuclear power plants 

are built. Nevertheless, the overall trend is positive with increasing RES in energy consumption, hence 

better energy security from the sustainable perspective. However, worth noting is that the mark up added 

in accounting in accordance with the EU directive, might give a slightly misleading image of how 

quickly the share has increased. Also, as long as Sweden relies on oil products and nuclear power the 

percentage can never reach 100. Compared to the rest of the world Sweden is far ahead in share of 

energy from renewables. The global average in 2016 was according to IEA 9 percent, and according to 

their ‘current policy scenario’ is the percentage predicted to increase to 13 percent by 2040, a 44 percent 

increase (IEA, 2017). For Sweden would the same increase rate put energy from renewable at 78 percent 

by 2040, somewhere between the linear and exponential predictions made in this report, see Table 13. 

However, it could arguable become harder and harder to replace energy sources with renewables as the 

share increases.  

 

The forecasted scenarios dealing with emissions in the transport sector are hard to analyze, since it 

appears to be a trend change around year 2005. Thus, forecasts were made for both 1990-2017 and 2005-

2017, see Fig. 16. R2-values for the 1990-2017 scenarios were low see Table 14., meaning that the curve-

fits were bad. Furthermore, the logistic curve could not be fitted better than a straight line (no R2-value 
between 0-1 could be found), hence it was not included. The trend change seems to partly be connected 

to expanded use of biofuels in the transport sector from 2005 and onwards (Trafikverket, 2019). 

Forecasted scenarios from 2005-2017 have better fitting curves and the logistic forecast even achieved 

target five’s goal of 70 percent less emissions from domestic transport, except domestic flight, in 2030 

compared to 2010. None of the other forecasts are close to the target. Target five seems to be strongly 

linked to the increased use of biofuels; hence its future trends are mainly threatened by the same 

obstacles as target two. However, there are other ways of decreasing emissions; reduce traffic and shift 

means of traffic. Therefore, can target five still be achieved even if biofuel production is limited. 

However, according to Swedish Environmental protection Agency are the total number of cars, their 

fuel types and vehicles efficiency the main factors influencing emissions (Naturvårdsverket, 2018). Yet, 

the same report states that the total amounts of cars have increased in recent years at the same as the 

total emissions have decreased, concluding that energy efficiency in cars and use renewable fuels have 

had positive effects in decreasing emissions (Naturvårdverket, 2018).Energy security from the 

perceptive of sustainability would benefit the most from scenarios based on data from 2005-2017, 

however all scenarios indicates less emissions, hence more sustainable outcomes.  
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5.4. Energy Security Optimization 
The above discussed subcategorize of energy security are entangle in each other, and it is hard to only 

focus on one aspect at a time. To further complicate this, politicians who make decision on energy 

policies will like add different weights to the different aspects of energy security. Hence, the outcome 

of energy security will differ from different perspective of what is more important. Today, sustainability 

problems have influenced a lot of energy policies to move away from CO2-emitting energy sources, 

consequently new energy sources arise with other strengthens and weakness. Tomorrow, a greater focus 

might be put on reliability, hence shifting the outcome of what optimized energy security is. 

 

What scenarios from this report suggests are that current energy policy in Sweden optimizes energy 

security to be more sustainable and reliable, at the expense of affordability, according to the definitions 

provided in this report. This corresponds well with similar finding in other studies e.g. see Rehner and 

McCauley for a German case (2016). Naturally, the optimal outcome would be efficiencies on all three 

fronts, however energy security is not an exact science and will be weight differently by different actors’ 

perspective. Much like sustainability can be described by the triple bottom line Venn diagram, could 

energy security according to this report’s definition be illustrated in the same way, see Fig. 17. By 

prioritizing one of the subcategorizes one or two of the others can suffer. Findings in this report suggests 

that current trends will lead to a point south of energy security in the Venn diagram below.  

 

 
Fig. 17. Venn diagram of energy security. 

 

Furthermore, it seems like the greatest obstacle for Swedish energy security from the sustainability 

perspective is the reduction of oil dependence in order to reduce emissions. The transport sector is the 

main oil demander, hence, efforts to reduce fossil fuel use in transport are vital. However, Sweden is a 

sparsely populated country with limited influence over the automobile industry, making it hard to 

provide suitable alternatives. As petrol and diesel prices keep rising are demand bound to decrease, in 
turn opening market shares for other fuels and means of transport. However, while this might be true on 

a macro scale are consumers from a micro perspective severely affected by rising prices as long as no 

viable alternative are presented. Hence, there is no straight path forward and politicians’ work will be 

to decide weights to these attributes and decide what kind of optimization Sweden want to have. 

 

Electricity production in Sweden will either continue to consist of nuclear power or see a built out of 

RES. Both approaches have their strengths and weakness, nuclear power is not a renewable energy 

source and there is still the problem of radioactive waste, whereas RES are not as reliable as e.g. nuclear 

power, and poses threats of fluctuations on the electric grid. So, it is up to politicians to decide path 

forward, even due the referendum in the 80s aspired a nuclear free future. Strictly looking at CO2-

emissions is Swedish electricity production doing well either way.  
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Fig. 18. Biofuel production in some European countries. Source: www.ourworldindata.org  

 

Furthermore, reality is not as simple as the findings in this report would suggest. By limiting the report 

scope to not deal with external difficulties, the extrapolated scenarios are a bit misleading. As discussed 

above is this especially evident in the forecasts made for target two, see Fig. 12. and Table 10. where 

share of RES growths with roughly 3000 percent to year 2050. This can be compared to Fig. 18. where 

initial exponential growth seems to hit an upper-limit and stagnates. Additionally, energy policies’ deal 

with certainly a broader definition of energy security including e.g. national safety, employment, 

geopolitical interests in rare earth metals and fossil fuels, new infrastructure. Hence, politicians have to 

consider energy policies from perspectives overlooked by this report.  
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6. Conclusion 
 

The findings in this report suggests that Sweden is heading towards a more sustainable future with lower 

energy import dependence, but at the cost of affordability for energy consumers. Worst of are those who 

cannot substitute their petrol-car usage, hence probably hitting hardest against the sparsely populated 

countryside of Sweden, whom lack viable public transport. Furthermore, goals set by present energy 

policies focus on increasing sustainability, though their level of ambition vary greatly. The targets set 

for year 2020 were set in 2008, and at the time target one and two were as good as already achieved. 

The latter half of the targets were set in 2016 as a consequence of the framework agreement on energy 

policy (sv. Energiöverenskommelsen), these goals are more ambitious, and their outcomes are at current 

rates not as likely to succeed.  

 

The extrapolated scenarios in this report shows several paths for the future Swedish energy landscape. 

Moreover, the scenarios are built on historical trends continuing into the future in three different 

behaviors, linear, exponential, logistic. This do not scope all possible outcomes but shows some possible 

variations of future scenarios. The main weakness to this approach is the absence of value given to 

external factors in the prediction, thus can there be bottlenecks hindering the development of the 

outcome that are not taken into consideration. However, that might interfere with rate of change but not 

necessary the direction of trendlines. Common for all scenarios are the unequivocal direction of their 

trendlines, indicating that energy prices, electricity export and energy independence are increasing, 

whereas emissions are decreasing, likely as a consequence of more RES in the transport sector.  

 

From the framework developed to measure energy security are the results mostly unambiguous, current 

energy policies will likely make Sweden’s energy security more sustainable and reliable at the costs of 

consumers affordability. However, there are some external factors, such as the potential build out of 

nuclear power and bottleneck in bioenergy production that will limit the predicted scenarios 

development. Nevertheless, the general theme throughout the results are that greater energy security in 

the fields of sustainability and reliability will costs more money. Hence, findings in this paper can be 

used to better understand general future paths for Sweden if business continuous as usual. Also, the 

results can be used to illustrate how present energy policy give sustainability a significance weight 

compared to affordability. Yet, not fully reaching the sustainability targets set in Table 1. This 

visualization can be useful for politicians to influence the optimization of energy security by energy 

policy.  

 

As of today, it is hard to evaluate long-term goals (2030-2050), since the margin of error is great, and 

the needed increase/reduction always can be left for the future. To increase the chance of succeeding 

with long-term energy policy goals would yearly goals/targets make the path for the long-term projection 

more realistic. By setting up yearly goals on e.g. how much emissions should be reduced, the energy 

policy itself works as a projection. 

 

Since energy security does not have one simple definition can it be understood differently from different 

perspective hence it is not an exact science. However, the basics that most scholars agree upon are, 

secure access to energy services (Reliability) at a sufficiently low and stable price (Affordability), in a 

way that is socially and environmentally acceptable compared to alternative energy options 

(Sustainability). Thus, this report definition agrees with the broad interpretation of energy security, 

however in conflict with historical definitions are geopolitical issues not accounted for. That combined 

with effects of external factors on the scenario’s development could be an interesting field of future 

study. Therefore, a future study would be recommended to look into e.g. what infrastructure and energy 

storage a potential build out of RES would need to balance the electrical grid, and how that would 

influence the scenarios. In addition, it could also be interesting to know how politics can be stimulated 

to enhance energy security even more, e.g. what tools that can be used to influence future energy 

scenarios.  
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