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I 

ABSTRACT 

 

 

 

 

The purpose of this thesis is to derive and estimate a demand function for Swedish 

industrial electricity use, and to investigate changes in demand patterns over the time period 

1960 - 2006. The thesis employs data on the industrial electricity use, electricity and oil 

prices and data on the value of production, and specifies a log linear function which is used 

running OLS regressions. The data are divided into two time periods, 1960 - 1992 and 1993 

- 2006 in order to test for structural change. The demand for electricity is during the first 

time period highly dependent on total industrial production, while during the second period 

that relationship has weekend substantially. The explanation is mainly a more efficient use 

of electricity. The own price elasticity of electricity demand and the cross price elasticity of 

demand have gone from being insignificant in the first time period to statistically 

significant in the second time period, implying that industrial electricity demand has 

become more price sensitive over time. 



II 

 

SAMMANFATTNING 

 

 

 

 

Syftet med denna uppsats är att ta fram och estimera en efterfrågefunktion för svensk 

industris elanvändning, samt undersöka strukturella förändringar i efterfrågan under 

perioden 1960 - 2006. Uppsatsen nyttjar data över industrins elanvändning, elpriser och 

oljepriser samt data över industrins produktionsvärde. En loglinjär funktion används för 

regressionerna. Datasetet är indelat i två tidsperioder för att kunna testa modellen för 

strukturella skillnader, 1960 - 1992 samt 1993 - 2006. Industrins efterfrågan på elektricitet 

var under den första perioden framförallt beroende av produktionsnivån inom industrin 

medan det sambandet försvagats under den andra perioden, detta förklaras framförallt 

genom en mer effektiv elanvändning. Slutligen har egenpriselasticiteten och 

korspriselasticiteten gått från att vara insignifikanta till att bli signifikanta med förväntade 

tecken. Detta tyder på att industrins efterfrågan på elektricitet har blivit mer priskänslig 

över tiden vilket kan förklaras av en högre flexibilitet i produktionen vilket underlättar 

substitution mellan olika energi. 
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Chapter 1 

INTRODUCTION 

 

 

 

 

1.1 Background 

Although total industrial production in Sweden has increased heavily, the industries’ total 

use of energy has been close to constant during the last 35 years. This is a result of 

technological progress that has taken place within the industry and has made the production 

more energy efficient. In 2006 the industry used about 39 % out of the total energy 

delivered in Sweden (Statens Energimyndighet, 2007b). 

 

Following the oil crises in 1970, the use of oil has decreased substantially. In 1970 the oil 

accounted for 48 % out of total energy use in the industry, a share which can be compared 

to 13 % in 2006. The oil has been replaced with other energy carriers, e.g., electricity, and 

over the same time period the share of electricity increased from 21 % to 48 %. The 

industry uses about 12 times more electricity today than it did in 1936 (Statens 

Energimyndighet, 2007b). In the short run, electricity use is dependent on the level of total 

output. In the long run it is also dependent on taxes, prices, technological progress, 

investments, a more efficient electricity use and changes in the industry composition 

(Schön, 2000). 

 

Due to the global environmental situation efficient energy use is of great importance. The 

Swedish government finished their work on the energy effectiveness inquire on the 18th of 

November in 2008. The purpose of the inquiry (N M 2006:06) is to propose how to 

implement the European Parliament and Council Directive (2006/32/EG) on a higher 

efficiency in the end use of energy and in energy services. The proposal should include 

measures and policy instruments needed for reaching the target specified under Article 4 of 

the Directive. How to reach the target is up to each and every union member, therefore, 
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every member country should hand in a proposal for the first National Energy Efficiency 

Action Plan (NEEAP), as required by Article 14 of the Directive (SOU 2008:10, 2008). 

When the government decides on what policies should be used in order to increase 

efficiency in industrial electricity use, it must consider the variables that affect the 

industrial demand for electricity. Disturbances in supply or rising prices affect production 

and economic growth. Therefore, an estimation of the electricity demand and knowledge 

about the magnitude of the demand elasticities should give the government a greater 

understanding on how they can intervene in the electricity market. Thus, what variables are 

the driving forces of industrial electricity demand?   

 

1.2 Purpose 

The purpose of this thesis is to examine electricity use in the Swedish industry. Particular 

attention is given to the price and output elasticities of electricity demand and to structural 

changes in demand patterns over the time period 1960 - 2006.  

 

1.3 Methodology 

Historical data on electricity use, electricity and oil prices and overall production in the 

Swedish industry will be examined and a factor demand model will be derived. For the 

purpose of this thesis the theoretical framework considers an econometric approach 

applying a log linear function using time series data. Through the use of a Chow test the 

model is tested for one exogenous structural break. This permits tests of whether demand 

patterns in two separate time periods are equal or if they are subject to structural changes.  

 

1.4 Scope and Limitations 

This thesis will mainly consider the total use of electricity in the Swedish industry and 

therefore, it will not consider details on specific sectors within the industry. The paper will 

as well look at the industry price of electricity and the industry price of the substitute, oil. 

Other substitutes are for modelling purposes excluded. Moreover, it will consider the value 

of production for the Swedish industry. Other variables that may influence the demand for 

electricity are excluded. The data available will set the limits of this thesis; the data set 

extends in time from 1960 - 2006. Both the words energy and electricity will be used 
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throughout this paper, energy is not used as a synonym for electricity but rather as a word 

that applies to both electricity and other energy carriers. 

 

1.5 Outline 

The thesis is divided into five chapters. Chapter 2 describes the relevant background and 

includes an overview of the industrial historical use of electricity, developments in the 

electricity market, policy relevance and a presentation of earlier studies. Chapter 3 presents 

the theoretical framework that underlies the thesis. Data and reliability and validity are also 

presented in this chapter. In chapter 4 the empirical results are presented and analysed. 

Chapter 5 presents and discusses the final conclusions. 
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Chapter 2 

INDUSTRIAL ELECTRICITY USE IN SWEDEN 

 

 

 

 

This chapter will present the background relevant to this thesis. It will start by providing 

general information about the historical development of the industrial use of electricity and 

today’s use of electricity in the Swedish industry. It will continue to present some 

information about the industrial production and the real electricity and oil prices. Moreover, 

the policy relevance of the subject will be discussed and finally the chapter will provide a 

presentation of a number of earlier studies within this research field. 

 

2.1 Historical Development of the Industrial Use of Electricity 

Ever since the breakthrough of the high voltage techniques in the 1890s electricity and 

electrotechnological industry have been of great importance for the Swedish industrial 

development. Early on Sweden developed many energy intense industries such as iron and 

steel works and pulp and paper mills. The development of energy intense industries took 

place due to access of natural resources. Sweden did not have any deposits of fossil fuels 

but had a great supply of water power which gave the country strong incentives to invest in 

electrotechnological equipment and develop a system of generation and transmission of 

electricity. The development of a domestic electrotechnological industry became the spine 

of Swedish industrialization from 1890 and onwards (Schön, 2000).  

 

Swedish industry has been using energy in mainly two forms: as mechanical energy and as 

thermal energy in heat processes. Due to Sweden’s reliance on energy intense industries, 

such as iron and steel works and pulp and paper mills, heating has been of great 

importance. The electrification of mechanised processes increased rapidly in the beginning 

of the twentieth century. Almost 75 % of the motive power was electrified by 1920, and by 

1950 the electrification was complete. Electrification of thermal processes were slower, the 
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energy intense industries of iron, steel, pulp and paper consumed more than 50 % of all 

energy in Swedish manufacturing industry and they were dependent upon fuels in the 

heating processes. In the 1930s and 1940s one wave of electrification occurred and another 

wave of electrification and reduction in the use of primary fuels occurred in the 1970s and 

1980s (Schön, 2000).  

 

Following the oil crises in the 1970s, use of oil has decreased substantially. In 1970 the oil 

accounted for 48 % out of total energy use in the industry, which can be compared to 13 % 

in 2006. The oil has been replaced with other energy carriers, e.g., electricity and biomass 

fuels. During the same time period the use of electricity increased from 21 % to 48 % as a 

share of total industrial energy use (Statens Energimyndighet, 2007b). Figure 2.1 shows the 

development of total industrial electricity use for the years 1960 - 2006. 

 

 
Figure 2.1 Total Industrial Electricity Use, Index 1960 = 100 

Source: IEA (2008a). 

 

The industry uses about 12 times more electricity today than it did in 1936 (Statens 

Energimyndighet, 2007b). Figure 2.1 shows that over the time period investigated in this 

thesis, total industrial electricity use has tripled.  
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2.2 Use of Energy in the Swedish Industry  

Although overall industrial production in Sweden has increased heavily, total industrial use 

of energy has been close to constant during the last 35 years. This is partly a result of 

technological progress and a more efficient energy use. In 2006 total industrial energy 

consumption was 184 223 GWh, which represents about 39 % out of total energy use in 

Sweden. The industry’s total energy use in 2006 constitutes of 35 % fossil fuels, 31 % 

electricity, 29 % biomass fuels, 2 % district heating and a small share of other fuels (Statens 

Energimyndighet, 2007b). 

 

The energy use shows a skewed distribution amongst the different areas within the industry, 

there are a few areas which use most of the energy. The pulp and paper industry consumes 

about 44 % out of the total industrial energy use, 30 % is electricity. Another sector which 

is energy intense is the iron and steel industry, it consumes about 18 % out of total 

industrial energy use, 25 % is electricity. These two sectors consume about two thirds out 

of total industrial energy use, and close to 50 % of the total industrial electricity use (SCB, 

2008a). Figure 2.2 shows the share of the electricity intense industries electricity use as a 

percentage of total industrial electricity use over the time period 1960 - 2006. 

 

 
Figure 2.2 Electricity Intense Industries Share of Total Industrial Electricity Use 

Source: IEA (2008a).  
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The pulp and paper and the iron and steel industry are the two most electricity intense 

industries and from here on these two sectors will be referred to as the electricity intense 

industries (Energimyndigheten, 2007a). 

 

2.3 Specific Energy Use 

Ever since the 1970s there has been a steady decrease in the specific energy use. The 

specific energy use can be used as a measure on how efficient the energy is being used, i.e., 

it represents the energy use in relation to the value of production. Between 1970 and 2006 

there was a 58 % decrease in the specific energy use which shows a positive development 

where goods and production processes craves less energy, moreover, the change in goods 

and industry composition can be a contributing variable. During this period the production 

value has more than doubled (Statens Energimyndighet, 2007b). Figure 2.3 shows indices 

on the value of production and total industrial electricity use for the period 1960 - 2006.  

 

 
Figure 2.3 Total Industrial Electricity Use and Value of Production, Index 1960 = 100 

Sources: IEA (2008a) and SCB (2008b). 

 

This figure illustrates that the value of production and industrial electricity use follow a 
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similar increase in industrial electricity use which was the case during the period 1960 – 

1992. Section 3.3 will further discuss this figure because it forms the basics of the structural 

break test performed in the empirical section. 

 

The substitution from oil to electricity can as well be observed in the specific oil use and 

the specific electricity use. Between 1970 and 1992 the specific energy use decreased by 81 

%, the specific oil use decreased while the specific electricity use increased by 23 %. The 

business cycle development between 1992 and 2006 along with the changes in energy taxes 

for the industry can as well be seen in the specific energy use. The specific energy use 

decreased by 42 %, the specific oil use and specific electricity use as well decreased by 44 

% each. The decrease can generally be represented by a higher increase in the value of 

production than the increase in energy use. Expectations on specific energy use are that it 

will continue to decrease for reasons such as technological development and changes in 

industry composition (Statens Energimyndighet, 2007b). 

 

In the short run, electricity use is dependent on the level of total output. In the long run it is 

also dependent on taxes, prices, technological progress, investments, a more efficient 

electricity use and changes in the industry composition (Schön, 2000). 

 

2.4 Electricity and Oil Prices  

The development of energy prices is of great importance for the demand of energy. The oil 

price has increased heavily while the electricity prices still are considered quite low in an 

international perspective (SOU 2008:10). The energy policy directions state that a safe 

energy supply at reasonable prices is essential for the Swedish industry, this in order to 

maintain a competitive position in the international market (Energimyndigheten, 2007a).  

 

Up until 1992 when the government’s hydroelectric power company was divided into 

Vattenfall AB and Svenska Kraftnät, the Swedish government had a monopoly on the 

supply of electricity. The purpose of the reform, which continued in 1996, was to increase 

competition in the electricity market. A more intense competition could lead to a lower 

long-run electricity price but can also increase uncertainty about price movements over 
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time. Through the deregulation, Nord Pool, a multinational electricity market was created 

(Andersson, 1997).  

 

Variables that affect the electricity price are; for instance, precipitation, temperature, prices 

on fossil fuels and other fuels and since 2005 the price on emission permits (Statens 

Energimyndighet, 2008). Figure 2.4 shows indices of the electricity and oil prices. 

 

During the time period examined in this thesis the real electricity price hit its lowest point 

around 1969. This was followed by a steady increase in the price which reached its peak 

around 1979 as the second oil crises struck. The oil crises in 1973 is said to be an important 

explanatory variable to the steady increase in the electricity price. The time period between 

1980 and 1991 is overall characterized by falling real electricity prices. As the first step 

towards a deregulated market was taken in 1992 the electricity price decreased heavily and 

did so until 1997. For the years between 1997 and 2006 the price has increased modestly 

(Kander, 2002). 

 

 
Figure 2.4 Price Indices of Electricity and Oil 1960 - 2007, 2000 = 100 

Source: IEA (2008b) and Kander (2002) 
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The time series of light oil price and heavy oil price follow a similar pattern therefore the 

two time series will be referred to as the oil price. The oil price starts to increase heavily 

around 1969 and reaches its peak around 1984 after years of depression, oil crises and a 

devaluation of the Swedish currency in 1982. In 1984 the oil price started to decrease and 

continued to do so for a ten year period. Around 1994 the oil price once again started to 

increase heavily and reached an all time high in 2006 (Kander, 2002). 

 

2.5 Policy Relevance and Energy Effectiveness Focus 

On the 18th of November in 2008 the Swedish government finished their work on the 

energy effectiveness inquire. The main task of the inquiry (N M 2006:06) is to propose how 

to implement the European Parliament and Council Directive (2006/32/EG) on a higher 

efficiency in the end use of energy and in energy services. Europe is about to save energy in 

order to decrease the dependency on imported energy from countries, which stand outside 

the Union. Prices on energy have increased heavily and affect the incumbent firms’ ability 

to compete. The savings as well contribute to a decrease in greenhouse gas emissions. The 

purpose of a more efficient energy use is that each and every unit of energy should give a 

higher utility, i.e., the same utility is maintained with a smaller amount of energy. The 

Directive sets the target of energy savings to 9 % in 2016. All sectors in society are affected 

but parts of the industry which instead are regulated by a system of emission permits and 

parts of military activities. How to reach the target lays in the hands of the Union members, 

therefore, every member country should hand in a proposal for the first National Energy 

Efficiency Action Plan (NEEAP), as required by Article 14 of the directive. The proposal 

should include measures and policy instruments needed for reaching the target specified 

under Article 4 of the Directive. In the proposal the investigators make a distinction 

between different sectors, they distinguish between; public, transport, industrial and the 

housing and service sector. For the purpose of this thesis it is the industrial sector that is 

further investigated (SOU 2008:10). 

 

Since 2005 a programme for efficient energy use in electricity intense industries (PFE) has 

been in place. Through participation firms can get a reduction of the energy tax that they 

have to pay for electricity. 117 firms participate in the programme and their total electricity 
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use is about 50 % of the total industrial electricity use. The participants are mainly firms 

that belong to the pulp and paper, iron and steel and chemical sector (Energimyndigheten, 

2007a). The Swedish Energy Agency has trough the inquiry been given the assignment to 

prolong the PFE with a second five year period, non participants should as well be given 

the opportunity to join the programme (SOU 2008:10). 

 

When the government decides on what policies that should be used in order to increase the 

efficiency in industrial electricity use, it must consider the variables that affect the demand 

for electricity. Therefore an estimation of the demand for electricity and knowledge about 

the elasticities of electricity demand gives the government a greater understanding of how 

they can intervene in the electricity market. 

 

2.6 Literature Review 

This section will provide a presentation of three earlier studies within the area examined, all 

relevant to the purpose of this thesis. It will start to present a study on the demand for 

energy in the Swedish manufacturing by Dargay (1983), and will continue with a study on 

electricity, technological change and productivity in the Swedish industry by Schön (2000). 

Lastly a study which estimates energy demand elasticities for OECD countries by Gang 

(2004) will be presented. 

 

Dargay (1983) used a two stage static cost-minimization model and a translog cost function 

for energy, capital, labour and intermediate goods in order to estimate demand for 

electricity, oil and other fuels for the time period 1952 - 1976 in five different sectors of the 

industry. The first stage is to choose an energy mix that will minimize the firms costs and 

to obtain the partial own price and cross price elasticities for every energy input. This 

allows for examination of the price sensitivity of energy demand. In the second stage the 

total own price elasticity is derived, this stage explain that price changes as well leads to 

substitution between energy and other production factors. The substitution brings changes 

both to the total demand for energy and to the demand for single energy sources. Four out 

of five industrial sectors that were studied showed only minor differences between the 

partial and the total elasticities. Dargays explanation is that the total own price elasticity for 
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each energy source mainly comes from substitution between energy sources. Moreover, the 

conclusions stress for further empirical research on the relationships within this area, both 

for different countries and for different industries. 

 

 

Schön (2000) treats three issues. Firstly, how the increased use of electricity over fuels has 

been a response to changes in relative prices, and how much the increasing use has been a 

response to technological change affecting demand for different energy sources. Secondly, 

if the increased use of electricity was part of a growth process that turned capital and labour 

into complements. Thirdly, he treats the subject of the time relation between technological 

development and productivity. 

 

Gang (2004) estimates price and GDP elasticities of energy goods in OECD countries, the 

time period expand in time from 1978 to 1999. He uses a one-step GMM estimation 

method for panel data which can be found in Arellano and Bond (1991). The energy 

demand is specified by a partial adjustment model. Their findings were that this model gave 

more intuitive results of signs and magnitude than an ordinary OLS. Compared to other 

studies the elasticities of electricity, natural gas and gas oil showed that they in general are 

higher while the GDP elasticity in general is lower in the housing sector than in the 

industry sector.1 Moreover the results gave lower values for price elasticities compared to 

other studies, the GDP elasticities is however similar to earlier findings and is close to 

unity. 

 

Similar to these earlier studies, this study will also investigate the demand for energy, 

however, particular focus will be on industrial electricity demand and the industrial 

electricity demand elasticities. Unlike the earlier studies reviewed in this chapter, this study 

will conduct a Chow test which indicate presence of any structural breaks in demand 

patterns over time. 

                                                 
1 Electricity, natural gas and gas oil in absolute values. 
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Chapter 3 

MODELLING ELECTRICITY DEMAND BEHAVIOUR 

 

 

 

 

This chapter applies to the economic theory and the econometrics used when analyzing the 

industrial electricity demand. Firstly, the factor demand model will be described and a 

model for the industry´s demand of electricity will be derived and explained. Furthermore, 

the data set will be presented and its reliability and validity will be discussed. 

 

3.1 The Theory of Factor Demand 

When examining the demand for production factors each firm must decide on how much 

output to supply, based on that decision the factor mix can be made. Thus, it will give a 

derived demand function for each of the production factors (Dougherty, 2007). The main 

assumption that has to be made when determining demand for production factors is that 

each firm maximizes its profit. When firms make a decision on how much to supply it is 

determined by technological limitations, there are only a few given combinations of 

production factors for a given level of production. The limit for possible combinations of 

production factors and level of production, the composition of production is known as the 

production function. This function describes the maximum production level from a given 

combination of production factors. Through the use of a production function the marginal 

revenue product (MRP) for a certain input can be solved for. That is, the change in revenue 

due to a change in input, which is needed when deriving a demand function for an input.   

(Nicholson, 2005). 

 

For this thesis the production function shows the maximum amount of output (Q) that can 

be produced using different combinations of capital (K), labour (L) and energy (E). 

Furthermore, E is a function of electricity (EL) and oil (OIL). The production function also 
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includes a time trend (T), interpreted here as the impact of exogenous technical change, and 

can be written as: 

 

, , ,                                                                                                                              3.1  

 

In order to maximize profit, which is the primal problem of firms, they must as well 

consider the dual problem, to minimize the cost for producing a given level of output and 

determining the demand function for a specific input. It is affected positively by an increase 

in the level of output. When considering a given production level and the output prices for 

the different input factors the total cost function shows the minimum cost for the firm 

(Nicholson, 2005). The total cost function can be written as: 

 

, , , , ,                                                                                              3.2  

 

In order to continue, the assumption of weak separability can be made, the assumption 

implies a two-stage model for consumer behaviour. First, the firm allocates the total cost 

function. Then, in a second stage the firm allocates total cost within the energy area, based 

only on the relative prices of the goods in that category. This implies that the mix between 

electricity and oil is not dependent on the size of K and L (Varian, 1996). K and L can be 

excluded from the model and a new sub-cost function can be stated: 

 

, , ,                                                                                                                 3.3  

 

Through the use of Shephard’s lemma the demand function for each input can be derived. 

By making use of the dual relationship between the cost and the production function the 

derived cost is found by differentiating the cost function with respect to the prices 

(Shepard, 1953). 

 

By partially differentiating equation (3.3) with respect to PEL and POIL we get: 

 

, , ,                                                                                                                  3.4  
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, , ,                                                                                                                 3.5  

 

Equation (3.4) is the demand function for electricity, it is dependent on the output, the own 

price, the price of the substitute oil and a time trend. The demand function for oil, equation 

(3.5) is dependent on the output, the own price, the price of electricity and a time trend. 

From here on this investigation will focus on the demand function for electricity, equation 

(3.4). 

 

3.2 Elasticities of Demand 

The elasticity is a measure on how changes in variables or goods affect other variables or 

goods. The great advantage of elasticities is that variables and goods do not have to be 

measured in the same units. 

 

3.2.1 Own Price Elasticity of Demand 

The own price elasticity of electricity demand shows how a change in electricity price will 

change the amount of electricity consumed. If this elasticity is less than one, the demand is 

inelastic or i.e. price insensitive. The interpretation goes as follows; the higher electricity 

price the less is the demand for electricity. The own price elasticity of electricity demand is 

defined as: 

 

,
∆ ⁄

∆ ⁄  

 

The sign of the elasticity is generally negative since the demand curve is assumed to have a 

negative slope. 

 

3.2.2 Cross Price Elasticity of Demand 

The cross price elasticity of electricity demand shows the change in demand for electricity 

when the price of the substitute, oil, changes. This cross price elasticity is defined as:   
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,
∆ ⁄

∆ ⁄  

 

If the cross price elasticity of electricity demand is positive the goods are said to be gross 

substitutes, implying that the demand for electricity will increase as the price of the 

substitute increases. If instead the cross price elasticity of electricity demand is negative the 

goods are called gross complements, implying that the demand for electricity will decrease 

as the price of the substitute increases. 

 

3.2.3 Output Elasticity of Demand 

The output elasticity of electricity demand shows the change in electricity demand as a 

response to a change in total production. This output elasticity is defined as: 

 

,
∆ ⁄

∆ ⁄  

 

In general the output elasticity of electricity demand is positive since an increase in total 

output should demand more input. 

 

3.2.4 Time Elasticity of Demand 

The time trend elasticity of electricity demand show how a change in e.g. technology and 

preferences will lead to changes in the demand for electricity. The elasticity is defined as 

follows: 

 

,
∆ ⁄

∆ ⁄  

 

If the time trend elasticity of electricity demand is positive, it states that changes in 

technology and preferences will increase the demand for electricity and if the elasticity is 

negative the reversed relationship is valid. 
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3.3 Model Estimation Issues 

A log linear demand function is specified for the purpose of this thesis. The reason why a 

logarithmic function is used depends on the easiness that the coefficients from the 

estimation can be read directly in forms of elasticities. By the use of a log linear function 

estimates on the elasticities can be obtained using an ordinary least squares (OLS) 

regression. The log linear function is defined as:  

 

ln ln ln ln ln                                    3.6  

 

where α0 is a constant and α1, α2, α3, α4, α5 are elasticities for each factor. Furthermore, T is 

a measure of technological progress or changes in consumer preferences, it can as well 

capture other time related factors which implies that the coefficient has to be interpreted 

with carefulness. The disturbance term, µ captures non-systematic errors if the estimation 

diverges from the true model (Dougherty, 2007). 

 

An ordinary least squares (OLS) regression is used to estimate the industry´s demand for 

electricity, it implies that the regression line is fitted in a way that minimizes the sum of the 

residuals.2 The econometric programme LimDep has been used for estimation purposes. 

When running the regressions, low absolute values of the Durbin-Watson statistics implied 

that the estimation was suffering from autocorrelation, a problem where the disturbance 

term picks up the influence of excluded variables that affect the dependent variable. To 

correct for autocorrelation a first order autoregressive specification, AR (1), was included 

in the regression (Dougherty, 2007). 

 

When observing figure 2.3 on total industrial electricity use and the value of production, 

there seems to exist some structural differences between the two time periods 1960 - 1992 

and 1993 - 2006. To test for a structural break, separate regressions on these two time 

periods were done for the purpose of going through with a Chow test, which is defined as:  

 

                                                 
2 The residual is the difference between the actual and the fitted observation. 
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, 2
⁄

2⁄                                                                               3.7  

 

where k is the number of parameters, n1 and n2 the number of observations in the two 

separate regressions. S1, S2 and S3 are the residual sum of squares (RSS) from each 

regression, S4 is the sum of S2 and S3 and S5 is the product of S1 minus S4. The null 

hypothesis implies structural stability, i.e. the coefficients are equal in the two regressions, 

while the alternative hypothesis states that structural difference exists, i.e. the coefficients 

from the two regressions are not equal over time periods (Chow, 1960). 

 

3.4 Data Set Description 

All data used expands in time from 1960 - 2006. It contains data on the industrial use of 

electricity, prices on electricity and oil and data on the value of production.3 

 

3.4.1 Data on Electricity Use 

The data on industrial electricity use was collected from the International Energy Agency 

(IEA); it contains both aggregated data, i.e. the total industrial use for electricity, and 

disaggregated data. The disaggregated data represents the electricity use for 12 different 

sectors in the Swedish industry. The disaggregated data was used in order to calculate the 

share of the electricity intense, pulp and paper and iron and steel industry. Electricity use is 

measured in GWh. 

 

3.4.2 Price Data 

Data on the industry’s electricity and oil prices for the period 1987 - 2006 was as well 

collected from IEA and consists of real price indices.4 Data on the remaining years, 1960 to 

1986, was instead collected from Kander (2002). To make the price data complete the 

yearly percentage change was calculated and then added to the first time series. Energy 

prices for the years 1960 to 1986 are consumer prices, worth discussing is that consumer 

                                                 
3 Since the data is collected from different sources the definition of sectors within the industry differs. The 

total industry is however defined in a similar way. 
4 Index 2000 = 100. 
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and industry prices differ. However, it is reasonable to argue that the prices follow the same 

or at least a similar development or yearly percentage change and therefore, the results 

should not be affected too much. The oil price consists of two data sets, light oil and heavy 

oil, since the industry uses both fuels in their production processes (SPI, 2008). 

3.4.3 Data on Value of Production 

The data on the value of production was collected from SCB and contains an index on the 

industrial value of production from 1913 to 2007.5 Since the other data only cover the years 

1960 - 2006, this paper will only consider value of production for these years. 

 

3.4.5 Variables 

The variables used for the regressions specified by equation (3.6) together with the 

minimum, maximum and mean values for each variable are presented in table 3.1.6 

 

Table 3.1 Description of Variables 

Data Description Min Max Mean As Specified in 

Regression 

Total Industrial Electricity Use 18891.000 57909.000   43256.553 LOGINDTOT 

Price Electricity 76.757 151.994 115.748 LOGPELE 

Price Light Fuel Oil 23.214 153.701 75.411 LOGPLIGH 

Price Heavy Fuel Oil 12.961 157.247 54.137 LOGPHEAVY 

Industrial Production Index 313.000 1275.060    718.457      LOGPRODIND 

Electricity Intense Share 46.210 58.070    48.333 LOGSHARE 

Time Trend 1.000 47.000 24.000 T 

 

The variable called electricity intense share is a variable that represents the electricity 

intense pulp and paper and iron and steel percentage share of total industrial electricity use. 

The underlying hypothesis for the use of this variable is that the coefficient reasonably 

                                                 
5 Index 1935 = 100. 
6 The minimum, maximum and mean values are presented for the reader if interested in the variance of the 

variables and are therefore not further discussed.  
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should be positive indicating that total electricity demand will increase if the electricity 

intense sector’s electricity use increases by one percentage. 
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Chapter 4 

EMPIRICAL RESULTS AND ANALYSIS 

 

 

 

 

This chapter will present the empirical results from the econometric estimations. 

Regressions where conducted on the model, first using light fuel oil and then heavy fuel oil. 

These results will be presented and analyzed in two separate sections in this chapter.  

 

4.1 Short Run Regression Results 

The tables in this chapter present the OLS estimates for the coefficients in the regression 

model. Since the model is a logarithmic model and the time trend interval is on a yearly 

basis the coefficients represent the short-run elasticities. Worth mentioning is that 

regressions were also conducted on the model after the data had been divided into five year 

intervals, this was an attempt to examine whether a more long-run perspective would give 

any different results. The results from these regressions were however very similar to the 

previous ones and will therefore not be included in this study.  

 

When the first regressions on the model were done the results from the Durbin-Watson’s h 

statistics showed that the null hypothesis of no autocorrelation could be rejected which 

implied that the model was suffering from autocorrelation. For this reason a first order 

autoregressive specification, AR (1), was added to the model in order to correct for 

autocorrelation.  

 

The only significant elasticity in the model corrected for autocorrelation was the output 

elasticity of demand. To go on with the investigation the model went through a Chow test 

which is used in order to test the model for structural breaks. Figure 2.3 was the starting 

point in order to exogenous find proper time periods for the test. After observing the figure 

the model was tested for the time periods 1960 - 1992 and 1993 - 2006, it is obvious that 

something occurs around 1992 when just observing the figure. 
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The Chow test which was conducted according to equation (3.7) gave an F value larger 

than the critical value of F, which implies that the null hypothesis of structural stability can 

be rejected, i.e. there exist a structural break around 1992.7 This result brings statistical 

support to the observation of a structural break in figure 2.3.  

 

4.2 Light Oil Regression Results 

This section will present the results from the regressions done using the variable light fuel 

oil price. To begin with a regression on the entire time period was done and the estimates 

from that regression will be presented in section 4.2.1. In order to test for a structural break 

the data was divided into two time periods. The estimates for the period 1960 - 1992 are 

presented in section 4.2.2, while the estimates from the third regression on the time period 

1993 – 2006 are presented in section 4.2.3. Lastly, this section will end with an analysis 

where the results from both the time periods 1960 - 1992 and 1993 – 2006 will be 

compared and analyzed.   

 

4.2.1 Elasticities 1960 - 2006, Light Oil 

The elasticities in table 4.1 show that only one of the elasticities, the output elasticity of 

demand, is significant at a five percentage level for the time period 1960 - 2006. The 

coefficient is positive which implies that a one percentage change in the industry´s 

production, everything else held constant will yield a 0.61 percentage increase in the 

industries demand for electricity. 

 

The own price elasticity and the cross price elasticity of demand are both statistically 

insignificant during this period, however the coefficients have the expected signs. The 

coefficient of the own price elasticity is negative which implies that a one percentage 

change in the price of electricity would lead to a decrease in the industry´s total 

consumption of electricity. The sign of the coefficient of the cross price elasticity is 

positive, which implies that a one percentage increase in the price of the substitute would 

yield an increase in the industry´s total consumption of electricity. 
                                                 
7 F-crit at a 5 % significance = 2.421, Light Oil F-statistics obtained from Chow test, equation (3.7) = 57,797, 

Heavy Oil F-statistics obtained from Chow test, equation (3.7) = 56,795. F > F-crit reject H0.   
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The time trend elasticity of demand is also insignificant. The coefficient for the time trend 

elasticity has a positive sign, which implies that technological development over time tend 

to increase the industry´s consumption of electricity. The coefficient of the elasticity 

representing the electricity intense share of the industry is negatively signed which is 

unexpected; instead the sign was expected to be positive which would have implied that a 

one percentage increase in the electricity use share of the electricity intense industries 

would give rise to an increase in total industrial consumption of electricity. 

 

Table 4.1 Short Run Regression Results, Light Oil 

 1960 – 2006 1960 - 1992 1993 – 2006 

Constant 
 

7.445** 
(7.978)    

5.567** 
(6.456)    

11.475** 
(13.730)    

Own Price Elasticity of Demand 
 

-0.067 
(-1.007)    

-0.007 
(-0.100)    

-0.153** 
(-2.323)   

Cross Price Elasticity of Demand 
 

0.019 
(0.604)    

-0.004 
(-0.126)    

0.056 
(1.511)    

Output Elasticity of Demand  
 

0.609** 
(4.490)    

0.878** 
(8.196)    

0.121 
(0.808)    

Share Elasticity of Demand 
 

-0.201 
(-1.928)    

-0.184 
(-1.798)    

-0.302 
(-1.442)    

Time Elasticity of Demand 
 

0.005 
(0.870)    

0.009** 
(2.629)    

0.006 
(0.803)    

 

N 
 

47    33 14  

Adjusted R2 0.950  0.992  0.942 

Durbin-Watson Statistics 
 

0.610      0.937       1.376       

F-statistics 
 

154.92  786.52   43.17    

Values within parentheses symbolize the t-statistics, *, ** and *** denote statistical 

significance at the 10, 5 and 1 % levels, respectively. 

 

4.2.2 Elasticities 1960 - 1992, Light Oil 

The results in table 4.1 show that two of the elasticities are significant at a five percentage 

level for the time period 1960 - 1992. Firstly, the coefficient of the output elasticity of 

demand has a positive sign which implies that a one percentage increase in the industries 
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production, everything else held constant will yield a 0.88 percentage increase in the 

industries demand for electricity. Secondly, the coefficient of the time trend elasticity of 

demand is positive which implies that technological development, everything else held 

constant, increases the industry’s demand for electricity with 0.01 percent. 

 

Regarding the insignificant elasticities the interpretation is the same as for the time period 

1960 - 2006 except for the cross price elasticity. The coefficient is now instead negative 

which implies that a one percentage increase in the price of the substitute would lead to a 

decrease in the industries consumption of electricity. The negative coefficient would tell us 

that electricity and oil were complements during this period but, since the coefficient is 

statistically insignificant this result will not be analyzed any further. 

 

4.2.3 Elasticities 1993 - 2006, Light Oil 

The results for the elasticities in table 4.1 for the time period 1993 – 2006 show quite 

different results than those reported for the other time periods. To begin with the output 

elasticity of demand is insignificant. The time trend elasticity and the elasticity that 

represents the share of the electricity intense industries are as well insignificant. The signs 

of the coefficients however remain the same which implies that a similar interpretation as 

the ones above can be done if they would have been significant.  

 

The own price elasticity of demand is significant and has the expected sign while the cross 

price elasticity of demand is insignificant but now has changed sign to what is expected. 

The coefficient for the own price elasticity of demand has a negative sign which implies 

that a one percentage increase in the price of electricity, everything else equal, will lead to a 

0.15 percentage decrease in the industry´s demand for electricity. The sign of the 

coefficient of the cross price elasticity of demand is now again positive implying that a one 

percentage increase in the price of oil, everything else held constant, will yield a 0.06 

percentage increase in the industry’s use of electricity. 
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4.2.4 Analysis  

The own price elasticity went from being insignificant in the first time period to significant 

in the second period, implying that the industry´s demand for electricity has gone from 

being entirely price insensitive to a situation where electricity use responds to changes in 

the own price also in the short-run. The demand is relatively inelastic with a coefficient of -

0.15. The cross price elasticity of demand had the wrong sign and was insignificant for the 

first time period. It changed sign to what is expected in the second time period and became 

more significant. However, it was still insignificant at a five percentage level during both 

time periods. 

 

For the first time period the most important explanatory variable was industrial production 

and the magnitude of the coefficient was large, 0.88. For the second period the coefficient 

was not even significant and the magnitude of the coefficient was only 0.12. These results 

can be explained by changes in the industry structure or, i.e., a more efficient electricity 

use. For the first time period there existed a strong relationship between production and 

electricity demand, this can as well be seen in figure 2.3 where these two variables follow 

each other closely. The relationship was not far from a one to one relationship implying that 

a one percentage increase in the total output would yield a one percentage increase in the 

electricity demand. For the second time period this relationship had vanished. It is not 

longer necessary that an increase in production leads to an increase in electricity 

consumption. These results, the change in the relationship between production and 

electricity demand, i.e. a more efficient energy use seems to be the explanation to the 

structural break in 1992 observed in figure 2.3. 

 

The elasticity that represents the share of the paper and pulp and iron and steel industries 

has the wrong sign. It was expected to be positive but instead the negative sign implies that 

an increase in the electricity use of the electricity intense industries would lead to a 

decrease in total electricity demand. Why the coefficient has the wrong sign is hard to 

explain and since it is insignificant it will not be investigated further. 
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The time trend coefficient, which represents a combined effect of technological 

development and changes in consumer preferences, is positive and very small in magnitude. 

It is statistically significant only during the first time period. This can be explained by a 

higher technological progress and a higher substitution to electricity during this period. 

 

4.3 Heavy Oil Regression Results 

This section will present the results from the regressions using the variable heavy fuel oil 

price. Section 4.3.1 will present the estimates from the regression made on the entire time 

period. In order to test for a structural break the data was divided into two time periods. 

Section 4.3.2 presents the estimates from the regression made for the period 1960 - 1992 

and section 4.3.3 presents the estimates from the regression made for the time period 1993 - 

2006. This section will end with an analysis where the results from both time periods are 

compared and analyzed.   

 

4.3.1 Elasticities 1960 - 2006, Heavy Oil 

The elasticities in table 4.2 show that only one of the elasticities, the output elasticity of 

demand, is significant at a five percentage level for the time period 1960 - 2006. The 

coefficient is positive which implies that a one percentage change in industrial production 

everything else held constant, will, yield a 0.59 percentage increase in the industrial 

demand for electricity.  

 

The own price elasticity and the cross price elasticity of demand are both insignificant 

during this period, however both coefficients have the expected signs. The own price 

elasticity is negative, which implies that a one percentage increase in the price of electricity 

would lead to a decrease in the industry´s total consumption of electricity. The sign of the 

cross price elasticity is positive, which implies that a one percentage increase in the price of 

oil would yield an increase in total industrial consumption of electricity. 

 

Lastly, the elasticity for the electricity intense share of the industry and the time trend 

elasticity of demand are also statistically insignificant. The coefficient for the time trend 

elasticity has a positive sign, which implies that technological development, everything else 
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unchanged, would increase the industry´s consumption of electricity. The coefficient for the 

elasticity of the electricity intense share of the industry is negatively signed which is 

unexpected. Instead the underlying hypothesis for this variable was that the total industrial 

electricity demand would increase as the electricity intense industries increased their 

electricity consumption. 

 

Table 4.2 Short Run Regression Results, Heavy Oil 

 1960 – 2006 1960 – 1992 1993 - 2006 

Constant 
 

7.561** 
(8.127)    

5.645** 
(6.549)         

10.764** 
(19.999)        

Own Price Elasticity of Demand 
 

-0.084 
(-1.260)    

-0.026 
(-0.391)         

-0.128** 
(-3.308)        

Cross Price Elasticity of Demand 
 

0.035 
(1.179)    

0.017 
(0.529)    

0.067**  
(5.792)        

Output Elasticity of Demand  
 

0.591** 
(4.383)    

0.867**       
(8.145)    

0.177** 
(2.235)    

Share Elasticity of Demand 
 

-0.192 
(-1.862)    

-0.178       
(-1.755)   

-0.178       
(-1.765)    

Time Elasticity of Demand 
 

0.004 
(0.761)    

0.008**   
(2.338)    

-0.002    
(-0.446)      

 

N 
 

47   33   14 

Adjusted R2 0.926  0.992  0.986  

Durbin-Watson Statistics 
 

0.568  0.934       2.106      

F-statistics 
 

 116.12 781.15  179.15    

Values within parenthesis symbolize the t-statistics, *, ** and *** denote statistical 

significance at the 10, 5 and 1 % levels, respectively. 

 

4.3.2 Elasticities 1960 - 1992, Heavy Oil 

The elasticities in table 4.2 show that two of the elasticities are significant at a five 

percentage level for the time period 1960 - 1992. Firstly, the coefficient for the output 

elasticity of demand has a positive sign which implies that a one percentage increase in the 

industries production, everything else held constant will yield a 0.87 percentage increase in 

total industrial electricity demand. Secondly, the coefficient of the time trend elasticity of 
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demand is positive, this implies that a one percentage increase in technological 

development or consumer preferences, everything else held constant, increases the 

industry´s demand for electricity with 0.01 percent. Regarding the insignificant elasticities 

the interpretation is the same as for the time period 1960 - 2006. 

 

4.3.3 Elasticities 1993 - 2006, Heavy Oil 

The results for the elasticities in table 4.2 for the time period 1993 – 2006 show quite 

different results than for the other time periods. To begin with the coefficient for the time 

trend elasticity is insignificant but has changed sign to negative which, if significant, would 

have implied that a one percentage increase in technological development or consumer 

preferences would yield a decrease in the industries total demand for electricity.  

 

Both the own price elasticity of electricity demand and the cross price elasticity of demand 

are significant for this time period. The coefficient for the own price elasticity of demand 

has a negative sign which implies that a one percentage increase in the price of electricity, 

everything else equal, will lead to a 0.13 percentage decrease in the industry´s demand for 

electricity. The sign of the coefficient for the cross price elasticity is positive as expected, 

implying that a one percentage increase in the price of oil, everything else held constant, 

will yield a 0.07 percentage increase in the industry´s use of electricity.   

 

The output elasticity of demand is significant and the coefficient has a positive sign which 

implies that a one percentage increase in the industries production, everything else held 

constant will yield a 0.18 percentage increase in the industry´s demand for electricity. The 

magnitude of this coefficient has decreased heavily which implies that the output elasticity 

of demand has become less important during this time period. The elasticity that represents 

the share of the electricity intense industries is insignificant and the coefficient is still 

negative.  

 

4.3.4 Analysis 

The own price elasticity and the cross price elasticity of demand both went from being 

insignificant in the first time period to significant in the second period, implying that both 
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the price of electricity and the price of oil have become more important explanatory 

variables. The total industrial electricity demand has become more price sensitive over time 

which can be the result of a more flexible production where inputs can be substituted over 

each other. 

 

For the first time period the most important explanatory variable was the level of industrial 

production. In the first time period the magnitude of the coefficient is large, 0.87, thereafter 

it decreased heavily to 0.18 in the second period. The relationship between production and 

electricity demand has weakened heavily. This result can be explained by changes in the 

industry structure and most important a more efficient electricity use stressed by the 

European Parliament and the Swedish government. These results are the reason to the break 

observed around 1992 in figure 2.3. 

 

The elasticity representing the share of the paper and pulp and iron and steel industries has 

the wrong sign. It was expected to be positive but instead the negative sign implies that an 

increase in the electricity use of the electricity intense industries would lead to a decrease in 

total electricity demand. Why the coefficient has the wrong sign is hard to explain and since 

it is insignificant it will not be investigated further. 

 

The time trend coefficient which represents a combined effect of technological 

development and changes in consumer preferences is significant and positive only during 

the first time period. The explanation can be a higher technological progress and a higher 

substitution to electricity during this period. The magnitude of the coefficient is however 

small why it is reasonable to argue that it does not influence demand too much. 
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Chapter 5 

CONCLUSIONS 

 

 

 

 

The purpose of this thesis has been to derive and estimate a demand function for the 

Swedish industrial electricity use, this in order to investigate changes in demand patterns 

over the time period 1960 - 2006. By using yearly data on total industrial electricity use, 

electricity and oil prices and the value of production, conducting OLS regressions on a log 

linear demand function on the entire time period, and, in order to test the model for a 

structural break, on the two time periods 1960 - 1992 and 1993 – 2006 elasticities of 

demand were obtained.  

 

Regressions were done on the model first using light fuel oil price and thereafter heavy fuel 

oil price since both sorts are used in the production, the results and analysis from both 

regressions follow a similar pattern and will therefore yield the following conclusions. 

 

The two time periods for the Chow test were exogenously determined when observing a 

figure on the value of production and the industrial electricity use. During the time period 

1960 - 1992 these two variables followed each other quite closely, an increase in total 

output was highly dependent on an increase in electricity demand. The magnitude of the 

coefficient of the output elasticity was great, not far from a one to one relationship. 

However, during the second time period this relationship has weakened or vanished, the 

magnitude of the coefficient was insignificant or significant but very small in magnitude 

which implies that an increase in total output does not necessary demand more electricity. 

The result from the Chow test performed brings statistical support to the exogenously 

determined structural break.  
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These results point out some important conclusions, electricity is today being used more 

efficiently in production processes than earlier, implying that the value of production is 

higher per used unit of electricity today. The industrial electricity demand seems today to 

be more influenced by environmental factors such as policy regulations on a more efficient 

energy use and environmental policy regulations. Since the environmental awareness and 

the work on a more efficient energy use is in an early phase it can be expected that these 

results will be strengthened over time. 

 

The coefficients for the own price elasticity of demand and the cross price elasticity of 

demand was in the first time period insignificant but became significant with the correct 

signs in the second period.  This implies that the industry´s demand for electricity has gone 

from being entirely price insensitive to a situation where electricity use responds to changes 

in the own price also in the short-run. One possible explanation for this is that the 

electricity price incorporates a higher uncertainty ever since the electricity market has been 

deregulated. This induces firms to expand their flexibility in energy use, and thus make 

substitution between these inputs easier.  

 

The time trend elasticity of demand went from significant to insignificant, this implies that 

issues like technological development and changes in consumer preferences was more 

important during the time period 1960 - 1992 than during the other period. The time trend 

affected electricity use positively meaning that new technologies and changed consumer 

preferences improved the climate for electricity use. The result is most probably an impact 

explained by the substitution that took place in favour for electricity. As the oil prices 

increased with the oil crises in 1973 the Swedish government was persistent on their work 

to decrease the Swedish dependency on fossil fuels.      

 

The examination on the industrial electricity demand presented in this report is not 

complete, both regressions and analyzes can be improved. Further research can be done on 

the subject, e.g., a model which also allows substitution between input factors such as 

capital and labour could be considered and tested for structural breaks. Another possibility 
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is to, if possible, prolong the time series and divide the data into intervals in order to test a 

more long run perspective for possible structural breaks. 
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APPENDICES 

 

 

 

 

A.1 Light Oil Regression 1960 - 2006 
--> SAMPLE; ALL$ 
--> REGRESS; LHS=LOGINDTO; 
     RHS=ONE,LOGPELE,LOGPLIGH,LOGPRODI,LOGSHARE,T;Ar1$ 
+----------------------------------------------------+ 
| Ordinary    least squares regression               | 
| Model was estimated Nov 27, 2008 at 03:13:37PM     | 
| LHS=LOGINDTO Mean                 =   10.63262     | 
|              Standard deviation   =   .3084298     | 
| WTS=none     Number of observs.   =         47     | 
| Model size   Parameters           =          6     | 
|              Degrees of freedom   =         41     | 
| Residuals    Sum of squares       =   .2199729     | 
|              Standard error of e  =   .7324748E-01 | 
| Fit          R-squared            =   .9497312     | 
|              Adjusted R-squared   =   .9436008     | 
| Model test   F[  5,    41] (prob) = 154.92 (.0000) | 
| Diagnostic   Log likelihood       =   59.37325     | 
|              Restricted(b=0)      =  -10.90045     | 
|              Chi-sq [  5]  (prob) = 140.55 (.0000) | 
| Info criter. LogAmemiya Prd. Crt. =  -5.107679     | 
|              Akaike Info. Criter. =  -5.109079     | 
| Autocorrel   Durbin-Watson Stat.  =   .6097248     | 
|              Rho = cor[e,e(-1)]   =   .6951376     | 
+----------------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |t-ratio |P[|T|>t] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      12.3172136     1.69682697     7.259   .0000 
 LOGPELE       -.19820259      .12383627    -1.601   .1172    4.73527658 
 LOGPLIGH       .16828978      .04598347     3.660   .0007    4.14911786 
 LOGPRODI       .44237984      .16440651     2.691   .0103    6.51591604 
 LOGSHARE     -1.14091906      .28338143    -4.026   .0002    3.87725228 
 T              .00403394      .00415329      .971   .3371    24.0000000 
+---------------------------------------------+ 
| AR(1) Model:     e(t) = rho * e(t-1) + u(t) | 
| Initial value of rho       =         .69514 | 
| Maximum iterations         =            100 | 
| Method = Prais - Winsten                    | 
| Iter=  1, SS=       .066, Log-L=  87.192518 | 
| Iter=  2, SS=       .036, Log-L= 100.782159 | 
| Iter=  3, SS=       .034, Log-L= 101.671265 | 
| Iter=  4, SS=       .034, Log-L= 101.590104 | 
| Iter=  5, SS=       .034, Log-L= 101.525114 | 
| Final value of Rho    =             .985214 | 
| Iter=  5, SS=       .034, Log-L= 101.525114 | 
| Durbin-Watson:   e(t) =             .029571 | 
| Std. Deviation:  e(t) =             .168050 | 
| Std. Deviation:  u(t) =             .028791 | 
| Durbin-Watson:   u(t) =            1.333974 | 
| Autocorrelation: u(t) =             .333013 | 
| N[0,1] used for significance levels         | 
+---------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      7.44500407      .93321450     7.978   .0000 
 LOGPELE       -.06661999      .06616200    -1.007   .3140    4.73527658 
 LOGPLIGH       .01892218      .03134003      .604   .5460    4.14911786 
 LOGPRODI       .60871072      .13556650     4.490   .0000    6.51591604 
 LOGSHARE      -.20110447      .10429151    -1.928   .0538    3.87725228 
 T              .00484025      .00556401      .870   .3843    24.0000000 
 RHO            .98521427      .02526075    39.002   .0000 

A.2 Light Oil Regression 1960 - 1992 
--> SAMPLE; 1-33$ 
--> REGRESS; LHS=LOGINDTO; 
     RHS=ONE,LOGPELE,LOGPLIGH,LOGPRODI,LOGSHARE,T;Ar1$ 
+----------------------------------------------------+ 
| Ordinary    least squares regression               | 
| Model was estimated Nov 27, 2008 at 03:13:37PM     | 
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| LHS=LOGINDTO Mean                 =   10.51384     | 
|              Standard deviation   =   .2946943     | 
| WTS=none     Number of observs.   =         33     | 
| Model size   Parameters           =          6     | 
|              Degrees of freedom   =         27     | 
| Residuals    Sum of squares       =   .1894990E-01 | 
|              Standard error of e  =   .2649242E-01 | 
| Fit          R-squared            =   .9931811     | 
|              Adjusted R-squared   =   .9919184     | 
| Model test   F[  5,    27] (prob) = 786.52 (.0000) | 
| Diagnostic   Log likelihood       =   76.30568     | 
|              Restricted(b=0)      =  -5.997287     | 
|              Chi-sq [  5]  (prob) = 164.61 (.0000) | 
| Info criter. LogAmemiya Prd. Crt. =  -7.094739     | 
|              Akaike Info. Criter. =  -7.098828     | 
| Autocorrel   Durbin-Watson Stat.  =   .9370956     | 
|              Rho = cor[e,e(-1)]   =   .5314522     | 
+----------------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |t-ratio |P[|T|>t] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      6.28596141      .78983089     7.959   .0000 
 LOGPELE       -.00825881      .05052986     -.163   .8714    4.75089833 
 LOGPLIGH      -.00966245      .02240005     -.431   .6696    4.02983479 
 LOGPRODI       .78912921      .06977959    11.309   .0000    6.33334645 
 LOGSHARE      -.22901631      .12412765    -1.845   .0760    3.87458024 
 T              .01150414      .00204268     5.632   .0000    17.0000000 
+---------------------------------------------+ 
| AR(1) Model:     e(t) = rho * e(t-1) + u(t) | 
| Initial value of rho       =         .53145 | 
| Maximum iterations         =            100 | 
| Method = Prais - Winsten                    | 
| Iter=  1, SS=       .014, Log-L=  80.894674 | 
| Iter=  2, SS=       .014, Log-L=  80.984481 | 
| Iter=  3, SS=       .014, Log-L=  80.989504 | 
| Iter=  4, SS=       .014, Log-L=  80.988815 | 
| Iter=  5, SS=       .014, Log-L=  80.988221 | 
| Final value of Rho    =             .620315 | 
| Iter=  5, SS=       .014, Log-L=  80.988221 | 
| Durbin-Watson:   e(t) =             .759371 | 
| Std. Deviation:  e(t) =             .029094 | 
| Std. Deviation:  u(t) =             .022820 | 
| Durbin-Watson:   u(t) =            1.671682 | 
| Autocorrelation: u(t) =             .164159 | 
| N[0,1] used for significance levels         | 
+---------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      5.56721202      .86237657     6.456   .0000 
 LOGPELE       -.00671071      .06708052     -.100   .9203    4.75089833 
 LOGPLIGH      -.00382050      .03027364     -.126   .8996    4.02983479 
 LOGPRODI       .87751832      .10706965     8.196   .0000    6.33334645 
 LOGSHARE      -.18449470      .10259521    -1.798   .0721    3.87458024 
 T              .00874517      .00332681     2.629   .0086    17.0000000 
 RHO            .62031466      .13865534     4.474   .0000 
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A.3 Light Oil Regression 1993 to 2006 
--> SAMPLE; 34-47$ 
--> REGRESS; LHS=LOGINDTO; 
     RHS=ONE,LOGPELE,LOGPLIGH,LOGPRODI,LOGSHARE,T;Ar1$ 
+----------------------------------------------------+ 
| Ordinary    least squares regression               | 
| Model was estimated Nov 27, 2008 at 03:13:37PM     | 
| LHS=LOGINDTO Mean                 =   10.91258     | 
|              Standard deviation   =   .5116168E-01 | 
| WTS=none     Number of observs.   =         14     | 
| Model size   Parameters           =          6     | 
|              Degrees of freedom   =          8     | 
| Residuals    Sum of squares       =   .1216117E-02 | 
|              Standard error of e  =   .1232942E-01 | 
| Fit          R-squared            =   .9642610     | 
|              Adjusted R-squared   =   .9419241     | 
| Model test   F[  5,     8] (prob) =  43.17 (.0000) | 
| Diagnostic   Log likelihood       =   45.59291     | 
|              Restricted(b=0)      =   22.27232     | 
|              Chi-sq [  5]  (prob) =  46.64 (.0000) | 
| Info criter. LogAmemiya Prd. Crt. =  -8.434859     | 
|              Akaike Info. Criter. =  -8.494007     | 
| Autocorrel   Durbin-Watson Stat.  =  1.3755105     | 
|              Rho = cor[e,e(-1)]   =   .3122448     | 
+----------------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |t-ratio |P[|T|>t] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      11.7750770     1.03377008    11.390   .0000 
 LOGPELE       -.22044735      .06883519    -3.203   .0126    4.69845387 
 LOGPLIGH       .06684425      .04790663     1.395   .2004    4.43028512 
 LOGPRODI       .05274801      .16651536      .317   .7595    6.94625865 
 LOGSHARE      -.21737357      .27413505     -.793   .4507    3.88355066 
 T              .00876318      .00837789     1.046   .3261    40.5000000 
+---------------------------------------------+ 
| AR(1) Model:     e(t) = rho * e(t-1) + u(t) | 
| Initial value of rho       =         .31224 | 
| Maximum iterations         =            100 | 
| Method = Prais - Winsten                    | 
| Iter=  1, SS=       .001, Log-L=  46.506345 | 
| Iter=  2, SS=       .001, Log-L=  46.723109 | 
| Iter=  3, SS=       .001, Log-L=  46.742271 | 
| Iter=  4, SS=       .001, Log-L=  46.732276 | 
| Iter=  5, SS=       .001, Log-L=  46.725818 | 
| Iter=  6, SS=       .001, Log-L=  46.723121 | 
| Final value of Rho    =             .576160 | 
| Iter=  7, SS=       .001, Log-L=  46.722122 | 
| Durbin-Watson:   e(t) =             .847681 | 
| Std. Deviation:  e(t) =             .013717 | 
| Std. Deviation:  u(t) =             .011212 | 
| Durbin-Watson:   u(t) =            1.586126 | 
| Autocorrelation: u(t) =             .206937 | 
| N[0,1] used for significance levels         | 
+---------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      11.4745928      .83572445    13.730   .0000 
 LOGPELE       -.15269678      .06573666    -2.323   .0202    4.69845387 
 LOGPLIGH       .05647197      .03736753     1.511   .1307    4.43028512 
 LOGPRODI       .12052455      .14908239      .808   .4188    6.94625865 
 LOGSHARE      -.30171992      .20918922    -1.442   .1492    3.88355066 
 T              .00591227      .00736226      .803   .4219    40.5000000 
 RHO            .57615960      .22668855     2.542   .0110 
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A.4 Heavy Oil Regression 1960 - 2006 
--> SAMPLE; ALL$ 
--> REGRESS; LHS=LOGINDTO; 
     RHS=ONE,LOGPELE,LOGPHEAV,LOGPRODI,LOGSHARE,T;AR1$ 
+----------------------------------------------------+ 
| Ordinary    least squares regression               | 
| Model was estimated Dec 04, 2008 at 10:51:23AM     | 
| LHS=LOGINDTO Mean                 =   10.63262     | 
|              Standard deviation   =   .3084298     | 
| WTS=none     Number of observs.   =         47     | 
| Model size   Parameters           =          6     | 
|              Degrees of freedom   =         41     | 
| Residuals    Sum of squares       =   .2886304     | 
|              Standard error of e  =   .8390331E-01 | 
| Fit          R-squared            =   .9340414     | 
|              Adjusted R-squared   =   .9259976     | 
| Model test   F[  5,    41] (prob) = 116.12 (.0000) | 
| Diagnostic   Log likelihood       =   52.98965     | 
|              Restricted(b=0)      =  -10.90045     | 
|              Chi-sq [  5]  (prob) = 127.78 (.0000) | 
| Info criter. LogAmemiya Prd. Crt. =  -4.836036     | 
|              Akaike Info. Criter. =  -4.837437     | 
| Autocorrel   Durbin-Watson Stat.  =   .5684279     | 
|              Rho = cor[e,e(-1)]   =   .7157861     | 
+----------------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |t-ratio |P[|T|>t] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      11.7958766     2.09120433     5.641   .0000 
 LOGPELE        .07905505      .13520824      .585   .5620    4.73527658 
 LOGPHEAV       .03293728      .04882115      .675   .5037    3.71494681 
 LOGPRODI       .58519391      .19517600     2.998   .0046    6.51591604 
 LOGSHARE     -1.43367170      .31206576    -4.594   .0000    3.87725228 
 T              .00356938      .00475604      .750   .4572    24.0000000 
+---------------------------------------------+ 
| AR(1) Model:     e(t) = rho * e(t-1) + u(t) | 
| Initial value of rho       =         .71579 | 
| Maximum iterations         =            100 | 
| Method = Prais - Winsten                    | 
| Iter=  1, SS=       .069, Log-L=  86.193564 | 
| Iter=  2, SS=       .034, Log-L= 101.960485 | 
| Iter=  3, SS=       .033, Log-L= 102.195614 | 
| Iter=  4, SS=       .033, Log-L= 102.093554 | 
| Iter=  5, SS=       .033, Log-L= 102.043091 | 
| Final value of Rho    =             .986784 | 
| Iter=  5, SS=       .033, Log-L= 102.043091 | 
| Durbin-Watson:   e(t) =             .026431 | 
| Std. Deviation:  e(t) =             .175489 | 
| Std. Deviation:  u(t) =             .028436 | 
| Durbin-Watson:   u(t) =            1.283951 | 
| Autocorrelation: u(t) =             .358025 | 
| N[0,1] used for significance levels         | 
+---------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      7.56131478      .93040646     8.127   .0000 
 LOGPELE       -.08399511      .06664598    -1.260   .2076    4.73527658 
 LOGPHEAV       .03541464      .03002760     1.179   .2382    3.71494681 
 LOGPRODI       .59116158      .13488222     4.383   .0000    6.51591604 
 LOGSHARE      -.19221092      .10322879    -1.862   .0626    3.87725228 
 T              .00422386      .00555300      .761   .4469    24.0000000 
 RHO            .98678434      .02389136    41.303   .0000 
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A.5 Heavy Oil Regression 1960 - 1992 
--> SAMPLE; 1-33$ 
--> REGRESS; LHS=LOGINDTO; 
     RHS=ONE,LOGPELE,LOGPHEAV,LOGPRODI,LOGSHARE,T;AR1$ 
+----------------------------------------------------+ 
| Ordinary    least squares regression               | 
| Model was estimated Dec 04, 2008 at 10:51:23AM     | 
| LHS=LOGINDTO Mean                 =   10.51384     | 
|              Standard deviation   =   .2946943     | 
| WTS=none     Number of observs.   =         33     | 
| Model size   Parameters           =          6     | 
|              Degrees of freedom   =         27     | 
| Residuals    Sum of squares       =   .1907918E-01 | 
|              Standard error of e  =   .2658263E-01 | 
| Fit          R-squared            =   .9931346     | 
|              Adjusted R-squared   =   .9918632     | 
| Model test   F[  5,    27] (prob) = 781.15 (.0000) | 
| Diagnostic   Log likelihood       =   76.19350     | 
|              Restricted(b=0)      =  -5.997287     | 
|              Chi-sq [  5]  (prob) = 164.38 (.0000) | 
| Info criter. LogAmemiya Prd. Crt. =  -7.087940     | 
|              Akaike Info. Criter. =  -7.092029     | 
| Autocorrel   Durbin-Watson Stat.  =   .9340100     | 
|              Rho = cor[e,e(-1)]   =   .5329950     | 
+----------------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |t-ratio |P[|T|>t] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      6.36065743      .79029610     8.048   .0000 
 LOGPELE       -.02340712      .04997654     -.468   .6433    4.75089833 
 LOGPHEAV       .00104120      .02411308      .043   .9659    3.46884660 
 LOGPRODI       .78079766      .06892492    11.328   .0000    6.33334645 
 LOGSHARE      -.22574386      .12440575    -1.815   .0807    3.87458024 
 T              .01119881      .00216621     5.170   .0000    17.0000000 
+---------------------------------------------+ 
| AR(1) Model:     e(t) = rho * e(t-1) + u(t) | 
| Initial value of rho       =         .53300 | 
| Maximum iterations         =            100 | 
| Method = Prais - Winsten                    | 
| Iter=  1, SS=       .014, Log-L=  81.055952 | 
| Iter=  2, SS=       .014, Log-L=  81.149262 | 
| Iter=  3, SS=       .014, Log-L=  81.150542 | 
| Iter=  4, SS=       .014, Log-L=  81.149069 | 
| Iter=  5, SS=       .014, Log-L=  81.148441 | 
| Final value of Rho    =             .619794 | 
| Iter=  5, SS=       .014, Log-L=  81.148441 | 
| Durbin-Watson:   e(t) =             .760412 | 
| Std. Deviation:  e(t) =             .028938 | 
| Std. Deviation:  u(t) =             .022709 | 
| Durbin-Watson:   u(t) =            1.611207 | 
| Autocorrelation: u(t) =             .194396 | 
| N[0,1] used for significance levels         | 
+---------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      5.64515516      .86194756     6.549   .0000 
 LOGPELE       -.02625353      .06707454     -.391   .6955    4.75089833 
 LOGPHEAV       .01672569      .03163656      .529   .5970    3.46884660 
 LOGPRODI       .86685721      .10642391     8.145   .0000    6.33334645 
 LOGSHARE      -.17847449      .10168332    -1.755   .0792    3.87458024 
 T              .00792023      .00338761     2.338   .0194    17.0000000 
 RHO            .61979401      .13872808     4.468   .0000 
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A.6 Heavy Oil Regression 1993 to 2006 
--> SAMPLE; 34-47$ 
--> REGRESS; LHS=LOGINDTO; 
     RHS=ONE,LOGPELE,LOGPHEAV,LOGPRODI,LOGSHARE,T;AR1$ 
+----------------------------------------------------+ 
| Ordinary    least squares regression               | 
| Model was estimated Dec 04, 2008 at 10:51:23AM     | 
| LHS=LOGINDTO Mean                 =   10.91258     | 
|              Standard deviation   =   .5116168E-01 | 
| WTS=none     Number of observs.   =         14     | 
| Model size   Parameters           =          6     | 
|              Degrees of freedom   =          8     | 
| Residuals    Sum of squares       =   .3012072E-03 | 
|              Standard error of e  =   .6136033E-02 | 
| Fit          R-squared            =   .9911482     | 
|              Adjusted R-squared   =   .9856158     | 
| Model test   F[  5,     8] (prob) = 179.15 (.0000) | 
| Diagnostic   Log likelihood       =   55.36225     | 
|              Restricted(b=0)      =   22.27232     | 
|              Chi-sq [  5]  (prob) =  66.18 (.0000) | 
| Info criter. LogAmemiya Prd. Crt. =  -9.830479     | 
|              Akaike Info. Criter. =  -9.889627     | 
| Autocorrel   Durbin-Watson Stat.  =  2.1059585     | 
|              Rho = cor[e,e(-1)]   =  -.0529792     | 
+----------------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |t-ratio |P[|T|>t] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      10.7801165      .53964497    19.976   .0000 
 LOGPELE       -.12685295      .03904231    -3.249   .0117    4.69845387 
 LOGPHEAV       .06718847      .01184773     5.671   .0005    4.29504016 
 LOGPRODI       .17661205      .07978668     2.214   .0578    6.94625865 
 LOGSHARE      -.18237201      .10009027    -1.822   .1059    3.88355066 
 T             -.00194172      .00437362     -.444   .6688    40.5000000 
+---------------------------------------------+ 
| AR(1) Model:     e(t) = rho * e(t-1) + u(t) | 
| Initial value of rho       =        -.05298 | 
| Maximum iterations         =            100 | 
| Method = Prais - Winsten                    | 
| Iter=  1, SS=       .000, Log-L=  55.396665 | 
| Iter=  2, SS=       .000, Log-L=  55.399821 | 
| Iter=  3, SS=       .000, Log-L=  55.397715 | 
| Final value of Rho    =            -.061464 | 
| Iter=  3, SS=       .000, Log-L=  55.397715 | 
| Durbin-Watson:   e(t) =            2.122927 | 
| Std. Deviation:  e(t) =             .006131 | 
| Std. Deviation:  u(t) =             .006120 | 
| Durbin-Watson:   u(t) =            2.038226 | 
| Autocorrelation: u(t) =            -.019113 | 
| N[0,1] used for significance levels         | 
+---------------------------------------------+ 
+---------+--------------+----------------+--------+---------+----------+ 
|Variable | Coefficient  | Standard Error |b/St.Er.|P[|Z|>z] | Mean of X| 
+---------+--------------+----------------+--------+---------+----------+ 
 Constant      10.7639925      .53822308    19.999   .0000 
 LOGPELE       -.12766473      .03859176    -3.308   .0009    4.69845387 
 LOGPHEAV       .06694349      .01155791     5.792   .0000    4.29504016 
 LOGPRODI       .17699546      .07918497     2.235   .0254    6.94625865 
 LOGSHARE      -.17781478      .10076015    -1.765   .0776    3.88355066 
 T             -.00192666      .00432167     -.446   .6557    40.5000000 
 RHO           -.06146352      .27682572     -.222   .8243 

 

 

 

 


