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Preface 

Sustainability is essential to our species’ continues dwelling on this planet. The allocation of 

resources and the ability to utilise them well are crucial. How we use our energy and from 

what sources are only two of many important issues. I wanted to investigate how renewable 

energy sources could become more available on the energy market.  

This project began in the spring term of 2010 and has been a great trial of my patience. If 

things have been able to go wrong, they have! I have been close to giving up on many 

occasions. Therefore I would like to thank my family for putting up with a stressed 

wife/mother and especially my husband for pushing me to carry on with this project and 

helping me with the technicalities of the write up. I would also like to thank my supervisor 

Lars Person for the long hours he has put into reading and discussing my project and finally a 

thanks to Mikael Lindbäck for helping me with a late registration on the “C-uppsats och 

Examensarbete”-course. 
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1. Abstract  

Historically the energy consumption in the World has continually been increasing. The 

European Union (EU) wants to turn this trend and is committed to a 20 percent reduction in 

energy usage as well as an increase in the share of renewable energy within the EU. This 

paper looks at the electricity consumption with the aim of reducing the electricity 

consumption with 20 percent and increasing the share of electricity from renewable energy 

sources (RES) to 20 percent. The consumers will use less electricity if the price of electricity 

is increased, by e.g. an environmental tax on electricity produced from non-renewable energy 

sources. This paper presents a model of the electricity consumption in the EU. The price 

increase of electricity that would cut the electricity demand to 80 percent is estimated and 

compared with the long-run marginal costs of electricity produced from RES. It remains 

unsolved whether or not the market would be able to provide 20 percent of the electricity 

demanded from RES at this higher price but the competitiveness would be greatly improved. 
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2. Introduction 

In 2007 the European Union (EU) agreed on a 20-20-20 climate vision, a plan for making the 

EU "the first economy for the low-carbon age”.
1
 See appendix I for a map and the expansion 

of the EU. The aim was a 20 percent reduction in greenhouse gas (GHG) emissions compared 

to the levels of year 1990, a 20 percent increase in energy efficiency and 20 percent of energy 

consumed should come from renewable energy sources (RES) by 2020. RES is any source of 

energy which is continually replaced without depleting reserves like energy from solar, wind, 

hydroelectricity, wave, biomass and geothermal.
2
 EU’s energy policy was aimed at 

combating climate change and to increase the energy security while strengthening EU’s 

competitiveness.
3
 The 20-20-20 climate vision is part of EU’s move towards a sustainable 

development.
4
 “Sustainable development meets the needs of the present without 

compromising the ability of future generations to meet their own needs” as defined by the 

United Nations (UN).
5
 

The objective of this paper is to investigate how different factors have affected the electricity 

consumption in the EU-27 during the time period 1998 – 2008 and to estimate the price level 

that would be required to reduce the total electricity consumption with 20 percent compared 

to the consumption in 2005. Further that new price level is to be compared with the long-run 

marginal costs for producing electricity from RES to find out if the new price of electricity 

would make additional electricity production from RES competitive on the electricity market. 

Since the oil crisis in the 1970’s alternative energy sources have been seen as plausible 

options and many industrial nations launched schemes to develop the use of RES.
6
 The oil 

prices sky rocketed during the oil crises but soon returned to lower rates and the alternatives 

lost competitiveness and at the time a large scale use of RES was prevented.
7
 In the nineties 

other concerns like the increased awareness of the human impact on the environment and 

                                                           
1
 European Parliament, [2008] 

2
 Encyclopædia Britannica, [2011] 

3
 European Commission, [2010] 

4
 European Commission, [2009] 

5
 United Nations, [1987] 

6
 EurAcrive, [2007] 

7
 EurAcrive, [2007] 

http://avel.library.uq.edu.au/green/solaree.html
http://avel.library.uq.edu.au/green/winde.html
http://avel.library.uq.edu.au/green/hydro.html
http://avel.library.uq.edu.au/green/wavee.html
http://avel.library.uq.edu.au/green/biomass.html
http://avel.library.uq.edu.au/green/geothermal.html
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with it possible climate change increased the public support for RES.
8
 Other problems like 

politically unreliable fossil fuel providers coursed by conflicts between Western countries 

and the Arab World, interrupted supplies with demands from Russia and the limited resources 

of non-renewable energy resources have amplified the willingness to search for substitutes.  

This made the European Commission published a white paper in 1997 on strategies for EU to 

have 12 percent of its energy usages coming from RES.
9
 In 2001 the target of 12 percent RES 

was adopted in a directive that promoted electricity production from RES as a measure to 

fulfil the commitments made in the Kyoto Protocol but they were never met.
10

 In 2007 the 

European Commission published long-term strategies for RES, including 20 percent of total 

energy consumption coming from RES and 10 percent of all transport fuel should be bio fuel, 

which were later endorsed by the EU leaders and it is now part of the 20-20-20 Climate 

vision.
11

 To meet these objectives EU leaders approved on a new directive promoting RES. 

Individual targets for each member state were set.
12

  

To understand what difficulties lay ahead to implement the agreements it is important to 

know that the energy consumption in the World as well as in the EU has had a steadily 

increasing trend as can be seen in diagram 1. That trend has to be broken and turned into 

reducing the consumption. In the past the energy usage has become more and more efficient 

but the demand for energy has kept rising, this is known as the Jevons paradox or rebound 

effect.
13

 What was financially saved by the increased efficiency is used for increased 

consumption of goods, which in turn gave an even greater energy demand. In 2005 the total 

energy consumption in the EU was 1 825 237 thousand tonnes of oil equivalent (TOE)
14

 of 

which 6.7 percent came from a RES.
15

 On the positive note, as can also be seen in diagram 1, 

is that the share of RES has also steadily increased. 

                                                           
8
 Beck and  Martinot, [2004] 

9
 EurAcrive, [2007] 

10
 EurAcrive, [2007]  

11
 EurAcrive, [2007]  

12
 EurAcrive, [2007]  

13
Herring, [2008]  

14
 European Commission, Eurostat, [2011c] 

15
 European Commission, Eurostat, [2011d] 

http://www.eoearth.org/profile/Horace.herring
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The EU has chosen the method of legislation and information together with some economical 

incentives to reach their 20-20-20 goals. The gradual removal of standard lamp bulbs and 

promotion of low energy replacements as well as energy classification of household 

appliances are two of the legislations that the general public probably have noticed. The EU 

organisation Intelligent Energy-Europe has been given a budget of €730 million to promote 

energy efficiency and RES.
16

 The plan is to force production and appliances to become more 

energy efficient or encourage the consumers to change their behaviour regarding energy 

consumption.  

 

 

 

 

 

 

 

 

 

 

 

Diagram 1: Primary energy consumption by fuel in the EU-27, 1990-2007.
17

  

 

This paper looks only at the electricity consumption with the assumption that the electricity 

efficiency should also be increased. The set goals are a 20 percent reduction in the electricity 

consumption as well as a 20 percent share of the electricity coming from RES. This paper 

proposes an environmental tax on electricity from non-renewable energy sources increasing 
                                                           
16

 European Commission, [2011] 

17
 European Environment Agency, [2010b] 
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the consumer price to such a level that the electricity demand decreases with 20 percent. The 

electricity produced from RES often has a higher production cost than conventional 

electricity generation. The proposed tax should make electricity from RES more competitive 

at the new higher price level therefore more electricity from RES should become available on 

the electricity market fulfilling both aims. 

To understand what difficulties this involves it is important to know that the electricity 

consumption in the EU has steadily increased as can be seen in diagram 2. The increase has 

been both total and per capita. That trend has to be broken and turned to a reduction to 

succeed with the goals. In 2005 the electricity consumption in EU was 3309 TWh which was  

 

 

 

 

 

 

 

 

 

 

Diagram 2: Gross electricity production by fuel, EU-27
18

      Diagram 3: Share of electricity production by                     

                            fuel type, 1990-2007 (percent), EU-27
19

  

15.6 percent of the total energy consumption
20

. The electricity generation from RES provided 

14 percent of the electricity. On the positive note, as can also be seen in diagram 3, is that the 

share of RES has also increased over the years. The export and import of electricity in the EU 

                                                           
18

 European Environment Agency, [2010a] 

19
 European Environment Agency, [2010a] 

20
European Commission, Eurostat, [2011e]  

  

file:///C:/Users/andreww/AppData/Local/Temp/European%20Commission,%20Eurostat,%20Total%20gross%20electricity%20generation,%20latest%20updated%202%20February%202011.%20http:/epp.eurostat.ec.europa.eu/tgm/table.do%3ftab=table&plugin=1&language=en&pcode=ten00087
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during the last decade has more or less cancelled each other out, so the amount that has been 

produced has also been consumed.
21

 

The population of the EU is estimated to increase with 4.6 percent in the 15 year time period, 

2005 - 2020.
22

 Therefore the electricity consumption per capita has to be reduced more than 

20 percent. A 23.5 percent decrease per capita would keep the total consumption at 20 

percent lower in 2020 than in 2005. See the calculations in appendix II. In 2005 the average 

consumption of electricity in the EU was about 6.7 MWh /capita and this would have to be 

reduced to about 5.2 MWh/capita providing the population forecast is correct. 

The electricity demand is periodical over the day and the year.
23

 During the 24-hour day the 

demand of electricity increases as the activities in households and at work places increase, as 

the day progresses. The peak demand is during the late afternoon. In the evening the demand 

decreases to reach its lowest in the early hours of the morning as people in general are asleep. 

The demand of electricity over the year varies with the external temperature and light levels. 

During the winter months more electricity is needed for heating and lighting compared to in 

the summer months.
24

 The increased usage of air-conditioning has made the electricity 

demand increase as the temperature rise, especially in the southern parts of EU where air-

conditioning has been getting more and more popular.
25

 The heating and cooling sectors 

account for half of EU’s final energy consumption.
26

 A lot of research has gone into 

optimising the electricity supply after the periodical demands. 

The electricity demand is also affected by the economy. Developed countries use more 

electricity than undeveloped countries, as the living standard improves so does the electricity 

demand.
27

 The electricity demand also fluctuates with the business cycle, during booms the 

demand is greater than during recessions.
28

 The energy intensive economies use more energy 

                                                           
21

 European Commission, Eurostat, [2010a] 

22
 European Commission, Eurostat, [2010a] 

23
 Martin-Merino, M, [2010] 

24
 The Swedish Energy Agency, [2009] 

25
 WWF European Policy Office, [2003]  

26
 European Commission, [2007] 

27
 International Energy Agency, [2010] 

28
 The Swedish Energy Agency, [2009]  
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per unit of Gross Domestic Product (GDP). The structure of the industry also affects the 

electricity demand.  

The electricity available on the EU market is provided by many different agents generating 

electricity from different energy sources with different marginal costs and at varying quantity 

as illustrated in diagram 4. The EU electricity market is dominated by large companies with  

 

 

 

 

 

 

 

 

 

Diagram 4: Short-term marginal costs for electricity generation from different sources in 2009.
29*

 

great market power in their regions as can be seen in diagram 5. Smaller countries like Malta 

and Cyprus have monopolies and in a majority of countries the largest supplier has more than 

40 percent of the market. This means that the market is characterised by imperfect 

competition thus the prices are not set at marginal cost and the quantity produced is reduced 

compared to the perfect competition situation and the welfare of the economy is reduced. 

Electricity has to be produced when needed and with a limited transporting capacity. The 

resistance in the cables transfer some electric energy into heat energy and therefore power is 

lost, the longer the distance the greater the loss. Electricity generation often requires large 

investments and benefiting from economies of scale. These factors might explain market 

structure. 

                                                           
29

 Rottneros [2009] 

 
*
This diagram is a modification and should be seen as an illustration of the market rather than exact figures. 
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Diagram 5: The market share (in percent) of the largest electricity generator in the EU market in 2008. 
30 

 

The consumers are expected to reduce their consumption of normal goods, like electricity, 

when the price increases. Empirical evidence shows that the demand for electricity decreases 

in the short run with price increases but the effects are very small.
31

 The short-run price 

elasticity of the demand for electricity is small which is explained by electricity being an 

essential but at the same time generally only one small input goods for companies or a small 

                                                           
30

 European Commission, Eurostat, [2010d] 

31
 Yusta and Dominguez, [2002] 
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part of household costs.
32

 The demand for electricity is not easily reduced as it is essential in 

our daily life.
33

 In the long-run the consumers, households and companies, can adapt to 

higher prices by choice of appliances, means of heating or location and therefore the price 

elasticity in the long-run is greater.
34

 In a comparison study of eight different studies looking 

at companies’ electricity consumption when faced with peak and off peak tariffs it was found 

that the own price elasticity of electricity varied between -2.77 – 0.12 with the average of       

-0.55.
35* 

The consumption in these studies was not intentionally reduced only switched from 

peak to off peak hours. 

This paper describes the construction of a  model from possible varibles affecting the 

electricity consumption and a price level for electricity that would make the consumers 

reduce their total consumption with 20 percent is estimated. This price is compared to the 

long-run marginal costs of generating electricity from RES showing that at a higher consumer 

price more of the electricity from RES would become economically competitive for 

electricity generation. 

                                                           
32

 Yusta and Dominguez, [2002] 

33
 Yusta and Dominguez, [2002] 

34
 Faruqui and George, [2002]  

35
 Yusta and Dominguez, [2002] 

*
 The study gives a span for the price elasticity of electricity for each of the eight studies and the middle value of 

each span has been used to calculate an average value. The maximum and minimum values are the extreme 

values of these spans. 
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3. Theory  

In economics the consumer is assumed to act rationally. The consumer benefits from a good 

and the more of a good the better, however the marginal utility of a good decreases. The 

consumers choose a mixture of goods in order to maximise their welfare. The consumption of 

the consumers is limited by their incomes. The combination of goods that gives the most 

welfare depends on the individual consumer’s preferences.  

A household’s demand for electricity (Q
h

d) is therefore dependent on the price of electricity 

(P
h

e), the price of other goods (Ps) and their income (Y). A household’s demand for electricity 

can be written as a function: 

Q
h

d = (P
h

e, Ps,Y) 

Likewise companies are constrained by limited resources and assumed to act rationally and 

aim for a combination of input factors that give maximised profit.
36

 The electricity demand 

(Q
i
d) for an industry is dependent on the price of electricity (P

i
e), the price of other input 

factors (Pf) and the revenue from sold products (R). An industry’s demand for electricity can 

be written as a function: 

Q
i
d

 
= (P

i
e, Pf, R) 

The total demand (Q
t
d) for electricity can be seen as the aggregate demand from all 

households and all industries that can be written as a function: 

Q
t
d

 
= (P

i
e, Pf, P

h
e, Ps, Y, R) 

Electricity is a normal good and as such the demand for the good increase with a decrease in 

the price and the supply of the good increases with an increase in the price. The supply and 

demand of electricity can be represented by two curves in a theoretical relationship between 

price and quantity on the electricity market. The marginal willingness of the consumers to 

pay for electricity is represented by a downward sloping demand curve. Electricity is 

generated from different sources and in varied scale contributing to a wide range of marginal 

costs for electricity suppliers making the supply curve upward sloping. Suppliers will supply 

electricity as long as the price of the electricity makes it profitable for them to do so.  The 

                                                           
36

 Sorrell et al, [2009] 
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point where the demand curve and the supply curve for electricity cross is the equilibrium on 

the market and the quantity (Q) is sold at the price (P) as can be seen in diagram 6. 

 

 

 

 

 

 

 

 

 

Diagram 6: A theoretical market in equilibrium 

If a tax is added to the electricity price the suppliers will have to increase the price of 

electricity to keep the revenue unchanged and the supply curve will shift to the left. Thus a 

new equilibrium occurs there a lower level of electricity will be demanded by the costumers 

at the new higher price as can be seen in diagram 7. The outcome is depending on the price 

elasticity of the demand curve i.e. how sensitive the market is to changes in the price of 

electricity. The steeper the slope of the demand curve the greater the elasticity. The tax gives 

rise to an allocation inefficiency known as deadweight loss (DLW) marked in green in 

diagram 7. In the case of an environmental tax, which could be seen as a behaviour 

correction tax, the negative impacts on the economy are lessened as there are negative 

externalities associated with the taxed commodity.  
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Diagram 7: A theoretical market with tax added to the price of a good. 
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4. Method 

A model of the electricity demand in EU-27 was constructed, using country data from the 

time period 1998-2008 for all present member states. To predict the electricity demand for a 

short time period, like 24 hours or 365 days (one year), the demand varies cyclical and 

requires very complicated simulation models, however data covering long time periods 

becomes straighter and therefore annual data can be modelled using linear regression.
37

 

4.1 Econometric Specification 

The aggregated electricity demand could for example be explained as follows using the 

variables suggested in the theory where the total quantity (Q) is a function of the price per 

unit of electricity (Pe), the numbers of consumers (N), their aggregated income (Y) and the 

price of substitutes (Ps). 

Q= f (Pe, N, Y, Ps) 

This paper presents a linear regression model using the ordinary least square (OLS) method 

to explain the aggregated electricity demand using a number of different variables presented 

later on in the thesis. If the relationship is supposed to be linear the relationship would looks 

like this, still using only the variables suggested in the theory: 

Q = β0 + β1Pe + β2N + β3Y+ β4 Ps + ε 

Where β0 is the intercept and β1, β2, β3 and β4 are slope coefficients and ε is an error term. 

The β-value with associated plus or minus sign tells how much and in what direction the 

electricity demand   changes then the variable increase with one, assuming all other variables 

are unchanged. The demand is expected to increase as the number of consumers and income 

increase. The demand is also expected to decrease with an increase in the price of electricity 

or a decrease in the price of a substitute good, like diesel. However if the relationship is 

exponential all the data for the variables have to be logarithmic for the model to be linear. 

The changes would be proportional and the model shows how many percent the electrical 

consumption will change with a one percent alteration in the independent variable, giving the 

elasticity of the electricity demand. A model can also be semi-logged which implies that 

some variables but not all are logged. 

                                                           
37

 Sadeghi et al, [2009] 
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4.2 Data 

The data is mainly provided by Eurostat. Eurostat is the statistical office of the EU with the 

task of providing high quality statistical information.
38

 Data is also found in Central 

Intelligence Agency’s (CIA) Fact Book available on-line and on the European Nuclear 

Society’s homepage. The following data is provided by Eurostat if nothing else is stated. 

Each section below describes what data is chosen and why it is relevant for this research and 

may contain more than one variable used in the final model. More detailed information about 

the utilised data sources can be found in appendix III. The annual data from all of the 27 EU 

states has both a temporal and a spatial dimension and extra information can be collected 

from the data as it is panelled.  The data from Eurostat is extensive with some omissions, 

mainly from a few of the newer EU member states. 297 observations (27 countries*11 years) 

are recorded and more than 96.5 percent of the data is available. The missing data gives an 

unbalanced panel which can cause problems however techniques are available to overcome 

these problems.
39

 The temporal data would be of great interest if this study was looking at 

changes over time due to e.g. legislation. There would also be socio-economical advantages 

in letting each country choose their own method of reducing the electricity consumption 

when the panelling of the data could give information about the individual countries’ 

intercept and/or slope depending on which method is used. This aspect favour the utilisation 

of the extra information given by the panelling however this study is not looking at change 

over time as well as an addition of 27 extra dummy variables would lessen the number of 

degrees of freedom and would therefore make it more difficult to get statistical significance 

in the model. Also the estimated price increases that would be needed to decrease the 

electricity consumption in the EU is later to be compared with the marginal costs of 

producing electricity from non-renewable energy sources and this data is available for the EU 

as a whole and not for individual countries, therefore one joint price level is needed. The data 

is therefore pooled and the ordinary least square method is used to estimate one overall price 

level needed to fulfil the target. 

The price of electricity: The electricity prices and how much tax that has been added varies 

for different costumer groups and in different member states. The prices are the consumer 

prices per kWh in euro (EUR) including energy taxes, value added tax (VAT) etc. The 

                                                           
38

 European Commission, Eurostat, [2011a] 

39
 Yaffee. R 
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industry and transport sector generally pay a much reduced price compared to households. 

Therefore an average electricity price is calculated. The household share of the consumption 

is multiplied with the household price of electricity. Likewise the industry & transport share 

of the consumption is multiplied by the industry price of electricity. These two products are 

added to get a nominal average price of electricity. To transfer the prices into real prices, 

constant (2005) EUR, the data is multiplied with the harmonised index of consumer price 

(HICP). There is a specific HICP for electricity in the Eurostat database and it is utilised for 

this variable.  

The number of consumers: The electricity consumers are both households and industry. 

The industry produces goods for the national market and for export. The export is used to 

cover the costs of import therefore the population benefit from the export too. The end 

consumers of the electricity can be seen as the population of the member states. The 

population size in each member state of the EU on the 1
st
 of January each year is set as the 

number of consumers in each country. 

Income: GDP can be a good estimation for the nations’ gross income and this value is used 

to represent income. GDP indicates the standard of living of the population providing 

reasonable degree of equality which can be assumed in the member states of the EU.
40

 

The price of substitutes:  Electricity has no substitute where electricity is essential however 

if electricity is used for direct heating it can be replaced by less pure forms of energy sources 

like natural gas, diesel, coal, wood pellets etc. This is complicated by the fact that these forms 

of energy are also utilised for electricity generation. The price level of other energy sources, 

the substitute for electricity is of importance, however only some are available and only for 

households. The most important energy source is petroleum oil and the price index for “fuels 

and lubricants for personal transport equipment” is the most similar annual data to be found 

in the database and it is chosen to represent the price level of substitutes. 

The economical development: Data of the changes in the member states’ GDP recorded as 

economical growth is chosen to represent the economical development. 

Outdoor temperatures: The electricity consumption is expected to vary with the outdoor 

temperature. Cold days increase the need for heating and as such increase the demand for 

                                                           
40

 Europa, gateway to the European Union,  
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electricity. Hot days increase the need for air conditioning and as such increase the demand 

for electricity. The days that require heating are measured as number of heating degree days 

(HDD)
41*

 and the days that require air conditioning are measured as number of cooling 

degree days (CDD). Eurostat has HDD in their database but no data for CDD in the EU-27 

could be found. 

In addition to these variables the author of this paper thinks it plausible that some other 

variables can affect the electricity demand and wants to test these ideas. The variables are as 

follows: 

Independence in electricity supply: The author of this paper thinks that countries that are 

self sufficient in their electricity supply will use more electricity than if they are not. The 

consumers would be confident in a long run steady supply at a reasonable price. Data for the 

member states’ annual net production of electricity was available in the database. 

Natural fossil energy resources: The author also thinks it plausible that countries with fossil 

fuel resources will have a lower consumption of electricity as other energy sources than 

electricity is likely to be utilised for heating. Data about the member states’ natural recourses 

of oil, coal and natural gas is obtained from CIA’s Fact Book.
42

 If a country’s natural fossil 

energy resources are evaluated by CIA to be of economical benefit and the amount, 

accessibility and quality make it economically viable to extract or excavate at today’s prices 

the dummy variable is set to one.   

Nuclear power: The author of this paper finds it likely that countries that have invested in 

expensive nuclear power technology for major electricity generation to ensure low cost 

electricity for many years to come would consume more electricity than countries that had 

not. Data concerning the countries use of nuclear power is obtained from the European 

Nuclear Society.
43

 Countries with nuclear power stations that provided at least 25 percent of 

the electricity supply are given the dummy variable one.  

                                                           
41

 European
 
Commission, Eurostat

 
[2010c] 

*
”The method for the calculation of heating degree days:(18 °C - Tm) x d if Tm is lower than or equal to 15 °C 

(heating  threshold) and are nil if Tm is greater than 15 °C where Tm is the mean (Tmin  + Tmax / 2) outdoor 

temperature over a period of d days. Calculations are to be executed on a daily basis (d=1), added up to a 

calendar month -and subsequently to a year- and published for each Member State separately” 

42
 The World Fact book 2009, [2009a] 

43
 European Nuclear Society Power generation 
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From the collected data a linear regression model for the demand of electricity in the EU-27 

during 1998-2008 is produced using the OLS method with help of the statistical software 

program Minitab 15. 

 

4.3 Descriptive Statistics 

Romania has had the lowest average electricity consumption (1 719 kWh/capita) and Finland 

the greatest average consumption (15 323 kWh/capita) in the EU-27 during 1998-2008. The 

Czech Republic has the median average electricity consumption (5 151 kWh/capita) which 

can be compared with the target of this study of about 5.2 MWh/capita. See more details in 

table 1. During 1998-2008 the consumers in Bulgaria and Estonia have paid the lowest 

average price for their electricity (0.053 €/kWh) and the consumers in Italy the highest (0.115 

€/kWh) among the states in the EU-27. The consumers in Cyprus have had the greatest price 

span, with both the lowest price (0.033 €/kWh) and the highest price 0.210€/kWh). See more 

details in table 1. 

Country Electricity consumption per year 

kWh/capita 
Average annual price paid for 

electricity 

€ (constant 2005 Euro) /kWh 

Austria 6 749 [6 129-7 165] 0.090 [0.076-0.124] 

Belgium 7 628 [7 256-7 857] 0.102 [0.090-0.155] 

Bulgaria 3 225 [2 883-3 748] 0.053 [0.043-0.067] 

Cyprus 4 907 [3 873-5 871] 0.100 [0.033-0.210] 

Czech Republic 5 151 [4 674-5 587] 0.071 [0.037-0.139] 

Denmark 6 103 [6 013-6 226] 0.079 [0.049-0.126] 

Estonia 4 218 [3 453-5 214] 0.053 [0.039-0.065] 

Finland 15 323 [14 144-16 359] 0.060 [0.042-0.095] 

France 6 538 [6 126-6 774] 0.079 [0.075-0.083] 

Germany 6 114 [5 684-6 407] 0.099 [0.076-0.133] 

Greece 4 355 [3 637-5 051] 0.063 [0.048-0.108] 



21 
 

Hungary 3 102 [2 818-3 417] 0.081 [0.040-0.158] 

Ireland 5 632 [4 792-6 152] 0.091 [0.051-0.176] 

Italy 4 967 [4 477-5 247] 0.115 [0.094-0.158] 

Latvia 2 273 [1 843-2 910] 0.069 [0.047-0.112] 

Lithuania 2 145 [1 757-2 679] 0.062 [0.048-0.081] 

Luxembourg 13 307 [12 539-14 078] 0.088 [0.067-0.128] 

Malta 4 261 [3 724-4 573] 0.071 [0.041-0.149] 

Netherlands 6 300 [5 913-6 653] 0.084 [0.044-0.134] 

Poland 2 704 [2 479-3 082] 0.072 [0.052-0.106] 

Portugal 4 099 [3 348-4 625] 0.101 [0.086-0.129] 

Romania 1 719 [1 507-1 940] 0.088 [0.073-0.103] 

Slovakia 4 299 [3 902-4 585] 0.104 [0.085-0.123] 

Slovenia 5 929 [5 083-6 598] 0.073 [0.057-0.102] 

Spain 5 210 [4 167-5 896] 0.082 [0.067-0.120] 

Sweden 14 484 [14 010-14 936] 0.064 [0.035-0.113] 

United Kingdom 5 617 [5 406-5 769] 0.094 [0.064-0.187] 

Table 1: Descriptive data for electricity consumption and average paid price per unit of electricity for all 

EU-27 member states. The average value during the time period [minimum value – maximum value]. 

In 15 of the 27 EU member states nuclear power was used to generate electricity in 2008. 

France (76 percent) and Lithuania (73 percent) have the greatest share of electricity coming 

from nuclear power generators. Ten of the 27 EU counties lack fossil energy resources. Most 

countries have at least one of the fossil energy resources, natural gas, coal or oil. Italy, 

Rumania and the United Kingdom benefit from all three fossil energy resources. See more 

details in table 2. 
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Country Nuclear power 

share of 

electricity 

production  

Percentage 

Natural gas 

resources  

Coal resources Oil resources 

Austria 0 0 0 1 

Belgium 54 0 0 0 

Bulgaria 33 0 0 1 

Cyprus 0 0 0 0 

Czech Republic 33 0 0 1 

Denmark 0 1 1 0 

Estonia 0 0 0 0 

Finland 30 0 0 0 

France 76 0 0 1 

Germany 28 1 0 1 

Greece 0 0 1 1 

Hungary 37 1 0 1 

Ireland 0 1 0 0 

Italy 0 1 1 1 

Latvia 0 0 0 0 

Lithuania 73 0 0 0 

Luxembourg 0 0 0 0 

Malta 0 0 0 0 

Netherlands 4 1 1 0 

Poland 0 0 0 1 

Portugal 0 0 0 0 

Romania 18 1 1 1 
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Slovakia 56 0 0 1 

Slovenia 42 0 0 1 

Spain 18 0 0 1 

Sweden 42 0 0 0 

United Kingdom 14 1 1 1 

Table 2: Descriptive data over dummy variables for all EU-27 member states. There zero stands for no 

resources and one for resources available according to CIA’s assessment. 

5. Results 

A linear regression model of the electricity demand for EU-27 with six variables and four 

dummy variables is constructed using the OLS method. See table 3. The aims are statistical 

significance of five percent or less and a high degree of explanation.  

The model is modified as the project develops and using data per capita is proving to have 

greater statistical significance than using aggregated country data as well as making more 

sense as the countries differ in population size. The econometric results are also improved 

after transferring the data into logarithms whenever suitable. The depending variable 

“electricity/capita” is logged as well as the following independent variables: “electricity 

price”, “GDP/capita” and “heating degree days”. The independent variable “net electricity 

production” cannot be logged as it contains negative numbers. The independent variables 

“GDP growth” and “price of substitutes” are already in relative terms, “GDP growth” as a 

percentage and “price of substitutes” as an index. It is possible to transfer the latter variables 

into logarithms but the interpretation becomes complicated and is therefore avoided. The 

remaining four variables are all dummy variables.  

The constructed semi-logged model for electricity consumption in the EU looks as follows: 

log Q = β0 + β1 log Pe + β2  log D + β3 log H+ β4Ps + β5E + β6T + β7G+ β8O + β9C + β10N + ε 

there  

Q =  Electricity Consumption/ capita (kWh)  

β0 =  Constant 

Pe =  Average Price of Electricity (€) 
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D =  GDP/capita (€) 

H =  Heating Degree Days  

Ps =  Price of Substitutes 

E =  Net Electricity Production 

T =  GDP Growth  

G =  Natural Gas (dummy) 

O =  Oil (dummy) 

C =  Coal (dummy) 

N =  Nuclear Power (dummy) 

ε =  Error Term 

The econometric test results of the data, see appendix IV, show that none of the independent 

variables are suffering from multicollinearity as can be seen by the VIF values. The plotting 

of the residuals shows that the residuals of the logged data for HDD are funnel shaped and 

therefore the data probably is suffering from heteroskedasticity. The problem manifests itself 

as too large standard errors and the p-values therefore becomes too good while still giving 

unbiased coefficients. The course literature
44

 suggests logging the data as a remedy for 

heteroskedasticity and that action had already been taken. The Durbin-Watson test for serial 

correlation with N=300 and k=11 gives the critical values as dL= 1.70639 and dU = 1.84367.
45

 

This test shows that the logged data for GDP/capita is suffering from some positive serial 

correlation (d =1.27750) while the other variables are either within the critical area or above. 

Serial correlation could be caused by left out variables or the model is incorrectly modelled. 

The model has a high degree of explanation, all variables from theory are included and as the 

serial correlation is only affecting one variable and it is not that grave the model is left as it is. 

The model for the electricity consumption in the EU-27 during 1998-2008 explains 90.8 

percent of the electricity demand per capita. The model predicts an increase in electricity 

consumption with increase in GDP/capita, colder climate and with an increase in self 

sufficiency in the electricity production which all correspond with expected outcomes. The 

model of the electricity consumption shows a decrease in consumption with increased 

electricity prices which follows the theory. The model also shows a decrease in electricity 

consumption with increase in GDP growth which goes against theory. This might be 
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explained by the fact that the energy intensity in the EU’s economy has been reduced by 

almost 17 percent, during 1998-2008.
46

 There have been structural changes in the economy 

during that time period. There has been a shift from industry towards services and within the 

industry sector there has been a shift to less energy-intensive industries, both contributing to 

improving the energy intensity of the EU economy.
47

  Further the model shows that countries 

with resources of natural gas will use less electricity per capita as well as showing that 

countries with natural resources of coal and oil or countries having invested in nuclear power 

generation of electricity will use more electricity per capita. From the results of the model it 

looks like countries with natural gas utilise the gas as heating and cooking fuel while 

countries with oil and coal resources use more of the resources for electricity generating. 

Predictor                Coefficient      Standard 

Error 

Coefficient         

P-value  VIF 

Constant   -1.6835       0.5009    0,001  

Log electricity price       -0.26987      0.05276    0,000   2.888 

Log GDP/capita              1.59322      0.05189    0,000   2.203 

Log heating degree days             0.8143       0.1050      0,000   1.953 

Price of substitutes                       -0.0003244    0.0007146   0.650  1.830 

Net electricity production 0.00000491   0.00000064      0,000   1.413 

GDP Growth         -0.000872     0.005183    0.867   1.572 

Natural Gas   -0.33441      0.02820   0,000   1.664 

Oil   0.02295      0.03604     0,525  2.300 

Coal   0.08575      0.03060     0,006  2.109 

Nuclear Power 0.26304      0.02800     0,000   1.737 

The dependent variable “electricity consumption per capita” is logged 

S = 0.149873   R-Sq = 91.3%   R-Sq(adj) = 90.9% 

Table 3, A model of the electricity consumption per capita in the EU-27 1998-2008. Analysis of the 

collected data using Minitab 15.   
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All variables but three are significant at five percent. The “price of substitutes”, “GDP 

growth” and “oil resources” are far from significant and therefore the model cannot predict 

whether or not changes in these variables have any effect on the electricity consumption. The 

remaining p-values are 0.006 or less than 0.0005.  It is known that the model can have 

problems with heteroskedasticity which means the p-values are too good. However there is 

room for a substantial increase in the latter p-values and they will still be below five percent 

so it is assumed that they are still significant at five percent.  

The model estimates the price elasticity of electricity to be approximately -0.27 not too far off 

from the average -0.55 and well within the span [-2.77 - 0.12] in the comparison study of 

eight studies looking at industrial consumers switching form peak to off peak usage of 

electricity.
48

 These studies are not completely comparable with this study but could be useful 

as an indicator that this is not an extreme result. 

 

5.1 Application of the Model 

It is assumed that the constructed model of the electricity consumption in the EU-27 during 

1998-2008 can be used to predict the future demand for electricity. An increase of the 

electricity price with one percent should according to the model lead to a reduction in 

electricity consumption with about 0.27 percent assuming all other variables stay stationary. 

This study is set on estimating the increase in the price of electricity that would reduce the 

total electricity consumption in the EU with 20 percent by 2020. This corresponds to a 

reduction in the electricity consumption per capita with 23.5 percent, compensating for the 

forecasted population increase of 4.6 percent. The model predicts a price increase of 

approximately 87 percent (23.5/0.26987) to reach the set goal. 

 

The latest long-run marginal costs to be found for electricity generation from RES in the EU 

are from 2005. The information comes from Green-X, a project for deriving optimal 

promotion strategies for increasing the share of RES for electricity production in a dynamic 

European electricity market.
49

 The project is sponsored by the European Commission. To 

find out if an increase in the electricity price of 87 percent would have been enough to make 
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electricity generated from RES competitive in 2005, the marginal costs of electricity 

generation from RES are compared to the electricity price that was paid to the suppliers. In 

2005 suppliers of electricity in EU-25 was approximately €35/MWh as marked with a grey 

vertical line “current market price” in diagram 8. From the information in the diagram it is 

clear that electricity generated from RES could generally not compete with non-renewable 

energy sources on the electricity market of the EU-25 in 2005. The electricity generation 

from biowaste, biomass and biogas were the technologies that had the lowest long-run 

marginal costs and the ones that could cope with the competition however generation costs 

within all groups had great spans. The chosen period of time required for return on the 

investment, the so called payback time altered the outcome, as can be seen in diagram 8. The 

payback time set to lifetime gave lower long-run marginal costs than payback times of 15 

years, indicating that the power generators generally have a longer life expectancy than 15 

years. However the long-run marginal costs were generally still too large to cope with the 

competition regardless of payback period. 

 

 

 

 

 

 

 

 

 

 

Diagram 8: The long-run marginal generation costs for the year 2005 of different RES-E technologies in 

EU-25 countries, data provided by Green-X.
50

 

It was assumed that the information about the long-run marginal costs in EU-25 are also 

applicable to EU-27 as well as it is assumed that all taxes and fees added are proportional so 
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The long-run marginal generation costs for the year 2005 of different RES-E technologies in EU-25 countries – 

based om a default payback time of 15 years (left) and setting the payback time equal to lifetime (right). 
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that an increase of 87 percent on the consumer price also means an 87 percent increase on the 

price paid to the suppliers. Such an increase in the price level of 87 percent, by e.g. an 

environmental tax, would have put the market price at approximately €65/MWh in 2005, 

indicated with a black vertical line in diagram 9.  

The generation plants with the lowest long-running marginal costs, calculated with a lifetime 

payback period, among the wind power generators offshore and onshore, tidal & wave 

generators, hydro power station at large and small scale, geothermal, bio waste, biomass and 

biogas would all have been competitive enough at the new imagined price level. However 

using the sun for electricity generation with solar thermal or photovoltaic technologies would 

still be far from competitive. An 87 percent increase in the price paid to the suppliers, would 

have improved the competitiveness of the RES but still it would not have made a majority of 

the electricity generation plants utilising RES profitable in 2005. 

 

 

 

 

 

 

 

 

Diagram 9: The long-run marginal generation costs for the year 2005 of different RES-E technologies in 

EU-25 countries.
51

 A modification of diagram 8 with addition of the new price paid to the suppliers. 

In 2005, 14 percent of the electricity in EU-27 came from RES.
52

 If the total amount of 

electricity usage is reduced to 80 percent and the total amount of electricity generated from 

RES is kept constant the share of RES would be 17.5 percent (0.14/0.8). The electricity 

generation from RES would have had to be increased with about 14.3 percent ((0.20-
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The long-run marginal generation costs for the year 2005 of different RES-E technologies in EU-25 

countries – based om a default payback time of 15 years (left) and setting the payback time equal to 

lifetime (right). The diagrams have been modified with an addition of a black vertical line indicating the 

new market price (€65/MWh) that has been increased with approximatly 87 percent. 
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0.175)/0.175) or approximately 66 TWh for the share of RES to have become 20 percent.
53

 

This is equivalent to ten times more electricity than was generated by all wind power 

generators in Denmark in 2005.
54

 Whether or not the increase in the price paid to the 

suppliers would have made it possible to produce 20 percent of the electricity from RES in 

2005 remains unknown. However at the higher price level it seems plausible as the conditions 

would have been much improved. 

6. Conclusion 

A model of the electricity consumption in the EU-27 during 1998-2008 is constructed. It is 

assumed that the model is useful and it estimates that an 87 percent increase in the price of 

electricity would reduce the total electricity consumption in 2020 to 80 percent of the total 

electricity consumption in 2005. The RES electricity generation from biowaste, biomass and 

biogas were the technologies that had the lowest long-run marginal costs in 2005 and the 

ones that could cope with the competition on the electricity market at that time. An 87 

percent price increase in the price paid to the suppliers of RES would have made generation 

plants with the lowest long-running marginal costs among the wind power generators 

offshore and onshore, tidal & wave generators, hydro power station at large and small scale, 

geothermal, bio waste, biomass and biogas competitive enough in 2005. Whether or not the 

increase in the price paid to the suppliers would have made it possible to reach a 20 percent 

share of electricity generated from RES remains unknown.  

 

After this study is concluded I realise I could have made two separate models one for each 

group of consumers, household and industry. The market is already divided into two and 

taxing them differently would in theory be no problem.  

In 2008 the Western economies had a big crisis and since when several of the EU states’ 

economies have been struggling. It would be very interesting to see if the data from 2009 and 

2010 would change the model for the electricity demand presented in this paper.  

There are so many unknowns regarding the variables affect on the electricity demand that 

exact predictions are virtually impossible however very high price increases should affect the 
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efficiency of electricity usage and therefore reduce the demand. It is also difficult to predict 

the future, from what has been, not looking at other changes in society. Additionally it is very 

unrealistic to think that all other variables but the price of electricity would stay static. 

However I find it plausible that at almost double the price the general public would do much 

more to be conservative with their electricity consumption. I think a shock increase, rather 

than smaller annual increases, would be needed to reach the goal. I also fear that with time 

the consumers would get use to the higher price level and gradually go back to their old 

habits.  

I assume that the increased utilisation of RES should have encouraged technical advances and 

economies of scale should have lowered the investment costs of electricity generation from 

RES making it more competitive today and in the next decade compared to in 2005. This is 

also forecasted by Green-X.
55

 The fossil energy sources are limited and as the resources are 

getting scarcer the price will increase and alternative energy sources should become more 

competitive. The demand for fossil fuel in the World has constantly increased and is 

forecasted to carrying on doing so, speeding up the depletion.
56

 Uranium is also a limited 

resource with similar problems. The resent nuclear power station accidents in Japan have 

made the general public more concerned about their safety, at least for a time. This could 

make it difficult for governments to get mandate to introduce, expand or replace the member 

states’ nuclear power stations within the EU. This should in turn decrease the supply of 

electricity and therefore increase the price level of electricity making electricity from RES 

more competitive. The switch from non-renewable to renewable should be relatively simple 

in electricity generation compared to other areas of energy utilisation so realistically it should 

shoulder a larger share than 20 percent of the overall aim of EU’s renewable energy policy.  

 

The suggestion in this study of adding extra tax on the electricity prices from non-renewable 

energy sources would make the DWL even greater on the electricity market than today. This 

would be a reduction of the welfare in the economy. In this case it could be seen as a 

behaviour correction tax that makes people choose electricity with less negative externalities 

and also reduce the consumption therefore the loss is lessened. The environment benefits and 

as such the population of the EU will benefit thus welfare is improved. The assumption of an 
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increased price paid to the suppliers of electricity should make more electricity producers 

able to enter the market. This should reduce the dominant companies’ ability to exercise their 

market power, thus benefiting the welfare of the economy. If the DWL in the end would be 

greater or lesser than today is difficult to evaluate.  

 

Increased energy costs, as suggested in this study, would increase the inflation rate which 

would be unwelcome. The artificially high energy costs in the EU would make the industry 

less competitive and unbeneficial to the economy of the EU. The risk of the industry moving 

their production outside of the EU and the other undesirable affects on the economy would 

make the politicians’ choice of a very large environmental tax on non-renewable energy 

sources unrealistic. The EU has chosen an alternative strategy that includes information 

campaigns combined with some kind of economical incentive, like tax reductions, to 

encourage the production to become more energy efficient. The participating companies 

benefit from lower energy bills as well as from the tax reduction or other economical 

insensitive employed. The companies are encouraged to use less energy but if the strategies 

succeed and the demand is reduced so should the prices and therefore all consumers including 

the “free-riders” will benefit.
57

 In the EU there are also schemes to encourage RES parting 

the energy market into two competing markets and as the demand for RES is expected to 

increase the demand for non-renewable energy should decrease and with it the price should 

be lowered and that encourage increased demand of the non-renewable energy by the “free-

riders”.
58, 59

 Neither policy seem to benefit the reduction in energy usage. 

Some forms of energy exist in abundance all around us like the natural movement of the air, 

heat in the air or photons in solar rays. They are common goods, which can be utilised by 

almost anyone. Others like geothermal energy and soil energy require the ownership of land 

but are still easily accessible by many. This should make it very difficult to reduce the energy 

consumption as a whole. When the price of energy goes above the threshold of installing a 

suitable appliance for utilising the freely available energy more energy will be consumed, as 

well as increasing the share of energy from RES which in itself is desirable. The electricity 

price paid by the consumers includes additional charges like environmental tax, VAT, grid 
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fees etc thus the long-run marginal costs for off grid generated electricity can be much greater 

than for commercially generated electricity and still be economically viable. 

 

In the beginning of this project the main obstacle seemed to be the problem of increasing the 

share of energy from RES but as the project progressed and the facts and thoughts about 

energy usage and its sources merged it became clear that it is the reduction of the energy 

consumption in itself that is the main issue.  
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Appendix I: The Expansion of the EU  

 

Map of Europe
60

 and the expansion of the EU 

  

   European Union, EU-15, in 2003
61

  

Germany, France, Italy, the Netherlands, Belgium, Luxembourg, Denmark, Ireland, United 

Kingdom, Greece, Spain, Portugal, Austria, Finland and Sweden 

 

   Member states joining the EU in 2004 – EU-25
62

  

Czech Republic, Cyprus, Estonia, Latvia, Lithuania, Hungary, Malta, Poland, Slovenia and 

Slovakia 

 

   Member states joining the EU in 2007- EU-27
63

  

Bulgaria and Romania 

                                                           
60

 Wikimedia Commons [2010] 

61
 Europa, gateway to the European Union, [2011b] 

62
 Europa, gateway to the European Union, [2011b] 

63
 Europa, gateway to the European Union, [2011b] 

http://europa.eu/abc/european_countries/eu_members/bulgaria/index_en.htm
http://europa.eu/abc/european_countries/eu_members/romania/index_en.htm
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Appendix II: Detailed Calculations 

Below follows the calculations of the reduction in electricity consumption per capita by 2020 

that is needed to reduce the total consumption by 20 percent compared to the consumption in 

2005. This compensates for the estimated population increase of 4.6 percent from 2005 to 

2020. 

 

Electricity consumed in 2005: 3 310 620 GWh 

Population in 2005: 491 132 439 

Electricity per capita in 2005: (3 310 620 GWh/491 132 439)   6 741 kWh 

Eighty percent of the electricity consumed in 2005: 3 310 620*0.8 = 2 648 496 GWh 

Estimated population in 2020: 513 837 632 

Estimated consumption per capita: 2 648 496 GWh/513 837 632   5 154 kWh 

Reduction (kWh): 6 741-5 154 = 1 587 kWh 

Reduction (percent): 1 587/6 741   0.2354       23.5% 

= values from Eurostat’s database 

 

As can be seen from the calculations above the electricity reduction per capita has to be about 

23.5 percent to reduce the total consumption with 20 percent. 
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Appendix III: Detailed Information about the Data Sources  

The data used covered the years 1998-2008 for all EU-27 countries; Austria, Belgium, 

Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, 

Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, 

Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and United Kingdom.  

8.1 Data from Eurostat’s database 

The database was not complete some information was missing for some years or for some 

countries.  

http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database 

 Electricity consumption:  

Supply, transformation, consumption - electricity - annual data [nrg_105a]  

Final Energy consumption, Electrical energy, GWh 

Final Energy consumption - Industry, Electrical energy, GWh 

Final Energy consumption - Transport, Electrical energy, GWh 

Final Energy consumption - Households, Electrical energy, GWh 

Net Imports, Electrical Energy, GWh 

 

 Population:  

Demographic balance and crude rates [demo_gind]  

Population on 1
st
 of January, Total 

 

 Gross Domestic Product, GDP: 

GDP and main components - Current prices [nama_gdp_c]  

Gross domestic product at market prices, EUR per inhabitant 

 

Real GDP growth rate - [tsieb020] 

Growth rate of GDP volume - percentage change on previous year 

 

 Heating Degree Days, HDD: 

Heating degree-days - annual data [nrg_esdgr_a]  

Actual heating degree days 
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 Electricity price 

Electricity price for industrial consumers [ten00114] 

EUR per kWh including taxes 

 

Electricity price for household consumers [ten00115] 

EUR per kWh including taxes 

 

 HIPC 

HICP (2005=100) - Annual Data (average index and rate of change) [prc_hicp_aind]  

Electricity, Annual average index  

Fuels and lubricants for personal transport equipment, Annual average index 

 

8.2 Data from CIA’s database 

https://www.cia.gov/library/publications/the-world-factbook/index.html 

 Natural resources 

https://www.cia.gov/library/publications/the-world-

factbook/fields/2111.html?countryName=&countryCode=&regionCode=%C5%92 

 

 Oil, proved reserves 

https://www.cia.gov/library/publications/the-world-factbook/rankorder/2178rank.html 

 

 Natural gas, proved reserves 

https://www.cia.gov/library/publications/the-world-factbook/rankorder/2179rank.html 

 

8.3 Data from the European Nuclear Society 

Nuclear power 

 Data about which countries in the EU-27 with electricity generation that comes from 

nuclear power and how large share was collected from the homepage of European 

Nuclear Society. 

http://www.euronuclear.org/info/encyclopedia/p/pow-gen-npp-eu.htm 

https://www.cia.gov/library/publications/the-world-factbook/index.html


41 
 

Appendix IV: Minitab Analysis  

Regression Analysis: el capita versus el price, Gdp/capita, ... 
 
The regression equation is 

Log electricity per capita = - 1.68 - 0.270 log electricity price + 1.59 log 

GDP/capita     + 0.814 log HHD - 0.000324 substitutes + 0.000005 net electricity 

production - 0.00087 GDP growth - 0.334 Gas  + 0.0230 Oil + 0.0858 coal + 0.263 

nuclear 

 

 

205 cases used, 92 cases contain missing values 

 

 

Predictor           Coef       SE Coef         T    P      VIF 

Constant         -1.6835      0.5009    -3.36  0.001 

Log electricity price   -0.26987     0.05276   -5.11  0.000  2.888 

Log GDP/capita     1.59322     0.05189   30.70  0.000  2.203 

Log HHD                 0.8143      0.1050     7.75  0.000  1.953 

Substitutes    -0.0003244   0.0007146 -0.45  0.650  1.830 

Net electricity            0.00000491  0.00000064 7.63  0.000  1.413 

GDP Growth            -0.000872    0.005183  -0.17  0.867  1.572 

Gas              -0.33441     0.02820  -11.86  0.000  1.664 

Oil                0.02295     0.03604    0.64  0.525  2.300 

Coal               0.08575     0.03060    2.80  0.006  2.109 

Nuclear            0.26304     0.02777    9.47  0.000  1.737 

 

 

S = 0.149873   R-Sq = 91.3%   R-Sq(adj) = 90.9% 

 

 

Analysis of Variance 

 

Source           DF       SS      MS       F      P 

Regression       10  45.8946  4.5895  204.32  0.000 

Residual Error  194   4.3576  0.0225 

Total           204  50.2522 

 

 

Source        DF   Seq SS 

Log electricity price    1   0.1676 

Log GDP/capita    1  33.9287 

Log HHD             1   4.2376 

Substitutes     1   0.0004 

Net electricity          1   0.0005 

GDP Growth               1   0.1358 

Gas             1   4.8467 

Oil             1   0.2409 

Coal            1   0.3210 

Nuclear         1   2.0154 

 

 

 

Durbin-Watson statistic = 1.89708 
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Durbin-Watson statistic = 1.27750 

 

210-1-2

99.9

99

90

50

10

1

0.1

Residual

P
e

r
c
e

n
t

8.68.58.48.38.2

1.0

0.5

0.0

-0.5

-1.0

Fitted Value

R
e

s
id

u
a

l

0.90.60.30.0-0.3-0.6-0.9-1.2

48

36

24

12

0

Residual

F
r
e

q
u

e
n

c
y

28
0

26
0

24
0

22
0

20
0

18
0

16
0

14
0

12
0

10
0806040201

1.0

0.5

0.0

-0.5

-1.0

Observation Order

R
e

s
id

u
a

l

Normal Probability Plot Versus Fits

Histogram Versus Order

Residual Plots for log electricity/capita vs log Heating Degree Days

 
Durbin-Watson statistic = 2.00504 
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Durbin-Watson statistic = 1.84211 
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Durbin-Watson statistic = 1.84607 

 
 


