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ABSTRACT 

 

 

 

 

This study uses an econometric approach to investigate the residential electricity 

consumption in the Nordic countries, both from a macroeconomic and a microeconomic 

perspective. The macroeconomic approach uses time series data (1980-2011) to 

investigate the relationship between residential electricity consumption and economic 

growth. The results show an inverted u-shaped curve for all the countries.  The 

microeconomic approach uses panel data to identify which variables that have the 

biggest impact on residential electricity consumption. The results show that, number of 

household members and electrical space heating carry the most significance across the 

variables. The study concludes that the Nordic countries are on a path to lower 

electricity consumption implying lower costs and less environmental impact. It is 

plausible to think that the same results may hold in the rest of the world as they grow 

wealthier. We suggest a shift from electricity space heating towards other heating 

systems or improved insulation. 

 

 

 

  



 

 

SAMMANFATTNING 

 

 

 

 

Denna studie använder ett ekonometriskt tillvägagångssätt för att undersöka hushållens 

elkonsumtion i Norden, både från ett makroekonomiskt och ett mikroekonomiskt 

perspektiv. Den makroekonomiska studien använder tidsseriedata (1980-2011) för att 

undersöka förhållandet mellan hushållens elkonsumtion och ekonomisk tillväxt. 

Resultaten visar på en inverterad u-formad kurva för alla länder. Den mikroekonomiska 

delen använder tvärsnittsdata för att identifiera vilka variabler som mest påverkar 

hushållens elkonsumtion. Resultaten visar högst signifikans för antal 

hushållsmedlemmar och elektrisk uppvärmning. Vår slutsats är att Norden är på väg 

mot lägre elförbrukning per person, vilket implicerar lägre kostnader och 

miljöpåverkan. Samma resultat kan även tänkas visa sig i resten av världen i takt med 

att de blir rikare. För att skynda på denna process föreslår vi ett byte från elektrisk 

uppvärmning till något annat alternativ, exempelvis fjärrvärme. Förbättrad isolering är 

också ett alternativ.    
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1. INTRODUCTION 

 
 
 
 
1.1 Background 
Electricity has been an important factor for development in most countries since the 

19th century. Several papers have been written to lay out the fundamental variables that 

affect the demand of electricity (Andersson, 1997; Halvorsen, and Larsen, 2001; 

Navayan et al. 2007; Pickenpaugh and Balash, 2009). The electricity and heat sector is 

the largest emitter of CO2 worldwide (IEA, 2012). Together with other greenhouse 

gases, this is causing a change in our climate. As it became clear that something had to 

be done to change the trend, a protocol was signed in the 90’s in the Japanese town of 

Kyoto, in order to improve the environment (UNFCCC, 2008). As a way of reaching the 

goals of the Kyoto protocol and a sustainable way of living many governments have 

implemented policies to reduce emissions. 

 

Today much of the electricity around the world is produced through means that 

negatively affect the environmental quality (IEA, 2012). Studies have also shown a 

correlation between electricity consumption and GDP per capita in most cases, 

especially in countries that find themselves in aggressive economic expansion. A study 

on China (Cheng et al. 2013) showed that their GDP per capita actually may have been 

impaired by electricity shortages in 2004. In an article by Selden and Song (1994), 

called “Environmental Quality and Development: Is There a Kuznets Curve for Air 

Pollution Emissions?” the authors find a relationship from GDP per capita to different 

air pollutants in the shape of an inverted u-curve. This suggests that in the long run, 

environmental quality will increase. The authors explain their results from assumptions 

such as: 1) People having positive income elasticities for environmental quality, 2) 

changes in the composition of production and consumption, and 3) increasing level of 

education and environmental awareness will lead to reduced emissions. There is reason 

to believe that a similar inverted u-curve can be found in a country’s electricity cycle. In 

the beginning of industrialization a country demands expansive amounts of electricity to 

satisfy the growing industries, as well as an increased demand of appliances in the 

households. As the stock of electricity driven units increases, the marginal utility 

received decreases according to utility theory (Pindyck and Rubenfel, 1991) until 
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stagnation occurs. It can be assumed that when the country no longer needs more 

machines or household appliances, a need to lower the environmental impact as well as 

the cost becomes important. When this happens, the old machines and appliances are 

replaced with new hardware that runs more efficiently. In other words, this Kuznets 

curve would show the use of electricity rather than increased environmental awareness. 

This is quite similar to the intensity of use hypothesis described by Radetzki and Tilton 

(1990). This study aims to find out if similar assumptions will hold for electricity 

consumption in the Nordic countries. 

  

Other prognoses have suggested that a heightened demand of electricity is to be 

expected in Turkey (Dilaver, and Hunt, 2010) and California (Gorin, and Marshall, 

2007). This study hopes to provide evidence for the opposite scenario in that a 

heightened efficiency reduces the consumption, and to lay out a road-map of the areas 

where efficiency would have the biggest impact. The first step is to identify if it exist a 

significant relationship between electricity consumption and economic growth in 

developed countries. Then to analyze how that relationship changes over time, and 

thereby identify if the countries already are on the brink of achieving efficiency. The 

second step is to analyze electricity in greater detail. Therefore this study will be 

divided in two. When performing the microeconomic study it is impossible to 

incorporate all areas of electricity without making the study too extensive. This study 

will only focus on the residential part of electricity consumption. The reason for 

choosing the residential part instead of the industrial sector is that the electricity 

consuming variables are similar across households, while the industries are very 

different depending on what sector is studied. Even though it is the microeconomic 

study that brings about the need of delimitation, the results will be easier to compare 

between the studies if the object of measurement is the same. Therefore both the 

macroeconomic and microeconomic study will focus on residential electricity 

consumption. 

 

1.1.1 Macroeconomic study 

In order to identify a Kuznets curve, the countries studied must be developed since the 

chances of the country having reached a level of decline for electricity consumption is 

higher. It is also interesting to compare neighboring countries that are in the same stages 

of economic development and have similar conditions to reach a broader conclusion. 
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This study will include the Nordic countries Sweden, Norway, Finland and Denmark 

since they can all be considered developed, modernized, and are also culturally close. 

Residential electricity consumption amounted to about a fourth of the total electricity 

consumption in these four countries in 2011(OECD, 2011). 

 

 Below we can see how the residential electricity consumption per capita and GDP per 

capita have been changing over time. Figure 1 below shows the growth in the Nordic 

countries over time and it appears that the electricity consumption has stagnated 

compared to GDP.  

 

 
Figure 1- Electricity- and economic growth in the Nordic countries  
Source: OECD library (2009c) and Eurostat (2011a) 
 
1.1.2 Microeconomic study 

It can be argued that residential electricity consumption will decrease over time and that 

it will be the result of more effective, less electricity consuming, appliances. If applying 

the theory of decreasing marginal utility to appliances this means that at some point in 

time, the appliance stock will be full and then the focus shifts to making these 

appliances run at a cheaper cost. In some instances it will be a choice from the 

consumers’ part which appliance to buy, but when for an example, kitchen appliances 

reaches a new standard in apartments, the benchmark may be that of low electricity 

brands. Another reason for decreasing electricity consumption may be a shift from 
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electricity space heating to other alternatives. This study aims to identify a demand for 

residential electricity consumption, by doing so this study hopes to discern which 

variables that affect residential electricity consumption the most. Because of lack of 

data only Denmark and Norway will be looked at in the microeconomic part. 

 

1.2 Purpose 

The purpose of this study is to find out how residential electricity consumption in the 

Nordic countries changes as a country gets more developed, and identify what factors 

that has the greatest effect on residential electricity consumption. 

 

1.3 Methods 
To find out if any similar studies has been made, a literature review will be conducted 

with the hopes to identify problems and solutions that might occur during this kind of 

study. The literature review will give a good knowledge base for residential electricity 

consumption. The rest of the study will take an econometric approach and an ordinary 

least square (OLS) regression model will be used. The regression will be complemented 

with tests for heteroscedasticity and autocorrelation. The macroeconomic part of this 

study will try to find out how residential electricity consumption is affected by 

economic growth and whether an environmental Kuznets curve exists for residential 

electricity consumption. The regression will be based on time series data. The 

microeconomic part of the study will try to derive what factors that have the greatest 

impact on residential electricity consumption. The data will be based on microeconomic 

panel data form surveys. 

 

1.4 Limitations  
Geographically this study will be limited to the Nordic countries. Few studies on 

residential electricity consumption have been made on the Nordic countries, and none 

have been found comparing them. The Nordic countries are rich, well developed, and 

have high electricity consumption (Euro Stat). It should therefore be possible to find out 

if a relationship similar to the Kuznets curve exists. It should also be noted that the 

countries studied will be noted as “The Nordic”, even though Iceland is not included 

due to small electricity consumption and limitations in the availability of data. 
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This study will be limited to residential electricity consumption since consumption in 

other sectors like commercial, industrial, and agriculture are better researched due to a 

more centralized ownership with a high self-interest and expertise to reduce 

consumption (Swan and Ugursal, 2009). The other sectors are also more diverse in 

character, making it difficult to generalizing a study. The microeconomic part of the 

study will due to a limited data set be restricted to Denmark and Norway. 

 

1.5 Disposition  
Each of the following parts will be divided in a microeconomic part and a 

macroeconomic part. The second chapter will go through earlier literature and studies 

on the subject on both the macroeconomic and the microeconomic fields. Chapter 3 

describes relevant theory for both studies, as well as the hypothesis about how the 

variables will interact with electricity consumption. Section 4 reveals the methodology 

used. Chapter 5 presents and analyzes the results of both studies. Section 6 bring the 

studies together for conclusions, both individually and how the macroeconomic and 

microeconomic parts are linked. Recommendations for future research will be presented 

as well.  
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2. LITERATURE 

 

 

 

 

This section will highlight and discuss previous studies made on the field of electricity 

consumption, with a primary focus on the residential part. The chapter starts with a 

description of some of the most relevant studies in the field of electricity consumption. 

In the final part of this chapter there will be a discussion where we reflect over the 

literature. In the discussion we will try to explain abnormalities and make an 

interpretation of why some researchers obtain different results. Appendix 1 consists of a 

table where most of the articles used in this study are summarized. The summaries 

contain which variables and what method is used, and the main findings from the 

studies. 

 

In the search process to find relevant studies, we mainly used the database PRIMO. 

Some of the search word used was: “residential electricity consumption/demand”, 

“electricity and economic growth”, “environmental Kuznets curve”, “Nordic electricity 

market” and “electricity and price”. It was also helpful to look at the reference lists of 

the studies we found.  

 

2.1 Articles summaries 
Below, a summary of some of the most important existing research for this study will be 

presented.  

 

2.1.1 Macroeconomic article summaries 

Yoo and Kwak (2010) study the relationship of economic growth and electricity 

consumption in seven South American countries. The authors use a linear regression 

analysis to define the relationship. In six of the seven countries the results showed a 

significant relationship between the variables. The results are quite ambiguous in 

between the countries. They found that five of the countries (Argentina, Brazil, Chile, 

Columbia, and Ecuador) had a unidirectional relationship from electricity consumption 

to economic growth, as was the case in China (Cheng et al. 2013). In Venezuela they 

found a bidirectional relationship in that electricity consumption seemed to stimulate 
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economic growth, and economic growth in turn, stimulated electricity consumption. In 

Peru they found no significant correlation. The authors do not find this to be surprising. 

The structure of electricity consumption and economic policies looks different 

depending on what country you are investigating. The authors explain the case in 

Venezuela by the rapid expansion of the country´s economy. The advancement in the 

economic situation has led to a growth in electricity consumption, the households has 

gained a higher disposable income, which in turn has led them to consuming more 

electricity.  

 

When it comes to the Kuznets curve, some studies has been made on the Nordic 

countries (Kander and Lindmark, 2004; Kunnas and Myllyntaus, 2010; Fähn and 

Bruvoll, 2009). It appears that in rich economies, emissions of many pollutants tend to 

grow at a slower rate than GDP (Fähn and Bruvoll, 2009). But none of the studies 

examines whether or not there exists a Kuznets curve for residential electricity 

consumption. The closest study found is called “Climbing the electricity ladder 

generates carbon Kuznets curve downturns” and is written by Paul J. Burke (2011). The 

author addresses the relationship between emissions, in CO2 per capita, nuclear and 

renewable electricity sources and GDP per capita. The findings is that the electricity 

mix transitions to non-emitting sources caused by GDP per capita are the primary 

determinant of carbon Kuznets curve downturns. The author is clear to point out that the 

result does not mean that other factors that influence reduction of CO2 emissions is 

unimportant. He stated that transitions to nuclear and renewable power sources have 

played the greatest role in historical cases of carbon dioxide reduction. As role models 

for adapting low CO2 emissions in their electricity sectors the author singles out 

Sweden and Denmark, while stating that fossil fuel rich countries as Australia are less 

likely to experience a Kuznets curve like reduction of CO2 emissions.  

 

2.1.2 Microeconomic article summaries  

In the study ”Norwegian residential electricity demand - a microeconomic assessment 

of the growth from 1976 to 1993”, the authors Halvorsen and Larsen (2001) describes 

the development in the Norwegian residential electricity consumption from 1976 to 

1993. The authors are using an econometric regression model to identify significant 

factors and how they affect electricity consumption. The finding from the regression 

analysis implies that electricity consumption rise with household income, number of 
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household members, number of electric appliances, and with floor space. The 

consumption decreases with electricity price, age of the dwelling, if the dwelling has 

central heating, and if the household resides in a block of flats.  The authors also look at 

how the explanatory variables changes over time. The main findings from the dynamic 

analysis is that an increasing number of households are using more electric devices, real 

income has risen and the floor space of dwellings has increased. The results also tell us 

that electricity consumption is price elastic while it is not income elastic. Electricity is 

considered to be a necessary good.  

 

In a dissertation by Bo Andersson called “Essays on the Swedish Electricity Market” 

from 1997, an article named “Electricity Demand – A Study of the Swedish Residential 

Sector” is of interest for this study. The author addresses what factors that are driving 

the demand on the Swedish residential electricity market. The author argues that it is the 

services produced by different appliances such as heat, light and comfort that we 

demand and not the electricity in itself. The data for the study is based on a survey of 

about 4000 observations. The method used to estimate how each variable influence 

residential electricity demand is an econometric regression. The results of the study 

were only significant for the category “single household with electric heating”. In this 

category the author obtained a price elasticity of -1,37 and an income elasticity 0,07. 

Other significant results obtained from the regression were that the size of living area 

had a positive effect. More unexpectedly was that heating degree days, which was 

significant on the five percent level, had a negative sign. The same results were obtained 

for tumble and dryer. Also insulation was significant but had a positive sign. The 

conclusions the author draws from the study is that the price of electricity is an 

important explanatory variable, and that only a small share of the individual household 

electricity consumption is explained, although much information is used. The R2 value 

reaches only 0,25. A way to improve the explanatory power of the regression might be 

to use panel data, that combines time series and cross-sectional data instead of only 

using the later. For future research the author recommends to use more and different 

data. 

 

In the article “An Investigation into California´s Residential Electricity Consumption” 

by Pickenpaugh and Balash (2009), the authors try to find an explanation to why 

residential electricity consumption per capita differs so much between states, in this 
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case California and the rest of the United States. California appeared to use, on average, 

40 percent less electricity compared to the rest of the country. The authors use national 

survey-data from the years 1978 to 2005. In 2005 the survey contained 4,382 answers 

from households spread all over the country. An econometric method of mixing linear 

and log-linear variables was used to identify any causality between the dependent 

variable, household electricity consumption, and a set of possibly significant 

independent ones. The variables found to be of significance were, a negative correlation 

with: price and the age of the house. A positive correlation was found with: living in the 

state of California, higher income classes, and for using electricity for heating/cooling 

which in turn is affected by the number of cold/warm days in the distinct geographical 

area. The R2 showed that around half of the variance in residential electricity 

consumption could be explained by the independent variables. 

 

2.2 Discussion 

The variables used in previous studies have proved to be of varying significance in 

explaining residential consumption of electricity. This study will try to identify which 

variables that have the greatest impact in the Nordic countries.  

 

The studies found, made on the Nordic countries addressing residential electricity 

demand was on Sweden, (Andersson, 1997) and Norway, (Halvorsen and Larsen, 

2001). Both studies focus on microeconomic factors and conducted a regression 

analysis based on data on a detailed level, such as household characteristics. A gap to 

fill is that for these studies, the most recent data is collected 20 years ago. It is possible 

that the market for electricity demand looks different today.  We have not been able to 

find any studies on residential electricity consumption related to the Kuznets theory, and 

none related to economic growth in the Nordic area. The hope is that this study will be 

able to fill the gaps both geographically and in what type of method that is used. This 

study will also provide results based on more recent data in order to give a better 

reflection of the electricity market today. This study will capture both macroeconomic 

and microeconomic factors since the belief is that these will complement each other 

well, in that the macroeconomic study serves to identify increased efficiency, while the 

microeconomic one will explain some of the differences between countries as well as 

single out the variables that consume most electricity. These variables are those that are 

likely to have the biggest impact in reduced electricity consumption, if used more 
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efficiently. Previous studies that mixed a microeconomic approach with a 

macroeconomic are to the best of our knowledge limited, only two studies have been 

found.  Wiesmann et al. (2011), this study was made on Portugal, and Sandquist et al. 

(2011) in the USA. If this study were to prove that a Kuznets curve exists for economic 

growth it would be complementary to the study by Burke (2011), where the cumulative 

effect from reduction of electricity and the cleaner use of electricity, together would 

have a positive effect on environmental quality.  
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3. THEORY 

 

 

 

 

In this chapter we will discuss the relevant theory for this study. Since this study 

analyses how economic growth affects residential electricity consumption and which 

variables that drive the electricity consumption of households on a microeconomic 

level, the main focus of this part will be describing the Kuznets curve and the demand. 

Most of the research we have examined on the topic used a version of the basic demand-

function to determine the degree of influence from each variable to residential or total 

electricity consumption. For the macroeconomic part of the study, the electricity 

Kuznets curve will explain how residential electricity is supposed to vary at different 

levels of GDP per capita. The chapter will end with a description of the microeconomic 

variables, which from our literature review have been found significant for residential 

electricity consumption.  

 

3.1 Economic growth 
The basic consumption behavior implies that the more a population consumes the 

higher welfare they will experience (Pindyck and Rubinfeld. 2009). As a country grows 

richer it will be possible for its inhabitants to increase their consumption and hence 

reach a higher level of utility. As will be further explained in section 3.2, decreasing 

marginal utility for consumption and positive income elasticity for environmental 

quality will lead to a decline in the increased consumption until it eventually, due to 

technological development, starts to turn down (Brännlund and Kriström 2009). 

 

This study will test for the unidirectional relationship from economic growth to 

residential electricity consumption. The hypothesis for economic growth is that it will 

have a positive effect on electricity consumption. Countries with higher welfare 

normally use more electricity. The Nordic countries can be considered to have a high 

welfare. The belief is that the effect has declined over the years as the countries have 

become wealthier and that this study will analyze if the environmental Kuznets curve 

will hold in this case. 
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Most of the previous studies have been performed on countries in aggressive economic 

expansion where a correlation might be easier to locate because of two reasons. The 

first is that the annual shifts in both real GDP per capita and electricity consumption is 

of a high value and they are also, as a principle, positive for a long period of time 

(Eurostat 2011a). The second is that a correlation may be more likely to occur 

considering that an industrialization requires a lot of electricity as papers have shown 

(Cheng et al. 2013, Yoo and Kwak 2010). Accounting for this, the results may differ 

greatly if the studied country already is developed, and the focus on electricity 

demanding facilities may have declined. A second reason for this scenario could be a 

higher degree of electricity effectiveness. The results from the study made by Cheng et 

al. (2013) showed an astonishing 0,6 elasticity from electricity consumption to 

economic growth. This is an example of a unidirectional relationship in that electricity 

consumption has a significant effect on economic growth, while the opposite does not 

hold. As noted by other studies in Appendix 1, the nature of this relationship may differ 

depending on which country you focus on though.  

 

3.2 The electricity Kuznets curve 

The Kuznets curve explains the environmental quality in relation to economic growth 

and just as the intensity of use hypothesis the relationship looks like an inverted U-

curve (Brännlund and Kriström, 2009). As a part of the environmental quality 

residential electricity should be possible to compare with economic growth without 

altering the general hypothesis. In time, technological development will make it 

possible to produce more with the same production inputs, meaning that the same utility 

can be experienced without the negative effect of higher electricity consumption. The 

general preferences in an economy are that utility increases with higher usage of 

appliances. It is also assumed that the marginal utility is negative, meaning that the 

consumer will experience a lower increase in utility for each extra goods consumed. 

When it comes to electricity use it is the opposite. The marginal decrease in utility 

caused by the electricity use is increasing. This indicates that a doubled use of 

appliances will not give the double utility, while doubling the electricity consumption 

will lower the utility level more than twice. At some level the consumers will 

experience a higher utility from increased environmental quality and will then choose to 

lower electricity consumption.  The best for the consumer would be to increase utility 
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while at the same time reduce electricity consumption. When combining the 

indifference-curves with the production possibilities, it is possible to derive the level of 

GDP per capita and residential electricity consumption that generates the highest level 

of utility. Over time, with regards to the utility function and technological 

improvements this will result in a curve shaped as the one presented in Figure 2 below. 

It is also likely that the stock of appliances in a household will be full and as time goes 

by the household will replace the appliances with more effective ones (Radetzki and 

Tilton 1990). The curve has a declining slope that starts out as positive. As mentioned 

earlier, in this study residential electricity consumption (QREC) will be used as the “bad”, 

where increased QREC will have a negative effect on environmental quality. GDP per 

capita will be used as a measure of economic growth. The expected relationship 

according to the Kuznets curve is presented in Figure 2.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
  
Figure 2 - The electricity Kuznets curve 
Source: Brännlund and Kriström (2009)  

 

As can be seen in Figure 2, the Kuznets curve is shaped like a quadratic function. This 

implies that if the theory holds true the function for this study will take on a quadratic 

form as well:  

 

𝑄𝑅𝐸𝐶  =  𝛼 +  𝛽1  ∗  𝐸𝐺 +  𝛽2  ∗  𝐸𝐺2  +  Ɛ                         (1) 

 

QREC 

GDP per capita 

Optimal level of residential 
electricity consumption given a 
certain level of GDP per capita 
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Where α is the intercept, EG stands for economic growth, and Ɛ is an error term, 

capturing omitted variables. Given that the curve takes the shape of an inverted u, β1 is 

expected to be positive and β2 is expected to be negative, implying a negative marginal 

change of the curve.  

 
 

3.3 Theory of demand 

Here we will present what demand is, what the demand curve looks like, and how the 

individual and market demand can be derived 

 

3.3.1. The basics of demand 

The basic explanation of demand is that it is a consumer’s willingness to pay for a 

specific good or service. Holding all other deciding variables constant, the price of a 

good or service increases as the demand increases and decreases if the demand 

decreases. (Pindyck et al. 2009). All, simple and advanced, econometric models for 

determining the demand of a good is based on this basic economic approach. 

 

The equation used in this study for determining the relationship of residential electricity 

consumption relative to a set of independent variables, will be an altered version of the 

basic demand (Pindyck et al. 2009). 

 

  𝑄𝐷 = 𝑓(𝑋1 + 𝑋2 + ⋯+ 𝑋𝑛)                         (2) 

 

Here QD represents the consumption as a function of a set of different variables, Xn. The 

most common independent variables used are price and income. In a basic demand 

model, the price is seen as an endogenous variable, meaning that it is inside the model, 

while income is an exogenous variable, or a shift variable. Other common shift 

variables are the price of substitutes and complement goods, also our preferences is an 

important shift variable. A demand curve only highlights a scenario when all exogenous 

variables are assumed to be constant. This is called ceteris paribus. 

 

From this basic demand approach, the model for this study, which will be explained 

further in the methodology section, can be derived. Electricity can be seen as any other 

good considering that it has a quantity measured in watt; it has a price; it has a supplier 
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in the form of generators, and it has consumers like industries and households. In fact, 

our whole society can be seen as the consumers considering that such a huge part of our 

daily life is dependent of electricity. This study only examines a fragment of these 

consumers, namely, the households.  

 

3.3.2 Individual demand 

From an individual’s preferences and indifference curves, it is possible to find out how 

the demand function for a specific individual will look like, this will be important for 

the microeconomic part of the study. If assuming that the individual is maximizing 

utility, that there are only two commodities on the market, and that all other exogenous 

variables are fixed. For our study the two commodities could be electricity (Q1) and 

district heating (Q2). Q2 could also be thought of as all other commodities that is not 

electricity. To derive the demand for electricity, the price of electricity will change, 

resulting in new budget restraints and based on the individual’s preferences, the 

individual will change the amount of electricity used. This is illustrated in Figure 3 

below. The price consumption curve shows how an individual chose to consume given 

different prices (Ahlersten 2006). 

 

 
Figure 3 - Deriving the individual demand curve 
Source: Ahlersten (2006)  
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3.3.3 Market demand 

The market demand consists of the sum of all individual demand functions. The market 

demand curve shows the total demand for a good in an economy and will be the sum of 

all individual demand curves (Ahlersten. 2006). 

 

3.4 Deriving the microeconomic demand function  

On a microeconomic level Atanasiu and Bertoldi (2010) have identified which factors in 

the European Union that consumes the most electricity. This is presented in Figure 4 

below. The factor that constitute the most of the residential electricity consumption is 

heating systems, followed by cold appliances and lighting. In Figure 4, the structure of 

residential electricity consumption is explained, based on the data presented in Atanasiu 

and Bertoldi (2010). As can be seen, there are 15 parameters that draws the total 

consumption of residential electricity. To find which of the parameters that is most 

important and possible to examine, a brief summary from previous studies will be 

presented.  

 

 
Figure 4 - Composition of residential electricity demand in the European Union 
Source: Atanasiu and Bertoldi (2010) 
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3.4.1 Microeconomic variables from previous studies.   

Sanquist et al. (2010), provides results from a study on the USA, suggesting that the 

microeconomic variables alone, could explain approximately 40% of the variance in 

residential electricity consumption. The significant variables examined were: appliances 

owned, where to live, thermal comfort, information technology, entertainment 

ownership and usage, and family composition and routines. In Norway, Halvorsen and 

Larsen (2001), finds a correlation between electricity consumption and appliances 

owned. They test for freezer, refrigerator, washing machine, dishwashing machine and 

kitchen stove. All except for the freezer proved to be significant. Moreover, the number 

of household-members appears to have a significant positive correlation with electricity 

consumption. This also seems to be the case in an American study (Pickenpaugh and 

Balash, 2009), in that the results show that one additional household member is 

associated with a 13,8% increase in the households electricity consumption. 

Pickenpaugh and Balash, (2009) also find electricity heating to have a significant 

impact on residential electricity consumption. The authors seems to agree on the fact 

that appliances, number of household members, the heating form, and the behavior of 

the people, are factors that have a great impact on residential electricity consumption.  

 

The most important variables for the microeconomic part of this study have been chosen 

based on the results from previous research in combination with availability of data. 

The variables will be: 

 

3.4.2 Electrical space heating  

Related to the temperature, what really affects the electricity consumption is how people 

choose to keep the temperature on a suitable level. Since the temperature in the world is 

hard to control, this study will concentrate on whether or not the households uses 

electricity for heating and how it effects the residential electricity consumption in the 

Nordic countries. Electrical space heating will be used as a dummy variable with the 

expectations that households with electrical space heating will have a higher 

consumption than households with alternative heating methods.  

 

3.4.3 Electrical warm-water  

If a household is using electricity to heat warm water it should result in higher 

electricity consumption. The behavior and habits of the residents in the household 
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together with how many persons living in the household, should have the greatest 

impact on how much warm water that is consumed and how much electricity that is 

needed to heat the water.  

 

3.4.4 Number of household members 

When the number of household members increases, it is expected to result in an 

increasing demand for electricity. This is because more residents in a dwelling are likely 

to consume more electricity. The belief is that the number of persons per household will 

have a negative effect on residential electricity consumption per capita, due to 

economies of scale in the household.  

 

3.4.5 Appliances 

If a household possesses more electrical devices, it is logical to assume that the 

electricity consumption will increase. Appliances will be divided into two groups, 

household appliances and electric appliances. The most common appliances in the 

household such as washers, cleaners, refrigerators and freezers, as well as some electric 

appliances like TV, DVD, computers, and HiFi-systems, will be studied in this paper. 

The reason for splitting the appliances in two groups is that household appliances are 

likely to consume more electricity than an electric appliance.  

 

3.4.6 Lighting on 

As can be seen in Figure 4, lighting makes up 10 percent of the total residential 

electricity consumption in the European Union. Therefore it is interesting to try to 

capture the effects from energy saving light-bulbs in order to see how different attitudes 

towards energy saving affects the consumption. The hypothesis is that more lighting 

will increase electricity consumption while more energy saving bulbs will reduce the 

electricity consumption. 

 

3.4.7 Microeconomic residential demand equation 

The previously discussed variables lead us to the equation for residential demand. 

 

 𝑄𝑅𝐸𝐶 = 𝑓 �
𝐸𝐿ℎ𝑒𝑎𝑡𝑖𝑛𝑔 + 𝐸𝐿𝑤𝑎𝑡𝑒𝑟 +  𝐻𝑚𝑒𝑚𝑏𝑒𝑟𝑠 + 𝐻𝑎𝑝𝑝𝑙𝑖𝑎𝑛𝑐𝑒𝑠

+𝐻𝑒𝑙𝑎𝑝𝑝𝑙𝑖𝑎𝑛𝑐𝑒𝑠 + 𝐿 + 𝐿𝐵𝑒𝑛𝑒𝑟𝑔𝑦𝑠𝑎𝑣𝑖𝑛𝑔
�                         (3) 
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Residential electricity consumption is then a function of whether the household heats 

the space and water via electricity, the number of members in the household, number of 

household appliances, number of electric appliances, lighting preferences, and the 

attitude towards buying energy-saving light-bulbs. 
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4. METHODOLOGY 

 

 

 

 

In this chapter the methods that will be used in this study will be explained. The chapter 

will start with a description of the dataset for this study and then move to what methods 

will be used to find out what drives the residential electricity consumption in the Nordic 

countries.  

 

This study will take an econometric approach, and will start with a description of the 

regression model that will be used to obtain the results, ordinary least square (OLS). 

OLS regression is a common way to estimate a demand function. To test for 

autocorrelation, if the error terms are affected by its previous time period, the Durbin-

Watson test will be applied. To test whether the variables suffers from hetroscedasticity, 

if the variance of a variable is different, the Goldfeld-Quandt test will be performed for 

each of the variables. 

 

4.1 Description of dataset 
 

4.1.1 Macroeconomic study 

The data used to analyze the relationship between residential electricity consumption 

and economic growth is taken from the OECD library and from Eurostat. The data is in 

yearly time-series format ranging from 1980 to 2011, and are displayed in annual 

consumption per year in GWh for electricity consumption and GDP per capita in current 

US-dollar for economic growth. A drawback with this is that it does not account for 

inflation. To be able to perform a better comparison between the countries, the data of 

electricity consumption has been transformed to display per capita kWh. This variable 

was derived by dividing the electricity consumption of each observation by the specific 

year’s population. To get the observations for the complete set of countries, the 

electricity consumption was added, and then divided by the added populations. The 

same approach was used to calculate GDP per capita for each of the countries. In Figure 

5 below, the plotted data for the Nordic countries is shown.  
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Figure 5 - Residential electricity consumption and economic growth  
Source: OECD library (2009c) and Eurostat (2011a) 
 

Figure 5 shows that it seems to exist a positive relationship between residential 

electricity consumption and economic growth, especially on lower levels of GDP/cap. 

The chart also gives strength to the hypothesis of a declining marginal utility, and that 

the Nordic area indeed is in a time period with stagnation in residential electricity 

consumption. Three of the countries show signs of decline in their consumption while 

the fourth country, Finland, appears not to have start the decline yet. The plotted data on 

Finland can be seen in Figure 6 below. 
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Figure 6 - Residential electricity consumption and economic growth in Finland 
Source: OECD library (2009c) and Eurostat (2011a) 
 

When looking at Finland specifically, in Figure 6, the chart suggests that the Nordic 

countries are in different stages concerning the Kuznets theory. Finland´s residential 

electricity consumption is still growing steadily, although at a slightly declining rate. 

 

4.1.2 Microeconomic study 

The data is taken from surveys collected within a project called REMODECE 

(Residential Monitoring to Decrease Energy Use and Carbon Emissions in Europe), led 

by the University of Coimbra in Portugal and carried out together with a group of 

universities and energy companies around Europe. The data was collected to support 

policy-making in the EU27 area and about 500 households, in each country 

investigated, were greeted with the questionnaire. The surveys finished in 2008. 

Unfortunately only two of the countries investigated in this study were included in the 

REMODECE project, Denmark and Norway. At the point of having contacted every 

major energy organization in Sweden in the pursuit of similar data without any luck the 

microeconomic part of this study was limited to include only Denmark and Norway. It 

must be noted that we found 320 observations of Denmark valid, while only 185 

qualified from the Norwegian answers. 

 

The data answered in text cannot be used econometrically in its current form, which 

means we have to transform the answers into numbers. “Yes” and “No” answers are 
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transformed into 1s and 0s while the gradual answers will take on a number from 0 to 2. 

The household appliances data will simply be added to a joint variable displaying the 

number of household appliances. The answers regarding the electrical appliances will be 

transformed into 1s, while the unanswered will be transformed into 0s in our 

assumption that a blank answer mean that the respondent do not own the appliance.  

These are then added in the same way as the household appliances to display the 

number of electrical devices that a household uses. The reason for adding the answers 

regarding appliances is that there is reason to believe that the appliances, in their own 

might, do not carry much influence towards the final consumption of electricity, while 

together, they may cover a significant portion of the electricity usage. Further 

transformation of data can be seen in appendix 2. 

 

4.2 Ordinary Least Square regression 

The most frequently used regression analysis will be used for this study since the 

approach is good when deriving a demand function from quantitative data (Dougherty, 

2011).  When outlining a demand for residential electricity consumption, the real model 

looks like this:  

 

 𝑄𝑅𝐸𝐶 = 𝛼 + 𝛽1𝑋1 + 𝛽2𝑋2 + ⋯+ 𝛽𝑛𝑋𝑛 + Ɛ                          (4) 

 

Where the X:s represent the true variables that affects residential electricity 

consumption The variable at the end is a disturbance term and captures the researcher´s 

inability to capture all relevant variables. This may be due to simply forgetting to 

include a variable, or the hardship in measuring it. This disturbance term would for an 

example capture personal preferences, which is hard to measure due to the quantitative 

nature of this study. 

 

To find all variables that affect residential electricity consumption, as well as making 

them functional, is impossible. A regression models job is to fit the data to the model to 

the greatest extent possible and thereby explaining the variance in electricity 

consumption to the best degree.  

 

The functional models do not include a disturbance term since the models cannot 

determine the difference between the intercept and omitted variables. Therefore the 
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disturbance term will be captured within the intercept in the functional model.  

OLS will also be used in the tests further on in this section to check the validity of our 

data, variables and functional form. For the data to obtain the best fit as possible there is 

also a requirement to choose the best model for the required task. 

 

4.2.1 Macroeconomic model 

As can be seen in the plotted data in Figure 5, it seems there is indeed a positive 

relationship between residential electricity consumption and economic growth, which 

seems to carry the resemblance of a quadratic equation with the shape of an inverted u. 

The macroeconomic regression model will then look like this: 

 

𝑞𝑅𝐸𝐶(𝑚𝑎𝑐𝑟𝑜) = 𝑎 + 𝑏1𝐸𝐺 + 𝑏2𝐸𝐺2                         (5) 

 

The expectations are that b1 will be positive while b2 will be negative and smaller than 

b1. This will show a curve where the slope will be decreasingly positive until it tips over 

and becomes negative.  

 

4.2.2 Microeconomic model 

 

The variables are mostly dummies or have a very tight variation frontier, and therefore a 

normal linear regression model will be used.  

 

 𝑞𝑅𝐸𝐶(𝑚𝑖𝑐𝑟𝑜) = (𝑎 + 𝑏1𝑚𝑒𝑚𝑏𝑒𝑟𝑠 + 𝑏2𝑒𝑙ℎ𝑒𝑎𝑡𝑖𝑛𝑔 + 𝑏3 𝑊𝑎𝑟𝑚 − 𝑤𝑎𝑡𝑒𝑟 +

𝑏4ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑎𝑝𝑝 + 𝑏5𝑒𝑙𝑎𝑝𝑝 + 𝑏6𝑙𝑖𝑔ℎ𝑡𝑖𝑛𝑔 + 𝑏7𝑒𝑛𝑒𝑟𝑔𝑦𝑠𝑎𝑣_𝑏𝑢𝑙𝑏𝑠)                         (6) 

 

The expected signs for the microeconomic variables will be; negative for energy saving 

bulbs while it will be positive for the rest of the variables.  

 

4.3 Heteroscedasticity 

Heteroscedasticity implies that the error variance in a model will not be constant. An 

example mentioned by Pindyck and Rubinfeld (1991) is when examining an industry 

with one large firm and one small. The variance in the error terms associated with the 

large firm might be higher than the variance of the error terms in the small firm. The 

sales of a larger firm might be more volatile than for the small firm. When the 
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regression is done for these firms an error occur because the residual sum of squares 

(RSS) associated with large variance will probably be greater than the RSS for the low 

variance errors. Since the regression line will minimize the total sum of squares (TSS), 

the high variance for the large firm will have a better fit then the low variance for the 

small firm. The data will still be unbiased and consistent, but it will not be efficient 

since the variances are not the minimum variances and the variances of the estimated 

parameters will be a biased estimator of the true variance. In Figure 7 the difference 

between RSS and TSS is demonstrated together with the complete decomposition of y. 

 

Figure 7 - Decomposition of Y  
Source: (Pindyck and Rubinfeld 1991) 
 

4.3.1 The Goldfeld-Quandt test  

The Goldfeld-Quandt test is a test for heteroscedasticity with the null hypothesis that 

there exist homoscedasticity and that the error variance is constant. The alternative 

hypothesis is that the error variance is not constant, that the variance of a parameter is 

biased (Pindyck and Rubinfeld, 1991). 

 

H0: The variance of the variable is homoscedastic 

H1: The variance of the variable is heteroscedastic  

 

The test takes a dualistic approach with two least squares regression lines. The first is 

using data that is considered to have low variance errors and the other one is using data 

Y 
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Σ(Ŷ-Ӯ)2= SSR(sum of squares 
regression)= explained variation of 
Y  

Σ(Y-Ӯ)2= TSS = total variation of Y 
= total sum of squares. 
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that is believed to have high variance errors. If the residual variances from the 

regression are similar, the assumption of homoscedasticity is likely to hold. If the 

residual variances change much, it is possible that the variable suffers from 

heteroscedasticity (Pindyck and Rubinfeld, 1991). The Goldfeld-Quandt test will be 

performed on both the macroeconomic and the microeconomic data. 

 

The following five step procedure is carried out for each independent variable: 

1. Rank the data by size of the independent variable, which is assumed to be 

related to the error variance.  

2. Omit the middle s observations; (s might be a fifth of the total size of the 

sample)  

3. Fit two different regressions, the first with the low values of the independent 

variable, X, and the second with the high values of X. Each regression will 

consist of [(N-s)/2] observations and to get the degree of freedom we will have 

to subtract 2 from the number from each regression.  

4. Calculate the residual sum of squares for each regression: RSSlow for the 

regression with low X’s and RSSHigh for the one with high X’s.  

5. Assuming a normally distributed, the static RSSHigh/RSSLow will be distributed 

as an F-static with (N - s - 4) / 2 degrees of freedom. The null-hypothesis can be 

rejected if the statistic is greater than the critical value of the F-distribution. 

 

Formula: 

𝐹 �𝑛−𝑐
2
− 𝑘 , 𝑛−𝑐

2
− 𝑘� =

𝑅𝑆𝑆𝐻𝑖𝑔ℎ
𝑛−𝑐
2

𝑅𝑆𝑆𝐿𝑜𝑤
𝑛−𝑐
2

                          (7) 

 

𝐹 > 𝐹 − 𝑐𝑟𝑖𝑡 = 𝐴𝑐𝑐𝑒𝑝𝑡 𝐻1 

𝐹 < 𝐹 − 𝑐𝑟𝑖𝑡 = 𝑅𝑒𝑗𝑒𝑐𝑡 𝐻1 

 

 

4.4. Autocorrelation  

Autocorrelation is when the errors related to observations in a given time period will 

influence future time periods. It is most common to have positive autocorrelation, and it 

occurs frequently in time series studies. Pindyck and Rubinfeld (1991) explain two 
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possible reasons why this occurs; the first is because of correlation in components of the 

error term, and the second is because of a high degree of correlation over time in the 

cumulative effects of omitted variables. If autocorrelation occurs, the model will still be 

unbiased but not efficient. The standard error of the regression will be biased, making 

the estimation look more precise than it actually is. First-orders autocorrelation is when 

errors in one time period are directly correlated with errors in the next time period.  

 

4.4.1 Durbin-Watson Test 

The Durbin-Watson test is based on residuals from an ordinary least square regression. 

The hypotheses for the test are formed as: 

 

H0: no autocorrelation 

H1: autocorrelation does exist 

 

The Durbin-Watson statistic is derived from the formula below: 

 

𝐷𝑊 = ∑ (𝜀𝑡−−𝜀𝑡−1− )2𝑇
𝑡=2

∑ 𝜀𝑡−
2𝑇

𝑡=2
                          (8) 

 

The Durbin-Watson statistic will be inside an interval of 0 to 4, DW = 2 - 2ρ, where ρ is 

the autocorrelation. A value close to 2 indicates no first order autocorrelation. Below the 

possible results are presented in Table 1. The values of dl and du are taken from the 

litterature. The values depend on numbers of explanatory variables, the number of 

observations, and what significance level that is wanted (Pindyck and Rubinfeld, 1991). 

 

Table 1- Durbin-Watson statistics 

Value of DW Result 

4 – dl < DW < 4 Reject H0: negative autocorrelation 

4 – du < DW < 4 – dl Result indeterminate 

2 < DW < 4 – du Accept H0: no autocorrelation 

du < DW < 2 Accept H0: no autocorrelation 

dl < DW < du Result indeterminate 

0 < DW < dl Reject H0: positive autocorrelation 

Source: Pindyck and Rubinfeld (1991) 
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5. RESULTS 

 

 

 

 

5.1 OLS regressions  

In this section the results from the OLS regression will be presented. The 

macroeconomic regression results will be described first followed by the 

microeconomic results. The original regressions can be found in appendix 5. 

 

5.1.1 Macroeconomic model 

This study aims at analyzing if it does exist a Kuznets curve for residential electricity 

consumption. In order to find out the sign of marginal consumption, residential 

electricity consumption has been tested as a quadratic function of economic growth. In 

the regression all four of the studied countries have been regressed separately. The study 

will also capture an overall picture of the Nordic countries by testing a Nordic model.  

 

The estimates from the regressions show that the independent variable is significant in 

all of the five models. All of the models also show a high explanatory power, were 

Finland had the highest. The regression explained 96 percent of the total residential 

electricity consumption. In Table 2 below the most important results from the 

regressions are presented.   

 

Table 2 - Results from OLS regression 

Country R2 𝛂 β1 β2 DW 

Finland 0,96 -270 .25*** -.36*10-5 *** 0.9973 

Sweden 0,74 1130 *** .28*** -.52*10-5 *** 0.5598 

Norway 0,58 5089 *** .14*** -.18*10-5 *** 0.5604 

Denmark 0,75 830  *** .08*** -.15*10-5 *** 0.3761 

Nordic 0,83 1548 *** .19*** -.31*10-5 *** 0.5017 

***=1 % significance level 
**= 5% significance level 
*=10 % significance level 
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As can be seen in Table 2, all of the β2 values are significant at the one percent level and 

have a negative sign, implying that the assumption about decreasing marginal utility 

will hold. It is likely that it exist a Kuznets curve for residential electricity consumption. 

The only parameter that did not prove significant was the intercept for Finland, which is 

of lesser concern since it was the nature of how economic growth affects residential 

electricity consumption that was the focus of this study. Since all the parameters for 

economic growth is proven significant it is possible to describe the relationship from 

economic growth to electricity consumption. When testing the regressions for 

autocorrelation, Durbin-Watson statistics (DW) are taken from the regression. In Table 

1, the different possible results are presented and in Table 2 the DW statistics can be 

seen. For this specific number of observations and parameters, the critical values of 

dl=1,34 and du=1,48 is obtained. As can be seen in Table 2, the DW statistics for all of 

the regressions is below dl, implying that positive autocorrelation exists in all the 

regression models. In Figure 8 and 9 below, the real values are presented beside the 

function gained from the regression.  

 

Figure 8 - Plotted data compared to the estimated regression line  

 

When comparing the regressions to the actual data as in Figure 8 above, we can confirm 

that all countries except Finland have passed its peak, noticeable by progressively lower 

residential electricity consumption. If the projections of the regression prove true, then 
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Finland should be close to its peak by now. When comparing the results of the 

regression to the plotted data, it seems that the model is a pretty good estimation of how 

the relationship looks like. It is clear that the Finnish regression model and the true 

consumption of electricity are very similar with little deviation from each other. Norway 

had the lowest R2 value but in the graphs it can be seen that the observations are 

fluctuating around the regression line. 

 

 
Figure 9 - Plotted data compared to the estimated regression line, Nordic  

 

As can be seen in Figure 9, the regression seems to be a good estimate of the true 

relationship of how economic growth affects residential electricity consumption. When 

looking at the Nordic model, the decline projected by the regression appears to be too 

steep compared to reality. In Figure 10 below, a comparison between the countries is 

demonstrated.  
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Figure 10 - Comparing the estimated functions 

 

When looking at Figure 10, it is clear that Denmark has the slowest decline in marginal 

residential electricity consumption, while Sweden has the fastest. The peaks of the 

different countries can be found in the interval between about 27000 to 39000 GDP/cap 

in current US$. Sweden has the peak at the lowest GDP/cap followed by Denmark and 

Finland, while Norway seems to have the latest peak. Norway also has the highest peak, 

almost four times as high as Denmark.   

 

5.1.2 Microeconomic model 

The microeconomic part of this study aims to find out what variables that consume the 

most electricity in households. To analyze how the chosen variables affect residential 

electricity consumption an OLS regression was made. The three models were regressed 

separately. The regression gives various results. Electricity space heating was 

significant at the one percent level in all the three regressions that was conducted in the 

microeconomic part of this study. The hypothesis was that electricity space heating 

would increase the consumption, and this holds true in all cases. In Denmark a 

household with electricity space heating is expected to consume 8 675 kWh more 

annually than a household with alternative heating methods. For Norway the increased 

consumption in electricity was 10 143 kWh annually, and in the bundled model 15 476 

kWh increased consumption per year. 
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Number of household members was significant at the one percent level for the bundled 

model and for Denmark, while it was significant on the ten percent level for Norway. 

The hypothesis was that more members in the household would increase the total 

electricity consumption, while consumption per capita would decrease due to economies 

of scale. In Denmark one extra household member would increase the electricity 

consumption by 377 kWh annually. In Norway this number was 1 481 kWh per year 

and in the bundled model one extra household member would lead to an increase in the 

yearly consumption by 822 kWh.  

 

Electric warm- water heating was significant on a five percent level only for Denmark, 

where it also had the expected sign. Heating a household’s warm water by electricity 

would increase the electricity consumption by 735 kWh each year. For Norway and the 

bundled model electrical water heating was not significant. It might be that the 

electricity to warm-water is taken from the same source as electricity to space heating 

and therefore it becomes included in the variable Space Heating.  

 

The household appliances (fridge, freezer, washing machine, and dishwasher), was 

significant on the five percent level for Denmark while not for Norway and the bundled 

model. The hypothesis was that more appliances would lead to increased consumption. 

This holds for Denmark, one more household appliance would lead to an increase of 

641 kWh per year. For Norway the sign was negative but it was as mentioned earlier 

insignificant. 

 

The variable lights on provides an indication of how often a household is using 

electricity to get light. It was significant for the Danish household at the five percent 

level with the expected sign, meaning that more lights on will lead to increased 

consumption. One extra level of lights on would lead to 249 kWh increased 

consumption. For the two other models “lights on” was insignificant and had a negative 

sign.  

 

Electrical appliances, (television, computer, DVD, VHS. and HIFI system), was not 

significant in any of the models. The sign was negative for Denmark and the bundled 

model while positive for the Norwegian model.  
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Energy saving lights had the expected sign for Norway and the bundled model, while 

for Denmark; more energy saving lights seemed to have a positive effect on the 

residential electricity consumption. Energy saving lights was only significant on the ten 

percent level for Denmark.  

 

In Table 3 below the results for each model are presented with the significance level for 

each variable and the R2 value for each model.  

 

Table 3 - Results from OLS regression 

 Variable Denmark Norway Nordic/Bundled 

Intercept 1236,86 * 10583,2 * 4527,94 ** 

Members 376,7 *** 1480,58 * 821,92 *** 

El.space heating 8675,27 *** 10143,5 *** 15476,2 *** 

Warm-water 734,67 ** -2783,7 1126,72 

Household.app 641,26 *** -156,36 468,74 

El.app -98,836 570,04 -254,8 

Lights 249,04 ** -1629,1 -363,14 

Energy Saving bulbs 235,17 * -435,9 -484,55 

R2 0,56 0,09 0,45 

DW 1.931 1.961 1.908 

*=significant on a 10% level 
**= significant on a 5% level 
***=significant on a 1% level 
 

This will give us the results for residential electricity consumption on a microeconomic 

level for Denmark, Norway and a bundled model. The results are presented in kWh. The 

Danish model have an R-square of 0,56 implying that 56 percent of the variance in 

electricity consumption is explained by the variables described above. The regression 

gave us a Durbin-Watson statistics at 1,96, meaning that the statistic falls under 
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du<DW<2, where H0 is accepted, implying that there is no autocorrelation.  The 

significant consumption function for Denmark will look like: 

 

𝑞𝑅𝐸𝐶(𝐷𝐾) = 1 237 + 8675 𝐸𝐿𝑠𝑝𝑎𝑐𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 + 377 𝐻𝑚𝑒𝑚𝑏𝑒𝑟𝑠 + 641 𝐴𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑

+ 735 𝐸𝐿𝑊𝑎𝑟𝑚−𝑊𝑎𝑡𝑒𝑟 + 249 𝐸𝐿𝐿𝑖𝑔ℎ𝑡 𝑂𝑛 + 235 𝐸𝐿𝑆𝑎𝑣𝑖𝑛𝑔 𝑙𝑖𝑔ℎ𝑡𝑠 

 

The Norwegian model have an R-square of 0,088 implying that not even ten percent of 

the Norwegian residential electricity consumption could be explained from the same 

variables that explained 55 percent of the Danish residential electricity consumption. 

The intercept is remarkably high, implying that the insignificant and omitted variables 

have been included in the intercept. Electrical space heating appears to have such a 

great impact on the consumption that it may have reduced the effect of other variables. 

The regression gave us a Durbin-Watson statistic at 1,93, meaning that the statistic falls 

under du<DW<2, implying that there is no autocorrelation. The significant consumption 

function for Norway will look like: 

 

𝑞𝑅𝐸𝐶(𝑁𝑂) = 10 583 + 10 143 𝐸𝐿𝑠𝑝𝑎𝑐𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 + 1481 𝐻𝑚𝑒𝑚𝑏𝑒𝑟𝑠 

 

The bundled model has an R-square of 0.45, implying that 45 percent of the residential 

electricity consumption is explained by the variables presented above. The regression 

gave us a Durbin-Watson statistics at 1,90, meaning that the statistic falls under 

du<DW<2, implying that there is no autocorrelation. The significant bundled demand 

function looks like: 

 

𝑞𝑅𝐸𝐶(𝐵𝑢𝑛𝑑𝑙𝑒𝑑) = 4 527 + 15 476 𝐸𝐿𝑠𝑝𝑎𝑐𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 + 822 𝐻𝑚𝑒𝑚𝑏𝑒𝑟𝑠 

 

5.2 Discussion of the results 

 

5.2.1 Macroeconomic results 

The results from the regression analysis are satisfying considering that economic growth 

is significant on the one percent level for all the countries included in this study. 

Moreover, the strength of validity of the data seems to be high considering that the 

Goldfeld-Quandt test shows no traces of significant heteroscedasticity. A problem 
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encountered is that all models seem to suffer from positive autocorrelation. When this 

occurs, the model will still be unbiased but not efficient. The standard error of the 

regression will be biased, making the estimation look more precise than it is, giving a 

higher R2 value to the regression. As mentioned in section 4.3 Pindyck and Rubinfeld 

(1991) explain two possible reasons why this occurs; the first is because of correlation 

in the components of the error term, and the second is because of a high degree of 

correlation over time in the cumulative effects of omitted variables. In the acquired 

regression results for Finland, the R-square value is significantly higher compared to the 

rest of the countries. This could be because of the autocorrelation in the model. But after 

plotting the data it is clear that a strong relationship exists between the parameters since 

Finland appears to be in an earlier stage in the economic development. This does not 

directly correlate with the welfare, but gives indications to that they are still in need of 

an expanded electricity capacity before they have reached a clear point of stagnation in 

residential electricity consumption. 

 

When comparing the results of the regression to the plotted data, it seems that the model 

is a pretty good estimation of how the relationship looks like. When comparing this to 

the data used by Cheng et al. (2013) where a strong relationship between economic 

growth and electricity consumption is found, it is clear that there is a difference between 

an economically developed country and a country in rapid growth. It is likely however, 

that China in the future will reach the same point of stagnation that the Nordic countries 

already seem to have experienced. This should hold true as long as the theory of 

decreasing marginal utility holds. It must be taken into consideration that the 

environmental Kuznets curve, with emissions and GDP per capita, cannot be strictly 

applicable to residential electricity consumption. Electricity does not have to decrease 

because of higher welfare, but rather relies on the assumption about a positive income 

elasticity for environmental quality and the possibility to save money from reduced 

electricity consumption. The share of electricity that is produced through 

environmentally endangering means on the other hand, is probably bound to diminish. 

That only means to switch the production from one way of producing a quantity to, in 

this case, a renewable alternative and does not necessarily imply that the demand or 

consumption of residential electricity consumption will diminish beyond the point that 

is reached today. It can be argued that the consumption will decrease however, and that 

it will be the result of more effective, less electricity consuming, appliances. In some 
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instances it will be a choice from the consumers’ part which appliance to buy, but when 

for an example, kitchen appliances reaches a new standard in apartments, the 

benchmark may be that of low electricity brands. 

 

Some previous studies have come to the conclusions that economic growth has a 

positive impact on electricity consumption (Bianco et al. 2008; Jamil and Ahmad. 

2010), while others have found no connection from economic growth to electricity 

consumption (Yoo and Kwak.2010; Cheng et al. 2013). This study will join the first part 

of studies, since it appears to be a relationship from economic growth to residential 

electricity consumption on the Nordic countries. This study did not test for a reversed 

relationship, how consumption affects economic growth, so it is possible that the 

relationship exists as well. No previous studies have been found investigating how the 

effect looks like with the connection to the Kuznets curve. The result however, is 

similar to the result for fossil CO2 emissions obtained by Kander and Lindmark (2004) 

with a higher growth in GDP than emissions (in this study, residential electricity 

consumption). This study provide contradicting evidence to the prognoses made by 

Diland, and Hunt (2010) and Gorin, and Marshall (2007) where they predict an 

increased residential electricity consumption for Turkey and California in the future. It 

must be noticed that this study analyzes the per capita residential electricity 

consumption.  

 

5.2.2 Microeconomic results 

The results seem to vary depending on the location studied. The results for Denmark 

show that most of our studied variables are significant, while Norway and the bundled 

model only shows significance on electrical space heating and number of household 

members. No autocorrelation or heteroscedasticity were found in any of the variables in 

any of the models. 

 

Space heating seems to be the variable carrying the greatest impact on residential 

electricity consumption from the variables tested. This correlates well with the 

European Union according to Figure 4, where heating systems stands for the greatest 

part of residential electricity consumption. The coefficient is largest in the bundled 

model, probably because Norway has generally higher residential electricity 

consumption and also a larger share of the households are using electric space heating. 
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This correlates with previous studies discussed in section 3.4.1. There is also a 

unanimous significance in the number of household members. This seems to be logical, 

considering that more household-members often equal a larger house with more 

appliances (REMODECE, 2008). It might be that these two variables capture the affect 

from the others investigated variables, making them less significant. The one variable 

that carried no significance in any of the models were the number of electrical 

appliances. Either this is because we took the wrong assumption about that variable in 

the surveys, considering that a blank answer could equal a reluctance to answer that 

specific question, and not that the household did not have the appliance in their 

possession. Or this can be because electrical appliances contribute to such a small share 

of the total electricity consumption. The variable lights on is a measurement variable 

and what one person in the survey think of having the lights on often, another might 

think of as sometimes. So it would probably have been better with a measurement of 

lights on in hours or in kWh. The Energy saving bulbs was, surprisingly, proven 

significant when having a positive sign in the Danish model while not significant in the 

other models where the sign was as expected. This might have occurred because of the 

answer possibilities in the survey, where intervals with number of energy saving bulbs 

would have given a clearer picture of how it really affects consumption. 

 

 Drawbacks of the study are the different amount of observations collected in the 

surveys for Norway and Denmark. Denmark numbered almost the double amount of 

observations compared to Norway, which may be part of the explanation towards why 

the studied variables showed a higher degree of significance in Denmark. Another is the 

overall low number of observations, making it difficult to draw any certain conclusions. 

Also, the survey limited the amount of variables that could be included. The two 

variables that immediately come to mind is price and income, since those two are 

usually included in demand functions. It is our belief that the study would have shown 

greater significance if any of these two variables had been included.  

 

Previous research have concluded that electrical space heating and number of household 

members are important factors when studying residential electricity demand (Andersson 

1997; Halvorsen and Larsen. 2001; Pickenpaugh and Balash. 2009).This goes in line 

with this study, however the Danish study was proven to have a higher explanatory 

power than many of the previous studies, while the Norwegian study shows almost no 
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explanatory power at all. On the Nordic markets Andersson (1997) who studied the 

Swedish market got an R2 value at 0.25, while Halvorsen and Larsen (2001) showed an 

R2 value of 0.35 for the Norwegian market. The later mentions more electricity efficient 

appliances in the household but do not dwell into the reason being efficiency 

improvements. Both Andersson (1997) and Halvorsen and Larsen (2001) find more 

appliances to be significant and they also include more variables such as temperature 

and size of the dwelling. Electrical appliances show no significance in any of the tested 

models, which contradicts the results obtained in previous research, discussed in 3.4.1. 

Sanquist, et al. (2012) found both PC and Televisions to be significant. It must be noted 

that they had 4832 observations to base his results on compared with the 505 

observations obtained for this study. This might affect the results in that it is easier to 

gain a pattern from more observations. His R2 –value reach an average of 0,40 over both 

his studies, which is higher than Norway but lower than Denmark. 

 

5.2.3 Joint analysis 

When combining the results we can identify a relationship between the macroeconomic 

and the microeconomic parts. Norway has the highest electricity consumption and when 

looking at the microeconomic results, this can be related to that a larger share of 

households use electricity to heat their dwellings. This can be compared to Denmark, 

which on an aggregated level had the lowest electricity consumption per capita. In the 

studied sample, Norway showed that 85 percent of the households use electrical space 

heating, while the ratio in Denmark was 5 percent. Sweden and Denmark were the 

countries that showed the earliest peak, and this might be explained by the growing 

substitution towards district heating in Sweden (Svensk Fjärrvärme, 2012). Denmark 

might also have substituted electricity space heating for less electricity consuming 

alternatives. It can also be noted that Norway seems to be the country that have the 

worst fit with the regression line. Even though the regression shows a stagnation, the 

data shows that Norway has increased its consumption at its highest GDP-levels, rather 

that lowering it. Like Finland, Norway also seems to be in need of alternative methods 

of space heating to lower their electricity consumption even more.  

 

  



39 

 

6. CONCLUSIONS 

 

 

 

 

The purpose of this study was to find out how residential electricity consumption in the 

Nordic countries changes as the countries gets more developed. The results suggest that 

there is a clear connection between economic growth and residential electricity 

consumption, and the relationship takes the form of an inverted u implying that it does 

exist a Kuznets curve for residential electricity consumption. This means that in the 

beginning of a country´s modernization, a progressively higher quantity of electricity is 

needed to satisfy the demand. As the country gets more developed, the trend becomes 

reversed. This might be due to decreasing marginal utility from the use of electricity or 

by positive income elasticity for environmental quality. It might also be the effect from 

more efficient appliances, insulation, and other electricity efficiency improvements in 

the household. This gives indications that the Nordic countries is on the right path to a 

less electricity intense future. Since evidence suggests that this holds true in the 

observed geographic area, it could very well be the case for the rest of the world as it 

reaches a high level of welfare.  

 

The results must however be taken with a bit of caution. It might not be that diminishing 

residential electricity consumption directly correlates with a heightened sense of 

environmental awareness, the effect from wanting to lower the total cost of electricity 

consumption in the household must also be taken into account. Other drawbacks with 

the results are that they only show the effect from economic growth. It might be that 

technological development and material substitution are the real driving forces behind 

the decline in residential electricity consumption. It is also possible that the results 

would have been even more correlated with the Kuznets theory if the study had been 

outlined to measure the electricity produced and consumed by environmentally 

endangering means. This is for future research to investigate. Quite a lot of the 

electricity produced in the Nordic countries is from renewable sources which mean that 

a rise in renewable electricity and an increased efficiency implies an accumulated 

positive effect on environmental welfare. We recommend that further research is made 

to better specify the effect of efficiency and environmental awareness.  
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The hope for this study was also that we would be able to identify what factors that have 

the greatest effect on residential electricity consumption. From the results it is clear that 

electrical space heating has the largest impact on residential electricity consumption, 

since it was significant on the one percent level it is very likely that the results holds 

true in the reality as well as in the estimation made in this study. Number of household 

members were significant in all the models as well but does not have as great impact on 

residential electricity consumption as electrical space heating has. This study did not 

address residential electricity consumption per capita, but it is most likely that an extra 

household member will have a negative impact on per capita consumption.  In Denmark 

the results were more satisfying than in Norway giving good implications to which 

examined variables that affect the demand of electricity to the greatest extent. The 

reason for the different results is unclear and further research is required on the field. 

Maybe a study on the remaining countries, Sweden and Finland, would provide a 

clearer picture of residential electricity consumption. This study suggests that a shift 

from electrical space heating towards other alternatives of heating systems is desirable. 

Improved insulation could also be one way to limit the effect from electrical space 

heating.     

 

A variable we would have liked to include in the microeconomic study is price, since 

many other studies have found this variable significant and that it is a part of the normal 

demand function. Unfortunately, no price factor was included in the surveys carried out 

by REMODECE. This is a gap for future research to fill. A more extensive dataset 

would have also been preferred. 
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Appendix 1 - Summary of previous research 
 

Macroeconomic studies    
Author Methods Variables Sector Results 

Bianco et al. 
(2008) 

Breusch-Godfrey 
Serial Correlation 
test. Engle-Granger 
test. Augmented 
Dickey-Fuller test.  

GDP. Population. 
Price. 

Total annual 
electricity 
consumption  

Economic growth has an effect. 
Price of electricity has a non-
significant effect. 

Yoo and 
Kwak. (2010) 

Granger causality test. 
Engle-Granger test. 
Phillips-Perron test  

Economic growth Total annual 
electricity 
consumption 

Electricity consumption has a 
unidirectional effect on 
economic growth in Argentina, 
Brazil, Chile, Columbia, and 
Ecuador. There is a bidirectional 
relationship in Venezuela. There 
is non-causal effect in Peru. 

Cheng et al. 
(2013) 

Phillips-Perron test.  
Fully modified least 
squares(FMOLS), 
Engle-Granger test, 
and Phillips-Ouliaris 
test. OLS regression.  

Economic growth Total growth 
of electricity 
generation. 

Electricity consumption has an 
unidirectional effect on 
economic growth in China. 
Elasticity of 0,6 of electricity 
consumption to economic 
growth. 

Narayan et al. 
(2007) 

panel unit root, panel 
cointegration, and 
panel long run 
estimators, OLS 
regression 

Income, Price of 
electricity, Price 
of natural gas, 
Relative prices 
between 
electricity and 
gas 

Residential 
electricity  

All variables are integrated of 
order one, cointegrated, and 
significant in the long run (not 
in the short run). Speed of 
adjustment to equilibrium is 
slow. Income elasticity is rather 
low while the price elasticity is 
high. 

Jamil and 
Ahmad.  
(2010) 

Dickey-Fuller , 
Johansen 
cointegration test,  
error correction 
model, and granger 
causality test. OLS 
regression 
(econometric) 

Economic 
growth, 
Electricity price 

Domestic Economic growth causes 
electricity consumption in the 
residential (and aggregate) 
sector.  Price affect electricity 
consumption, all variables 
integrated at order one. Price 
elasticities are less than one in 
aggregate and residential 
sectors. Income elasticities are 
significant and above unity. 
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Microeconomic studies    

Author Methods Variables Sector Results 

Pickenpaugh, 
and Balash. 
(2009) 

Two Stage 
Least 
Squares. 
Wald test. 

Price. Income. Climate. 
Use of energy-intensive 
appliances. Square 
footage of home. 
Members in household. 

Residential 
electricity 
consumption 

Price has an effect. Geographical 
area has an effect. Income has an 
effect. House age has an effect. 
Climate has an effect. 

Sanquist et 
al. (2010) 

Multiple 
Regression 
Analysis 

Lifestyle element: Where 
to live, 
Appliance/entertainment/
information technology 
ownership and usage, 
Thermal comfort, Family 
composition and 
routines. Other variables: 
Income, Price, Access to 
natural gas. 

Residential 
electricity 
consumption 

Lifestyle factors account, by 
themselves, for approximately 40% 
of the variance for both 2001 and 
2005. By adding the other factors 
the variance rises to 54%. Income 
only contributed to merely 1% 
individual variance. 

Jeeninga and 
Huenges 
Wajer. 
(2007) 

forecast 
analysis 

Economic growth, 
Income, Prices, 
Efficiency improvement, 
number of persons per 
household 

residential 
and domestic 

4 approaches to change 
environmental impacts: increase in 
efficiency, substitution, changes in 
hours of usage, and changes in life 
style. 

Halvorsen 
and Larsen. 
(2001) 

econometric
, regression 

Price of electricity, Price 
of substitutes, Income, 
Climate,  and Household 
characteristics 

Residential 
electricity 
consumption 

Electricity consumption rise with 
income, number of household 
members, number appliances, and 
with floor space. Consumption 
decreases with electricity price, age 
of the dwelling, central heating, and 
if the household lives in a block of 
flats. Electricity consumption is 
both price and income inelastic. 

Massimo 
Filippini 
(2011) 

econometric
, regression 

Electricity Consumption, 
Price, Household Size, 
Income, Climate, 
Number of Customers, 
monthly average Fixed 
Fee, Peak and Off-Peak 
time 

Residential 
electricity 
consumption 

Little impact from the 
socioeconomic variables and 
weather conditions. Short run price 
inelastic while in the long run 
electricity consumption becomes 
price elastic.  

Wiesmann et 
al. (2011) 

econometric
, regression 

Household and Dwelling 
characteristics 

Residential 
electricity 
consumption 

Household and dwelling 
characteristics influence residential 
electricity consumption. Low effect 
from income on consumption. 
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Bo 
Andersson 
(1997) 

econometric
, regression 

Number of household 
members, Type of 
heating method, Insulate 
housing, Other measures 
to conserve electricity, 
Stock of appliances, 
Climate, Income, 
Electricity price 

Residential 
electricity 
consumption 

Price elastic in the long run while 
not in the short run, low 
explanatory power of the regression 
(25%), income inelastic.  
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Appendix 2 – Transformation of surveys 

 

Microeconomic dataset 

Question Free 
input 

Alt 1 Alt 2 Alt 3 

Consumption         

Consumption (kWh) 0>       

Members         

<12 0>       

13<18 0>       

19<65 0>       

>65 0>       

Space heating         

El. space heating   Yes No   

Water heating         

El.water heating   Yes No   

Household app         

Fridge w.freezer 0>       

Washing machine   Yes No   

Dish Washer   Yes No   

Electrical app         

Monitor   Turn it off Leave it on - 
Laptop   Turn it off Leave it on - 

Printer   Turn it off Leave it on - 

Computer   No booting 
again 

Worried 
about 
damaging it 

Task running 

TV   Remote control Standby On/off button 

VHS   Remote control Standby On/off button 

DVD   Remote control Standby On/off button 

HiFi   Remote control Standby On/off button 

Lights         
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Light On   Never Sometimes Often 

Energy Saving bulbs   Never Sometimes Often 

 

 

Microeconomic dataset 

Question Free 
input 

Alt 1 Alt 2 Alt 3 

Consumption         

Consumption (kWh) 0>       

Members         

Members 0>       

Space heating         

El. space heating   1 0   

Water heating         

El.water heating   1 0   

Household app         

Household.app 0>       

Electrical app         

Elapp 0>       

Lights         

Light On   0 1 2 

Energy saving         

Energy Saving bulbs   0 1 2 
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Appendix 3 – Tests for heteroscedasticity 

H0: The variance of the variable is homoscedastic 

H1: The variance of the variable is heteroscedastic  

Macroeconomic model 

Omitted observations: 10 
Degrees of freedom: 8 
Number of observations: 30 
Critical value of F: 3,44 
 
Country F-value Results Accepted 

hypothesis 

Finland 0,872 F<F-
crit 

Discard H1 

Sweden 0,05 F<F-
crit 

Discard H1 

Norway 1,25 F<F-
crit 

Discard H1 

Denmark 0,33 F<F-
crit 

Discard H1 

Nordic 0,079 F<F-
crit 

Discard H1 
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Microeconomic model 
 

Omitted observations: 101 

Degrees of freedom: 194 

Number of observations: 505 

Critical value of F: 1,27 

Variable F-value Results Accepted 
hypothesis 

Members: 0,34 F<F-crit Discard H1 
El. space heating: 0,89 F<F-crit Discard H1 
El.water heating: No 

variation 
F<F-crit Discard H1 

FFZWD: 0,35 F<F-crit Discard H1 
Elapp: 0,08 F<F-crit Discard H1 
Light on: 0,3 F<F-crit Discard H1 
Energy Saving 
Bulbs: 

0,09 F<F-crit Discard H1 

 

The results clearly show that there is a 95% certainty that no heteroscedasticity exists in 

the variation of our microeconomic variables.  
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Appendix 4 – Test for autocorrelation 

Durbin-Watson test: 

Macroeconomic model: 

n=29  k=2 

dl=1,34 du=1,48  (5 percent significance level) 

 

Country DW-statistics Interval Autocorrelation 
Finland 0.9973316 0 < DW < dl Yes, Positive 
Sweden 0.5598488 0 < DW < dl Yes Positive 
Norway 0.5604193 0 < DW < dl Yes Positive 
Denmark 0.3761110 0 < DW < dl Yes Positive 
Nordic 0.5016636 0 < DW < dl Yes Positive 
 
Microeconomic model: 
 
Model DW-statistics Interval Autocorrelation 
Norway 1.9306071 du < DW < 2 No 
Denmark 1.9612087 du < DW < 2 No 
Bundled 1.9079712 du < DW < 2 No 
  

 


