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I 

 

ABSTRACT 

 

 

 

 

The purpose of this thesis was to examine industrial electricity use among OECD 

countries and to test for differences in electricity demand between countries that have 

adopted a more sustainable energy mix and those that have not. A model for industrial 

electricity demand was derived and based on this a log linear function was specified. 

OLS regressions were performed, using panel data for 20 OECD countries for the time 

period 1978 to 2006, in order to estimate elasticities of demand. Separate regressions 

were run on two different groups of countries; the first group with a large share of 

sustainable energy in its energy mix while the second group had a smaller share of 

sustainable energy in its energy mix. The results showed that the electricity demand 

elasticities are relatively inelastic and also implied that the countries having more 

sustainable energy is more energy efficient than those with less sustainable energy.  
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SAMMANFATTNING 

 

 

 

 

Syftet med denna uppsats var att undersöka industrins användning av elektricitet bland 

OECD-länder samt att undersöka om det finns skillnader i efterfrågan på elektricitet 

mellan länder som ställt om sin energianvändning till en mer hållbar energimix och 

länder som inte har det. En modell för industrins efterfrågan på elektricitet härleddes och 

utifrån denna specificerades en loglinjär funktion. OLS-regressioner genomfördes utifrån 

paneldata för 20 OECD-länder under tidsperioden 1978 till 2006 för att estimera 

efterfrågeelasticiteter. Separata regressioner kördes också för två grupper av länder; den 

första med en stor andel hållbar energi i energimixen medan den andra gruppen hade en 

mindre andel hållbar energi i energimixen. Resultaten visar att efterfrågeelasticiteterna 

för el är relativt inelastiska och antyder också att länderna med större andel hållbar energi 

är mer energieffektiva än länder med mindre andel hållbar energi. 
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Chapter 1 

INTRODUCTION 

 

 

 

 

1.1 Background 

The global environment and climate change has become an important political and 

economic issue. Scientists have identified rising carbon dioxide levels due to human 

activity as a main cause of global warming. The consequences associated with climate 

change are uncertain, but research indicates that they may be extreme. Political leaders 

have recognized that current energy trends are unsustainable since energy is connected to 

many environmental problems, and governments around the world are implementing 

environmental regulations that tax or price carbon dioxide emissions or significantly 

increase renewable energy production (Cullen, 2008). 

 

The International Energy Agency (IEA) was established within the framework of the 

Organization for Economic Co-operation and Development (OECD) and carries out an 

extensive programme of energy-cooperation among the member countries. Over the last 

three decades environmental issues have been a growing concern and the IEA recognizes 

that greenhouse gas emissions from the energy sector entails particular challenges that 

influence energy agendas. Improved efficiency and a more diversified and clean energy 

mix have been fundamental issues from the beginning of IEA’s work. Among the aims 

are to improve the world’s energy supply and demand structure by developing alternative 

energy sources, to increase the efficiency of energy use as well as to assist in the 

integration of environmental and energy policies.  

 

The industrial sector accounts for about one third of total final energy use in the world. 

Among the industry’s different sub-sectors the raw material production consumes the 

most energy. Industrial energy intensity is measured in energy use per unit of industrial 
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output. The world energy intensity has decreased over the last 30 years within all sub-

sectors and for all regions. But while the industry has become more energy efficient, the 

energy use and emissions of carbon dioxide in absolute terms have increased globally. 

Between 1971 and 2004 the industrial final energy use increased by 61 percent. The 

growth rates have however been different for different sub-sectors (OECD / IEA, 2007). 

 

The development within the IEA countries has been similar to the world development. 

The energy demand within IEA countries has increased steadily since the IEA was 

established in 1974, except during the oil price shocks in 1973-1974 and 1979.  

Economic growth has however grown faster than energy demand. In the year 2000 

producing one unit of GDP required a third less energy than in 1973. This energy savings 

rate has, however, slowed down since 1990 as well as the decline in CO2 emissions 

relative to GDP (IEA, 2004). 

 

Significant changes have taken place in the energy fuel mix over the last 30 years. The 

use of oil in the industry sector has decreased considerably since the 1970’s. During the 

same time period the industrial electricity use has increased significantly and electricity is 

now the most important energy carrier within the industrial sector (IEA, 2004). 

 

The IEA scrutinizes each member country’s energy and environmental policies and 

suggests how to improve the policies in a more sustainable direction. Countries do, 

however, have different energy policies and some countries have come further than 

others in their work for achieving a more sustainable energy mix. Not only the policies 

diverge, the industrial energy demand does also vary across the different countries within 

the OECD (IEA, 2004). 

 

Modeling long-run industrial energy demand and understanding the determinants behind 

it is an important matter. It is necessary when trying to predict future demand for energy 

as well as when forming environmental policy (Adeyemi & Hunt, 2007). Thus, what does 

the long-run industrial electricity demand look like and are there any differences between 

countries with different energy policies?  
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1.2 Purpose 

The purpose of this thesis is to examine industrial electricity use among OECD countries 

and the focus will be on long-run developments in electricity use. Price and output 

elasticities of demand will be estimated. The thesis will also examine whether there are 

any differences between countries that have more sustainable energy in their energy mix 

and those that have less.  

 

1.3 Methodology 

An econometric approach will be applied to analyze the OECD industrial electricity use.  

Time series data on electricity use, electricity and oil prices as well as industrial 

production will be collected for a cross-section of 20 countries and used as a panel data 

set. The theoretical framework for this thesis is theory of factor demand which is used to 

derive a model for electricity demand. Ordinary Least Squares (OLS) regressions will be 

performed using the derived model in order to estimate long-run elasticities. Separate 

regressions will also be done on two different groups of countries. The first group has a 

large share of sustainable energy in their energy mix while the second group has a 

smaller share of sustainable energy in their energy mix.  

 

1.4 Scope and Limitations 

This thesis will focus on the long-run industrial electricity demand within the OECD.  

The limits of this thesis are set by the available data. The data set consists of 20 OECD 

countries and covers the time period 1978 to 2006. The thesis will consider industrial 

electricity use, industrial electricity price, the industrial price of the main substitute, oil, 

and total industrial production. Other variables that may affect electricity demand will not 

be considered in this thesis.       

 

1.5 Outline 

This thesis is divided into five chapters. Chapter 1 has introduced the subject and 

presented the purpose, methodology and scope and limitations of the thesis. After that, 

chapter 2 describes the relevant background and the developments in industrial energy 

use within the OECD. A description of the environmental policy focus and a presentation 



4 

 

of earlier studies are also presented. In chapter 3 the economic theory that underlines the 

thesis is described. The data used and reliability and validity is also commented. Chapter 

4 presents the empirical results and the final conclusions are presented and discussed in 

chapter 5.    
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Chapter 2 

BACKGROUND 

 

 

 

 

This chapter will provide a background that is relevant for the thesis. The developments 

in the OECD countries’ energy use, industrial production over time and developments of 

electricity and oil prices will be described. Furthermore, focuses on energy policy will 

also be described and finally a short summary of earlier studies on the subject will be 

presented.  

 

2.1 Industrial Energy Use in the OECD 

Within the OECD the industrial energy demand has declined somewhat between the 

1970s and today. As a consequence of the oil price shock the demand fell between the 

years 1973 and 1975. From the mid 1970s the energy use increased again and in 1979 it 

reached the pre oil shock level. But in the same year, the 1979 oil price high resulted in a 

significant decline in industrial energy use. The decline lasted until 1983 when the 

demand reached its lowest level. After 1983 the fluctuations in industrial energy demand 

have been less significant but the demand did however have a small peak in the year 

2000. (IEA, 2004).     

 

The industrial demand for oil has declined considerably over time since the 1970s. 

During the period 1973 to 2000 the manufacturing oil use decreased by 62 percent in 

total. The fall in oil demand was a result from the oil price increases in 1973-1974 and 

1979 but the years after the oil price shocks with relatively stable oil prices have also 

been characterized by a decrease in manufacturing oil use. Between 1973 and 2000 the 

gas use increased only slightly while the coal and coke use declined by 29 percent. 

During the same time period the electricity use increased by 65 percent. This 

development has lead to electricity being the most important energy carrier in the 

manufacturing sector today. Electricity’s share in the energy mix increased from 15 
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percent in 1973 to 31 percent in 2000. This is opposite to the decrease in oil use from 31 

percent in 1973 to 15 percent in 2000. Coal and coke along with natural gas accounted 

for 25 percent each of the manufacturing energy use in 1973. But while the coal and coke 

lost 5 percent of its market share gas increased its market share by 5 percent. Figure 2.1 

shows the development of total industrial electricity use for 20 OECD countries for the 

years 1978 to 2006 (ibid). 

 

 

Figure 2.1 Total Industrial Electricity Use 1978-2006 (GWh) 

Source: IEA (2008). 

 

As described above, the final industrial energy mix has undergone important changes 

since the early 1970s. These changes are partly resulting from substitution between the 

fuels due to changes in relative fuel prices. The variations in the energy mix are also 

caused by shifts in industry structure and processes. Finally, the implementation of 

environmental legislation that favors the use of cleaner fuels has also affected the fuel 

mix. The increased share of electricity in the manufacturing fuel mix is not necessarily 

positive for the carbon dioxide emission levels. It might instead cause an increase in 

carbon dioxide emissions from the industrial sector since many countries within the IEA 

use fossil fuels for electricity generation (ibid). 
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2.2 Industrial Electricity Use and Industrial Production 

The industry accounts for about 27 percent of the total OECD energy consumption which 

is significantly less than in the 1970s, when the share was over 36 percent. Just about the 

same figures applies for the shares of electricity use. At the same time electricity has 

increased significantly in the energy mix and now constitutes the largest energy carrier in 

the industrial sector. The aggregate energy use per unit of output has decreased 

significantly between the years 1973 and 2000. This is a result from both reduction in 

energy intensities and structural changes (ibid). Figure 2.2 below shows indices of 

industrial electricity use and industrial production.    

 

 

Figure 2.2 Industrial Production and Industrial Electricity Use 1978 -2006, index 

1978=100. 

Source: OECD Stat (2009) and IEA (2008). 

 

As seen in figure 2.2 above, the output from industrial production and electricity use 

follow each other in a similar way between the years 1978 and 1993. After that the 

industrial production increases more steeply while the industrial electricity use does not 

follow in a similar pattern. The difference between them increases with time.  
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2.3 Electricity and Oil Prices  

Energy prices are of great importance for the global economy and the IEA focuses on 

energy prices within their work for energy security (IEA, 2007). The price for electricity 

can fluctuate due to factors such as precipitation, temperature, fuel prices and prices on 

emission permits (Statens Energimyndighet, 2009). The modern electric utility industry 

began in the 1880’s and during almost a century the prices for electricity fell in real 

terms. In the 1970’s, however, rising fuel prices, troubled nuclear programmes and other 

problems caused electricity prices to rise (Al-Sunaidy & Green, 2006). The electricity 

prices have been quite stable compared to the oil prices but vary substantially across the 

OECD countries (IEA, 2004). Indices of electricity and oil prices are shown in figure 2.3. 

 

 

Figure 2.3 Price Indices of Electricity and Oil 1978-2006, index 1978=100 

Source: IEA (2009). 

 

Between 1973 and 1974 the Arab oil embargo caused oil prices to increase dramatically 

and the prices continued to increase further in 1979 due to supply disruptions resulting 

from the Iran-Iraq war. Another price peak occurred in 1981 after the Iranian revolution 

and prices reached an all-time high. Consequently, the industrial sector faced significant 

price hikes and in the late 1970s and early 1980s industrial oil prices increased by over 

200 percent compared to the price levels just before the price shocks. The prices began 
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falling in 1983 and decreased considerably in 1986 when Saudi Arabia increased its oil 

production significantly. The prices continued falling and in 1987 they reached the same 

level as before the price shocks. Since the mid 1980’s there have been only small price 

fluctuations until the late 1990’s. The Asian financial crises caused OPEC to increase the 

oil production and as a result the prices started to decline in 1997. After that the prices 

have increased again due to a more restrictive production by the OPEC (IEA, 2004).     

 

2.4 Environmental Policy Focus 

Over the last three decades environmental issues have been a growing concern and in line 

with this the IEA was created by the OECD countries to promote and improve energy-

cooperation among the member countries. The IEA recognizes that greenhouse gas 

emissions from the energy sector entail particular challenges that influence energy 

agendas in the environmental work. The organization scrutinizes each member country’s 

energy and environmental policies and suggests how to improve the policies in a more 

sustainable direction (IEA, 2004). The Yale Center for Environmental Law and Policy 

together with the Center for International Earth Science Information Network tracks 

national environmental results on a quantitative basis. The results for each country are 

ranked for different environment related categories and the idea is to provide a way to 

improve environmental policy. It is recognized that much of the problems with 

greenhouse gas emissions are resulting from fossil fuel burning and therefore energy is a 

fundamental policy category analyzed within the environmental performance index. This 

policy category is based on share of renewable energy production as percentage of total 

domestic energy consumption, energy consumption per GDP and carbon dioxide 

emissions. These measures provide an assessment of each country’s progress toward a 

sustainable energy future with a reduced exposure to climate change (Yale Center for 

Environmental Law & Policy, 2006). 

 

The aim of this thesis is to examine whether there are any differences between countries 

that have more sustainable energy in their energy mix and those that have less. In order to 

do this, the countries studied are divided into two groups of countries based on the EPI 

ranking. In the EPI ranking, the countries have been ranked according to their respective 
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score starting with the best scoring countries at the top. Those countries with a score 

placing them on the upper half of the list are put in group 1 and those on the lower part of 

the score list are placed in group 2. The countries in group 1 were those with higher 

scores and better sustainability performance; Austria, Denmark, Finland, France, 

Germany, Italy, Japan, Norway, Spain, Sweden, Switzerland and the United Kingdom. 

Group 2 were the ones with lower scores; Belgium, Canada, Greece, Hungary, 

Luxembourg, Mexico, the Netherlands and the United States.    

 

2.5 Literature Review 

Adeyemi and Hunt (2007) modeled OECD industrial energy demand using panel data for 

15 OECD countries over the time period 1962 to 2003. They employed an econometric 

approach to explore the issue of energy-saving technical change and asymmetric price 

responses. Three models were applied; model 1 (asymmetry with no time effects), model 

2 (symmetry with time effects) and model 3 (asymmetry with time effects). The results 

were obscure but a cautious conclusion was that OECD energy demand shows 

asymmetric price responses but no exogenous energy-saving technical change. Taking 

model 1 as the preferred model suggested that the estimated long-run income elasticity of 

OECD industrial energy demand is 0.8. Furthermore the estimated long-run elasticity of 

OECD industrial energy demand with respect to a price rise above the previous 

maximum and with respect to a price rise below the previous maximum are −0.5 and −0.6 

respectively, whereas the estimated long-run elasticity of OECD industrial energy 

demand with respect to a price cut is −0.3. 

 

Liu (2004) estimated price and GDP/income elasticities of a number of energy goods in 

OECD countries for the time period 1978 to 1999. He used a panel data set and applied a 

one-step GMM (generalized method of moments) estimation method which was 

suggested by Arellano and Bond in 1991. The energy demand was specified by a partial 

adjustment model. Liu found that the applied estimator gave more intuitive results in 

terms of sign and magnitude than conventional OLS and Within estimator. The results 

showed that for electricity, natural gas and oil demand, price elasticities were in general 

larger while GDP/income elasticities were lower in the residential sector than in the 
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industrial sector. Compared to results from earlier studies the paper gave lower values for 

price elasticities but the long-run GDP/income elasticities were quite similar to those 

found in earlier studies, around unity in general. 

 

This study will examine long-run demand for electricity for OECD countries. As opposed 

to the studies mentioned above, this study will also make an attempt to look at differences 

in electricity demand between countries with different environmental policy work. The 

study will include a comparison between two groups of countries; those with a more 

sustainable energy mix and those with a less sustainable energy mix. In order to 

distinguish any differences in electricity demand between these countries the econometric 

regressions will be run separately for the two groups of countries.   
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Chapter 3 

THEORY 

 

 

 

This chapter presents the economic theory and econometrics used in the thesis. Theory of 

factor demand is presented and demand- and cost functions are derived. After that, 

theory of price, cross-price and output elasticity of demand is explained. Panel 

regression methods are described and the model specification used in this thesis is shown 

and described. Finally the data set is presented.    

 

3.1 Theory of Factor Demand 

Inputs used by firms for production of output are called factors of production. These are 

usually divided into categories such as labor, capital, land, raw materials etc. The 

relationship between the factors of production and the maximum output that can be 

produced with them can be expressed by a production function. A fundamental 

assumption in economics about firms is that their goal is to achieve maximum economic 

profits. Thus, profit maximizing firms choose both their inputs and outputs in such a way 

that the difference between the total revenues and the total economic costs is as large as 

possible. The firms’ decision making problem is to choose a profit maximizing level of 

output which is determined by the inputs they choose to employ. This relation is 

summarized by the production function (Nicholson, 2005).  

 

The production function in this thesis shows the maximum quantity of output     that 

can be produced using different combinations of capital    , labor     and energy     

where energy     is a function of electricity      and its primary substitute oil      . 

The production function can thus be written as: 
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Part of profit maximization is cost minimization. The process of cost minimization 

creates an implicit demand for inputs. This is reflected in the firms’ total cost functions 

(Nicholson, 2005). The production structure presented above can be described by the 

following cost function:  

 

                                                                                                                                                                                                          

 

This thesis will apply some restrictive assumptions about production. It is assumed that 

the production function is weakly separable in capital, labor and energy. This implies that 

the energy mix is independent from the size of capital and labor (Pindyck, 1979). By 

using this assumption about weak separability the variables capital and labor can be 

excluded from the model and we can state a new cost function for energy: 

 

                                                                                                                                        

 

Now, from this function the contingent demand function for any input can be derived 

using Shephard’s lemma. This is done by differentiating the cost function with respect to 

the factor prices     and      resulting in the partial derivatives; (Shephard, 1953). 

 

                                                                                                                                         

 

                                                                                                                                        

 

These are the demand for electricity and oil respectively. Demand for each input is 

dependent on its own-price, the price of the substitute and output. This thesis will focus 

on the electricity demand according to the function (3.4).  

 

3.2 Demand Elasticities 

Elasticities are applied in economics to measure responses to changes in prices and 

output. It focuses on the proportional effect of a change in one variable on another. The 

advantage is that elasticities are independent of units.  
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3.2.1 Price elasticity of demand 

The own price elasticity of electricity demand measures the proportionate change in 

quantity demanded responding to a proportionate change in the own price, in this case 

electricity. If the elasticity is equal to one, the demand is unit elastic. If it is less than one 

it can be said to be inelastic or price insensitive. And if it is larger than one, the demand 

is elastic, sensitive to price changes. The sign of the own price elasticity is usually 

negative since demand curves tend to have a negative slope. The own price elasticity of 

electricity demand can be defined mathematically as: 

 

       
 

      

        
 

   

    
 
   

  
   

 

3.2.2 Cross-price elasticity of demand 

The cross-price elasticity of electricity demand shows the proportionate change in the 

quantity of electricity demanded in response to a proportionate change in the price of the 

substitute, oil. The cross-price elasticity can be defined mathematically as: 

 

        
 

      

          
 

   

     
 
    

  
 

 

The sign could be either positive or negative. A positive sign implies that the goods are 

substitutes. This would mean that when the price for oil increases, the demand for 

electricity increases. If the sign is negative, the oil and electricity would instead be 

complements. Then an increase in the price for oil would result in a decrease in electricity 

demand.  

 

3.2.3 Output elasticity of demand 

The output elasticity of electricity demand measures the proportionate change in the 

demand for electricity in response to a proportionate change in total industrial production. 

The sign is usually positive since an increase in production normally requires more 

inputs. It is written mathematically as: 
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3.3 Panel Regression Methods 

Panel data have both cross-sectional and time series dimensions and the application of 

regression analysis to fit econometric models is more complex than that for simple cross-

sectional data sets. There are on the other hand advantages with applying panel data sets. 

It has been recognized that using panel data, considering variations both across time and 

individual countries, is more efficient in estimation than using either pure cross-section or 

pure time series data only (Dougherty, 2007). 

 

A standard panel data specification is:  

 

                            

 

   

 

   

                                                                              

 

  is the dependent variable, the    are observed explanatory variables and the    are 

unobserved explanatory variables. The index   refers to the unit of observation (in this 

case the country) and the   refers to the time period (in this case the year). The   and   are 

used to differentiate between different observed and unobserved explanatory variables.    

is the disturbance term and    is a trend term allowing for a shift in the intercept over 

time (ibid). 

 

The unobserved explanatory variables    cause unobserved heterogeneity. It is usually 

reasonable to believe that the unobserved heterogeneity is unchanging and hence do not 

need a time subscript.  Because these variables are unobserved there is no reason for 

obtaining information about the component       . If this component is correlated with 

any of the    variables, the regression estimates from a regression of   on the    

variables will be subject to unobserved heterogeneity bias. However, if the known 

observed explanatory variables    capture all the relevant characteristics of the 
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individual, there will be no relevant unobserved characteristics. In such a case the 

component of unobserved characteristics can be dropped and a pooled OLS regression 

may be used to fit the model. In this way all the observations for all of the time periods 

are treated as a single sample (ibid). 

 

3.4 Model Specification 

Based on the cost function derived in equation (3.4) a log linear model for electricity 

demand is specified. The model includes time dummy variables and country dummy 

variables. The reason for this is to capture long-run energy demand trends and to make 

the regression estimates more efficient. The equation is specified as: 

 

                 
          

                 

   

   

      

   

   

                   

 

   is a constant and the other  s and the  s are parameters.   is the total number of 

countries and   represents each country where  =1 is Austria,  =2 is Belgium until  =20 

which is the United States. The country dummy variables are represented by   . A 

dummy variable is included for each country where the first country is set equal to one 

and the rest to zero, the second dummy variable is set to one for the second country and 

zero for all the other and so forth.   is the total number of years and   represents each 

year. The time dummy variables are represented by    where the first dummy has the 

value one for the first year, 1978, and the value zero for the rest of the years. The second 

dummy has the value one for the second year, 1979, and is set to zero for the rest of the 

years and so forth. The     is the disturbance term which captures unexplained variation 

in the dependent variable. 

 

3.5 The Data Set  

For this thesis time series data on industrial electricity use, electricity and oil prices as 

well as industrial production has been collected for a cross-section of 20 countries and 

used as a panel data set. All data is annual and covers the years 1978 to 2006. The 

aggregated statistical data on total industrial electricity use in the 20 OECD countries is 
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collected from the IEA (2008) where the electricity use is measured in GWh. Data on 

industrial electricity and heavy fuel oil prices are both collected from the IEA (2009) and 

consist of real price indices. Statistics on industrial production were collected from 

OECD Stat Extracts (2009) which also constitutes an index. The variables are presented 

below in table 3.1 to roughly describe the main features of the data in its original form. In 

the regressions a logarithmic function was used. 

 

Table 3.1 Descriptive Statistics 

Variables Min Max Mean 
Standard 

Deviation 

In the 

Regressions 

Ind. Electricity Use 2 249 1 142 111 117 430,85 200 067,019 LOG_USE 

Electricity Price 28,421 200,771 117,240 28,069 LOG_PEL 

Heavy Fuel Oil Price 9,183 227,363 87,957 36,540 LOG_HOIL 

Industrial Production 35,038 109,882 77,620 17,289 LOG_PROD 
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Chapter 4 

RESULTS AND ANALYSIS 

 

 

 

 

In this chapter the results from the econometric estimations are presented. The method 

used was Ordinary Least Squares regressions on the specified model. The regressions 

were first made on the data for all of the 20 countries. Then separate regressions were 

run on the countries in group 1 and the countries in group 2 in order to examine any 

differences in electricity demand between the countries with a high sustainable energy 

mix and those with less sustainable energy mix . The results are presented in this order. 

 

4.1 Long-run Regressions  

In this chapter tables with the coefficients estimated through the OLS regressions are 

presented. The purpose of this thesis was to look at industrial long-run electricity demand 

and to estimate own, cross-price and output elasticities of demand. As described earlier in 

chapter 3 the sign of the own price elasticity of demand is usually negative since demand 

curves tend to have a negative slope. For substitutes, the cross-price elasticity of demand 

is expected to be positive since an increase in the price for one good normally leads to an 

increase in demand for its substitutes. For the output elasticity of demand the sign is 

usually positive since an increase in production generally requires more inputs. For the 

purpose of this thesis a logarithmic model with country and time dummy variables was 

specified. One characteristic of log models is that the values of the coefficients can be 

interpreted as elasticities. Below the elasticities are presented along with some statistical 

information. The results from the dummy variables will not be presented in this chapter.   

 

4.2 All Countries 

Equation (3.7) was used to estimate long-run elasticities for all the OECD countries in the 

panel data set from the years 1978 to 2006. The results are shown in table 4.1. 
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Table 4.1 Regression Results for All Countries  

 
Coefficient t-value 

Constant 8,337
***

 32,261 

Own Price Elasticity of Demand -0,143
***

 -4,345 

Cross-price Elasticity of Demand 0,093
***

 4,148 

Output Elasticity of Demand 0,392
***

 6,894 

Number of observations 580 
 

Adjusted R
2 

0,991 
 

F-statistics 1348,49 
 

* Statistically significant at a 10 percent level 

** Statistically significant at a 5 percent level 

*** Statistically significant at a 1 percent level  

 

The regression results in the table above show that all of the elasticities are statistically 

significant at a one percent significance level and they have the expected signs. The 

coefficient for the own price elasticity of demand has a negative sign. The result thus 

implies that a one percent increase in the price for electricity, ceteris paribus, will result 

in a 0,143 percent decrease in industrial demand for electricity. This could be interpreted 

in such a way that the industrial sector, within the OECD countries studied, are fairly 

price insensitive. The other coefficients are positive. The results suggest that if the price 

for oil would increase by one percent, the demand for electricity would increase by 0,093 

percent. The demand for electricity is not affected much at all by changes in industrial oil 

prices. The reason for this could be that it might be difficult to switch from oil to 

electricity as energy source. Furthermore, a one percent increase in industrial output 

would yield a 0,392 percent increase in electricity demand. The output elasticity of 

electricity demand is thus relatively inelastic and price insensitive. 

 

4.3 Group 1 Countries 

Separate regressions were run for countries with high sustainable energy scores and 

countries with low sustainable energy scores for the time period 1978 to 2006 to test for 

differences in electricity demand between the two groups. The data on the first group 

consists of 12 countries; Austria, Denmark, Finland, France, Germany, Italy, Japan, 
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Norway, Spain, Sweden, Switzerland and the United Kingdom. The results for the first 

group of countries with the high sustainable energy scores are presented in table 4.2 

below. 

 

Table 4.2 Regression Results for Group 1 

 
Coefficient t-value 

Constant 8,81
***

 36,555 

Own Price Elasticity of Demand -0,022 -0,693 

Cross-price Elasticity of Demand 0,021 0,775 

Output Elasticity of Demand  0,203
***

 3,673 

Number of observations 348 
 

Adjusted R
2 

0,994    
 

F-statistics 1330,57 
 

* Statistically significant at a 10 percent level 

** Statistically significant at a 5 percent level 

*** Statistically significant at a 1 percent level  

 

The elasticities for own price elasticity of demand and cross-price elasticity of demand 

are statistically insignificant. They do, however, show the expected signs and that would 

imply that a one percent increase in electricity price would cause a small decrease in 

electricity demand and a one percent increase in the oil price would induce a small 

increase in the demand for electricity. The elasticity of output elasticity of demand is 

statistically significant and the result suggests that if the industrial production increases 

by one percent, ceteris paribus, the industrial electricity demand will increase by 0,203 

percent. The output elasticity of electricity demand for the group 1 countries turns out to 

be slightly more inelastic than for the regression on all the countries above.  

 

4.4 Group 2 Countries 

The model specified in equation (3.7) was also used for estimating the elasticities for the 

low score sustainable energy countries in group 2 for the time period 1978 to 2006. The 

group consisted of 8 countries; Belgium, Canada, Greece, Hungary, Luxembourg, 

Mexico, the Netherlands and the United States. The results are shown in table 4.3. All the 
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elasticities for these countries were statistically significant and the coefficients show the 

expected signs. The negative own price elasticity of demand implies that a one percent 

increase in electricity price would yield a 0,362 decrease in industrial electricity demand. 

The coefficients for the cross-price and output elasticity of demand are both positive. The 

interpretations of the results are that a one percent increase in the oil price yields a 0,225 

percent increase in electricity demand and a one percent increase in industrial output 

would result in a 0,802 percent increase in electricity demand. The result for output 

elasticity of demand is relatively inelastic but also fairly close to being unit elastic and 

this diverges from the output elasticity results in the regressions on all countries and the 

group 1 countries.       

 

Table 4.3 Regression Results for Group 2 

 
Coefficient t-value 

Constant 7,491
*** 

13,42 

Own Price Elasticity of Demand -0,362
*** 

-5,418 

Cross-price Elasticity of Demand 0,225
*** 

5,139 

Output Elasticity of Demand  0,802
*** 

6,588 

Number of observations 232 
 

Adjusted R
2 

0,990 
 

F-statistics 624,64 
 

* Statistically significant at a 10 percent level 

** Statistically significant at a 5 percent level 

*** Statistically significant at a 1 percent level  

 

4.5 Comparison 

In the first group the own price elasticity indicates that the electricity demand is affected 

quite little by an increase in electricity price. This would mean that the countries that 

have altered their energy use to a mix with more sustainable energies are fairly price 

insensitive. This also applies for the cross-price elasticity; an increase in the heavy oil 

fuel price does not increase the electricity demand very much. The most explanatory 

variable in both groups is the industrial production. It is however much lower for the 

countries in the first group than for those in the second. This implies that an increase in 
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production leads to a smaller increase in electricity use than would a production increase 

by the countries in group two.  

 

For the second group of countries the result of the own price elasticity show that these 

countries’ electricity demand is affected more than those in group one by an increase in 

electricity price. Also the cross-price elasticity was higher, indicating that the countries in 

the second group are more sensitive to changes in oil prices than those in the first group. 

The OLS regression results show clear differences in the elasticities for the two 

categories of countries. It is, though, quite difficult to say for certain if the differences are 

only resulting from the fact that the energy policies and energy mixes are different. Other 

factors do most likely also explain the differences. Part of the results are of course not 

valid since both the own price elasticity and the cross-price elasticity for the countries in 

the first group are statistically insignificant.  
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Chapter 5 

CONCLUSIONS 

 

 

 

 

The purpose of this thesis was to estimate long-run industrial electricity use among 

OECD countries between the years 1978 to 2006. A demand function was derived for the 

total industrial electricity demand using panel data on industrial electricity use, electricity 

and oil prices and industrial production for 20 countries over 29 years. The purpose was 

also to examine whether there are any differences between countries that have altered 

their energy mix in a more sustainable direction and countries that have not to the same 

extent. A log linear demand function was specified with time as well as country dummy 

variables and OLS regressions were run for all countries together and separately for the 

two groups of countries. 

 

For the regression on all countries together all of the elasticities were statistically 

significant at a one percent significance level and the coefficients had the expected signs. 

The long-run own price elasticity of demand is inelastic and so is the cross-price 

elasticity of demand. The variable with the most important explanatory power was the 

output elasticity of demand.    

 

The regressions for the two groups of countries indicated that there are differences 

between the two country groups. The countries that have changed to a mix with more 

sustainable energy seem to show quite inelastic own price and cross-price elasticities of 

demand. For the group of countries that have not adjusted their energy mix in a 

sustainable direction as much the results show that their electricity demand is affected 

more by changes in electricity and oil prices but these elasticities are also inelastic.   

 

The most explanatory variable in both groups is the industrial production. It is however 

much lower for the countries in the first group than for those in the second. This would 
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imply that an increase in production leads to a smaller increase in electricity use than 

would a production increase by the countries in group two. This could be a result of 

better energy efficiency or the use of other energy sources than those examined in this 

thesis among the countries in group one. The elasticities for the own price elasticity and 

the cross-price elasticity of demand for the countries in the first group were however 

statistically insignificant.   

 

As the results indicate differences in electricity demand between the groups of countries 

with different sustainability in energy mixes it might be interesting to further investigate 

the underlying reasons for this, taking different industry structures into account for 

example. The study could also be conducted in an improved way by for example 

applying a demand model taking other factors such as capital, labor, raw materials and 

other energy substitutes into account. Of course the study could be executed in a more 

satisfying way by using an improved specification of the econometric model.      
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APPENDIX 1 

 

 

 

 

List of All Countries 

 

1. Austria 

2. Belgium 

3. Canada 

4. Denmark 

5. Finland  

6. France  

7. Germany 

8. Greece 

9. Hungary 

10. Italy  

11. Japan 

12. Luxembourg 

13. Mexico 

14. Netherlands 

15. Norway 

16. Spain  

17. Sweden 

18. Switzerland 

19. United Kingdom 

20. United States 
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APPENDIX 2 

 

 

 

 

High Sustainable Energy  

Score Countries 

 

1. Switzerland 

2. Austria 

3. Denmark 

4. Italy 

5. Japan 

6. France 

7. Sweden 

8. Germany 

9. Spain 

10. United Kingdom 

11. Norway 

12. Finland 

Low Sustainable Energy 

Score Countries 

 

1. Netherland 

2. Greece 

3. Belgium 

4. United States 

5. Hungary 

6. Mexico 

7. Canada 

8. Luxembourg
1
 

 

                                                 
1
 Luxembourg was not included in the EPI 

ranking but can be assumed to be among the low 

scoring countries since it has the lowest share of 

renewable energy in the EU (Eurostat, 2007). 


