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ABSTRACT    

The aim with this thesis is to investigate various variables that are pre-assumed to be of importance 

of the electricity price. With econometric analysis estimation on their influence of the electricity 

price are made. This is important when consider the electricity market and its future challenges 

towards renewable energy that are intermittent energy. The market and supply primarily need to 

consider the competitiveness, the environmental impact from the production of the electricity and 

delivery. These three consideration depend on which energy that are evaluated which means that 

instruments to achieve different goals are needed. The results from the econometric analysis is that 

the included variables have a significant impact of the electricity price. Rainfall and nuclear power 

produce about 80 percent of the electricity. Temperature and fossil fuel are of importance as well, 

during periods with stricter weather conditions it is demanded more electricity for our households 

and the continuously match of supply and demand at the market sometimes requires coal as input 

good for production of electricity. The increased renewable energy, also give some explanation 

towards increased fossil fuel combustion when supply becomes insufficient. But increased wind and 

solar also increase the supply of electricity with a lower cost of production compared to coal and 

nuclear power. Earlier studies have estimated that a decreased electricity supply from nuclear power 

will affect the price negative which means that the price of electricity will increase. In this thesis that 

assumption is a strong assumption and the suggestion is that it depend on the development of new 

hydro, wind and solar power proceed.   
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1.0 INTRODUCTION  
The electricity market has been deregulated since 1996, where the primary objective was to increase 

the distributors at the market. The monopoly and the structural bottlenecks where removed from 

the electricity network and it became available for distributors to use the network for a fee (Nord 

Pool, 2017). The increase of actors on the market meant to increase competition, which was 

estimated to affect the electricity price. The incentive behind the reform was to gain efficiency which 

would result in a price decrease (Bager, 1996). After the deregulation, the electricity price decreased 

and the deregulation could in that respect be considered as a successful market intervention. But 

from year 2000 the electricity price started to increase, if the price increase was due to a badly 

functioning market is hard to say, and there is no unity in this. Since the deregulation the number of 

actors has increased but the largest share of the market is two companies’ primary. When the 

deregulation was considered the market model was adjusted to a well-developed electricity 

production for that period in time. The market has undergone changes during the last decade, and 

one consideration is that the old market model does not reflect the requirements that exist today or 

for the future adjustments. In this thesis, the aim is to investigate various factors that have an impact 

on the electricity price and investigate the increased energy from renewable sources.  

1.1 BACKGROUND  
The supply of electricity has played a great part for the development, both when considering the 

economy, the ability to produce and increase wealth, but also for the individual households and 

standard of living. When considering the electricity price, it is reflected by input goods, investments, 

market model and policies. The Swedish electricity is mainly produced from hydro and nuclear 

power; hydro power is a renewable resource while nuclear is not. Together, hydro and nuclear 

power produce about 80% of the total supply in Sweden (Holmström, 2017). Electricity is an energy 

carrier, and energy are transformed from light, movement and heat with the help of technology 

(Energikunskap, 2014). Nuclear power is a low emitter of carbon dioxide, but the extraction of 

uranium and the long storage time the negative effect (Energikunskap, 2013). Electricity produced in 

Sweden emit 2 percent climate emissions, the emissions comes from the fossil fuel combustion, 

which is primary coal nowadays but in the mid 1900’s it was from oil combustion (Lindholm, 2017). 

The combustion of oil and coal that is used to the production of electricity emits different amounts 

of carbon dioxide, the natural gas is the one that emit lowest carbon dioxide emissions but are 

relatively expensive compared to oil and coal and therefore not used for electricity production 

purposes. Coal emits more carbon dioxide than oil, counted per energy unit, this increase the climate 
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change with its greenhouse effect (Björsell, 2016). The negative externality1 is that both the 

environmental cost and health cost are not internalised in the price to produce the good and 

therefore taxes are added such as carbon dioxide tax in this case. Increased prices on carbon dioxide 

equivalents aim to internalise the costs of production or consumption in the price. The transition 

towards renewable resources can with the help of such a policy increase at a faster rate. The 

increased price with emission trading ought to influence the redistribution of the market, the market 

for emissions trading system (ETS) has not generated the desired effect due to the excess of 

allowances that are distributed. The excess gives the allowances a price that is too low to have any 

impact on the quantity of emitted emission. A suggestion about cancelling some allowances have 

been made to decrease the amount of emission allowances to the next trading period (Gunarsson, 

2015). The aim to increase renewable resource is to limit the negative externalities Fossil fuel, coal 

and oil, which is sources also used, mainly when the production from the other sources are 

insufficient. The energy is either renewable or non-renewable, gas, carbon and oil are fossil fuels and 

are non-renewable resources. The consequence when using the non-renewable resources, is that the 

extraction exceeds the formation which result in depleting natural resources. When we use fossil fuel 

as input goods for electricity production the price becomes volatile due to factors as extraction, a 

discharge that has a direct effect on the price of the resources. If the production of an economy 

depends on scarce resources the price can be imaging to be volatile and can further cause other 

negative effects on the economy, the decreased investments in production. Therefore, the 

importance of a stable price in electricity and safe delivery from renewable recourses can foster 

economic growth. Increased implementation on policies and taxes for fossil fuel, due to negative 

externalities, will also affect the electricity price (SCB, 2017). The renewable resources wind, hydro 

and solar becomes important for the production and environment, but it also complicate the safe 

delivery of electricity that also affect the price. Renewable resources do not deplete and will foster 

good environment and economic growth. In Sweden, about 50 per cent of the electricity produced 

comes from renewable resources (Hellberg, 2015).   

The nuclear plants have been subsidized, due to high costs in capital during implementation. While 

hydro power is very dependent on rainfall. These two main sources of energy are both important to 

reliable supply. Due to marginal pricing on electricity, the energy with the lowest cost of production 

is used primarily. The price for electricity are dependent on how large shares of total production of 

electricity the different energy sources has and the availability of the input. Subsidy’s as a policy 

dependent affect and the rainfall that variates seasonally will affect the price and the extension of 

                                                             
1 Negative externality- a cost that not internalise the total cost for a produced good or consumption of a good 

(R.Glenn Hubbard, 2010).  
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the power plants. Other energy sources that contributes to production is wind power that has a 

share of 10 percent of total electricity supply, that depends on the wind force (SCB, 2017).  

Industrial cogeneration and combined heat and power (CHP) also contributes as energy sources. The 

establishment of windmills has been advantageous, with help of economic policies as renewable 

electricity certificate system (RECS), the economic incentive increases to continue with further 

investments. A negative impact from the policy with RECS is the start and stop effect, due to its time 

limit. RECS is an instrument to promote renewable energy in the electricity production. The price for 

RECS are set by the market, and are received for each MWh that are produced from renewable 

energy. This means that producers have incentives to expand the renewable energy power to receive 

RECS as an additional revenue. The certificate support system is set to a predetermined period, and 

has a pronounced objective with 28,4 TWh from renewable energy (Energimyndigheten, 2016). Due 

to the quota for the electricity supplier, increased demand for the RECS increase the price. When the 

quota for the RECS are met, the price will fall and the economic incentive to continue to increase the 

renewable production of electricity will decrease. It is the start and stop effect that is negative for 

the long term investments. Investments are made when the revenue exceeds the cost of capital and 

the estimated return, to receive this the price for electricity cannot fall under the costs. The 

electricity RECS work as the wedge in-between the production cost and the price for produced 

electricity and are added to the consumer price for electricity (Energimyndigheten, 2016).   

Another source that contributes in a smaller scale is the photovoltaic, that is highly subsidized and 

protected from abroad. Today the energy market is facing new challenges as environmental goals, 

increased production from renewable resources with help of economic policies. The photovoltaic is 

subsidized in household level, and can be sold at the network tax free, these improved regulations 

have increased the self-produced level of electricity.   

1.2 DISPOSITION  
This thesis includes 9 chapters and an appendix in the end. The first chapter is the introduction 

where earlier studies is presented. Thereafter in chapter 2 the purpose with this thesis is explained 

and the delimitations that are made are clarified, in the last section in chapter 2 the question of 

scope can be find. Chapter 3 is the theoretical foundation of this thesis, that explain the underlying 

assumptions and clarifications will be explained. In this section the economic contribution to the 

chosen variables that will be included in the econometric section will be derived. Chapter 4 contain 

some information about Sweden and the electricity with help of some figures. The next chapter is 5 

and deals with the emergence of renewable energy. Some illustration about increased supply from 

different energy will be illustrated.  



  - 4 -  

Chapter 6 is where the method is explained and in chapter 7 the econometric specification is find. 

The econometric specification includes two sections where the models are included. Chapter 8 

consider the data as descriptive statistics for the variables and some explanation about the 

frequency, also expected results and sources for the data is in the last section in this chapter. 

Chapter 6,7 and 8 is the ones that includes some technical aspects. Chapter 9 is the last chapter, here 

is the result explained for the two models and an analysis for the result and a discussion about 

generalisation and proposal to future studies.   

1.3 EARLIER STUDIES  
 Earlier studies that are presented in table 1 consider variables that are of significant impact for the 

electricity price. In the econometric models, essential variables that are included is temperature and 

rainfall as weather dependent. Rainfall affect the supply of electricity production when hydro energy 

is used, hydro power serves as control force. Temperature affect the demand for electricity, for 

instance during winter season we demand more electricity or energy to heat our residence. Price on 

coal is included because of the marginal pricing, it means that the last produced TWh is the one that 

set the price. Coal is an alternative when other energy is insufficient to satisfy the demand, it is a 

relative more expensive alternative. The supply of electricity produced from nuclear power plants 

are large scale production and is the baseload for the electricity supply in Sweden. Tax is a value 

added on the electricity price, tax is normally used for goods that are inelastic which means that a 

price increase will not cause a demand decrease. GDP and population growth is included and has a 

positive impact on the electricity price, an increase in demand can expect to cause a price increase. 

The market for electricity has been regulated before 1996 by the Swedish government, this means 

that the deregulation can also be included as a dummy variable, to estimate the impact at the 

electricity price when competition on the market increase. The influence from the deregulation, 

explains how the price react when more distributors can compete for consumers, it had a significant 

effect on the price that decreased from 1996 when the deregulation was performed (Brännlund & 

Kari, 2012). In association with the deregulation the Nordic countries went over to Nord pool and a 

common market, where the spot price is set. From about 2001 and forward the price becomes more 

volatile, but the observations cannot conclude an increase in the price but the price becomes more 

dependent on season and the capacity of the electricity transfer which explain the volatility in the 

price. When demand is not met by supply, the input for production of electricity need to be adjusted 

with combustion from either oil or coal. The price of input goods for combustion, as oil, coal and gas, 

is dependent on supply and is a finite recourse which affect the price, and further on the electricity 

price in Sweden.   
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The definition of the market from earlier studies differs from each other. Brännlund (2012) refers to 

the market as perfect competitive market. Normark (2013) refers to the market as a quasi-

competitive market, this means that the concentration on the market is high and concentrated to 

two or three producers that has large scale production. Policies are also investigated in earlier 

studies and explained as instruments to increase efficiency and the renewable energy on the 

electricity market. This comparison is made between countries and is find in Stockholm Green 

Economy Leader (2013). From an interim report by the energy committee included in IVA2 the 

authors advocate the importance of instruments to be able to meet the environmental goals as well 

as the capacity mechanisms. The report not only consider the fundamental factors, such as 

temperature, rainfall and business cycles as factors of importance for the electricity price, they 

include taxes, subsidies and fees. It considers the market model and the market reform that was 

implemented after the deregulation in 1996, the reform was made under the assumptions that the 

power plants where completed, and considered primarily as an efficient management (Bondesson & 

Brännlund, 2016). The market model and the instruments today are not optimal for the conversion 

of the power plants, the future challenges are cost effectiveness, supply reliability and lowest 

possible environmental impact. The increased number of actors on the market need to become more 

coordinated, which can improve both the quality of supply and the cost-effectiveness (Normark & 

Kullander, 2013). The number of self-sufficient players increase as well, to both produce and 

consume.   

Stockholm Green Economy Leader Report, from London School of economics overview the green 

economy in Stockholm City (Floater, 2013) is divided into three parts. The challenges to incorporate 

sustainability and growth into green growth in the future is a necessary development and a 

transition that need to have incentives to become developed with help of policy’s.  

The eight drivers are analysed in productivity and economic growth for the last 20 years, and has 

compared national and international as a benchmark. The policy programmes serve as a path for the 

carbon neutral goal for 2050 and is divided into three parts, the first part that consider low carbon, 

energy and resources are of interest. It explains the policies possible impact on the three drivers to 

increase the positive effects that they are associated with. The report highlights the importance to 

reduce thresholds on the market and let the drivers increase to its full potential. What is interesting 

in this report is that the policies towards a more sustainable city and the transition the production 

met, had not have a negative impact on the GDP. Instead the report proposes an average GDP 

growth of  

                                                             
2 IVA-Kungliga Ingenjörsvetenskapsakademin   
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4,1 %, for a 6-year period in the 1993 to 2009 and maybe not surprisingly that 42% of Sweden’s GDP 

can be derived to the Stockholm region. The environment performance has increased with stricter 

requirements towards reduced carbon emission during the strong and stable economic growth. The 

first part of the goal for 2050, low carbon, energy and resources has a strong policy framework which 

is a necessity due to Sweden’s demanding goals to deliver. The Report from London School of 

Economics, has derived important policy´s, triggers and drivers towards a more conscious region 

where the environment is included in the economy and opportunities that enriches the living. When 

integrating sustainability and environmental acts, there is less risk of implementing policy´s that 

need to be revoked and costly due to adverseness against the green economy development.   

Decreased nuclear power in the future is a possibility, the baseload power is an important part to 

have secure supply and the nuclear power where highly subsidised during the expansion of this 

energy which means that the production that exist now has relatively low costs. If reducing the 

nuclear power, it means that electricity supply can become more sensitive and the safe supply 

decrease, it will indirect affect the electricity price when coal need to be used as input good when 

supply is insufficient.  

Earlier studies have been carried out with yearly data (Brännlund & Kari, 2012), and some with help 

of literature, and some have graphically illustrated the electricity price with demand and supply to 

receive a market equilibrium. In table 1 the earlier studies are presented more specific.  

 
        

Author (published)  Purpose  Method  Result  

  

  

Brännlund, R  

Karimu, A  

Söderholm, P  

(2012)  

  

To decide and estimate 
the historically factors 
that affect electricity 
price, and further 
estimate the price effect 
of the deregulation. A 
decrease in nuclear 
power with 30 percent is 
also considered.  
  

  

Econometric analysis 
Graphically analysis. 
Yearly data is used  
with a log linear  

model  

  

Phasing out nuclear 
power will result in a 
loss of safe supply. The 
price is dependent on 
the elasticity in demand  
and if less sensitive to  

demand the phase out 

will cause a price 

increase.   
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Normark, S   

Kullander, S  

Jagers, P  

Hedberg, D  

(2013)  

  

  

Increased understanding 
for the Nordic electricity 
market and the price. A 
comparison with Germany 
and the decreases nuclear 
power and the problematic 
with the development for 
intermittent energy. It is 
also considered how price 
and investments depends 
on policies.  
 

  

 Analysis of earlier 

studies, both 

historically and the 

outlook for 2050.  

  

The increased unsecure 
supply when phasing 
out nuclear power and 
the possibility of 
increased price in 
allowances for carbon 
dioxide, when fossil fuel 
takes over the 
responsibility for 
secured supply. 
Increased prices for the 
European market can 
result in increased taxes 
in Sweden, due to 
increased fossil fuel 
dependent in other 
countries. The definition 
of the market in this 
report is a quasi-
competitive market.  
  

 

  

Bondesson, T  

Brännlund, R   

(2016)  

  

  

To illustrate the starting 

point for an efficient 

energy policy and the 

structural reconstruction 

that depends on the 

target. The market model 

and its efficiency.  

  

Simulation with 

EMEC- an equilibrium 

model for the 

aggregate economy.  

  

The volatility in the 
electricity price, increase 
with increased 
intermittent energy. 
Socioeconomic effects 
are estimated as small, 
when the production 
structure changes due 
to the inelastic demand 
for electricity. The 
market model and the 
actors’ contribution is 
uncertain and need 
increased cooperation.  
  

  

Floater, G   

Rode, P  

Zenghelis, D  

(2013)  

  

Explains the future 
development goals and the 
future positive effects 
when implementing early 
policies in the energy 
market to increase the 
competitiveness and 
increase labour demand in 
the renewable sector.   
  

  

Earlier reviews from 

academic literature, 

interviews with policy 

makers, statistical 

data and geographical 

mapping.  

  

Thirteen of total 

twentyone policies that 

are specified are used in 

Sweden for the energy 

market. The policies are 

even more when they 

are locally spread in the 

country by regions.  
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(Landahl &  

Holmström, 2016)  

  

  

The Environmental 

Programme3.   

  

  

  

Sustainable energy use, 
improved energy 
efficiency.  
Goal to increase solar  

power and increased  

  

  

(Lönngren, 2012)  

  

Climate Action Plan4  

    

Sustainable energy 

production.  

A framework that aims 

to increase the 

technology and 

infrastructure in the 

energy aspect.  

 
Table 1 Earlier studies with author, methodology and results  

2.0 PURPOSE  
The purpose with the study is to estimate the impact from various factors that can be expected to 

have an impact on the price of electricity. Earlier studies have included yearly data in the 

econometric analysis’s, more data is available when using yearly data. Due to the seasonally changes 

in the climate in Sweden, monthly data will be used in this paper to compare the results with earlier 

studies. It means fewer variables that are available but if considering the temperature as a variable 

the average yearly data acts more as a constant and the seasonally variation will not give the 

estimate justice. Why it acts as a constant is that the yearly average for temperature will not result in 

the below zero degrees which can be misleading in the estimate. The negative aspect is the lack of 

data that are yearly as, taxes, population growth and GDP. The assumption about the excluded 

variables, is the inelasticity in the price. Business cycles do not affect the price, but as a chain in the 

value added the consumption good may not be as profitable as it would be with lower costs of 

production. Due to the marginal pricing, there exist economic incentives to produce to the lowest 

costs and therefore the price should not be affected by the GDP. The increased requirements on 

renewable resources and a discussion about the development of the future market will also be 

included. The energy market is of big importance to keep the market system competitiveness for 

production but also to increase wealth and standard of living in Sweden. The development for 

                                                             
3 The Environmental Programme is Stockholm’s ninth programme consecutive and includes 6 environmental 

goals and 30 milestones. It is implemented between 2016-2019.  
4 The Climate Action Plan is the forth delivered and works as an overview for both Vision 2030 and the 

Environmental program and measures the ongoing city climate and energy work.  
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renewable energy has both an economic value as well as a political goal for decreased environmental 

impact.  

2.1 DELIMITATIONS  
The study aim to investigate the electricity price and the energy market. The Nordic countries work 

under the same commerce and the electricity price is set at Nordpool. The other Nordic countries 

will not be considered in this thesis. The externalities from producing electricity will not be 

accounted for other than the price of carbon dioxide emission and how it affects the electricity price. 

Not either the health effects will be considered, that can be expected to be positive when transition 

towards a more environmental friendly energy sector. This is the fundamental and geographical 

restrictions.  

2.2 QUESTION OF SCOPE  
Which variables have a significant impact of the electricity price?  

Depending on the results, how can it possible affect the goal for the electricity market?  

Which are the deciding factors for future energy and electricity production?  

 

3.0 THEORETICAL FOUNDATION  

In this section, some economic aspects will be considered, and therefore some assumptions and 

clarifications needs to be done. The electricity market is affirmed as a market where perfect 

competition acts. The goods are homogenous and supplied by most sellers and producers. 

Information about the good and its price are available for the consumer which result in increased 

option for the consumers. The market has since the deregulation many players on the market, some 

national as Vattenfall and Fortum, some regionally and some locally. The market has many 

producers, distributors and consumers. The barriers to enter the market is in that matter low after 

the deregulation. The production of electricity from Vattenfall and Fortum which dominates the 

market shares, has large scale production advantages but due to the spot price that are set at the 

market Nord pool, the price can be set by supply and demand. This is strengthened by the fact that 

electricity is not storable. Efficiency acts when deriving the supply and demand when the market is 

free from market failures. Compared to earlier studies, a notation will be made. Earlier studies have 

defined the market as perfect competitive or an oligopoly, an oligopoly can be considered when the 

market is held by a few actors and is also a market failure. The notation is the many policies to foster 

the market. The market is subsidized in many aspects and without the market intervention, the 

economic incentives to develop the production both in extension and quality would not exist. In this 
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sense the price do not reflect the market in a correct way. One example is the price for RECS that will 

be treated more in detail later. It is set as a wedge between cost and consumer price.  

For all goods, a market is characterized by a consumer and producer, and the equilibrium on the 

market is where they intersect. At this point the quantity supplied has a price the consumers are 

willing to pay. When considering the electricity price a clarification when it comes to storage needs 

to be made, the supply need to be matched with demand continuously because of non-storage 

possibility of energy, it can create an increase in prices if deficit in supply occurs. This is a direct 

effect on production when more expensive resources supply the production of electricity, as 

combustion of fossil fuels. 

  

3.1 SUPPLY  
The supply curve can be assumed to be positive, in a demand and supply diagram. Due to increased 

prices on electricity, the aggregate supply will increase.   

𝑆𝑢𝑝𝑝𝑙𝑦 = 𝑓( 𝑝𝑟𝑖𝑐𝑒𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 ,𝑝𝑟𝑖𝑐𝑒𝑓𝑜𝑠𝑠𝑖𝑙 𝑓𝑢𝑒𝑙,𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙, 𝑡𝑎𝑥𝑒𝑠, 𝑛𝑢𝑐𝑙𝑒𝑎𝑟)  (1)  

  

Supply is a function of electricity price, fossil fuel prices, rainfall, taxes and supply of electricity 

produced from nuclear power plants. Hydro and nuclear produce most electricity in Sweden (SCB, 

2017). It means that during dry years, other sources needs to come forward and in that sense, 

nuclear power plant are known for its safe supply and large effect. It is also when the supply is 

insufficient it tends to be increased combustion from fossil fuels, that explains why price on fossil 

fuel is included as a function of the electricity supply. In the econometric analysis, the fossil fuel is 

divided into coal and oil. Natural gas is also fossil fuel but is relatively expensive compared to coal 

and oil, and is not used to the same extent as natural gas which cause lower emissions. A request is 

therefore made to replace a certain amount of oil and coal with natural gas.   

A short explanation of the production function that the individual producer affirm is:  

 𝑞 = 𝑓( 𝐾, 𝐿, 𝑀, 𝐸)  (2)  

  

𝑞 is the production level in quantity  

𝐾is the capital  

𝑀is the material  

𝐿 is the labour  

𝐸 is the energy   
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3.2 DEMAND  
The demand for electricity is a function of variables that can be expected to have an impact on 

electricity demanded.  

 𝐷𝑒𝑚𝑎𝑛𝑑 = 𝑓(𝑃𝑟𝑖𝑐𝑒𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 , 𝐼𝑛𝑐𝑜𝑚𝑒, 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, 𝑇𝑎𝑥𝑒𝑠)   (3)  

  

The law on one price is the next to be considered and derives the negative slope on the demand 

curve, it reflects the willingness to buy a specific quantity to a specific price. One clarification in the 

pricing due to electricity is that the production, GDP, in Sweden is dependent on electricity so the  

price elasticity can be expected to be price inelastic, ℰ =  −1 →  
∆𝑃

𝑃
 >  

∆𝑄

𝑄
  

 
Electricity is homogenous goods and no substitutes that can replace the good. This does not suggest 

that we will increase our consumption due to the lower price, rather decrease our consumption due 

to awareness of increased price like during winter season.   

ℰ = → 𝑃𝑟𝑖𝑐𝑒 𝑒𝑙𝑎𝑐𝑡𝑖𝑐𝑖𝑡𝑦 =  
𝑑𝑄

𝑑𝑃
 ∙  

𝑃

𝑄
 

  

Due to the inelasticity in the price, the tax on all consumed energy is an efficient income for the 

government. The tax also reflects the business cycle; tax increases are normally implemented during 

good economic activity in a country. The price for electricity, that reflect marginal pricing, the energy 

that produce with lowest price is the first to use and second the second best and so on.  

  Inelastic demand      Elastic demand 

    

 
         Q2   Q1    Quantity    Q2       Q1           Quantity  

Figure 1 illustrates inelastic demand           Figure 2 illustrates elastic demand  

          Price                     Supply               Price                   Supply   

P 2 
    

P 1 
  

  Demand         Demand   

P 2 
  

P 1 
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The diagram explains the difference in quantity when the price increase. If demand is not sensitive to 

price changes, it is inelastic as figure 4 illustrating. The price increase is larger than the quantity 

decrease. If the demand is elastic, the price increase is less than the change in quantity such as figure 

5 illustrating.  

3.3 MARKET EQUILIBRIUM  
After deriving the supply and demand, the intersection is where the demand is equal to the supply 

and there is a quantity and a price that both producer and consumer are satisfied with.  

When 𝑄𝑠𝑢𝑝𝑝𝑙𝑦 = 𝑄𝑑𝑒𝑚𝑎𝑛𝑑 , the price reflects the willingness to pay for consumer and the willingness to 

sell for producer. The supply and demand at the electricity market is a bit special because it is not 

possible to store electricity, it means that it must match each other continuously. When it is not 

match, we suffer from power failure. From the supply and demand the equilibrium condition for the 

market can be set; where the equilibrium price and quantity is decided.  

𝑃𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 𝑓(𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙, 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, 𝑛𝑢𝑐𝑙𝑒𝑎𝑟, 𝑃𝑟𝑖𝑐𝑒𝑐𝑜𝑎𝑙 , 𝑃𝑟𝑖𝑐𝑒𝑜𝑖𝑙 , 𝐺𝐷𝑃, 𝑡𝑎𝑥) (5) 

 

 

  

Figure 3 The diagram illustrating the marginal pricing, the cost of production dependent on energy, from the left to the 

right: Hydro, CHP Nuclear, Other CHP, Coal, Oil and natural gas (Nord Pool, 2017).  

4.0 SWEDEN  
The electricity market has during the last century been exposed to both crises and changes. The price 

shock, from oil as an input good, the deregulation, from the monopoly position on the grid, and the 
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future goals considering increased production of electricity from renewable sources. The 

development of the network considering increased quality of production in rural areas and increased 

quality of distribution considering energy waste.   

The changes towards renewable energy was implemented 2003 with electricity RECS, where a quota 

of 17 percent of the production, must be produced by renewable resources. The price for the RECS 

are since added on the price for the consumers, and are set on the market for RECS, where a quota 

of renewable energy must be fulfilled from sellers, such as wind, solar, new hydro, and biomass. A 

notation about this to keep in mind due to the last section of the thesis, is why the development of 

the renewable resources are of importance when transitioning the market. Investments and policy’s 

need to complement each other to keep the electricity market competitive the future, so the 

development does not foster negative affect on the production and the households. If turning the 

input goods towards a production with higher marginal cost, the effects can become costly with 

respect for GDP.   

The implementation of subsidies for renewable energy can in the short run lower the price but can 

affect the long-term investments that are also brought up in the report as one important factor. It is 

important that there are incentives to invest in longer terms and from this perspective the 

profitability is also considered. The subsidies are mainly used in the intermitted production, as wind 

and solar. The wind power has during the last years expanded rapidly but the risk with large shares 

of total production in the intermitted production is the supply-reliability. Both wind and solar can 

cause price volatility, it is seasonally dependent and even during seasons, large differences day to 

day can be an issue. The variation in production can therefore increase the price volatility and 

problem with supply-reliability can appear. Germany has after subsidies in renewable energy 

production the problem with fossil fuel power production due to profitability when the prices are 

low and the costs over the lifespan exceeds the profitability from investments and return. 

Consequently, some power plants need to be settled, a solution can be a capacity mechanism. It 

includes the planned power production, and can be a solution to the power production when the 

production costs exceed the electricity price during periods. This solution will in that case increase 

the supply-reliability when the intermitted renewable energy production expands. The instruments 

to meet the environmental goal is not sufficient to deal with the supply-reliability as well, each goal 

need its own instrument. The report that explains the present situation in Germany touches some 

structural changes that need to be considered to keep Sweden’s competitiveness in the future.  

The energy market in Sweden performs redistribution towards renewable resources. The increase in 

solar energy is one solution of big importance to achieve the goals in the electricity market. When 
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the security requirements on the nuclear plants increases and the advantageous units as subsidies 

for maintenance is removed, the solar power shares must increase, the government has also decided 

to remove the solar taxes and extend the RECS to 2030, with 18 TWh, to encourage the emergence 

of solar energy and other renewable resources. The development in the sector will create 

employment opportunities and investments due to the well-defined goals that are set by the 

government (Floater, 2013).   

The objective for the energy market is to achieve 100 % renewable energy for 2040. Technology and 

efficiency is one of the challenges, and further on the market design might need to be evaluated to 

reduce thresholds on the market. The connection fees to the grid needs to decrease or become 

removed. As the report addressing, a more general aspect of Stockholm as a green economy, is the 

increased population also an underlying factor that fuels development in the energy market. With 

increased investments and further innovations Sweden needs to tackle its population and industrial 

production but also be a net exporter of energy on the Nordic market. One of the problems with the 

Nordic market is the bottlenecks in the transfer in-between the countries for efficiency 

improvements.  

 

For investments, the market efficiency is important for the stakeholders due to secure investments. 

The report has acknowledged the challenges in this sector and even with the strengthen policies it is 

demanding goals to achieve. Stockholm’s region has during the last decades developed in 

accordance with future environmental objectives, both national goals as well as international goals. 

The thriving force of a competitive county like the Stockholm region is early implemented policy´s 

toward sustainability that will generate green growth. The underlying cooperation pierces the region 

from household level and up. About 2000 hydropower plants are available in Sweden. The majority 

are in the middle and north of Sweden and they are also the largest ones with the highest effect 

measured in MW (Lindholm, 2017). Figure 4 shows the development of the electricity price and with 

help of table 2 it is possible to understand if a higher price of electricity is a direct effect of increased 

combustion of fossil fuel.
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Figure 4 the electricity price from 2007-2017 has a negative trend (Konsumenternas energimarknadsbyrå, 2017)  

 

  2008  2009  2010  2011  2012  2013  2014  2015    

Fossil fuel  70051  84320  115278  84285  75337  71612  58567  57209  

Measured in  

terajoule (TJ)5   
Table 2 gives an explanation to the maximum and minimum point for figure 7 (SCB,2017).                                                        

 

The illustrative diagram of the electricity price from 2007-2017 reveals some extreme values, 2010 

and 2011 as unusually high and 2012 and 2015 as unusually low. From the descriptive statistics in the 

table, the maximum price is 93,2 and the minimum is 12,24 price/KWh inclusive RECS, but excluded 

tax and VAT. The trend is a decreased price for the ten-year period. Figure 5 compared to figure 4 

explains a negative price trend for electricity but an increased amount of electricity supply.  
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The total supply is illustrated for a longer period in figure 5, a small positive trend can be seen. The 

data that will be used in the regression is from 1996-2014, so a shorter period of time is illustrated in 

figure 6. In figure 5 it is possible to recognize the time of the financial crises when supply decreased, 

due to a decrease in production. The price that is illustrated in figure 3, also falls during the financial 

crises. If instead comparing year 2012, a increased supply of electricity occur while the electricity 

price falls. The average rainfall during 2012 exceeds the average value accounted for when consider 

the the period 1996-2014. While the temperature only deviate from the yearly average with 0.19 

units, less than 1 degree. A decreased demand can be assumed to have a stronger impact on the 

electricity price compared to an increase in the demand.  

Figure 6 Total production of electricity, all energy sources included  Table 3 Comparative statistics to understand under-        

Measured in GWh during 1996-2014. Source: SCB (2017)         lying factors and relationships. Source: SMHI (2017)  

 
Figure 7 Electricity price during 2007-2017, a negative trend with less volatility from year 2012 (Konsumenternas 

energimarknadsbyrå, 2017)  

As mentioned earlier, tax on goods that are not price sensitive is good to tax without decreased 

quantity demanded, even if the price of production has decreased it is possible that the total price 

has increased due to taxes. The table of fossil fuel, is the combustion that has taken place during 

2008-2015, in the industry for electricity and energy, it reveals an increased combustion during the 

extreme high value for 2010 and the low value for 2015 as a possible explanation of the maximum 

and minimum prices for electricity. In this consideration, the fossil fuel is coal and oil. The electricity 
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demand in Sweden is different between the regions, it depends on production and industries. 

Regions that has many industries also has higher electricity consumption. From the report from 

London school of economics (2013) it is calculated that the Stockholm region produce about 42% of 

the GDP for Sweden. In figure 8 it is possible to understand the shares of electricity between the 

regions that sum up to the total amount of electricity demand for year 2015.   

 
 

Figure 9 show an interesting result if comparing it with figure 8, figure 8 and 9 reveals that the 

regions with the highest electricity consumption not necessarily is the regions with the highest 

amount of carbon dioxide emission per capita. It means that some regions are better on using the 

intermittent energy sources. It also depends on what kind of power plants that are available close to 

the regions. It is not possible to draw any further conclusions because, there can be many factors 

that are underlying to the numbers. For example, that the per capita carbon dioxide emission from 

energy is smaller in large cities because the inhabitants tend to live overcrowded while in the rural 

areas it is more common to be owner of a house. The carbon dioxide emission from total 

consumption in rural areas can be considered to be calculated between less inhabitants, that can 

also contribute to the result from figure 8 and 9.  
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2016) .   

0 

5000 

10000 

15000 

20000 

25000 

Electricity consumption 2015 (GWh) 



  - 18 -  

                              
Figure 9 Carbon dioxide emission per capita that are released from energy consumption (regionfakta, 2016).  

  

4.1 THE CHAIN OF ELECTRICITY  

 

Figure 10 explains the energy, the type of energy and the chain to the consumers.  

A simplified explanation of the electricity production, distribution, and types of energy is illustrated 

in figure 6. Clarifications about the contribution from nuclear power is that the government has 

decided not to subsidize the nuclear power plants in future safety rehabilitation (Miljö och  

energidepartementet, 2015). One of the advantages with nuclear power is that it generates secure 

supply and the production are of large scale which are one of the factors that are of importance. The 

nuclear power plants need to consider competitiveness, environment and climate affects, and 

possible supply. The carbon dioxide emissions from nuclear power is relative low, the disadvantages 

are the storage time for waste. Also, the environment where the extraction of uranium is affected 

(Vattenfall, 2015). The cost of nuclear power plants are the investments during establishment but 

due to the long lifecycle and the production volume the costs are relatively low. The secure sources 

of supply need to be considered when affirms the renewable sources that are intermittent energy, as 

wind and solar. During the oil crisis in the 1970´s the economy in Sweden suffered when the oil 
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prices increased and production decreased due to the increased costs. The dependence on oil and 

the direct effect on the economic development, accelerated the implementation for nuclear power 

plants.   

  

Figure 11 The diagram illustrating the marginal pricing, the cost of production dependent on energy, from the left to the 

right: Hydro, CHP Nuclear, Other CHP, Coal, Oil and natural gas (Nord Pool, 2017).  

If reducing the nuclear power as earlier studies have analysed the decrease will lead to a production 

of relatively more coal combustion that will increase the electricity price. A shift in the supply curve 

for example during seasonally changes as low water levels in the reservoirs may cause. For the 

demand to shift could be caused by cold winters. Both shifts will result in a higher electricity price. 

But if considering the increased production from wind, which is 10 % the supply will increase to a 

lower cost of production. If departing from earlier studies and increasing the supply with 10% wind 

power, the changes of nuclear power and coal dependency do not need to have as large effects as 

earlier studies estimates.  
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ENERGY CONCEPTS  

1 TWh  1000 GWh  1 000 000 KWh  

1 Gwh  1000 MWh    

1 MWh  1000 kWh    

1 kWh  1000 MWh    
 Table 3  

EFFECT CONCEPTS  

1 MW  1000 kW  

1kW  1000 W  
Table 4  

Figure 5 explain the electricity production dependent on energy from 1970-2012, while figure 6 

explain the total supply from 1996-2015. It is possible to understand the shares from different 

energy sources are divided between each other and how large share they produce. It is also possible 

to notice how the export and import of electricity is for Sweden. Hydro is the energy that fluctuates 

the most and wind is the energy that increases with time, while the other are stable.  
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The environmental impact from the electricity is from the production, it means that carbon dioxide is 

released during the production, more or less, it depends on which energy source that are used to 

produce electricity (Konsumenternasenergimarknadsbyrå, 2017). The production in Sweden has 

approximately a greenhouse gas emission of 20 g CO2 equivalents per kWh and a Swedish household 

use about 2000-4000 kWh per year measured from apartment and about 6.700 kWh per year in 

average for a small house (Klimatrådgivning, 2017). This gives an amount of emission between 0kg-

990kg per year (Kjellberg, 2012).   

5.0 THE EMERGENCE OF RENEWABLE ENERGY   
Earlier studies have estimated the effect of a decrease from nuclear power plants energy, this implies 

that relatively more expansive input goods as coal primary and oil when large deficit exist, will be 

used. Graphical illustration has estimated that the price will increase when reducing the nuclear 

power. Nuclear power is not a high emitter of carbon dioxide, but other policies such as safety and 

reduced subsidise can be crucial for future use. The aim when subsidise the renewable energy is the 

expansion for new hydro, wind and photovoltaic primary. The rapid expansion also lead to decreased 

costs of production. When considering the wind power the costs of production is 330 sek per MWh 

and 610 kronor per MWh for photovoltaic (Friberg, 2014). A suggestion about the decreased nuclear 

is that policies that foster renewable energy get an extra boost when more taxes on non-renewable 

energy increase. Carbon dioxide tax and emission trading can therefore make the future adjustments 

more efficient when political goals are visible in the instruments. When phasing out the nuclear 

power it will not have as large impact of the price so the production is affected of increased costs 

and decreased competitiveness on the global market if the instruments works well. If only decreasing 

the nuclear power without an expansion of renewable energy, we can expect the price to increase 

due to the coal price. Normally the cost of production is more expansive with coal, and policies with 

Figure 13 illustrates the shares 
of total production 
(Energimyndigheten) 
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carbon dioxide and emission trading will also result in an even larger price increase for the electricity, 

when using fossil fuel.  

 

5.1 SOLAR POWER  
From the 1990´s the interest for renewable energy has increased in a rapid rate. The increased 

negative impact on the environment, increased electricity prices and limited resources have worked 

as a positive thriving force in investments and technology which starts to show. Also, improved 

regulations that foster the expansion for solar from the government has been implemented, as tax 

reduction. Energimyndigheten (2017) estimates the PV power of production approximately to 127 

MW in Sweden for 2015. The increase in solar is mainly during the last years, mostly due to 

decreased costs and governmental subsidies. 14 per cent of the solar energy is possible to convert to 

electricity, the rest goes to waste.  As a household, the solar is primary a long-term investment, when 

consuming the own production but with removed taxes it is possible to sell electricity on the 

network, to a limited amount, the cost of depreciation can be diminished. The electricity price is 

accounted from the capital costs; the depreciation is the fixed cost during instalment (Svensk 

Solenergi, 2013). The solar power that are used on household level, are so called prosumer. They 

produce and consume and the cost of production is the capital cost when investing and therefore 

represent the price for electricity in that sense. With the subsidise the investments for household can 

be seen as a good investment over time, but as mentioned, the increased coordination between 

producers and distributors need to increase to match the demand with supply. The solar power has 

only 1 percent of the present market.   

In countries as Sweden and other Nordic countries the sun hours at winter season is the period when 

production is sufficient and therefore necessary to buy electricity from a power company  

(Energimyndigheten, 2017). While during seasons with many sun hours the production that are not 

consumed by the producer, can be transferred to the external electricity network and sold to trading 

companies. It is possible when installing the photovoltaic plant to account for the own electricity 

consumption and become a private seller of electricity. Private producers of electricity are tax 

exempted, but companies and organizations are demanded to pay energy tax if selling the excess if 

the total electricity is below 255 kW (Svensk Solenergi, 2016). The law of tax for energy6 (LSE) require 

that tax is paid for all the electricity that we consume but electricity that does not operates through 

the network is exempted. Despite removed thresholds the solar power that are consumed in Sweden 

i approximately 0,08-0,10 per cent of total consumption. 

  

                                                             
6 Law (1957:262) about common tax on energy, svensk författningssamling 1957:262  



  - 23 -  

 

The market has during the last year stabilized in Sweden and the prices have stagnated, import taxes 

on especially Chinese solar and photovoltaic modules have protected the domestic market and its 

emergence (Energimyndigheten, 2016). When comparing the expansion in PV between the 

municipalities in Sweden, the densely populated municipalities represents the highest growth of 

solar (Svensk solenergi, 2016). Linköping and Stockholm are two cities with a high growth and 

facilities are made between players to increase incentives. In the southern parts of Sweden 

installation is also prominent. The solar has also increased in the market, and has other advantages. 

It is possible for individual household to invest for own use but also for return if selling the excess. 

Advantageous policies have accelerated the investments and increased solar power on the 

household level mainly. But due to stabilized prices and improvements, expectation on increased 

solar on properties increase when decreasing the long-term costs for the property owners. If 

considering countries abroad, the importance of development for solar is that it can efficiently be 

used in countries where energy poverty is a problem, but also increased innovation will promote the 

sustainability for all countries. Therefore, critique has been carried out considering minimum import 

price into EU from Chinese solar modules and solar, that was introduced 2012, when increased 

improvement will give a global positive effect (solenergi, 2016). Business from within EU has also 

been critical to the decision and argues that it harms the investments, the market and working 

opportunities when the pressure is held down and the fact that sustainability is a global 

responsibility and should not be countered of specific countries or regions.   

5.2 WIND POWER  
The wind power produce about 10% of the electricity in Sweden, in the Stockholm region the 

extension for wind power has mainly taking part from 2015. The effect is 59 MW from 25 windmills 

(Länsstyrelserna, 2016). During 2014, 321 windmills established and total 2961 windmills produced 

about 8% of the total production in Sweden. The increase in 2 percentage between 2014 and 2015 is 
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the amount of REC to  
subsidise the production  
( Svensk solenergi,  2016)   

-100 

400 

900 

1400 

1900 

2400 

0 

10 000 

20 000 

30 000 

40 000 

50 000 

Amount of PV in kW and REC (2006 - 2015) 

Amount PV system in electricity certificates Amount of PV power in kW 

Figure 14 illustrates the 
increased effect from PV 
power and the amount 
of REC to subsidise the 
production (Svensk 
solenergi, 2016) 



  - 24 -  

a rapid emergence of wind power. The next milestone for Sweden and wind power is by 2020 

produce 17 TWh. To distinguish the emergence of wind power, that contributes for about 10% of the 

renewable production in Sweden. Figure 2 excludes the two largest factor of production for 

electricity, nuclear and hydro. When transforming the energy market towards a more environmental 

conscious market it is important to clarify that hydro and wind power also affect the environment it 

acts in. It also means that we depend highly on the nature when increasing the renewable resources 

(SCB, 2017).   

 

  

When excluding nuclear and hydro power it can easily be seen that wind power has increased in a  

rapid rate during the last 8-10 years. From figure 9 it is possible to understand how the increased win

power affect the supply of electricity.   

5.3 SUPPLY INCLUDED WIND  

  
 
         Cost of production  

        

 

 

 

 

 

 

 

Figure 16 The 

diagram 

illustrating the 

marginal pricing, 

the cost of 

production 

dependent on 

energy, from the 

left to the right: 

Hydro, Wind, CHP 

Nuclear, Other 

CHP, Coal, Oil and 

natural gas (Nord  
Pool, 2017)  
(Stenqvist, 2016)  

  

  

    

  

  

  

  

  

                            

                  Demand                                      Supply   

  

P*   

  

                         TWh   

   100             200                   300                       400   

P   

Q*   

Figure 15 Electricity 
production when 
excluding the hydro 
and nuclear power 
(Energimarknadsbyr
ån, 2017) (Svensk  
Vindenergi) 



  - 25 -  

Increased wind can be used to either reduce the coal combustion, and have the same amount 

supplied from nuclear. Or decrease nuclear power but then to an increased cost of production for coal 

combustion. Wind power and hydro power has the lowest cost of production per MWt. A further 

extension on the wind power is therefore competitive to use compared to other energy. The 

expansion of windmills has increased rapidly during 2014 but is now facing an increase in a decreasing 

rate, it can be explained that the goal of 10% is now met. But to achieve goals further on, the wind 

power need to increase seen as the total production of electricity. 50 million are announced 2017-

2021 to foster innovations in accordance with wind power, there are continuous projects from 

agencies to keep up the rate of conversion towards renewables (Energimyndigheten, 2017). When we 

add both wind and solar in the supply curve and suggested that the dashed supply line is a shift.   

SUPPLY INCLUDED WIND AND SOLAR POWER  
  

 

  
Figure 17 The diagram illustrating the marginal pricing, the cost of production dependent on energy, from the left to the right: 
Hydro, wind, CHP Nuclear, Other CHP, Coal, Oil and natural gas (Nord Pool, 2017).   

5.4 REC’S   

The support for renewable energy is different depending on if it targeting the producer or consumer, 

or even prosumer. The producer that produce electricity from renewable energy, as wind, new hydro 

and solar, is entitled to certificates. The certificates are sold on a market, where distributors have a 

quota to fulfil of electricity produced by renewable energy. The quota for the present period now is to 

2020 and aim to increase to 28.4 TWh from 2012 when the period started. Sweden and Norway has a 

common market for the certificates. The support system gives the producer increased revenues, when 

selling the certificates for every produced TWh from renewable energy. The demand for the 
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certificated exist due to the quota for the distributors. The problem that occur is that there is a start 

and stop effect, investments are made in the beginning of every period due to the entitlement of 

certificates. When increased, revenues are possible and the investments becomes relatively safer the 

expansion of the production is possible. When the target is met with the increased amount of TWh 

from renewable energy the price on the certificates will fall and the investments must await new 

guidelines for further investments. This result in the stop due to the increased risk for the investments. 

If affirmed the price that the producer met, the certificate revenue can be explained as a wedge in 

between where it exists a trade-off for successful investments with a return that is acceptable and 

without the wedge the investments can become costly. If the price is too low for investments without 

the certificates, the market is advantageous for the consumers with a low consumer price but future 

challenges on successful investments for the producers will occur.  

  

 

Figure 18 The REC can be considered as a price floor as illustrated.  

The share on REC in the electricity price has before 2015 been a small part, as the diagram explain. It 

is the last years it has increased its shares, this can be supported by the increase in wind power. An 

increased amount of renewable energy but also an increased support to the producer. The electricity 

average price is lower from 2012 till today compared with 2007-2012. The price volatility is higher for 

the first period in the diagram. The price seems more stable from the latest period; a stable price 

provides investments. It can also be the case that the RES’s covers up the gap in between the 

electricity price and the price included REC’s so the producers becomes less affected by the low 

price. The knowledge that investments and production gives expected return, can affect the market 

positive and the price stabilization can be a positive effect of the REC’s.  
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5.5 DECIDING FACTORS  

Incentives towards renewable energy is increased prices on carbon and price on fossil fuel. The system 

for emission trading is one important factor. The inefficiency of the trading program has so far reduced 

the effect it could potentially have. To deal with the low prices the Swedish government advocates 

cancellation of some emission allowances, so the decreased quantity will result in increased price, 

when demand exceeds the supply. The emission will have a limited time of use for the owner of the 

allowance or to sell it. The increased prices for emission will have a positive effect on the energy 

market and the renewable energy.   

 
  

The prices on fossil fuel also has a crucial impact on the energy market in Sweden, if the carbon 

dioxide tax and the price for allowances increase, it is possible to have reduce fossil fuel combustion 

Price                       Supply 1 
  

                Supply   *   

                            Supply 2 
  

      

  

  

                      Demand   

                Q 1          Q*          Q 2       Quantity   

P 1 
  

P*   

P 2 
  

Figure  20     explain  
the possible ef- 
fects of increased  
and   decreased  
price for emission  
allowances.   

Figure 19 The price of 
renewable electricity 
certificates (REC) and 
the electricity price, it 
illustrates the shares of 
REC’s. 
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on the future energy market. The goal for 2040 can be hard to achieve if the prices are low on carbon 

dioxide and fossil fuel, the goal for 2040 is 100 per cent renewable electricity. In one scenario, it is 

possible that Sweden will become an importer of electricity instead of an exporter in 2050, if 

investments in the production is sufficient due to low prices and the out phasing of nuclear power 

(Nilsson & Lindmark, 2017). Instruments towards improvements on the market are important to 

increase competitiveness in the future and become even more independent on factors that cannot 

be affected.   

6.0 METHOD  
The thesis is an econometric study. The data is conducted from different sources and some 

calculations for the variables was necessary to have the same frequency. The data for temperature and 

rainfall was conducted from SMHI and the use an analyse model called MESAN. It is an analysis 

method to explain climate with help of grid squares, in this case with a grid of 4 km. The coordinates 

are chosen with help of where the hydro power plants are. The other variables are conducted from 

different sources explained in table 9 below. The data has been analysed in Excel and the regressions 

are made in the programme Eviews. The model specification is represented in the econometric part. 

The strength with this method is the frequency in the data and the ARDL method, it will better fit the 

real impacts on the price. The weakness is the lack of variables as tax, GDP and population growth. 

Some suggestions that GDP and business cycles do not affect the electricity price are made, historically 

data shows small marginal changes in the demand for electricity, independent on business cycle.   

6.1 AUTOREGRESSIVE DISTRIBUTION LAG MODEL (ARDL) 

This study is carried out with econometric analysis, and the estimates on various variables impacts on 

the electricity price will be estimated. The chosen variables are decided with help of earlier studies, 

where variables have been estimated as significant. Regression analysis will be used with the 

Autoregressive distribution lag method, ARDL. The ARDL method is preferred when having time-

series data. The ARDL can be used in advantage when variables are included that are of stationarity 

of order 1 and stationarity of order 0 in the same model and including dynamic regressors. A non-

stationary time series is characterised by a mean and variance that are not constant over time. The 

common problem as autocorrelation in the error term is common and is defined as 𝑐𝑜𝑟𝑟 (ℰ𝑡 −  ℰ𝑡−𝑡) 

≠ 0. The autocorrelation will be tested with Breusch Godfrey LM test where the null hypothesis is 

that there exists no serial correlation. The more general test for auto correlation is Durbin Watson, 

but when using lags on the dependent variable that are 𝑌1−𝑡, or more, 𝑌2−𝑡 , Breusch Godfrey LM 

serial correlation test is more appropriate, when 𝑡1−𝑘, is in the model. The test run the residual as 
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the dependent value and the variables with the specified lag length on the variables and include the 

residuals (-1) and (-2) and so on. The ARDL is used when 𝑌𝑡 = 𝛼 + 𝛽1𝑋𝑡−1 → 𝑋𝑡 𝑖𝑠 𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑 𝑏𝑦 𝑖𝑡𝑠 

𝑜𝑤𝑛 𝑙𝑎𝑔𝑔𝑒𝑑 𝑣𝑎𝑙𝑢𝑒𝑠. 

 𝑇ℎ𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑙 𝑓𝑜𝑟𝑚 𝑖𝑠:  𝑌𝑡 = 𝛼 + 𝛽1𝑋𝑡−𝑞 + ℰ𝑡  

It has a cointegration approach, it means that even if the variables have trends and cointegration the 

model adjust for it with different lag length that are optimal to deal with the cointegration. The 

method evaluates the model and for the output estimates, each variable are distributed a lag length 

that is optimal for the individual variable and for the model included in this thesis, more than 100 

models has been evaluated. The bounds test will evaluate the cointegration, the null hypothesis is 

that there is no cointegration, if rejecting the null hypothesis that there exist no cointegration, some 

estimates on the long run relationship equilibrium between the variables need to be done. In Eviews 

this method can estimate the long run relationship, the explanatory variables have on the dependent 

variable in a very convenient way. What the method aim to do is to find a long run equilibrium 

condition. The Bounds test is will have a lower and upper bound which explains the sign of 

cointegration or not. The null hypothesis is that there exist no cointegration, if rejecting the null 

hypothesis, a long run relationship needs to be considered. 

7.0 ECONOMETRIC SPECIFICATION  

The model that will be used is taken from earlier studies, such as Brännlunds where estimation on 

electricity price from the deregulation is considered. The variables that are estimated as significant 

will be included in this model. The difference in this model is the monthly data and therefore some 

variables will be excluded, because of the lack of data. The model that will be used is a time series. A 

longer time-series, 1996-2014, and a shorter one, 2007-2014 will be estimated. The time period for 

year 1996-2014 will includes oil price and the shorter time period with year 2007-2014 has replaced 

oil with the price for coal, a choice of dividing the fossil fuel into coal and oil is made.   

7.1 MODEL 1 - 1996-2014  

𝑃𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 𝛼 + 𝛽1𝑋𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 + 𝛽2𝑋𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 + 𝛽3𝑋𝑛𝑢𝑐𝑙𝑒𝑎𝑟 + 𝛽4𝑋𝑜𝑖𝑙 𝑝𝑟𝑖𝑐𝑒 + ℰ  (6)  

  

7.2 MODEL 2 - 2007-2014  

𝑃𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 𝛼 + 𝛽1𝑋𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 + 𝛽2𝑋𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 + 𝛽3𝑋𝑛𝑢𝑐𝑙𝑒𝑎𝑟 + 𝛽4𝑋𝑝𝑟𝑖𝑐𝑒 𝑐𝑜𝑎𝑙 + ℰ  (7)   

 

7.3 MODEL 2- 2007-2014  
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𝑃𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 𝛼 + 𝛽1𝑋𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 + 𝛽2𝑋𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 + 𝛽3𝑋𝑛𝑢𝑐𝑙𝑒𝑎𝑟 + 𝛽4𝑋𝑝𝑟𝑖𝑐𝑒 𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑒𝑠 + ℰ  (8)  

  

   

𝑌𝑡 = 𝛼 + 𝛽𝑋𝑡 + 𝑢𝑡  (9)  

𝑡 = 1, … , 𝑁  𝑡 is the time dimension    

𝛼 is the intercept or constant    

𝛽 is the estimated coefficient  

  

The model that will be used is the Autoregressive distributed lag model (ARDL). The model includes 

the optimal amount of lag for each variable and make it possible to use data that are non- stationary 

in order one I(1) with data that are stationary I(0). The variables are level variables except for the oil 

price that is an index. The interpretation of the slope coefficients will be interpreted as a unit change, 

ceteris paribus. This is the case in both the regressand and regressors which results when using the 

level of variables.   

  

𝐼𝑓 𝛽 > 0 𝑡ℎ𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 ℎ𝑎𝑠 𝑎 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒.  

𝐼𝑓 𝛽 < 0 𝑡ℎ𝑒 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 ℎ𝑎𝑠 𝑎 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑛 𝑡ℎ𝑒 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒.   

8.0 DATA  
 

8.1 VARIABLES   

The data is from 1996, the rainfall is measured monthly and from ten different location with a grid of 4 

km longitude. The ten location are chosen from the location where the hydro power plants are 

situated to both account for the possible input in the power plants and the spread in rainfall compared 

in south and north of Sweden. This is especially important when using the temperature variable, due 

to the big difference in temperature in south versus north. The model used in this report is a time 

series, therefore an average of rainfall and temperature, for the ten locations rainfall will be used. The 

data is available at SMHI and the coordinates and some comparative statistics are available in 

appendix. 

 

The price data for electricity is from two sources, Konsumenternas Energimarknadsbyrå provide data 

from 1996, excluded RECS and taxes and Fortum providing the data from 2007-2017 including the 

RECS but excluding taxes and VAT. The RECS were implemented 2003 for all renewable sources and is 

only significant for the producer. From 2007-2014 the RECS are set-off to adjust for the different parts 
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included in the price, this is to increase the time-series data and it should not affect the reliability. The 

price for RECS are provided at Fortum and the price are from 2007-2014 and therefore not either 

effect the validity. A clarification is also that the price to June 2010 is a monthly average at Nordpools 

spot price and from July 2010 purchase price for Fortum. In the model, the fossil fuel is divided into 

two sources, oil and coal. Fossil fuel is the resource used when quick supply of electricity is needed. 

The price for oil is in dollars per barrel, monthly data, the variable is an index. Coal is originally daily 

data, but to fit the model, an average of the daily data gives the monthly coal variable and is also an 

index. The price index has year 1996 and 2009 as base year.  

The electricity price is the price traded at Nord Pool, for the Nordic countries. The price and the 

production depends on the hydrological, the nuclear power availability, the wind that is an increased 

source of energy and production of electricity. The share is 10 percent of total supply, and the price 

for coal and oil. The nuclear power supply is monthly data and measured in GWH.  

 

8.2 DESCRIPTIVE STATISTICS  
Table 7 and table 8 are for the two different time periods but includes the same information, with help 

of the descriptive statistics it is more easy to discover deviations in the data.  

 

DESCRIPTIVE STATISTICS FOR MODEL 1  

VARIABLE 

(1996-2014)  

AVERAGE  VARIANCE  

  

𝝈𝟐  

STANDARD  

DEVIATION  

   

MINIMUM  MAXIMUM  MEDIAN  

RAINFALL 

(MM)  

  

69.43  

  

884.39  

  

29.74  

  

11.22  

  

156.61  

  

65.27  

TEMPERATURE  

(C 0)  

  

3.21  

  

62.11  

  

7.88  

  

-16,30  

  

17.85  

  

2.95  

  

NUCLEAR  

  

5350.07  

  

1353641  

  

1163.46  

  

2000  

  

7375  

  

5551.5  

OIL PRICE  

(DOLLARS PER  

BARREL)  

  

55.12  

  

1021.94  

  

31.97  

  

11.31  

  

134.02  

  

49.91  

ELECTRICITY 

PRICE (KWH)7  

  

29.65  

  

212.91  

  

14.59  

  

6.6  

  

93.2  

  

27.82  

Table 5 descriptive statistics for 1996-2014  

DESCRIPTIVE STATISTICS FOR MODEL 2  
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VARIABLE 

(2007-2014)  

AVERAGE  VARIANCE  

  

𝝈𝟐  

STANDARD  

DEVIATION  

  

  

MINIMUM  MAXIMUM  MEDIAN  

RAINFALL 

(MM)  

  

70.15  

  

881.86  

  

29.70  

  

18.72  

  

145.20  

  

65.27  

TEMPERATURE  
(C 0)  

  

2.96  

  

70.47  

  

8.39  

  

-13.19  

  

17.85  

  

2.87  

  

NUCLEAR  

  

4993.13  

  

900422.9  

  

121.49  

  

2864  

  

6571  

  

4972  

ELECTRICITY  

PRICE  

(KWH)8  

  

38.80  

  

192.38  

  

13.87  

  

12.24  

  

93.2  

  

34.93  

  

PRICE REC  

  

3.43  

  

  

0.87  

  

0.93  

  

2.33  

  

5.75  

  

3.18  

  

COAL PRICE  

  

416  

  

2445.87  

  

49.456  

  

330.5  

  

559.7  

  

401.1  
Table 6 descriptive statistics for 2007-2014  

                                                           

𝑃𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 − 𝑑𝑎𝑖𝑙𝑦 𝑟𝑎𝑤 𝑑𝑎𝑡𝑎, 𝑎 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑠 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑎𝑛𝑑 𝑟𝑒𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑     

𝑋𝑛𝑢𝑐𝑙𝑒𝑎𝑟 − 𝑛𝑢𝑐𝑙𝑒𝑎𝑟 𝑝𝑜𝑤𝑒𝑟 𝑠𝑢𝑝𝑝𝑙𝑦     

𝑋𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 − 𝑎 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑟 𝑡𝑒𝑛 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠    

𝑋𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 − 𝑎 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑟 𝑡𝑒𝑛 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑠     

𝑋𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑒 − 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑑𝑎𝑡𝑎, 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑎𝑠 𝑎 𝑝𝑟𝑖𝑐𝑒 𝑖𝑛𝑑𝑒𝑥 𝑤𝑖𝑡ℎ 𝑏𝑎𝑠𝑒 𝑦𝑒𝑎𝑟 2009     

  

𝑋 𝑜𝑖𝑙 𝑝𝑟𝑖𝑐𝑒 − 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑑𝑎𝑡𝑎 𝑏𝑢𝑡 𝑟𝑒𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑  𝑎𝑠 𝑎𝑛 𝑖𝑛𝑑𝑒𝑥 𝑤𝑖𝑡ℎ 𝑏𝑎𝑠𝑒 𝑦𝑒𝑎𝑟    

                        1996 𝑎𝑛𝑑 2009 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑏𝑎𝑠𝑒 100  

                         

  

  

 

Variable          Observations       Observations 

                                    1996-2014            2007-2014    

Temperature   2280  1204  

Rainfall  2280  1204  

Nuclear  220  95  
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Price electricity  220  95  

Price Oil  220    

Price REC    95  

Price coal    1673  

Table 7 The raw data observation  

The data is recalculated for the variables that had a daily frequency. From table 8 the total amount of 

observation and variable is explained. For the time series to become balanced some recalculation and 

adjustments needed to be done. For the variables temperature and rainfall, a monthly average is cal- 

culated,  𝑥
  − =

1

𝑛
 ( 𝑥1 + 𝑥2 + 𝑥3 + ⋯ + 𝑥𝑛). The coal price was daily data but did not include all days  

 

for each month, the variable is calculated as the monthly average as explained for the temperature 

and rainfall. Data for the oil price was available in monthly data but because it is expressed in dollar 

the variable is made as an index, with base year 1996 and 2007 with 100 as base. This means that it is 

possible to understand the changes in the price over time in percent, 

 
𝑃2

𝑃1
 → 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑐ℎ𝑎𝑛𝑔𝑒 ∙ 100 =  ∆ % 

  
8.3 EXPECTED RESULTS AND DATA SOURCES  
The expected result is how the independent variables in advance suggest to have an impact on the 

electricity price, for example increased rainfall can expect to decrease the electricity price. A decreased 

electricity price is positive for the consumers. Invoke the section with supply and demand of electricity.   

 

   
   

VARIABLE (1996-2014)  EXPECTED RESULT  SOURCE FOR DATA  

  

ELECTRICITY PRICE (KWH)  

  

Dependent variable  

Konsumenternas  

Energimarknadsbyrå  

  

RAINFALL (MM)  

 

-  

  

SMHI  

 

  TEMPERATURE (C 0)  

 

-  

  

SMHI  

 

  OIL PRICE  

  

+  

  

eia7  

  

NUCLEAR  

 

-  

  

SCB  

  

CERTIFICATE PRICE  

  

+  

  

FORTUM  

                                                             
7 U.S Energy Information Administrative   
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Table 8 include source for each variable and the expected result on the chosen variables.  

 

 

 

9.0 RESULTS  

9.1 RESULT MODEL 1  
  

1996-2014  MODEL 1 

(1,2,4) 

 MODEL 2 

(1,4,2,2,0) 

ELECTRICITY PRICE    0.891*** 

(0.029)   

 0.734*** 

(0.369)  

CONSTANT   10.471 *** 

(2.106) 

 30.060 *** 

(4.911)  

RAINFALL   -0.026 

(0.017)  

-0.051** 

(0.016)  

TEMPERATURE   -0.337* 

(0.172)  

-0.422**  

(0.131)  

NUCLEAR     -0.001** 

(0.001)  

OIL PRICE     0.013*** 

(0.002)  

THE VARIABLE IS     
SIGNIFICANT AT:  
1% LEVEL ***  

5% LEVEL **  

10% LEVEL * 

 

 

ADJUSTED R-SQUARED  0.833  0.866  

AKAIKE INFO CRITERION  6.507  6.325  

 Table 9 The result from model 1 containing year 1996-2014  
 

From table 9 it is possible to evaluate that the variables have the expected sign and are estimated as 

significant. The model with all variables includes 224 observations after adjustments and 100 models 

was evaluated. The best model is selected with the Akaike information criterion (AIC) that is 

estimated to 6.507 in model 1 and 6.325 in model 2. From figure 21 on page 35 the 20 best models 

are selected. The model that are chosen is the one with the lowest Akaike information criterion. From 

the twenty best models that where evaluated the model with 6.507 and 6.325 was the ones with the 

lowest criteria. Model 1 and 2 in table 9’s columns is to compare the result when adding variables. 

Under the model, in this case model 1 and model 2, in the parenthesis the lags are visible for the 

individual variables and they are in the same order as the variables in the first column. When adding 

the nuclear and oil variable, the rainfall and temperature variable increases slightly, and the standard 
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errors decrease. The adjusted R-squared increase in the second model and the Akaike information 

criterion decrease. The second model is more appropriate to use, which was expected. The 

temperature has the largest estimated impact on the electricity price. The temperature is at a level of 

10% significance in model 1 but in model 2 it has a significant level of 5%. Rainfall is estimated to have 

a significant level of 5 % in model 2. Nuclear has a significant level of 5% and the oil price is significant 

at a level of 1%. The results in table 9 is the short run estimation the variables have on the electricity 

price. A comparison between the 20 best selected models by the Akaike information criterion is 

shown in figure 21. The AIC gives the information about the best selected estimated model. The first 

model in figure can therefore be expected to be superior than the other top 19 models also shown in 

the table because of the Akaike information criterion. Figure 21 is conducted from model 2’s result in 

table 9 where all variables are included.  

 

Figure 21 

TEST FOR SERIAL CORRELATION 

The results from table 9 is valid if it is serial independent. The Breusch Godfrey LM test is carried out to 

test for serial correlation. The null hypothesis is that there exists no serial correlation. This test is used 

when more than 1 lag is used on the dependent variable. When using variables that are selected with 

an optimal lag value for the individual variables the selection is from a comparison through lags 

between the variables in the model and different lags are assigned to the variables. In the model that 

are selected 4 lags is used as the maximum. The dependent variable has been given 2, the other 
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variables vary about 0-4 lag. In this case, we cannot reject the null hypothesis that there exists no 

serial correlation, it means that the null hypothesis is accepted and that we reject the alternative 

hypothesis. The results in table 9 is valid. 

 

 

BREUSCH-GODFREY SERIAL CORRELATION LM TEST 

 

Null hypothesis: no serial correlation 

 

F-statistics 1.203 Probability chi square 0.123 

  

Table 10 

It is not possible to reject the null hypothesis, that there exists no serial correlation. In this case the 

null hypothesis is accepted which is good and there is no serial correlation in the model.  

 

9.2 BOUNDS TEST- MODEL 1 

This test consider the cointegration and a long run relationship, when time series are used, and when 

time series with I(0) and I(1) are included. The null hypothesis under Bounds test is that there exist no 

cointegration. The test gives a lower and upper bound and a critical value for the F-statistics that is find 

in table 11.  

 

 

THE BOUNDS TEST     

Null hypothesis: 

no cointegration 

Significant I(0) lower bound I(1) upper bound 

F-statistics 12.42 10% 2.2 3.09 

k 4 5% 2.56 3.49 

 2.5% 2.88 8.87 

 1% 3.29 4.37 

Table 11 

With help of the Bounds test it is possible to investigate if there exist a long run relationship. The null 

hypothesis is that there is no long run relationship which means that there is no cointegration. In this 

case, we cannot reject the null hypothesis, it means that we accept that there is cointegration and a 

long run relationship exist. The cointegration reveals a long run equilibrium relationship between the 

variables. Table 12 has identified the long run relationship. Rainfall, temperature, and nuclear has a 

negative impact of the electricity price. The negative effect due to an increase exists for those 

variables, but it is positive for the consumers that will face a price decrease when the variables 

increase.  
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Variables The long run coefficients 

 ELECTRICITY PRICE   Dependent variable 

 CONSTANT  113.18*** 

(17.731) 

RAINFALL   -0.804*** 

(0.139) 

TEMPERATURE   -0.309 

(0.357) 

NUCLEAR   -0.008*** 

(0.002) 

OIL PRICE   0.049*** 

(0.008) 

THE VARIABLE IS     
SIGNIFICANT AT:  
1% LEVEL ***  

5% LEVEL **  

10% LEVEL * 

 

Table 12 

 

9.3 RESULT MODEL 2  

  

2007-2014 MODEL 1 

(1,0,4) 

MODEL 2 

(1,4,4,2) 

MODEL 3 

(1,4,4,2,0) 

MODEL 4 

(1,4,4,2,0) 

ELECTRICITY PRICE 0.775*** 

(0.064) 

0.723*** 

(0.066) 

0.613*** 

(0.078) 

0.666*** 

(0.071) 

CONSTANT  14.282*** 

(3.420)  

45.707*** 

(10.233)  

39.466*** 

(10.212)  

34.638*** 

(11.460)  

RAINFALL   -0.032 

(0.033)  

-0.060)* 

(0.034)  

-0.069* 

(0.034)  

-0.077** 

(0.035)  

TEMPERATURE   -0.967*** 

(0.301)  

-0.670** 

(0.296)  

-0.604** 

(0.288)  

-0.601** 

(0.292)  

NUCLEAR     -0.001 

(0.001)  

-0.001 

(0.001)  

0.001 

(0.001)  

REC      1.925** 

(0.773)  

  

  

COAL    0.043** 

(0.021) 

THE VARIABLE IS  
SIGNIFICANT AT:  
1% LEVEL ***  

5% LEVEL **  

10% LEVEL * 

    

ADJUSTED R-

SQUARED 

0.683 0.721 0.738 0.731 
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AKAIKE INFO            

CRITERION 

6.903 6.845 6.787 6.815 

  Table 13 The result from model 2 containing year 2007-2014  

The variables in this model has the expected sign and is estimated as significant, except the nuclear, in 

the models where all variables are included. In this model 91 observations are included after 

adjustments. In the second model, that estimates the shorter period, 2007-2014 the aim was to add 

coal as fossil fuel and investigate the renewable energy increase with help of the price of RECS. The 

results when adding all variables become a bit suspected, with changed signs and the estimates had 

large changes from model 1 and 2 in the column. Therefore, model 3 and model 4 became included 

instead, to distinguish the coal and REC from each other. The reason to replace the oil price with the 

coal price is to better fit the real supply of electricity dependent on energy source. Nowadays it is 

more usual to use coal when the electricity supply is insufficient to match the demand. As mentioned 

in the introduction the production suffered from increased costs of production, that was an effect 

from the increase in the electricity price when the oil price increased. It was more common to 

combustion oil earlier, before the nuclear power plants was established in large scale, while 

nowadays coal is the most common to use. For the time-period of 1996 the oil price is significant at a 

level of 1% compared to the time-period of 2007-2014 the coal is significant at a level of 5 %. The coal 

is estimated to 0.03 unit increased impact on the electricity price compared to oil. Earlier studies on 

certificates are not referred to in this thesis nor the renewable energy supply. The RES’s is estimated 

to be significant at a 5% level, and has a coefficient at 1.925, a large effect on the electricity price. The 

estimated period is only 7 years but the estimate results was possible to carry out with help of the 

frequency in the data that is monthly in this thesis. Earlier studies as Brännlund and Kari (2012) tried 

to include the certificates but due to the yearly data that was used in their paper the observations 

was too few, the result showed strong cointegration between the variables and the estimation was 

considered unusable.  

From figure 19 when the REC’s are illustrated it is possible to see the share of REC, which also explain 

an increased price during the last years. The estimation for the variable can also explain the 

importance for investors, the total price increase when increase the REC price provides information 

about future return when it acts as a wedge, or as price floor as figure 18 explains. The estimated 

coefficients for the short run goes in the same direction but the coefficients for both rainfall and 

temperature has increased slightly in the later period. The coefficient is estimated to have a negative 

effect on the electricity price, which is a good effect for the consumers, increased rainfall and higher 

temperatures will decrease the electricity price. For model 3 and model 4 in the column rainfall is 

significant at a 5% and 10% level. The temperature varies between 10% and 5% level of significance 



  - 39 -  

between the models. Nuclear estimates reveal no big difference between the two time-periods and 

are also in line with earlier studies, but it is not estimated as significant.  

9.4 MODEL 3 IN MODEL 2 

The 20 best models are represented for this model in figure 15, and it is the model with the lowest 

Akaike information criterion that are chosen. The three best models have the same lag for the 

dependent variable as well for all the variables except for the nuclear that varies more between the 

models. Model 1,4,4,2,0 is superior compared to the others. 

 

Figure 22 

 

TEST FOR SERIAL CORRELATION 

 

BREUSCH-GODFREY SERIAL CORRELATION LM TEST 

 

Null hypothesis: no serial correlation 

 

F-statistics 1.203 Probability chi square 0.233 

Table 14 

It is not possible to reject the null hypothesis that there exists no serial correlation. We accept that 

there is no serial correlation. 

6.785

6.790

6.795

6.800

6.805

6.810

6.815

6.820

6.825

A
R

D
L

(1
, 

4
, 

4
, 

2
, 

0
)

A
R

D
L

(1
, 

4
, 

4
, 

1
, 

0
)

A
R

D
L

(1
, 

4
, 

4
, 

0
, 

0
)

A
R

D
L

(2
, 

4
, 

4
, 

2
, 

0
)

A
R

D
L

(1
, 

4
, 

2
, 

1
, 

0
)

A
R

D
L

(1
, 

4
, 

4
, 

2
, 

4
)

A
R

D
L

(1
, 

4
, 

2
, 

2
, 

0
)

A
R

D
L

(1
, 

4
, 

4
, 

3
, 

0
)

A
R

D
L

(1
, 

4
, 

4
, 

2
, 

1
)

A
R

D
L

(2
, 

4
, 

4
, 

1
, 

0
)

A
R

D
L

(1
, 

4
, 

4
, 

1
, 

1
)

A
R

D
L

(1
, 

4
, 

4
, 

2
, 

2
)

A
R

D
L

(1
, 

4
, 

4
, 

4
, 

0
)

A
R

D
L

(1
, 

4
, 

4
, 

2
, 

3
)

A
R

D
L

(2
, 

4
, 

4
, 

0
, 

0
)

A
R

D
L

(3
, 

4
, 

4
, 

2
, 

0
)

A
R

D
L

(1
, 

4
, 

4
, 

0
, 

1
)

A
R

D
L

(1
, 

4
, 

2
, 

0
, 

0
)

A
R

D
L

(2
, 

4
, 

4
, 

2
, 

1
)

A
R

D
L

(1
, 

3
, 

4
, 

2
, 

0
)

Akaike Information Criteria (top 20 models)



  - 40 -  

9.5 THE BOUNDS TEST- MODEL 3 IN MODEL 2 

 

THE BOUNDS TEST     

Null hypothesis: 

no cointegration 

Significant I(0) lower bound I(1) upper bound 

F-statistics 6.726 10% 2.2 3.09 

k 4 5% 2.56 3.49 

 2.5% 2.88 8.87 

 1% 3.29 4.37 

Table 14 

The bounds test reveals cointegration, which means that we consider the long run coefficient in this 

model as well. The long run relationship is find in table 14. 

Variables The long run coefficients 

 ELECTRICITY PRICE   Dependent variable 

 CONSTANT  102.030*** 

(28.065) 

RAINFALL   -0.765** 

(0.244) 

TEMPERATURE   -1.534* 

(0.831) 

NUCLEAR   -0.005 

(0.003) 

PRICE CERTIFICATES 4.978** 

(1.651) 

THE VARIABLE IS     
SIGNIFICANT AT:  
1% LEVEL ***  

5% LEVEL **  

10% LEVEL * 

 

Table 15 

 

9.6 MODEL 4 IN MODEL 2 

 

The test in this section is from model 2 in table 12, and model 4 in the last column. The 20 best 

models are here selected with help of Akaike information criterion. The model with the lowest 

criterion is chosen, but the difference is not that large up to the fifth model. This model has the same 

selected lags as the model with the REC, the only difference is that the REC’s is replaced with coal. 
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Figure 23 

 

TEST FOR SERIAL CORRELATION 

 

BREUSCH-GODFREY SERIAL CORRELATION LM TEST 

 

Null hypothesis: no serial correlation 

 

F-statistics 1.500 Probability chi square 0.165 

Table 16 

No serial correlation exists and the null hypothesis is accepted.  

 

9.7 THE BOUNDS TEST- MODEL 4 IN MODEL 2 

 

 

THE BOUNDS TEST  

   

Null hypothesis: 

no cointegration 

Significant I(0) lower bound I(1) upper bound 

F-statistics 6.726 10% 2.2 3.09 

k 4 5% 2.56 3.49 

 2.5% 2.88 8.87 

 1% 3.29 4.37 

Table 17 
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The Bounds test continue to show cointegration which means that we need to consider the long run 

coefficients in this model as well. The long run coefficients have the expected sign of each variable. 

 

Variables The long run coefficients 

 ELECTRICITY PRICE   Dependent variable 

 CONSTANT  103.678** 

(35.811) 

RAINFALL   -1.034*** 

(0.302) 

TEMPERATURE   -1.916* 

(0.961) 

NUCLEAR   -0.007** 

(0.003) 

PRICE COAL 0.129** 

(0.059) 

THE VARIABLE IS     
SIGNIFICANT AT:  
1% LEVEL ***  

5% LEVEL **  

10% LEVEL * 

 

Table 18 

The result from the two models show significance on each variable and the impact tend to increase for 

the long run coefficients. The long run coefficients in this case is for the 7-year period of time, which 

may be a bit short but the results go in the same direction as earlier studies.  

 

9.8 ANALYSIS  
This section will analyse the result with the connection to the theory. The significant variables from 

the result are successfully variables to use when investigate the electricity price. In the theory 

section, the supply was described as a function of various variables.  

𝑆𝑢𝑝𝑝𝑙𝑦 = 𝑓(𝑝𝑟𝑖𝑐𝑒𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 , 𝑝𝑟𝑖𝑐𝑒𝑓𝑜𝑠𝑠𝑖𝑙 𝑓𝑢𝑒𝑙,𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙, 𝑡𝑎𝑥𝑒𝑠, 𝑛𝑢𝑐𝑙𝑒𝑎𝑟)  

The price is set where supply and demand intersect, which means that producers and consumers has 

agreed of a price. The supply is assumed to increase when the price on the good increase. This 

assumption is to generalized for the electricity market. Because of the marginal pricing, the producers 

can increase its profit by reduce its production costs. This implies that the producer’s investments are 

made in the energy that has the best potential to increase its production with the lowest cost. Coal is 

today the most expensive input good when producing electricity, oil is used as reserves for the total 

defence. This means that hydro that has relatively low costs of production will increase to increase its 

marginal profit. But because of the electricity that is not possible to store, it also suggests that 

increased price will not cause increased supply, because the match between supply and demand is an 
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assumption for the market. It means that supply exceeds the demand and instead of increased profit, 

the supply increase can cause a price decrease. The electricity price is of importance because it is 

crucial for the future investments that can increase profit over time with reduced costs. The price of 

fossil fuel is necessary when other energy is not sufficient, and it is estimated as a variable that has a 

significant impact of the electricity price. Rainfall and nuclear power is the two largest suppliers of 

electricity, it has 80% of the electricity production, this is confirmed by the significance for the rainfall 

but the nuclear was not estimated as significant. But it is still estimated as if a decrease in one of them 

or both, other more expensive input as coal need to be used and therefore will affect the price. The 

nuclear variable coefficient show no big differences between the periods and neither from the earlier 

studies. Which can be explained by the fact that nuclear is the base power while hydro is the control 

force. If consider the demand as a function of the chosen variables:  

𝐷𝑒𝑚𝑎𝑛𝑑 = 𝑓(𝑃𝑟𝑖𝑐𝑒𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 , 𝐼𝑛𝑐𝑜𝑚𝑒, 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, 𝑇𝑎𝑥𝑒𝑠)  

The price of electricity can be assumed to have an impact for the household level. If price increase the 

demand can be expected to decrease to a limited degree because of awareness of the more expensive 

price but there is a basic need for the households that will not decrease the demand even if the price 

increase. For the production, the electricity price can be considering to affect the production cost in 

the final product. As explained in figure 1 the demand is assumed to be inelastic which means that 

increased price will not decrease the quantity demanded. Electricity demand is a function of income, in 

some earlier studies GDP is proposed to be reasonable to use as a variable. The income or GDP 

variable is not included in this thesis because the aim is to investigate the price, and a discussion about 

the inelastic demand explain the excluded variable. But when the production increase in the country 

the demand can be expected to increase but not to that extent that it will cause a price increase. This 

is more connected to the temperature, as explained in chapter 4 with tables and figures, where the 

electricity price reveals maximum and minimum prices connected to fossil fuel use for production of 

electricity, which is a direct connection between smaller amount of rainfall and lower temperature 

explained by figure 6 and table 3. Taxes are not included in this thesis as mentioned before, the tax is 

set on goods that can expected not to affect the demand which means that it not will decrease 

because of inelasticity.   

  

𝑃𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙, 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, 𝑛𝑢𝑐𝑙𝑒𝑎𝑟, 𝑃𝑟𝑖𝑐𝑒𝑐𝑜𝑎𝑙, 𝑃𝑟𝑖𝑐𝑒𝑜𝑖𝑙, 𝐺𝐷𝑃, 𝑡𝑎𝑥   

  

The results are interesting and if evaluating the variables and why and how they from the start where 

chosen. The first change that where made was to change frequency, instead of using yearly data, 

monthly data was conducted. The aim was to increase the quality for the temperature and rainfall 
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variable. The yearly data acts more as a constant when using the yearly average, and the rainfall do 

not either describe the seasonally changes in the yearly data. The temperature variable can be 

considered as more justice when using monthly data, but the rainfall variable can be assumed to 

improve even further if conducting more than ten coordination’s but still the monthly data will also 

include the seasonally changes. The rainfall and temperature is in line with earlier studies. An addition 

to the temperature variable is that when the temperature increase, we demand less electricity but it 

is possible that the demand for electricity for our households can be the opposite under the warm 

month during summer. If the temperature increases it is possible that more electricity is used if more 

air conditioning is used. If this is a possible outcome with warmer summers, the price can be expected 

to increase some summers. An increased demand during the dry seasons can affect to an increase of 

the electricity price. The fossil fuel that is divided into coal and oil, can be compared with earlier 

studies. Coal has been estimated as significant in earlier studies while the oil was conducted due to 

the oil combustion that was relatively larger during the first model compared with present when coal 

is primary used when energy is insufficient. The coal estimate for the second model has increased 

compared to the estimates when oil is included as fossil fuel it is significant at a level of 5 % while oil 

is significant at a level of 1%.   

The model for the shorter period, is interesting comparing the temperature and rainfall it is 

estimated that both temperature and rainfall has increased its impact on the price. This can be 

explained by the new hydro power that is intermittent energy layers and very dependent on the 

weather. The dependence from the weather can be an underlying result to why coal has a larger 

impact, as earlier evaluation reports has observed, coal dependences is increased when other energy 

resources are insufficient. But earlier reports also attention that a possible increase in the 

dependence of coal when the intermittent energy to produce electricity increase. This risk to increase 

the fossil fuel combustion when the wind power and the increased hydro power are more dependent 

on the weather and delivery can in periods decrease. If this scenario appears the policies towards 

renewable sources cannot be considered as successful because the aim to increase the renewable 

energy is to achieve a market with less carbon dioxide emissions. The Nuclear power variable, 

estimates no large differences between the periods and earlier studies, nuclear can be considered as 

the energy base for Sweden. This also strength the fact that the supply of nuclear during the years 

with increased population and GDP not affect the electricity price to that extent it has been proposed 

in earlier studies when consider the nuclear as one of the largest contributor of energy for the 

electricity production. Nuclear has great potential for its effect, which is the amount of supply it can 

produce compared to other energy sources.   
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9.9 DISCUSSION   
The results and the estimate of the variables as significant and the impact of the variables are 

explained by theory. The function of supply and demand that are connected to the electricity price 

are considered in earlier studies as well as the variables. It is possible to conclude that the variables 

are of importance for the price. This also implies that the future electricity market has some 

challenges when it comes to political goal and the renewable sources and how the adjustments about 

competitiveness, environmental goals and deliver can be fulfilled. Generalisation about the 

investments in the electricity market is harder to conclude because of instruments that are used to 

achieve its target, but that also implies that it is dependent of politicians and because of changes in 

government, the goals and instruments is of different meaning for the political parties. From earlier 

studies about reduced nuclear, the conclusion was that the dependence of coal increased but if 

consider the Swedish market and decreased nuclear, it can from a cost aspect not be concluded. 

Because the nuclear that are not subsidised it means that the production must pay for future 

rehabilitation of the power plants which can be costly. There is a trade-off between coal and nuclear 

power but from an environmental aspect the nuclear emit less carbon dioxide. This means that if 

hydro, wind and solar increase with a slower rate than the possible phase out of nuclear the coal 

dependence will increase and the instrument to achieve a 100% renewable energy market will not be 

successful. Further studies on how the increased renewable intermitted energy can increase without 

negative impact on the delivery can be useful. Then it is possible to adjust the market to according 

circumstances. Further studies on how instruments as REC can be improved to give longer 

investments cycles compared to existing system can also be useful when consider the efficiency of the 

market.   
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Ylinenpää, H. (2015). Det innovativa Sverige 2 Innovation och attraktion i stad och på 

landsbygd (2 ed.). (J. G. Karlen, Ed.) Stockholm: ESBRI och Brunzell Des ́ ign.  

Bager, E. (1996, 10 07). Avregleringen av elmarknaden. Retrieved from Sveriges Riksdag:  

https://www.riksdagen.se/sv/dokument-lagar/dokument/motion/avregleringen-

avelmarknaden_GK02N417  

Björsell, M. (2016, 10 10). Fossila bränslen. Retrieved from Naturvårdsverket:  

http://www.naturvardsverket.se/Miljoarbete-i-samhallet/Miljoarbete-i-

Sverige/Uppdelatefter-omrade/Energi/Fossila-branslen/  

Bondesson, T., & Brännlund, R. (2016). Framtidens elmarknad. Stockholm: IVL.  

Braunerhjelm, P., Domeij, B., E. Eklund, J., Flodgren, B., Larsson, H., Murray, R., & Nyberg, S. (2011). Ett 

innovationspolitiskt ramverk - Ett steg vidare. Stockholm: Entreprenörskapsforum.  
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APPENDIX  
Because of the need of assemble the variable rainfall and temperature from different regions, there is 

a need to control the data, comparative statistics is used to verify deviations.   

TEMPERATURE IN CELCIUS  
Koordinater, 

RT90:  Average  Maximum  Minimum  

        

1770848- 
7308172  1,80  19,47  -22,11  
1685807- 
7103074  2,45  18,82  -19,15  
1512391- 
6767914  3,55  18,58  -16,14  
1292286- 
6464436  6,81  19,40  -9,91  
1397336- 
6387732  5,77  19,41  -11,15  
1372324- 
6861292  0,66  16,30  -20,40  
1434020- 
6974679  2,87  18,28  -16,54  
1527398- 
7304837  -1,55  16,16  -23,12  
1465702- 
7213127  -1,56  15,22  -20,88  
1348979- 
6303525  6,52  19,21  -9,50  

  

RAINFALL IN MM  
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Koordinater, 

RT90:  Average  
Maximum  

Minimum  
1770848-  
7308172  48,76  211,02  2,42  
1685807-  
7103074  58,24  239,88  4,70  
1512391-  
6767914  63,15  245,18  5,85  
1292286-  
6464436  70,75  203,59  0,12  
1397336-  
6387732  71,23  202,19  1,55  
1372324-  
6861292  65,27  198,38  4,97  
1434020-  
6974679  50,98  193,24  1,58  
1527398-  
7304837  68,66  243,88  6,91  
1465702-  
7213127  80,99  257,28  10,96  
1348979-  
6303525  89,12  249,67  1,13  

  

  

Average 

price/year 

electricity  

Average 

price/year  

RECS  

2017  34,28  2,12  

2016  32,33  3,28  

2015  24  2,23  

2014  32,32  2,61  

2013  38,03  2,76  

2012  32,72  3,12  

2011  47,48  3,49  
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2010  59,69  4,73  

      

2009  44,82  5,54  

2008  54,68  5,53  

2007  31,42  3,15  

  


