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The influence of price and non-price effects on demand for 

heating in the EU residential sector 

ABSTRACT 

This paper models energy demand for space and water heating from 1970 to 2005 in the 

residential sector of four EU countries (France, Italy, Sweden, and UK) usingindex 

decomposition, ARDLeconometric modelsand cointegration analysis.The partial and temporal 

influences on energy demandin each country of the number of households, floor area per 

household (m
2
) and unit consumption for space and water heating (kWh/m

2
/year) are 

disaggregated. The long-run price elasticity of demand at the unit consumption level is found 

to be low (around -0.25 over the four countries) while the long-run income elasticity of floor 

area per household is found to be around 0.25 for Italy, Sweden and the UK but insignificant 

for France.In an exercise using the model to estimate demand to 2050 under annual increases 

in energy prices of between 0% and 3% it is found that non-price effects such as building 

codes and autonomous technical progress (represented in the model as a time trend)are 

equally or moreimportant than the price effectin reducing demand.Thus achieving significant 

reductions in EU residential sector energy demand by 2050 would require additional non-

price policies and measures for success.  

Keywords 

Heating, Residential, Scenarios, Price and non-price effects 

1 INTRODUCTION 

Energy use in buildings accounted for over 40% of primary energy use in the EU in 2005. The 

full cost-effective potential for energy savings from efficiency by 2020 in this sector is 

estimated to be between 27% and 30% [1]. Achieving this potential is part of the EU Climate 

and Energy Packet (known colloquially as the EU 202020 goal), which proposes that by 2020 

that there should be a 20% saving in primary energy use (relative to a projected value), a 20% 

share for renewables in the energy supply, and a 20% reduction in greenhouse gas emissions 

(relative to the levels in 1990)[2]. Achieving these targets would help the EU contribute to 

limiting anthropogenic global warming to a maximum of 2°C, which is the target adopted by 

the EU based on the scientific evidence on global warming highlighted by the IPCC. 

Understanding the effects of energy prices and taxes and other aggregate determinants of 
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energy demand up to and after 2020 is important in determining whether these EU political 

goals can realistically be achieved. 

An extensive literature using econometrics to examine energy demand in the residential sector 

exists, although it is mostly focused on the electricity componentof this demand.A 

comprehensive review of US focused studies has been carried out [3]and describes lagged 

endogenous models as being the most ubiquitous models observed in the literature for 

separating out the short and long run effects on demand for energy services. A survey of 

various econometric approaches to modelling residential energy demand and how the 

methodologies have evolved is provided [4]. Relevant publications up to 2010 have been 

summarised [5]and the authors write that since the beginning of 1990s, that cointegration 

analysis has become the standard component of all studies using time series data. In this 

regard a pioneering cointegration analyses work is [6] where the use of an Error Correction 

Model (ECM) to calculate the short- and long-term price elasticities of energy demand in 

Denmark is demonstrated. The same authors cite [7]to update their 1993 work [8] to show 

that the Autoregressive Distributed Lag model (ARDL) can be used for the same purposes as 

long as the underlying variables are cointegrated. 

While using econometric models as the previous authors doto model the historic development 

of energy demand, is a well-established science, there is less acceptance on the use of such 

models for forecasting energy demand. A comprehensive critique is given [9] arguing that it 

is a mistake to assume that the future will replicate the past. In the same veinit is 

suggested[10]that using econometric models for energy demand forecasting should be 

restricted to 5 to 10 years into the future because such models cannot account for structural 

changes which are inevitable over longer time periods. For forecasting over longer time 

periods they suggest the disaggregation of energy demand into structural components of the 

economy e.g. demographics, and the creation of scenarios for their development. In their 

approach, econometrics can be used to model the long-term development of homogenous 

individual structural components of the economy e.g. energy efficiency. 

Useful methods of disaggregating energy demand (Index decomposition) 

intothehistoricaltemporal partial influences of energy efficiency, changes in floor area, and 

numbers of households on total energy demand have been shown [11,12]. Such 

disaggregation’s are also useful for choosing the structural components of energy demand to 

use in the scenario modelling approach suggested by [10]. Econometrics are specifically used 
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to model the role of energy efficiency in explaining demand in the residential sector[13–15]. 

Their contributions are important in light of the often cited potential of energy efficiency to 

vastly reduce demand in the sector.  

The present study uses cointegration analysis, ARDL and index decomposition (ID) to 

modelhow energy demand for space and water heating has developed since the 1970’s in the 

residential sectors of four EU countries. Traditionally modelling demand for space and water 

heating has not been possible because of a lack of data. The advent of the Odyssee Database 

[16] has however changed this situationfor the EU. In addition, as space heating typically 

represents over 60 % of demand in the residential sector in EU countries, its analysis is well 

warranted. The countries modelled (France, Italy, UK, and Sweden) are chosen because of the 

availability of relevant data extending back to 1970´s, their diversity in terms of climate and 

the degrees of housing insulation, and the fact that the first three countries listed account for 

approximately 40 % of the total energy demand of the EU residential sector. The modelling is 

carried out for the countries individually rather than by grouping them in a panel (as carried 

out by [15]) in order to be able to compare results across countries.The work focuses on 

aggregate demand for heat (the sum of all energy carriers) rather than the individual energy 

carriers which would require the calculation of cross – price elasticities and significantly more 

data manipulation and assumptions on future prices of individual energy carriers. Heat 

demand itself has been more stable since the 1970’s thus making it easier to model as opposed 

to different energy carriers which have changed over the period, e.g. natural gas heating has 

replaced oil heating as the dominant heating energy carrier in many EU countries. 

The aim of the paper is to elucidate the parameters affecting the demand for space and water 

heating in the four countries. The methodology applied is intentionally top-down so as to 

allow for an analysis of the price and income and other aggregated drivers of energy demand. 

This exact methodologies employed are gleaned from the papers cited above. The work 

augments that of [13,14] by including cointegration analysis, extending the time series used to 

2005 and using the model to make scenarios of future energy demand to 2050. Making use of 

a top-down model to compare results to EU Energy policy aspirations is also a unique feature 

of the paper.The use of ID allows the influences of energy efficiency, changes in floor area, 

and numbers of households on total energy demand to be analysed individually.This follows 

the approach of modelling structural components of energy demand as suggested by [10] and 

also allows for the long-term estimation of how demand may develop to 2050.The purpose 
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with making long-term energy demand scenarios to 2050 is to show the partial effect of the 

drivers of energy demand to provide insights for policy makers rather than any attempt to 

estimate what will happen.  

The paper is organised as follows: The methodology section provides a description of the 

decomposition analysis, the econometric model used, and the data series investigated. The 

results section begins with the decomposition of the trend in total energy demand, followed 

by econometric results to explain the trends in floor area and unit consumption (measured in 

kWh/m
2
/yr). These results are then used to make a set of scenarios to 2050 based on 

developments in energy prices. Finally, the results are discussed from the perspectives of 

energy policy, and conclusions are drawn.  

2 METHODOLOGY 

2.1 Modelling 

The total demand for energy for space and water heating, Et(in TWh), is divided into three 

sub-components [12], as follows: 

      where A is 

the number of households in millions, S is the residential sector floor area per household (in 

m
2
/household), I is the unit consumption for energy demand for space heating per year 

(measured in kWh/m
2
/yr) and t is time (in years). 

Log mean divisia index decomposition (LMDI) [11] is used to visualise the temporal partial 

influences of A, S, and I on E. The three parameters At,St, and It are modelled individually. 

The number of households At is obtained by dividing the population by the number of persons 

per household. For the floor area per household
1St, and the unit consumption for space and 

water heating It, econometric modelling is carried out. Future scenarios for population, 

income per capita, and energy prices are then used as inputs to establish the projected values 

of At,St, and It.  

                                                           
1
 Floor area per household approximates floor area per dwelling as the number of households is approximately 

equal to the number of permanently occupied dwellings [16]. 

𝑬𝒕 = 𝑨𝒕𝑺𝒕𝑰𝒕 
(1) 
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2.2 Econometric Models 

A general ARDL model of energy demand where real income, real energy prices and heating 

degree days are the explanatory variables has been presented [8]. This present work modifies 

the Bentzen and Engsteds ARDL model to makeItfrom Equation (1) the dependant variable. 

In additionincome is dropped and absolute values ofheating degree days are usedso as to 

model the influence of a degree day change
2
. Income is not included as an explanatory 

variable as the dependant variable has been normalised to a unit of floor area. The exponential 

time trend coefficientis assumed to represent various factors, such as autonomous 

technological development, imposition of regulations, and other variables not captured by 

price, lag, and heating degree days. The modified Bentzen and Engsteds ARDL model then 

becomes a model of Unit Consumption and is presented in Equation (2) where It, PtandHDDt 

are the absolute values of energy demand, energy prices and heating degree days respectively: 

𝒍𝒏(𝑰𝒕) = 𝜶𝟎 + 𝜶𝟏 𝒕 +  𝜱𝒊𝒍𝒏(𝑰𝒕−𝒊)
𝒑

𝒊=𝟏
+  𝜷𝟐𝒊𝒍𝒏(𝑷𝒕−𝒊) +

𝒒

𝒊=𝟏
 𝜷𝟑𝒊(𝑯𝑫𝑫𝒕−𝒊)

𝒒

𝒊=𝟏
+ 𝒆𝒕 

The income variable,Yt,removed from the Bentzen and Engsteds ARDL model is then 

introduced in the following model of floor area per household (Sfrom Equation 1) because it 

is assumed to have a greater correlation with floor area growth than with unit consumption : 

𝒍𝒏(𝑺𝒕) = 𝜸𝟎 +  𝝀𝒊𝒍𝒏(𝑺𝒕−𝟏)
𝒑

𝒊=𝟏
+  𝜷𝟏𝒊𝒍𝒏(𝒀𝒕−𝒊)

𝒒

𝒊=𝟏
+ 𝒆𝒕 

Demographic change, for example an increasing share of old people, could potentially 

influence the development of both floor area and energy use. Data to support a thorough 

analysis of demographic change is, however, not available.As is standard with ARDL models 

the value of the long-run income elasticity of demand for floor area is given byΣβ1i/(1-Σλi), 

while the long-run price elasticity of demand for unit consumption is given byΣβ2i/(1-

ΣΦi).For the purposes of the present work, the number of autoregressive and distributed lags 

are chosen (P, Q over summation symbols in Equations (2) and (3) respectively) so as to 

eliminate serial correlation of errors (et). 

                                                           
2
Alternatively HDD could be left out of the regression and the space heating component of the dependent 

variable normalized for average climate conditions. Tests with this option however produced ambiguous results 

perhaps because price elasticities are better calculated when they are related to the actual climate dependent 

demand that occurred.  

(2) 

(3) 
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Figure 1 shows the time series of Unit Consumption (It), heating degree days (HDDt) and 

energy prices (Pt) and suggests that HDDt is stationary (its trajectory appears to be mean 

reverting), that Unit Consumption may be trend stationary but that energy prices is not 

stationary. In general stationary time series would not be included in a cointegration vector as 

they would not have a long run relationship with any non-stationary variables [17]. The HDD 

has however exerted a historic influence on unit consumption, as is evident in Figure 1 (e.g. 

Sweden from 1985 to 1987), and can be expected to do so for many decades into the future. 

The downward trajectory of Unit Consumption, also visible in Figure 1, suggests that it 

contains a long-term trend (which can be modelled as a time trend (t)) that can also be 

expected to continue into the future. Thus, the present paper suggests that the stationary time 

series of HDD and t when combined with the time series of energy prices (which appears to be 

non-stationary from Figure 1), are cointegrated with Unit Consumption. This is the theoretical 

grounding for the cointegration vector (1, α1, β2, β3) which is the basis of Equation (2). The 

corresponding cointegration vector for Equation (3) is (1, β1). No other possible cointegration 

relationships e.g. setting price as the dependant variable, have been explored as this paper 

seeks to model the parameters of Equation (1) only. 

FIGURE 1 GOES HERE 

The time series were tested for stationarity and cointegration using the Augmented Dickey 

Fuller (ADF) version of the unit root test[17]. The tests revealed that all the time series of 

HDD were stationary, whereas the time series for the other data categories were not stationary, 

with the exceptions of income per capita for Sweden and the UK and unit consumption for the 

UK. However, the first differences of the time series were found to be sufficient for creating 

stationary time series in all cases for which the original time series were not stationary (see 

Appendix A). The cointegration test shown in Appendix A indicates that the vectors proposed 

for Equations (2) and (3) are cointegrated, i.e., a long-run relationship exists between their 

variables, indicating that the results obtained from either an ARDL or a two-step ECM 

[18]regression of these parameters should be valid. In the early modelling for this paper 

similar results were obtained from an ARDL and a two-step ECM model of the parameters of 

Equation (2). As it is of interest in this work to isolate the effects represented by the time 

trend (t in Equation (2)) the ARDL model was chosen over the ECM. 
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2.3 Data series used 

The time series data for France, Italy, the UK, and Sweden used in Equations (1) to (3) were 

obtained from the following sources: personal income [gross/net household disposable 

income – real] and consumer price indices [private final consumption expenditure – 

deflator][19]; energy carrier prices from 1978 to 2005[20]; space and water heating demand 

by energy carrier from 1980 to 2005[16];and space and water heating demand by energy 

carrier and energy carrier prices from 1970 to 1985[21]. All the economic data used are in the 

national currencies normalised to Year 2005. As the price data are for individual energy 

carriers, theyhave been weighted by the share of each energy carrier in the overall demand 

balance to produce a weighted average price for energy. For France, Italy, and Sweden, the 

price data for some energy carriers for some of the years were missing. For Sweden,the gaps 

were filled using data from the Swedish Energy Agency [22]. For France and Italy, data on 

the growth rates of complementary fossil fuels were used to estimate the missing prices. The 

IEA provides historical prices for coal, electricity, gas and oil, but not for biomass or district 

heating (DH). Prices for biomass and DH in Italy and UK were not needed due to the lack of 

penetration of these two energy carriers in these countries. Prices for DH in France and 

Sweden were obtained from [23]. For Sweden, biomass prices were based on the data 

provided by [24,25].As no prices for biomass were found for France, the options for that 

country were to include biomass in the energy demand time series but not in the weighted 

average energy price time series or to omit biomass from the energy demand time series; tests 

to discover the best-fit model led to the latter option being chosen.For a review of the data 

availability for this type of work for any European country, see [26].  

Ideally, the coefficients of Equation (2), should be calculated using time-series data dating 

back to at least 1970, so as to incorporate the price spikes of the 1970’s while it may be 

advisable to use data from 1980 onwards to calculate the coefficients of Equation (3)as the 

high rate of construction in Europe during the 1970’s may exaggerate subsequent estimations 

of these coefficients. The input data for Equation (2) for Italy and Sweden are available from 

1970 to 2005, those for France are available from 1975 to 2005, and those for the UK are 

available from 1973 to 2005. For Equation (3) the input data used are from 1980 to 2005 

except for Sweden for which they arefrom 1980 to 1992, as the floor area data post-1992 for 

that country are inconsistent
3
. Although [13] have shown higher price and income elasticities 

                                                           
3
The issue related to the time series of floor area data for Sweden is discussed in[27]. 
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for the period 1970 to 1982 when energy prices were rising than the period 1982 to 1993 

when they were quite static, in this work the elasticities are calculated for the periodsoutlined. 

The justification for this is that it allows for a long term analysis of demand drivers and long-

term estimations of future demand. This assumption in developed further in the discussion. 

2.4 Scenario Description 

In the present study, a scenario is a set of assumptions made regarding future levels of 

exogenous parameters, such as population, average household size, personal income, and 

energy prices. Future estimations of population are available from various sources, e.g., [28]. 

These have been used to estimate the future numbers of households (A in Equation (1)) by 

dividing the population by the average household size in 2005. Average household size for 

2005 was obtained by dividing the population in 2005 by the number of permanently 

occupied dwellings in each country, as obtained from [16] and shown in Table 1. 

TABLE 1 GOES HERE 

The recently published EU Roadmap for moving to a low-carbon economy in 2050 [29] 

estimates that the average household size for the EU-27 Countries will have fallen to 2.0 by 

2050. In this work however the average household size is kept constant from 2006 to 2050. In 

doing so it is assumed that if the number of people per household decreases, that there would 

also be a slower growth in floor area per household. As persons per household is not included 

in the model of floor area (Equation 3) it is assumed that the effects of smaller household and 

smaller floor area growth would cancel each other out, making a constant household size for 

the purposes of modelling energy demand seem reasonable. 

The population projections used are from the EUROPOP2008 convergence scenario[30,31]. 

The population of the EU-27 is expected to grow by 0.2% per year until 2035 and slightly 

declineafterwards, remaining fairly stable at around 500 million over the next 40 years.The 

key drivers fordemographic change are higher life expectancy, low fertility, and inward 

migration[29–31].As the future population scenarios from Eurostat are only available for 

every 10
th

 year, the values have been interpolated to obtain a continuous population time 

series.  

Future estimations of income in the period from 2006 to 2050 are needed to calculate the 

future floor area, S, in Equation (3). For this purpose, growth of future income is set at 1.93% 
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per annum[32], without any adjustment for the post 2008 economic recession. This growth 

rate is taken from the Primes model which has been used to project EU energy demand to 

2030 and provide a baseline and reference point for EU energy policy.  

Future estimations of energy price levels in the period from 2006 to 2050 are also needed to 

calculate the unit consumption, I, in Equation2 (2).Threesimplified price scenarios are used: 

1) prices remain the same; 2) prices increase by 2% per year; and 3) prices increase by 3% per 

year for the weighted average price of energy from 2010 onwards. There are a number of 

reasons for this approach which are outlined as follows: 

 These three price scenarios nearly cover the range of average annual percentage 

change in weighted energy price per country for space and water heating between 

1970 and 2005 (France: 1.96%, Italy: 3.04%, Sweden: 3.22%, UK: 0.59%) ; 

 The three price scenarios are similar to those used in the POLES global model for the 

EU Roadmap [29]. In that study, the three price scenarios used include one in which 

oil prices remain relatively stable at 70$2008/barrel, one in which oil prices gradually 

double to 127$2008/barrel by 2050, and one in which temporary oil shocks from 2030 

onwards lead to oil prices reaching 212$2008/barrel by 2050. In percentage terms, 

these represent annual increases of 0%, 1.5%, and 2.75%, respectively. 

 The three price scenarios are also similar to the scenarios for future commodity prices 

for coal, oil, and gas, as estimated by the IEA in their World Energy Outlooks for 

2009 and 2010 [33,34]; 

 The three price scenarios are also similar to those obtained in an exercise for a 

previous work that involved an extensive estimation of future prices[35]. This exercise 

consisted of three steps – (i) estimation of future wholesale prices for energy using the 

price model ENPAC [36], (ii) estimation of future energy prices as seen by households 

by the addition to wholesale prices of estimations of future levels of distribution 

charges, VAT, excise taxes and carbon taxes and (iii) the use of future scenarios for 

the energy carrier mix as weights to make a future weighted average price for energy. 

To summarise the four above points, despite the simplicity of the three price scenarios used, 

their values cover a range of prices obtained using more sophisticated methods. For a 

discussion on the possibility of future energy prices being higher than those used in these 

scenarios see the discussion section below. Prices for 2006 to 2009 are an interpolation 

between measured prices for 2005 and modelled prices for 2010[35].All future scenarios of 

unit consumption involving regressions that include lags use climate-corrected measured data 

for 2005 as their initial lagged inputs. For future scenarios of unit consumption, the 

coefficients of HDD are suppressed, since their roles are to establish realistic price elasticities 

rather than to influence future consumption patterns. 
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3 RESULTS 

This section lists the Index Decomposition (ID) results for each country, followed by the 

results of the OLS regressions of floor area per household and unit consumption using the 

ARDL. Then scenarios for energy demand to from 2006 to 2050 are presented. Note that as 

stated in Section 2 the number of households is not modelled using econometrics, as estimates 

of future population are obtained from other sources. 

3.1 Index Decomposition 

Figure 2shows the Period-wise Index Decomposition profiles of the total energy demand for 

space and water heating for France, Italy, Sweden, and the UK in the period from 1970 to 

2005. For all four countries, the increases in the number of households over the period, 

attributable to both rising population and smaller household sizes, and the larger average floor 

area per household due to increasing affluence, have increased the overall energy demand. 

This effect is strongest for Italy and UK. Improvements in efficiency have exerted an 

offsetting effect on this increased energy demand, mostly for France and Sweden. Sweden is 

the only one of the four countries in which total energy demand has decreased over the 

period. A key consideration in the following econometric sections is the linkage between the 

dynamics shown in Figure 2 and the various macroeconomic parameters. 

FIGURE 2 GOES HERE 

3.2 Floor Area per Household 

Table 2presents the results for a model of floor area per household, based on Equation (3). 

Each regression has a high Adjusted R
2
 and F-test statistic, with theexception of the F-test 

statisticfor Sweden. The short-term income elasticities of demand were found to be low, 

ranging from 0.09 for Sweden and Italy to 0.02 for the UK, with negligible values for France. 

On the other hand, the lags of floor area per household, showed high coefficients for all four 

countries, and seemed to reduce the short-run income effect, thereby slowing the annual 

increase in floor area. This is reflected in the long-run income elasticities calculated. The low 

degrees of freedom in the models applied to Sweden did not seem to produce results that were 

in any way inferior to those from the other countries, although its F-test statistical valuewas 

the lowest. As no other income elasticities of demand for floor area per household have been 

found in the literature, comparisons with other studies are not possible. However,considering 

the results shown in Figure 2, the calculated long-term income elasticities suggest that 
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increasing floor areas will continue to have a significant impact on total energy demand in 

Italy, Sweden, and the UK.  

TABLE 2 GOES HERE 

3.3 Unit Consumption 

Table 3 presents the results for a model of unit consumption, based on Equation (2). The 

Adjusted R
2
 and F-test statistical valuesobtained are high.The short-term price elasticities of 

demand ranged from-0.06 for France to -0.21 for the UK.These elasticities are low but are not 

dissimilar to the results obtained in other studies[5,13,37]. The variabilityof these results, with 

lower elasticities observed for France, Italy, and Sweden compared with the UK, may be due 

to the former three countries having larger home rental sectorsin which tenants have fixed 

costs for heating. Furthermore,Figure 1 shows that prices have fallen in France between the 

mid-1980s and 2004, which would also result in a very low price elasticity. The large share of 

electricity use in this country for space and water heating may also have had an impact. 

Coefficients for the time trend were found to be of the same order of magnitude for each 

country, although they ranged from -0.001 (-0.1%) in Italy to -0.007 (-0.7%) in the UK, 

suggesting that the effects of technical change and regulations have not been as pronounced in 

Italy. An brief examination of the new IEA BEEB (Building Energy Efficiency Policies) 

database[38]suggests thatthis can be the case. According to the information in the database 

the first building energy regulations were introduced in Italy in 2006 as compared to 1955, 

1946 and 1976 for France, Italy and the UK respectively. The coefficients of HDD are of 

similar order of magnitude and are highest for the UK andsurprisingly lowest for Sweden, 

which has the coldest climate, i.e.,the impact on unit consumption of the colder winters 

between 1970 and 2005 has been least potent in Sweden. This may be due to the higher levels 

of insulation in houses in Sweden
4
. The coefficients of the lag are similar for France, Italy, 

and Sweden, while they are negligible for the UK. The long-term price elasticities, which 

range from -0.17 for France to -0.35 for Italy, show that in the long run Italy and Sweden 

―catch up with and overtake‖ the UK in terms of response to price changes, whereas in France 

the effect is less pronounced, presumably reflecting its large share of electricity use for space 

and water heating. 

                                                           
4
Werner (2006) suggests that the difference in unit consumption between say Sweden and UK is related by the 

square root of the number of heating degree days rather than the actual number of heating degree days, due to the 

higher insulation standards in Sweden. 
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Rebound effects, such as improved energy efficiency leading to increased indoor 

temperatures(see for example[39,40]) are not examined in the study due to a lack of reliable 

data on the development of indoor temperatures. However the dependent variable unit 

consumption (kWh/m
2
/year) contains the aggregated development of indoor temperature, 

theannual duration of heating demand, and the technical efficiency of the buildings. Hence, it 

is possible thatlow elasticities between for example demand and energy price,are partly due to 

rebound effects. 

The multicollinearity of the explanatory variables presented in Table 3 was checked by 

calculating the variance inflation factor (VIF) for each (see Appendix A). Results show the 

presence of multicollinearity for the trend and lag parameters for France and Italy. The 

coefficients of these parameters are thus highlighted in bold in Table 3. Although it is 

assumed that the presence of multicollinearity does not negatively affect the ability of the 

model to be used for forecasts [41]the individual coefficients (trend and lag) may be biased. 

As the lag is involved this has implications for the bias on the long term price elasticity 

calculated for these two countries as well. 

TABLE 3 GOES HERE 

Short-term price elasticities of -0.11 for Sweden and the UK have been reported by [13] but 

the same study showed insignificant results for France and Italy. This result for Sweden is 

similar to that obtained in the present work, whereas the value obtained previously for the UK 

is lower than that obtained for the UK in the present work. However it was also found[13]that 

the short-term and long-term elasticities for the UK were almost equal, which is similar to the 

finding of the present work. The discrepancies between the previous and present studies may 

be attributed to the time series used by [13]being shorter (1970-1993) and the fact that they 

studied the elasticities of all end-uses, i.e., not just space and water heating.  

As described in Sections 2.1 and 2.2, income was not included as an independent variable for 

unit consumption, but only to explain the development of floor area. This means that the risk 

of multicolinearity between income and the time trend is avoided. Nonetheless, tests to 

include income gave results that were difficult to interpret or to relate to any theoretical 

understanding: for Sweden and the UK, income was not significant in the regression analysis 

and its inclusion had almost no impact on the other coefficients; for France, the income 

elasticity was positive and for Italy, it was negative. In both of these countries, the inclusion 
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of income also reduced the price elasticity and its level of significance. The inclusion of 

income reduced the F-test statistical values of the regressions for all the countries, with the 

exception of France, where it resulted in a slight increase. 

3.4 Scenarios 

Figure 3shows the outcomesof modelling floor area per household from 2006 to 2050 using 

the coefficients described in Table 2 and an income per capita growth rate of 1.93 % per 

annum. The figure also shows measured data from 1980 to 2005. The modelling reveals an 

increase in floor area demand in each country. This is consistent with the results obtained for 

the EU as a whole in the EU Roadmap report [29], although the methodology used in that 

report was not given. Figure 3 shows a slow growth in floor area demand for France. This is 

expected given the negligible income elasticity of demand calculated for this country (Table 

2). For the other countries, the increase in floor area demand was 0.37% per year for Sweden 

and 0.42% per year for Italy and the UK. It is clear that for Sweden and the UK the 2006 to 

2050 scenario follows the trajectory of the historical data. For Italy, the results resume the 

long-term upward trend after a dip between 2006 and 2010. This dip corresponds to a dip in 

the measured data for 2004 to 2005 (only barely visible in Figure 3). 

The aforementioned EU Roadmap [29] estimated the EU average floor area per household at 

113 m2 for 2050. This value is similar to those reported in the present work for Italy and 

Sweden (115 m
2
 and 119 m

2
, respectively), but higher than the values for France and the UK 

(91 m
2
 and 107 m

2
, respectively). Five studies for Germany have been cited by [42], each of 

which show floor area growing at 0.5% per annum between 2009/2010 and 2050, although 

again the methodology used in the studies was not given . If one assumes that the average 

annual income increase in Germany will be greater than the EU average used in the present 

study, then it makes sense that the annual growth in floor area reported in the present study is 

lower than that found for Germany. Regardless, the increase in floor area for all the countries 

listed in Figure 3 indicates that this parameter can be expected to have a continued upward 

effect on total energy demand. 

FIGURE 3 GOES HERE 

Figure 4 shows the corresponding modelling results for unit consumption from 2006 to 2050 

obtained using the coefficients described in Table 3 and the three price scenarios. Figure 4 

also includes measured data from 1970 to 2005 (1975 for France and 1972 for the UK). 
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Depending on the price scenario chosen for the four countries, unit consumption decreases as 

follows: for France, from 150 kWh/m
2
 to between 90 kWh/m

2
 and 75 kWh/m

2
; for Italy, from 

131 kWh/m
2
 to between 90 kWh/m

2
 and 75 kWh/m

2
; for Sweden, from 171 kWh/m

2
 to 

between 90 kWh/m
2
 and 65 kWh/m

2
; and for the UK, from 184 kWh/m

2
 to between 120 

kWh/m
2
 and 95 kWh/m

2
. In the high price scenario, these figures represent approximate 

average annual demand decreases of 1.5% for France and the UK, 1.2% for Italy, and 2% for 

Sweden or overall reductions in demand of 50%, 42%, 38%, and 51%, respectively. Although 

the price elasticities used in these scenarios are highest for Italy and lowest for France (see 

Table 3), the results obtained are also determined by the effects of trend, lags, and HDD, and 

suggest that on the whole there is a higher sensitivity to changes in these parameters in 

Sweden than in the other three countries. 

FIGURE 4 GOES HERE 

In a contribution to IIASA´s Global Energy Assessmentthe retrofitting of the existing 

dwelling stock in Western Europe to achieve a unit consumption of between 15 kWh/m
2
 and 

20 kWh/m
2
 by 2050 is advocated[43], so as to avoid what they termed the long-term lock-in 

effects of sub-optimal retrofits, meaning that if retrofitting does not occur prior to heating 

system replacement then the lost savings potential will be ―locked‖ in place until the next 

building rennovation. Such a level of retrofitting would bring the building stock close to the 

passive house standard for space heating of 15 kWh/m
2
/year as set by the German Passive 

House Institute[44]. Two studies where the contribution of buildings to significant 2050 CO2 

reduction goals do not require their reaching the passive standard are; [45] for Denmark, 

which described three technology-based scenarios in which the unit consumption for space 

heating and hot water of dwellings was between 20 kWh/m
2
 and 55 kWh/m

2
 depending on the 

dwelling types and; [46] for UK where unit consumption for space and water heating falls to 

60 kWh/m
2
. Thus, it can be concluded that the level of unit consumption calculated in this 

work for 2050 is quite different from the passive house standard notwithstanding that a 

proportion comes from water heating. Hence, as expected the three annual price-change 

scenarios are far from sufficient to reduce unit consumption to passive house standard. 

The annual price increases that would be necessary with the coefficients in Table 3 to reduce 

unit consumption for space and water heating below 30 kWh/m
2
are 20 % 11 %, 11 %, and 

18 % for the four countries respectively. Given that the 3% annual increase in energy prices is 

historically high for a period of 45 years, additional policy measures and regulations are 
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obviously requiredto achieve such targets. On the other hand the value for energy use for 

space and water heating of 65 kWh/m
2
 for Sweden in 2050 obtained in this work may 

represent a sustainable solution from the emissions and systems perspectives, if a carbon-

neutral district heating still exists in that country. This is uncertain given the fact that more 

efficient dwellings and less waste incineration may make the DH system there unviable. The 

Heat Roadmap Europe project [47]however which looks at prospects for district heating in the 

EU to 2050, finds that to meet an ambitious CO2 reduction goal that DH is a cheaper option 

than deep energy efficient renovation. The study gives ample evidence to suggest that there 

could be more and not less carbon-neutral district heating systems across the EU in 2050. 

In the transition between the measured data (pre-2005) and estimated scenarios (post-2005) 

shown in Figure 4, some interesting effects are noted for Italy and the UK. For Italy in the 

period 2003-2005, prices decreased but the weather was colder compared to the previous two 

years, leading to a large increase in the use of natural gas for both space and water heating. 

This led to an overall rise in unit consumption (see also Figure 1). This of course influenced 

developments in the first years of the post-2005 scenario, although by 2008 the parameter had 

returned to the long-term downward trend that has been in place since the 1970’s. For the UK, 

there was a large nominal increase in prices for energy carriers between 2004 and 2005, and 

although these increases were not that large when adjusted for inflation, they still caused a dip 

in demand for space heating energy. The weather in the period from 2003 to 2005 was milder 

than that in the period from 2000 to 2002, which would have helped householders to lower 

energy use for heating without experiencing significant discomfort. Then. as the lag of 

demand used for the 2006 price scenario is climate corrected and thus higher than measured 

demand for 2005, this causes the apparent spike in unit consumption observed for 2006 in 

Figure 4. Between 2006 and 2011 when the trajectory of unit consumption changes again, the 

modeled price increase is greater than 3% so that after 2011 the price effect is reduced 

causing an upward swing in the trajectory of unit consumption in each scenario.  

Returning to Equation (1), the results for floor area and unit consumption were combined with 

an estimation of the number of households per country (See Section 2.4), to produce three 

scenarios for total energy demand for space and water heating from 2006 to 2050. The results 

(presented in Figure 5) estimatethat overall energy demand falls for all the countries and for 

all the scenarios, except in the case of the 0% price change scenario for Italy. For France, a 

3% annual price increase results in a 1% decrease in average annual demand. For Italy, the 
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corresponding value is 0.7% and for Sweden, it is 1.3%, while for the UK, it is 0.6%. These 

figures represent overall demand decreases of 39%, 27%, 45%, and 22%, respectively, which 

reflect the combined influence of numbers of households, increases in floor area per 

household, and reductions in unit consumption. For example, for the UK, the influences of 

increasing floor area and the number of households offset the fall in unit consumption, 

thereby creating a change in the trajectories of the three scenarios from 2011 onwards. For 

France, the fact that floor area hardly changes between 2006 and 2050 gives a reduction in 

overall energy demand, despite it being fairly constant from the 1970´s to 2005. 

FIGURE 5 GOES HERE 

The 2% scenario results presented in Figure 5 are decomposed in Figure 6, to visualise the 

temporal partial influences that A, S, and I would have on energy demand for space and water 

heating over the period 2005-2050. Compared to the corresponding index decomposition for 

the historical data (1975-2005), as given in Figure 2, Figure 6shows diminished roles for floor 

area trends for France and for the numbers of households for Italy and Sweden. For the UK, 

there are slight decreases in the effects of numbers of households and floor area per household 

compared to the historical data. For Franceand the UK,decreased unit consumption over the 

period becomes the dominant parameter affecting total demand,This effect is not as strong for 

Italy. For Sweden, unit consumption has a slightly diminished role. Examining Figure 6, the 

continuing household number and floor area dynamics in the UK and the slower decrease in 

unit consumption in Italy suggest that overall energy demand will not decrease as much in 

these two countries as it will in France and Sweden. 

FIGURE 6 GOES HERE 

It is not possible to relate the results in Figure 5 to those from the EU Roadmap [29], as that 

publication focuses on carbon emissions and useful energy demand, which are not the focuses 

of the present paper. Neither is it possible to relate Figure 5 to the EU indicative 20% savings 

from efficiency by 2020 target as it is specified in primary energy. Relating the present results 

to those obtained from the Primes 2007 Model [32]or the Renewable Energy Action Plans of 

individual countries (REAP) [48] is also problematic, as these two publications do not 

specifically describe space and water heating in the residential sector. In the absence of a 

political goal to relate the results to, the results presented in Figure 5 are compared to an 
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arbitrary goal of a compounded 1% saving in total demand per year between 2006 and 2050. 

This arbitrary goal is indicated in Figure 5 by the squared marker in 2050.This goal is similar 

to that being used for the EU Energy Services Directive, wherein savings of 1% of the Final 

Energy Demand are expected to be made between 2009 and 2016[49]. However, this target is 

lower than the national energy saving obligation schemes, which aim for annual final energy 

reductions of 1.5%, as included in the new EU directive on Energy Efficiency [50]and thus 

not especially ambitious. The results presented in Figure 5 show that in the high-price 

scenario, that total energy demand in France and Sweden is on or close to the target value. 

This is not the case for Italy and the UK. These findings indicate that the price and other 

mechanisms described in Equation (2) are sufficient to meet such a target for France and 

Sweden, whereas other measures will be necessary for Italy and the UK. 

4 DISCUSSION 

While increasing energy prices have a significant impact on energy demand in the scenarios 

for all the countries, it is noteworthy that even the scenarios with zero increases in energy 

prices show considerable reductions in unit consumption. Comparing the scenarios of 0% and 

3% increases in energy prices per annum as shown in Figure 4, the price increase accounts for 

20%-30% of the reduction for France, Sweden and the UK and 70 % for Italy only. Even after 

considering the increasing floor areas, this non-price effect is sufficiently strong to result in 

decreased total energy demand in France and Sweden (Figure 5). 

The reason for this is the impact of the time trend coefficient, as included in the regressions 

for unit consumption (Equation 2 and Table 3). The question then arises as to how this result 

should be interpreted. The time trend coefficient captures gradual changes in unit 

consumption over time that cannot be attributed to changes in prices or climate (heating 

degree days). That a large part of the reduction in unit consumption is attributed to the time 

parameter does not mean that this reduction occurs ―by itself‖ as time passes. Non-price 

policy measures have certainly affected the gradual energy efficiency improvements seen in 

the past and they are also indirectly incorporated into the time trends of the scenarios. 

Examples of such policies include energy standards for new buildings, support for the 

development of new technologies, and subsidies for technology diffusion. It has been 

estimated that between 1975 and 2000, about one third of the energy efficiency improvements 

in the Swedish residential building stock were due to the addition of new, more energy 

efficient buildings [27]. In the absence of a strategy for continually strengthening the energy 
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standards for new buildings or the support for energy efficient buildings, such as passive 

houses, the addition of new buildings may simply contribute to increasing floor areas rather 

than lowering the average unit consumption of the stock. The correct interpretation is then 

that in order to achieve the reductions in energy demand suggested by the time trend, non-

price policies will have to continue according to historical patterns. This means that the 

incrementally improving ambition of the non-price policies enacted between 1970 to 2005 

must continue, going forward. If however future policy making in this sector will rely solely 

on the price mechanism, then the scenarios presented in Figure 4 and 5 will need to be 

corrected upwards 

What is thus the price effect shown in this paper? Increasing energy prices from the low-price 

scenario to the high-price scenario offers a gain of around 25 kWh/m
2
, i.e., a further reduction 

in unit consumption. This is significant in itself, but, in the context of average unit 

consumption of over 130 kWh/m
2
 in 2005, is not a large reduction for a 45 year period (See 

Figure 4). The long run price elasticity is low (mean of -0.25 over the four countries) and it 

has been calculated in this paper that annual prices rises of over 10 % would be necessary to 

reduce unit consumption below 30 kWh/m
2
/year by 2050.Over the period 1970 to 2005, the 

only sustained time when price rises of over 3 % per annum occurred was during the two 

major oil crises of the 1970’s
5
. Although such oil price spikes could undoubtedly occur 

againthe residential sector heating should be less exposed becausethe fuel mix for heatinghas 

diversified since the 1970’s to include more natural gas, biomass, electricity and district 

heating[16]and global reserves of natural gasare increasing at the same time as its price is 

decoupling from that of oil [51,52]. In addition the possibility of increased incidence of fuel 

poverty with rising energy prices[53]is one reason that legislated price increases e.g. carbon 

taxes, are politically difficult to impose to any extent that can be equated with significant 

long-term increases in prices. On the other hand the predominance of natural gas heating in 

the sector (nearly half of the fuel used for heating in the four countries combined) means that 

there is exposure to rising prices of this commodity that could be brought about by for 

example geo-political conflicts or less than expected supplies from unconventional sources. 

However as a 3 % annual price increase over 45 years amounts to a 378 % increase for the 

                                                           
5
The annual percentage price change between 1970 and 2005 is highly influenced by the average annual price 

change between 1970 to 1982 (France: 10.73%, Italy: 9.18%, Sweden: 8.17, UK: 3.25%) while the average 

annual price change is negative for three of the countries between 1983 to 2005 (France: -0.93%, Italy: -0.17%, 

Sweden: 0.62, UK: -0.78%) 



20 
 

period it is assumed that any such price increases are below this level. The implication of this 

is that the policy effect of rising prices in the residential sector is significant but not sufficient 

and that to meet relevant EU goals more non-prices policy measures are necessary. 

The EU Roadmap (2011a)[29] states that as long as sufficiently stringent carbon price 

incentives across sectors can be put in place,the emission reductions of 80 % to be 

accomplished by 2050 will be enabled mostly by changes in technology plus ―a modest 

contribution‖ from price-induced changes in behaviour.With regard to (direct) emissions from 

the residentialsector the specific goal of the EU Roadmap in 2050 is a reduction by 90% 

although the key enabling measures proposed for this sector are new financing models. Thus 

price-induced changes in technology are not considered to be paramountin the residential 

sector. To meet the goal outlined in the EU Roadmap for the residential sector then, the price 

effects shown in the present paper would have to be combined with financial instruments that 

lead to changes in technology e.g. the deploymentof more carbon-neutral heating systems and 

retrofitting. This would be equivalent of increasing the effect of non-price policy 

measures(represented in the model by the time trend). In a similar work examining the energy 

efficiency gap for space heating the authors of this paper show that the annual rate of 

technical development, legislation and regulations applied would need to be doubled to realise 

the techno-economic savings potentialfor the case of the Swedish Residential Sector by 

2030[35]. In a bottom-up study the authors also show that a combination of minimum 

efficiency construction standards, improved conversion efficiency standards for final energy 

to useful energy, and a ≥2% annual improvement in end-use efficiency applied at the useful 

energy level can halve EU primary energy demand in the building sector to 2050 [54].This 

gives an indication of the need for an increase in non-prices policy measures that are 

necessary to meet EU goals. 

Results shown in Figure 4 indicatethat the average unit consumption for each country is a 

long way from the passive standard by 2050. Although the EU Roadmap [29] describes 

decarbonisation scenarios where there is gradual replacement of the housing stock with 

passive housing after 2040, with an annual stock replacement rate (ratio of annual demolition 

to the size of existing stock) of only 0.07% [55], it would take more than 1000 years for the 

housing stock to be replaced by new houses of passive standard. Rather than replacing the 

existing residential building stock with Passive houses, a retrofitting the existing residential 

building stock to the passive standard at a rate of 1.3% per annum to 2019, increasing through 
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learning and up-skilling to 3% per annum in the period from 2020 to 2050, has been 

suggested [43]. The results obtained in the present work show that such an effort would 

require far more than price mechanisms to succeed and reemphasise the limits ofthe price 

effect.To be more prescriptive than this in terms of non-price policy proposals would however 

require analysis using a detailed bottom-up model.The requirement that after 2020 that all 

new dwellings constructed in the EU are net zero energy buildings [50]is obviously a step in 

this direction. This impact of this development on results is something that could be explored 

in a further development of this paper. 

5 CONCLUSION 

The present work employs the index decomposition approach pioneered by Ang[11]and 

Schipper[12],the cointegration analysis approach described by Bentzen and Engsted[8],and 

the scenario modelling approach described by Chateau and Lapillonne[10]to show the 

temporal partial influences of various broad technical and non-technical factorsthat influence 

energy demand for space and water heating such as energy prices, energy efficiency and floor 

area per household.The emphasis of the work is the aggregated energy demand for space and 

water heating and not the specific energy carriers. Hence energy prices have also been 

measured as weighted average prices. The implication of energy carrier mix on aggregated 

demand could be further explored in further research. 

The results obtained for the four EU countries examined in the work (France, Italy, Sweden 

and the UK) show that although greater affluence and larger floor areas increase energy 

demand ceteris paribus, higher energy prices can offset this increasefor space and water 

heating. In a scenario where energy prices do not change, unit consumption (kWh/m
2
/year) 

falls in each of the four countries (Figure 4). However, this does not imply that energy 

demand would decrease by itself. Rather, the implementation of non-price policies such as 

energy efficiency standards and support for new technologies will have to continue along the 

historical rate of ambition. In a scenario with energy price increases of 3% per year, energy 

demand is projected to fall by approximately 1% per year (Figure 5). About half of this 

reduction can be attributed to the price elasticity and the remainder to the historical rate of 

non-price induced technical progress, for example through building codes and other policy 

instruments. As price increases of > 3 % per annum are unlikely, price rises will need to be 

combined with increased implementation of non-price policies to reduce final energy demand 

in the residential sector of the EU at levels greater than 1 % per year. 
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APPENDIX A  

This appendix contains the results of tests of stationarity, cointegration, and multicolinearity. 

A.1 Tests of Stationarity 

Each of the individual time series used in Equations (2) and (3) was tested for stationarity by 

applying the ADF unit root test[17] (Enders, 2004).  

TABLE A.1 GOES HERE 

From the results listed in Table A.1 the following can be observed: whether the time series is 

stationary or not; the critical tau value for the test; and the number of augmentation lags 

needed to eliminate serial correlation. The 1%, 5%, and 10% critical tau values for the unit 

root test are -4.067, -3.46, and -3.2447, respectively[41]. The start years for the time series of 

Unit Consumption, Price and HDD are as indicated in Column 1, whereas the start year for 

Income and Floor Area is 1980. All the time series are to 2005, except for the floor area series 

for Sweden, which is to 1992.The time series for HDD are all stationary. The time series for 

the Unit Consumption, Price, Income and Floor Area are found to be non-stationary, I (1), 

with the exceptions of the income per capita for Sweden and the UK and unit consumption for 

the UK. 

TABLE A.2 GOES HERE 

Thus the same testing procedure was performed for the first differences of the time series 

shown in Table A.1 that were found to be non-stationary. The results of the tests given in 

Table A.2 show that the differencing process has been sufficient to create stationary time 

series, I (0), for the time series that were I(1) in their levels. 

A.2 Tests of Cointegration 

Table A.3and Table A.5 present the results of the OLS regression in levels of Equations (2) 

and (3)the proposed cointegration vectors for the models of floor area per household and unit 

consumption. The number of lags (P,Q) are set to zero[17] (Enders, 2004). The input data for 

France, Italy, and the UK are from 1980 to 2005, while those for Sweden are from 1980 to 

1992. Heteroscedasticity robust critical t statistical values are not presented due to the 

possibility that the regression is spurious. 
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TABLE A.3 TO A.6 GO HERE 

Tables A.4 and Table A.6 give the results of the unit root tests of the errors from Equations 

(2) and (3). The Lag △ error (e)values are the augmentation lags needed to eliminate serial 

correlation. The critical t statistical values for these lags are shown in parentheses. The values 

in parentheses after the Lag error parameters in Tables A.4 and Table A.6 are the Engle and 

Granger tau values, which should be >1.9 (the 5% level) in order to indicate cointegration  

(Gujarati, 2006). This is the case for all four countries with respect to both the floor area per 

household and unit consumption. This indicates that the vectors proposed in Equations (2) and 

(3) are cointegrated, i.e., a long-run relationship exists between their variables, suggesting that 

the results from the ARDL regressions of these parameters are valid. 

A.3 Tests of Multicolinearity 

Table A.7 shows the results of VIF tests on the explanatory variables proposed for modelling 

unit consumption in Equation (2). A VIF ≥10 was taken to indicate the presence of 

multicolinearity. For France and Sweden,a collinear relationship was observed between both 

the lags, and the trend, while for Italy and UK no collinear relationships were found. A 

collinear relationship between lag and trend is expected, given that it is very similar tothe 

relationship between demand and trend, with the lag corresponding to energy demand with 

a1-year delay. As described in Section 2.2, the present work proposes a relationship between 

energy demand and trend that is expected to continue in the future,given the effects of long-

term policies and technological developments. A similar long-term relationship between the 

lags and trend is therefore assumed to exist. However, since the relationship is expected to 

continue in the long run, such multicolinearity is assumed not to have a negative effect on any 

forecast [41]. On the other hand because of the bias that may be introduced by the effects of 

multicolinearity one cannot be sure that the coefficients of the lags and trend for France and 

Sweden are unbiased estimators. 

TABLE A.7 GOES HERE 
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FIGURES 1 to 6

 
Figure 1 : Indices of time series of Unit Consumption for Space and Water Heating (I), energy prices (P), and Heating 
Degree Days (HDD) for 1970 to 2005.  
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Figure 2 : Index Decomposition of residential sector energy use for space and water for the period from 1970 to 2005.  
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Figure 3 : Scenarios for Floor Area per Household, St, from 2006 to 2050. 
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Figure 4 : Scenarios for unit consumption, It, from 2006 to 2050. 
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Figure 5 : Scenarios for total energy demand for space and water heating, Et, from 2006 to 2050. 
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Figure 6 : Index Decomposition of residential sector energy use for space and water heating in 2% annual price increase 
scenario for the period from 2005 to 2050. 
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TABLES 1 to A.7 

Table 1 : Average number of persons per household in 2005. 

France 2.3 

Italy 2.6 

Sweden 2.1 

UK 2.4 

 

Table 2 : ARDL Model of floor area per household
a
. 

Floor Area per household France Italy Sweden UK 

γ0(Constant) 0.27 0.28 1.06 0.25 

λ(Lag Floor Area) 0.94*** 0.84*** 0.54*** 0.90*** 

β1(Income) 0.00049 0.045** 0.090* 0.021 

Long-run Income 0.0081 0.29 0.20 0.21 

Adjusted R
2
 0.99 0.99 0.91 0.99 

F-test statistic 1431 1299 27 1710 

Durbin h statistic 0.48 0.57 0.58 0.98 

Degrees of freedom 20 19 7 20 

aThe input data for France, Italy and the UK are from 1980 to 2005 and for Sweden they are from 1980 to 1992. The Durbin h statistics used 

to test for Serial Correlation are also presented. The addition of at least one lag was necessary for each country to eliminate serial correlation. 

Using the Doornik-Hansen test the distribution of residuals was found to be normal for the French, Swedish and UK models. Asterisk denote 
significance using heteroscedastic robust standard errors at *10%, **5% and ***1% level of significance. 

Table 3 : ARDL Model of Unit Consumption
a
.  

Unit Consumption France Italy Sweden UK 

α0(Constant) 9.04 4.91 14.10 20.49 

α1(Trend) -0.0035** -0.0011 -0.0053** -0.0072*** 

φ (Lag) 0.64*** 0.59*** 0.49*** 0.012 

β2(Price) -0.060* -0.14*** -0.14*** -0.21*** 

β3 (HDD) 0.00011*** 0.00013 0.000076*** 0.00021*** 

Long-run Price -0.17 -0.35 -0.27 -0.21 

Adjusted R
2
 0.98 0.95 0.98 0.94 

F-test statistic 313 147 314 105 

Durbin h statistic 1.23 1.39 1.30 0.76 

Degrees of freedom 24 30 30 28 

a The input data for Italy and Sweden are from 1970 to 2005, those for France are from 1975 to 2005, and those for the UK are from 1973 to 

2005. One autoregressive lag was needed to eliminate serial correlation for Italy, Sweden, and the UK, while for France one distributed lag 

of HDD and one autoregressive lag were needed.Using the Doornik-Hansen test the distribution of residuals was found to be normal for the 

Italian, Swedish and UK models.Asterisk denote significance using heteroscedastic robust standard errors at *10%, **5% and ***1% level 

of significance. Bold font denotes multicolinear variables. 
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Table A.1 : Results of ADF unit root tests of stationarity on the time series data in levels.  

STATIONARITY 
Unit Consumption 

(kWh/m2) 

Price (National 

Currency/MWh) 
HDD 

Income (National 

Currency/Capita) 

Floor Area 

(m2/household) 

France (1975) No (2.6) 0 No (2.1) 1 Yes (3.6) 0 No (2.5) 1 No (0.4) 0 

Italy (1970) No (1.3) 0 No (2.0) 0 Yes (6.2) 0 No (1.3) 0 No (0.8) 1 

Sweden (1970) No (2.1) 0 No (1.8) 0 Yes (3.9) 0 Yes (3.4) 1 No (2.1) 0 

UK (1972) Yes (4.3) 0 No (3.0) 1 Yes (4.1) 0 Yes (4.0) 1 No (1.8) 0 

 

Table A.2 : Results of ADF unit root tests of stationarity on the first differences of the time series data.  

△ 

STATIONARITY 

△Unit Consumption 

(kWh/m2) 

△Price (National 

Currency/MWh) 
△HDD 

△ Income (National 

Currency/Capita) 

△ Floor Area 

(m2/household) 

France (1975) Yes (4.7) 1 Yes (3.4) 0 -- Yes (3.9) 0 Yes (5.6) 1 

Italy (1970) Yes (5.6) 1 Yes (4.4) 1 -- Yes (4.3) 0 Yes (3.7) 0 

Sweden (1970) Yes (6.9) 0 Yes (6.0) 0 -- -- Yes (4.2) 1 

UK (1972) -- Yes (3.7) 0 -- -- Yes (4.7) 0 

 
Table A.3 : Cointegration vector coefficients for floor area per household.  

Floor Area per dwelling France Italy Sweden UK 

γ0(Constant) 2.42 0.21 1.95 2.57 

β1 (Income) 0.21 0.46 0.22 0.20 

Adjusted R
2
 0.84 0.95 0.45 0.93 

F-test statistic 133 496 11 356 
 

Table A.4 : Results of ADF unit root tests of stationarity on the errors from the cointegration vector regression for floor 
area per household shown in Table A.3. 

△ error(e) France Italy Sweden UK 

Constant -- -- -- -- 

Lag error (e) -0.15 (2.5) -0.32 (2.3) -0.60 (3.7) -0.18 (3.0) 

Lag △ error(e) 0.65 (4.8) -- 0.49 (2.9) 0.74 (5.6) 
 

Table A.5 : Cointegration vector coefficients for unit consumption.  

Unit Consumption France Italy Sweden UK 

α0(Constant) 25.29 22.43 31.34 21.73 

β2(Price) -0.10 -0.22 -0.25 -0.23 

β3 (HDD) 0.00031 0.00019 0.000090 0.00020 

α1 (Trend) -0.010 -0.0082 -0.012 -0.0077 

Adjusted R
2
 0.97 0.90 0.97 0.94 

F-test statistic 327 101 337 161 
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Table A.6 :Results of ADF unit root tests of stationarity on the errors from the cointegration vector regression for unit 
consumption shown in Table A.5. 

△ error(e) France Italy Sweden UK 

Constant -- -- -- -- 

Lag error(e) -0.41 (2.7) -0.47 (3.25) -0.54 (3.57) -0.89 (5.0) 
 
Table A.7 : Results of the VIF tests carried out on the ARDL modelof unit consumption to check for multicolinearity.  

France VIF Italy VIF Sweden VIF UK VIF 

Price 1.25 Price 2.96 Price 6.55 Price 1.67 

Trend 12.21 Trend 7.73 Trend 14.43 Trend 7.95 

HDD 2.47 HDD 2.82 HDD 1.33 HDD 1.64 

Lag 30.44 Lag 9.06 Lag 24.79 Lag 5.98 

Lag HDD 9.85       
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FIGURE CAPTIONS 
 
Figure 1 : Indices of time series of Unit Consumption for Space and Water Heating (I), energy prices (P), and Heating Degree 

Days (HDD) for 1970 to 2005. 

 

Figure 2 : Index Decomposition of residential sector energy use for space and water for the period from 1970 to 2005. 

 

Figure 3 : Scenarios for Floor Area per Household, St, from 2006 to 2050. 

 

Figure 4 : Scenarios for unit consumption, It, from 2006 to 2050. 

 

Figure 5 : Scenarios for total energy demand for space and water heating, Et, from 2006 to 2050. 

 

Figure 6 : Index Decomposition of residential sector energy use for space and water heating in 2% annual price increase 

scenario for the period from 2005 to 2050.  
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TABLE CAPTIONS 

Table 1 : Average number of persons per household in 2005. 

 

Table 2 : ARDL Model of floor area per household
a
. 

(footnote to Table 2) 

a
The input data for France, Italy and the UK are from 1980 to 2005 and for Sweden they are from 1980 to 1992. The Durbin h statistics used 

to test for Serial Correlation are also presented. The addition of at least one lag was necessary for each country to eliminate serial correlation. 

Using the Doornik-Hansen test the distribution of residuals was found to be normal for the French, Swedish and UK models. Asterisk denote 

significance using heteroscedastic robust standard errors at *10%, **5% and ***1% level of significance. 

 

Table 3 : ARDL Model of Unit Consumption
a
. 

(footnote to Table 3) 

a
The input data for Italy and Sweden are from 1970 to 2005, those for France are from 1975 to 2005, and those for the UK are from 1973 to 

2005. One autoregressive lag was needed to eliminate serial correlation for Italy, Sweden, and the UK, while for France one distributed lag 

of HDD and one autoregressive lag were needed. Using the Doornik-Hansen test the distribution of residuals was found to be normal for the 

Italian, Swedish and UK models. Asterisk denote significance using heteroscedastic robust standard errors at *10%, **5% and ***1% level 

of significance. Bold font denotes multicolinear variables. 

 

Table A.8 : Results of ADF unit root tests of stationarity on the time series data in levels. 

 

Table A.2 : Results of ADF unit root tests of stationarity on the first differences of the time series data. 

 

Table A.3 : Cointegration vector coefficients for floor area per household. 

 

Table A.4 : Results of ADF unit root tests of stationarity on the errors from the cointegration vector regression for floor area 

per household shown in Table A.3. 

 

Table A.5 : Cointegration vector coefficients for unit consumption. 

 

Table A.6 : Results of ADF unit root tests of stationarity on the errors from the cointegration vector regression for unit 

consumption shown in Table A.5. 

 

Table A.7 : Results of the VIF tests carried out on the ARDL model of unit consumption to check for multicolinearity. 


