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1. Introduction

Residential energy consumption in Norway has increased steadily during the last years. This
development is due to economic growth and household behavior demanding more services from
energy consumption. These services include heated air, heated water, lighting and services from
electrical appliances. The increase in energy consumption is worrying because of increased CO,
emissions and other environmental problems. To meet the targets established by the Kyoto protocol it

might be necessary to introduce increased taxes on fossil fuel use.

More than 70 per cent of the Norwegian residential energy consumption is electricity use. Until
recently the electricity demand was covered by electricity from hydropower, with no CO, emissions
involved. However, during the last years electricity has been imported from the Nordic countries,
especially from Denmark, to cover the increase in demand. Danish electricity production is mainly
based on coal, which results in CO, emissions. The Norwegian government is considering to introduce

taxes on electricity consumption to moderate the increase in energy consumption.

Due to the ongoing political debate concerning introduction of new energy taxes, politicians, the
electric utilities and others working on energy issues are interested in whether energy prices have an
effect on energy consumption, and if so, whether this effect is strong. As can be seen from table 1, the
estimates of income and energy price elasticities found in the literature show large variation. The
results vary for several reasons. First, some models are applied on aggregated time series data, while
others are applied on cross-sectional micro data. Second, the variation may be due to different types of
models. Third, even though the models are similar, the observable and unobservable characteristics of
the households may vary across countries. Vaage (1998) compares different methods of estimating
electricity consumption and also finds large variation in income and price elasticities. He suggests that

more time should be spent on testing existing models on new data.

In the last decade there has been a trend towards using disaggregated data to model household energy
consumption. Improved computer capacity has made this possible. There is a lot of individual
variation in household energy consumption, and accordingly the estimates of the price elasticity are
more reliable when micro data are used. The considerable variation in estimates of energy price
elasticities makes it difficult to find the best estimate of this elasticity. Even though some of the results
are based on models applied on cross-sectional data, more information about energy price sensitivity is
needed to find a good estimate of the impact on energy consumption of introducing or increasing

energy taxes. This paper intends to shed light on this topic.



Table 1. Estimates of income elasticities and price elasticities for electricity consumption in the
literature. Estimated on micro data

Income Electricity

Reference elasticity price
elasticity

Aasness, J. and B. Holtsmark (1993). Norway. Household data. Long run
results. 0.28 -0.20
Halvorsen, B. and B. Larsen (1998). Norway. Household data. Dynamic
model. Short run result. Long run price elasticity: -0.42 -0.33
Parti, M. and C. Parti (1980). USA. Household data. Short run results 0.15 -0.58
Morss, M.F. and J.L. Small (1989). USA. Short run-result. Long-Run: Income
elasticity 0.18, Price elasticity -0.38 and -0.43 for moderate customer growth
and high customer growth respectively. 0.08 -0.23
Baker, P., R. Blundell and J. Micklewright (1989). United Kingdom.
Elasticities for sub-groups of households are presented in this paper. 0.17 -0.76
Dennerlein, R K.H. (1987). Germany. Total demand elasticities for mean
income. Household data. Discrete-continuous choice model (Electrical
appliances). Total elasticities. 0.42 -0.38
Dubin, J.A. and D.L. McFadden (1984). USA. Point estimates for average
demand (electricity and gas). Discrete-continuous choice model (Heating
equipment). 0.02 -0.26
Bernard, J.T., D. Bolduc and D. Bélanger (1996). Canada. Discrete-continuous
choice model (Heating equipment). Short run results from I'V-method. 0.14 -0.67
Branch, E.R. (1993). USA. Expenditure Survey Data. Short run results. 0.23 -0.20
Garbacz, C. (1983). USA. Total elasticities. Partial elasticities are 0.102 for
income and -0.193 for price. 0.41 -1.40

A model which focuses on the relationship between the choice of heating technology and energy
consumption in each household is used to estimate residential energy consumption. This model is
applied on cross-sectional data from the Norwegian consumer expenditure surveys for the three years
1993, 1994 and 1995, which gives a unique opportunity to compare results over time. Previously, the
model of this paper is applied on data from the 1990 energy survey (Nesbakken, 1998). Because the
estimation results are based on cross-sectional data for one specific year including a particular sample
of households, the main results are compared to the results of this paper. Furthermore, the pooled data
set for 1993-95 is divided into two subsets, depending on household income, to test for stability across
households. The stability of income and energy price elasticities, both over time and across house-

holds, are of special interest.



The model is presented in section 2 of the paper. In section 3 the data are described. This is followed
by results for the years 1993, 1994 and 1995 in section 4. Furthermore, results for pooled data are
presented for all households and for two different income groups. Income and energy price elasticities

are estimated. Finally, some concluding remarks are made.

2. Model and estimation method

The main aim of the model used in this paper is to take into consideration the relationship between the
choice of heating system (the discrete choice) and utilization of the heating system (the continuous
choice). Here, the presentation of the formal part of the model is restricted to show the indirect utility
function and the equations to be estimated. For more information about the model, see Nesbakken
(1998). Other works which focus on the link between energy-using equipment and energy use are, for
instance, Dubin and McFadden (1984), Hausman (1979), Dennerlein (1987) and Bernard et al.
(1996).

The model is formulated to take into account different features of the heating equipment and energy
consumption. Our main aim is to analyze the household’s tofal residential energy consumption. We do
not model consumption of each fuel type. Second, more than two thirds of Norwegian households
have more than one type of heating equipment, and the discrete choices consist of mixed heating
systems. The model takes into consideration the fact that the discrete and continuous choices are
related to different points in time. The choice of heating technology is related to new houses. In this
paper, only houses built after 1970 are considered, because cost data of the heating equipment for the
previous years are inadequate. The data give information about energy consumption in 1993, 1994 and
1995. We assume that the heating technology observed in 1993, 1994 or 1995 is the same as the
technology purchased when the house was built. Finally, the model captures the possibility of

correlation between unobservable variables in the discrete and the continuous stages.

The household chooses among the following four mutually exclusive heating technologies, which are
grouped by fuel use:

e Electricity (electric heaters)

e Electricity and oil (electric heaters combined with stoves for oil/kerosene)

e Electricity and wood (electric heaters combined with wood stoves)

e Electricity, oil and wood (electric heaters combined with stoves for oil/kerosene and stoves for

wood)



All types of equipment were not necessarily used at the point when we study the utilization. A
household that has chosen a technology which uses electricity, oil and wood might have used, for
instance, only electricity in 1995. Households using electric heaters combined with wood stoves or
stoves for oil/kerosene often use electricity as base heating equipment. In the coldest periods of the
winter the other equipment is used in addition to cover the peak power demand. Electric heaters as the
only available heating equipment is most common in apartment buildings with relatively small
dwelling size. Accordingly, households which have only electric heaters use far less energy than

households using other heating systems.

2.1. Econometric model

The utility of the household depends on energy consumption, consumption of other goods, observable
characteristics of the household and the dwelling, unobservable characteristics of the household and
unobservable characteristics of the heating equipment. The household is assumed to choose the
heating system j which gives the highest utility. The utility derived from maximizing the utility
function can be represented by the indirect utility, V. The specification of this indirect utility function,

which is related to the choice of heating system j (j=1, ..., J), is given by

| L a g , v~
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h=1

h=1

where Z, and Z, are the dwelling and household characteristics related to the discrete and continuous
choices, respectively. Variables included in the vector Z; are, for instance, dwelling ownership and

type of house, while examples of variables included in Z; are dwelling size, degree days and number
of children. Furthermore, Y denotes household income, P, is the price of energy type 4 (h=1,...,H),

where B, is the electricity price, and B ;. 1s the total costs of choosing heating system ;. The total costs

consist of the annualized capital costs and operating costs of the heating system. Y" is income at the

point in time when the heating system is purchased. We assume that Y isa proxy for unobserved

factors correlated with income which may influence the household’s preferences for different heating

systems. y ;Y " represents the possible indirect impact of income on the heating system choice. 77 and
&, denote unobserved characteristics related to the household’s preferences for indoor temperature

and heating systems, respectively. We allow &; and 7 to be stochastically dependent. 7 is an



expected value of the variable 7 which captures both factors which are known to the household and
uncertain factors related to energy demand. £ is assumed to be identically and independently extreme
value distributed for all choices j, given the household. «,;, ), 7 ; and [ are parameters to be

estimated. When the household is assumed to choose the heating technology which gives the highest

utility and & is assumed being extreme value distributed, this yields the following probability of

choosing heating technology j (see McFadden, 1973)

exp|(Zao, — BB, +7 ') exp(~R)]
.= 2)

Zexp[(Z{aOk - pB, + J/kY*)eXP(—ﬂPl)]

That is, the heating system choice is given by a generalized version of the multinomial logit model.
Using Roy's identity on (1) gives the energy consumption of each energy type, X, . By summing up

we find that the household’s total energy consumption conditional on the choice of heating system is

given by

H
X, =Zay,+y,Y +BY-B)+> a,P+Za+n 3)
h=1

Because we now look at intensity of use, the variable 77 is no longer uncertain. When accounting for

the possible selection bias associated with the fact that E[n|j]#0, it can be shown that the household

energy demand conditional on the choice of heating system j is given by

H
X, =Ziay,+y,Y +BY-B)+Y a,P+Zya—oclogr, +Y oum +u, (4

h=1 k)

where 1, is a random variable with zero conditional expectation given that heating system j is chosen,

7, logm,

O, =0p,, m = ,and p; is the correlation between 77 and & ;. The selection term,

-1,

—o;logm, + Z o,m, , captures the effect of the correlation between unobservable characteristics
k#j

concerning the heating choice and unobservable characteristics concerning the utilization of the

chosen heating technology. o ; is a parameter to be estimated. The selection term is derived in Dubin

and McFadden (1984). The following example may help understanding the fact that correlation



between unobservable characteristics is possible. A household which prefers a very high indoor
temperature may, for instance, choose wood stoves to cover its high power demand. This choice of
heating technology and the high energy consumption following from the preferences for indoor

temperature may differ from what can be explained by the observable variables.

A common parameter 3 is related to both income at the point of utilization of the heating system, and
the costs related to the heating system. The interpretation of this is that an increase in income and a

decrease in costs have the same impact on income disposable for other goods than energy.

Equations (2) and (4) are used to estimate the unknown coefficients of the model. However, the
average energy price for energy types which may be used in the chosen heating system, and not each
energy price separately, is used when estimating the model. This is due to the fact that total energy

consumption is focused.

2.2. Estimation method
The discrete-continuous choice model is estimated simultaneously by using a full information

maximum likelihood procedure, to ensure consistent estimates of f over the discrete and the

continuous stages of the model. Let

)

i

{1 if household i chooses heating system j, i=1,....N and j=1,...,J

0 else



Then the log likelihood of the simultaneous model is given by

L) = X 3 [Y; log(w,(0)£,(X, )] = 2 X[, log 7,(6) + ¥, log £,,(X,)] (6)

i=1 j=1 i=l j=1

where 7z,(0) is the probability given in equation (2). Furthermore, f;(.X,)is a conditional
probability density function following from equation (4), when the error term, 4, is assumed to

follow from a normal distribution with expectation zero and constant variance, given the heating

system j.

3. Data

The model is estimated on cross-sectional data for the years 1993, 1994 and 1995 (see Statistics
Norway, 1998), which contain information about the households’ energy consumption and
characteristics of the households. For wood, kerosene and oil we do not have information about the
actual use, only procurement during the last 12 months, which in average may be a plausible proxy for
actual use. Information about the heating technology of the households is also available. Cost data for
different types of heating equipment are based on data from Institute for Energy Technology (IFE,
1995). Temperature data are provided from the Norwegian Institute of Meteorology. The variation in
temperature during the year is measured in degree days, that is, the difference between 17 C° and the
outdoor temperature, summed up for each year. Thus, cold weather will result in high degree-day

values.

Energy prices at the point when the heating equipment was purchased are used to explain the choice of
heating system, covering the period from 1971 to 1995. Electricity prices at municipal level for 1988-
95 are collected from the Norwegian Water Resources and Energy Administration. For the period from
1971 to 1987 average electricity prices by county from the electricity statistics are used. Prices of oil
and kerosene for this period are provided from the Norwegian Petroleum Institute and from the

consumer price index at municipal level for the years 1988-95.

The wood prices for the period 1993-95 are calculated as average prices for each county based on
information about the cost and quantity of wood in the consumer expenditure survey. It may be argued
that the average price of wood should include the zero prices of wood by those who get the wood for

free. In this paper, however, we use average wood prices based on those who actually pay for it.



Again, this may be a plausible proxy taking into account the alternative value of time used by
harvesting wood. For the period 1971-92 the wood prices are based on a price index for birch wood

and an assessment of the level of the wood price in 1993.

The values of all variables used to estimate the heating choice are dated at the point when the heating
equipment was chosen (in the period from 1971 to 1995), while the values of the variables used to
estimate the continuous choice are dated at the point when the utilization took place, i.e. in 1993, 1994

or 1995. The values of all income and price variables are in constant 1993-prices.

Households which have central heating systems are excluded due to unsatisfactory data quality. Farm
houses are not included because these households use a lot of wood (often for free) and often get hold
of wood for several years, i.e. the stock of wood is not a good proxy for actual usage. Besides,

information about the electricity use provided by the electric utilities includes electricity consumption

related to running the farm.

4. Results

First, the model is estimated separately on data for the three years 1993, 1994 and 1995 to compare the
estimation results along the time dimension. The parameter stability of a variable is tested by
comparing the 95 per cent confidence intervals of the parameters. If the confidence intervals overlap, it
is interpreted as stable parameters. Second, the main results from applying the model on data for 1990
are compared to the results for 1993-95. Because energy consumption for space heating is estimated
for 1990, while the data for 1993, 1994 and 1995 only give estimation results for total residential

energy consumption, the elasticitities, and not the parameter estimates, are compared.

The results of estimating on the pooled data for 1993-95 follows in the next section. The pooled data
give more precise estimates than the results for each separate year because of more observations. To
test whether income, energy prices and other variables have the same impact on energy consumption

when the income level varies, the model is estimated for two income groups.

4.1. A comparison of estimation results for 1993, 1994 and 1995

Estimation results for the years 1993-95 are presented in table 2. The estimates of the parameter for
both income and heating system costs ([3) are reported first, where [ is a link between the discrete and
the continuous parts of the model. Then the estimation results for ownership, house type, household

size and income, which are related to the discrete part of the model, are reported. Estimates for the
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continuous part follow in the last part of the table. The results support standard economic theory
expecting energy consumption to increase with income and to be negatively correlated with the energy
price. The estimates of 3, which differ significantly from zero, are 0.09 for 1993 and 1994, and about
20 per cent higher for 1995. By comparing the confidence intervals, the B-parameter is found to be
stable. The parameter estimates for the energy price variable are at the same level in 1993 and 1995,
while the estimate for 1994 indicate less price sensitivity for this year. However, the parameters are

not significantly different.

When estimating the discrete part of the model, electric heaters only is the reference alternative for the
choice of heating system. For all discrete choice variables the parameters related to the reference
choice are set equal to zero due to normalization. The partial impact of a variable on the preferences
for a given heating system relative to the reference choice is found by comparing the parameter

estimates (&,; or A ;in equation 1 and 2). The household chooses the heating system which maximizes

the utility. We find that the utility of choosing a heating system which uses only electricity is higher
than the utility of choosing other heating systems when the household lives in housing co-operatives
or owner-tenant accommodations, ceteris paribus. This result is found for all years (1993, 1994 and
1995). Furthermore, households living in detached houses are most likely (partial effect) to choose a
heating system based on electricity and wood in 1993 and 1994. In 1995 the heating technology based
on electricity, oil and wood is mostly preferred. In 1993 and 1994 the impact on utility of household
size is highest for the heating system which uses electricity and wood. For the year 1995 the parameter

for this heating technology is the only one that is significantly different from zero.

The results for the variables representing dwelling ownership, type of house and size of household
show that even though the most preferred heating technology to a great extent is the same for the years
1993, 1994 and 1995, the ranking of the other alternative heating systems vary from year to year. The
confidence intervals show that the parameters of the discrete choice variables for 1993, 1994 and 1995

are stable over time.

The results for household income, Y, show that a proxy for unobserved factors correlated with
income does not influence the choice of heating system significantly. The only significant result at a 5
per cent level indicates that in 1995 the utility of choosing a heating system which uses electricity only

is higher than the utility of choosing a heating technology based on electricity and oil.
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When considering the results from the continuous part of the model, we find that the estimates of the
dwelling size and degree days variables are stable in the period from 1993 to 1995. The results have
the right sign and differ significantly from zero. The result of degree days indicates that the energy

consumption is higher in the colder regions of the country.

If the household owns washing/drying equipment, the energy consumption increases for all three
years, even though the parameter estimates vary a great deal. The cooling equipment estimate is
significant at a 10 per cent level for the years 1993 and 1994 and insignificant for 1995. The number
of children in the household is included as an indicator for the use of hot water, but only the result for
1993 is significant. The impact of age of the oldest person in the household is estimated to be the same

for 1993 and 1995, while the result for 1994 is insignificant.

The results for the selection term (see equation 4) for 1993 and 1994 support the hypothesis of
correlation between unobserved characteristics related to heating system choice and energy
consumption. The results for 1995 are not significant. The ranking of the parameters is, however,
approximately the same for the three years, which indicates that when the probability of choosing
technologies based on wood (combined with electricity or both electricity and oil) increases, the
impact on energy consumption is higher than when the probability of choosing other technologies

increases.
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Table 2. The choice of heating system and residential energy consumption in dwellings from
1971-90. The reference choice is electricity (parameter=0). 1993, 1994 and 1995.

1993 (502 obs.) 1994 (548 obs.) 1995 (453 obs.)
Variable Estimate t-ratio Estimate t-ratio Estimate t-ratio
Income, Y and
heating system costs. () 0.086 3.94 0.088 4.32 0.110 4.83
Dwelling ownership
Choice of heating system:
Electricity + oil -2.823 -2.29 -1.690 -1.45 -1.901 -1.62
Electricity + wood -0.901 -2.99 -0.889 -2.69 -1.055 -2.94
Electricity + oil + wood -2.024 -4.01 -1.608 -3.36 -2.506 -3.15
Type of house
Choice of heating system:
Electricity + oil 1.687 2.80 1.781 2.59 1.101 1.14
Electricity + wood 2.094 6.39 1.907 5.59 2.221 5.63
Electricity + oil + wood 1.748 4.41 1.688 4.25 2.446 5.21
Size of household
Choice of heating system:
Electricity + oil -0.333 -1.51 -0.492 -1.94 0.218 0.78
Electricity + wood 0.175 1.93 0.128 1.25 0.195 1.85
Electricity + oil + wood 0.007 0.06 -0.218 -1.80 -0.098 -0.71
Income, Y*
Choice of heating system:
Electricity + oil -0.268 -1.05 -0.337 -1.11 -1.387 -2.93
Electricity + wood -0.012 -.012 0.128 1.09 0.021 0.19
Electricity + oil + wood -0.067 -0.54 0.227 1.76 -0.071 -0.46
Constant 9.209 1.62 0.524 0.08 3.321 0.52
Predicted dwelling size' 0.137 10.62 0.136 9.49 0.162 11.58
Degree days 0.544 0.91 1.896 3.26 1.214 2.06
Energy price of technology j -38.202 -3.25 -24.430 -1.65 -39.424 -3.04
Children < 16 years old (No.) 0.681 1.97 0.522 1.43
Washing/drying equipment 1.655 3.53 1.759 3.93 2.851 5.67
(No.)
Food cooling equipment (No,) 1.186 1.69 1.477 1.90 0.413 0.60
Age of the oldest person 0.080 2.47 0.024 0.73 0.079 2.47
Selection term
Choice of heating system:
Electricity 3.167 3.67 1.033 1.06 0.393 0.48
Electricity + oil 3.972 4.82 2.501 3.23 0.462 0.58
Electricity + wood 5.919 4.01 3.338 2.15 2.104 1.55
Electricity + oil + wood 4.665 4.39 3.771 3.49 1.629 1.81
Residual variance
Choice of heating system:
Electricity 6.088 13.90 6.211 13.98 5.352 12.05
Electricity + oil 8.590 5.71 7.151 4.81 6.107 3.50
Electricity + wood 7.184 24.28 7.988 25.99 8.114 23.82
Electricity + oil + wood 8.731 12.92 9.932 13.58 6.385 12.35

'Income at the point of time when the heating technology was purchased, the type of house and the size of
household are used as instruments when estimating the dwelling size, see appendix C.
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4.2. Income and energy price elasticities for 1993-95

Income and price elasticities on energy are based on the parameter estimates of the model , which are
presented in table 2, and the elasticities are estimated at sample means, see table Al in appendix A.
The short run income elasticities, which are based on estimates of the parameter 3, are estimated to
0.01 for each of the years 1993, 1994 and 1995, see table 3. A linear relationship between the dwelling
size, income, household size and type of house is estimated, see appendix C. The estimated dwelling
size is used as instrument for the observed dwelling area in the continuous part of the model. In the
long run, changes in income may change the dwelling size, and consequently the energy consumption.
The long run income elasticity is calculated to 0.28 in 1993. It is reduced to 0.21 and 0.15 in 1994 and
1995. This is due to a reduction in the estimated impact of income on the dwelling size from 1993 to
1995. Observed dwelling size has increased from 1993 to 1995, despite of approximately unchanged
average values of income, type of house and household size. One explanation of this may be the

decline in real interest rates from 1993 to 1995.

The differences in the energy price elasticities from year to year are more striking than the differences
in income elasticities. However, it should be noted that in this model energy demand is linear, and
accordingly, the elasticities are not constant. Because mean values for energy consumption, income
and prices only change to a little extent from one year to another, the elasticities are not expected to
vary much. The impact of the energy price on the energy consumption in 1994 is very low (in absolute
value) compared to the results for 1993 and 1995. The estimate for 1994 is significantly different from
zero only at a 10 per cent level, while the results for 1993 and 1995 are significant at 0.2 per cent
level. One possible explanation of the difference between the estimates of the energy price elasticity
are distortions in the sample for 1994. Sample mean values of the variables included in the model are
mainly at the same level for all three years. However, in 1994 income is higher, the household size is

lower, the share of detached houses is smaller and the variation in age is higher than in 1993 and 1995.

Another reason why the energy price elasticity differs from year to year may be that variables which
have effect on the households’ sensitivity to energy price changes are excluded in the model.
Campaigns for energy conservation or focus on energy prices in the news media may serve as

examples of this type of excluded variables.
In Nesbakken (1998) the results of applying the model on data for 1990 are reported. The income and

price elasticities for energy consumption in 1990 are included in table 3 to be compared to the results

of this paper. The model which is applied is the same. However, there are some differences between
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the data from the 1990 energy survey and the data from the survey of consumer expenditure (SCE).
The main differences are that energy for space heating and gross income are used in the estimation of
the model for 1990, while total residential energy consumption and net income are used for the other

three years. About 60 per cent of total residential energy consumption is related to space heating'.

The short run income elasticity for 1990 is estimated to be somewhat higher than for the other years,
and the long run income elasticity is estimated to be on the average level of the 1993-95 results. The
1990-estimate of the energy price elasticity is low (in absolute terms) relative to the estimates for 1993
to 1995. The explanation may be that only energy consumption for space heating is studied for 1990,
while total residential energy consumption is studied for 1993-95. There are substitution possibilities
in energy consumption for space heating, but almost no substitution is possible in energy consumption
for other purposes. Accordingly, the effect of energy price changes on energy consumption is less

when energy for space heating is studied than when total energy is considered.

Table 3. Income and price elasticities for energy'. 1990%, 1993, 1994 and 1995

1990 1993 1994 1995
Short run income elasticity 0.04 0.01 0.01 0.01
Long run income elasticity’ 0.21 0.28 0.21 0.15
Short run energy price elasticity -0.24 -0.57 -0.33 -0.53

"Estimated at sample means.
*The estimation results for 1990 are given in appendix B.

3Includes the impact of income on the dwelling size, which in turn has impact on energy consumption, see appendix C.

Henley and Peirson (1998) show that the energy price responsiveness of heating energy demand is
dependent on temperature. The average temperature was lower in 1990 than in 1993-95. The degree
day variable partly captures the effect of temperature differences in the model of this paper. The

interaction of temperature and energy price sensitivity is, however, not considered.

4.3. Estimation results for different income groups (pooled data)
When estimating the model for 1993, 1994 and 1995 the sample for each year consists of

heterogeneous households with respect to for instance income, type of house and age of the household

! Furthermore, the 1990 survey gives information about the use of wood, kerosene and oil, while the SCE for 1993, 1994 and
1995 only give information about the purchased quantity of these energy types. Households in farm houses are excluded
from the SCE-data, while these households are included in the 1990-data. Finally, the variables included in the estimation for
1990 are not identical to the ones included for 1993-1995, even though the most important variables are the same.
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members. The households’ preferences may differ in many respects. Poyer et al. (1997) study energy
consumption for different population groups and find significant variation in the consumption patterns
by Latino and non-Latino households. In Yamasaki and Tominaga (1997) it is focused on the relative
high energy consumption of elderly households compared to other households in Japan. Accordingly,
it is reason to believe that energy consumption may vary between household groups in many respects.
If the energy price elasticity varies across household groups, introduction of an energy tax may affect
these household groups differently. Quite often the effect on different income groups of introducing

taxes are of special interest for the politicians

In the model of this paper it is assumed that the functional form of the utility is the same across
households and that the marginal utility of income is constant. If all households have approximately
the same preferences, the estimated parameters for different household groups should be nearly the
same, too. To test the stability of the parameters across different income groups, the model is applied
on two subsets for income higher and lower than the mean income. The marginal utility of income is
given by 3 exp(-fp1), and the assumption of constant marginal utility with respect to income is

evaluated by comparing the estimates of 3 for the two income groups.

The model is applied on the pooled data set for 1993 to 1995 to give average estimates for the period
1993 to 1995, see the first column of table 4. Results for the two income groups are given in the next
columns. The pooled data set is used to avoid estimation on very small data subsets. The parameter
which represents the impact of income on energy consumption and the impact of costs on the heating
system choice (), is estimated to be 0.09 when all households are included. The same estimate for 3
was found for 1993 and 1994, se table 2. When estimated on the two data subsets, the parameter
estimates are 0.12 and 0.07 for the low-income and high-income groups, respectively. Even though the
estimates differ quite much, the 95 per cent confidence interval indicates that the estimates of 3 are

stable across income groups.
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Table 4. The choice of heating system and residential energy consumption in dwellings from

1971-1990. The reference choice is electricity (parameter=0). Pooled data 1993-95. 1503

observations

All households Income < average Income > average
Variable Estimate t-ratio | Estimate  t-ratio | Estimate  t-ratio
Income, Y and
heating system costs. (3) 0.091 7.41 0.120 5.94 0.069 4.55
Dwelling ownership
Choice of heating system:
Electricity + oil -2.089 -3.12 -2.01 -2.54 -2.353 -2.05
Electricity + wood -0.959 -5.04 -0.745 -3.02 -0.859 -2.90
Electricity + oil + wood -1.977 -6.23 -1.958 -4.37 -1.689 -3.71
Type of house
Choice of heating system:
Electricity + oil 1.669 4.12 1.543 3.09 1.891 3.28
Electricity + wood 2.069 10.11 1.958 7.38 2.692 8.54
Electricity + oil + wood 1.937 8.02 1.800 5.54 2.626 7.25
Size of household
Choice of heating system:
Electricity + oil -0.265 -1.84 -0.790 -5.12 -0.527 -3.91
Electricity + wood 0.180 3.08 0.143 2.48 0.174 3.09
Electricity + oil + wood -0.087 -1.23 -0.171 -2.21 -0.076 -1.07
Income, Y*
Choice of heating system:
Electricity + oil -0.522 -2.84
Electricity + wood 0.027 0.43
Electricity + oil + wood 0.020 0.27
Constant 3.862 1.11 -3.272 -0.77 12.643 2.19
Predicted size of the dwelling' 0.144 17.49 0.162 12.50 0.131 10.76
Degree days 1.357 3.95 1.450 3.31 1.152 2.20
Energy price of technology j -36.078 -496 | -21.174 -243 | -53.058 -4.56
Children < 16 years old (No.) 0.413 1.94 0.418 1.48 0.390 1.22
Washing/drying equipment (No.) 2.172 8.00 2.316 6.99 1.739 3.84
Food cooling equipment (No.) 1.238 2.93 0.985 1.86 0.954 1.49
Age of the oldest person 0.065 3.35 0.058 2.70 0.090 2.37
Selection term
Choice of heating system:
Electricity 1.619 3.26 -0.244 -0.37 3.645 4.80
Electricity + oil 2.443 5.37 1.706 2.78 3.202 4.92
Electricity + wood 3.667 4.39 1.691 1.67 6.071 4.37
Electricity + oil + wood 3.322 5.68 1.519 2.25 5.433 541
Residual variance
Choice of heating system:
Electricity 5.962 23.27 5.115 18.769 6.649 13.10
Electricity + oil 8.058 8.42 8.722 6.28 7.327 5.567
Electricity + wood 7.897 43.01 8.290 30.41 7.409 30.32
Electricity + oil + wood 8.555 22.62 6.594 15.21 9.868 16.65

'Income at the point in time when the heating technology was purchased, the type of house and the size of household are
used as instruments when estimating the dwelling size.
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Most of the parameter estimates for dwelling ownership, type of house and household size differ
significantly from zero at 5 per cent level and show stability with respect to income groups. The
results for the continuous choice variables also show stability. The parameter estimate of the energy
price for high-income households is, however, more than twofold the estimate for low-income

households (in absolute terms). Nevertheless, the confidence intervals overlap somewhat.

The results for the selection term vary considerably across income groups. For all heating technologies
it is found that the impact on energy consumption is higher for high-income households than for low-
income households when the probability of choosing a given heating technology increases. This might
be due to different levels of energy consumption and shares of households choosing the different
heating technologies. However, when calculating elasticities for the technology based on electricity
and wood, the impact on energy consumption for high-income households is still strongest.
Comparison of the 95 per cent confidence intervals of the parameters shows that the parameters for the
heating system which uses electricity, oil and wood are different for the two income groups, while the
parameters for the heating system based on electricity and oil and the system based on electricity and
wood are stable. The differences in the effect of the selection term on energy consumption indicate
that the impact of excluded variables is higher for the high-income group than for the low-income
group. An interpretation of this is that the preferences of the households in the two income groups are

different with respect to unobserved variables.

Most parameter estimates indicate a high degree of stability for the two income groups. The significant
unstability of the selection term parameter across income groups indicates, however, that the

hypothesis of equal utility function for all households should be subject to more testing.

4.4. Income and price elasticities for different income groups

The parameter estimates reported in the previous section indicate that the impact of income on energy
consumption varies between income groups. When calculating elasticities based on the parameter
estimates, however, we find that the income elasticity only to a little extent depend on income groups,
see table 5. The short run estimates are equal, while the long run income elasticity is calculated to 0.18

for low-income households and 0.22 for high-income households.
The short run energy price elasticity for all households is estimated to -0.50. The energy price

elasticity of high-income households is twice as high (in absolute terms) as the elasticity for low-

income households. The budget share of energy for high-income households is relatively low, and
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consequently one would expect high-income households not to be as energy price sensitive as low-
income households. However, our results show the opposite result. One explanation may be that the
level of energy consumption is high and the marginal utility of energy is low for high-income
households. Then a reduction in energy consumption due to energy price increases only give a small
reduction in utility. When the energy price increases, space heating may be restricted to rooms which
are frequently used, and the swimming pool need not to be used. The energy consumption of low-
income households is on a low level, and then it is very uncomfortable to reduce energy consumption

if the energy price increases.

Our results indicate that high-income households are more sensitive to energy price changes than
households with lower income. Income and price responsiveness may also vary across other household
groups. The model was applied on households with children below 16 years and 7 years at age
respectively, to investigate the energy price elasticity of households which have children. The results
indicate that the household group with the smallest children is less sensitive to energy price increases
than the other household group, despite the fact that the mean income was only 3 per cent lower for
the households with small children than for the other group. The estimated energy price elasticities are
-0.46 and -0.30 for households with children in all ages below 16 years and households with small
children, respectively. However, this result may be reasonable because the expenditures for
kindergartens or other types of child care are high relative to expenditures for children who have
started school. Low income net of fixed child care costs for households with small children, and
decreasing marginal utility of energy, may explain the low sensitivity to energy price changes for this

household group relative to households having children at all ages up to 16.

Table 5. Estimated income and energy price elasticities' for different income groups. Pooled data
1993-95

All households Income < average Income > average
Short run income elasticity 0.01 0.01 0.01
Long run income elasticity’ 0.20 0.18 0.22
Short run energy price elasticity -0.50 -0.33 -0.66

'Estimated at sample means.

’Includes the impact of income on the dwelling size, which in turn has impact on energy consumption, see appendix C.
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5. Summary and conclusions

In this paper the residential energy consumption for 1993-95 is modeled to discuss the stability of the
estimated parameters, both over time and across income groups. The parameters show stability from
year to year. However, the energy price parameter for 1994 is about 37 per cent lower (in absolute
value) than the parameters for the other two years. A comparison of the t-ratios indicates that the
results for 1993 and 1995 are more precisely estimated than the result for 1994. The estimate of the
energy price elasticity for the pooled data set is -0.50, which is quite close to the estimates for 1993

and 1995.

To find out how different preferences affect estimated energy demand, the model is applied on two
subsets, one for income higher and one for income lower than the mean income. By comparing the
confidence intervals of the parameters most of them show stability across the two income groups.
However, the results for the variable capturing the correlation between unobservable preferences for
heating system and utilization (the selection term) is found to be unstable. This indicates that the

model assumption of an identical utility function for all households should be tested further.

Baker et al. (1989) show that the top deciles of the income distribution have the lowest income
elasticity, while the results of this paper indicate that the long run income elasticity is slightly higher
for high-income households than for low-income household. Furthermore, the results indicate that

high-income households are more sensitive to energy price changes than low-income households.
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Appendix A

Mean values

Table A1. Mean values , 1990", 1993-1995>

1990, 1993, 1994, 1995,
550 obs. 502 obs. 548 obs. 453 obs.

Share with heating system based on:

Electricity 0.19 0.20 0.18 0.17
Electricity and oil 0.03 0.04 0.02 0.02
Electricity and wood 0.60 0.59 0.62 0.64
Electricity, oil and wood 0.18 0.17 0.17 0.17
Energy consumption®, (10~ kWh) 13.03 2556 2678  27.70
Annual capital cost’ (10?) for heating system based on:

Electricity 9.77 9.49 9.47 9.48
Electricity and oil 17.27 23.65 23.60 23.98
Electricity and wood 11.74 9.96 9.99 10.01
Electricity, oil and wood 16.08 24.06 24.16 24.38
Demand for power (kW) 8.22 9.12 9.19 9.59
Income in 1990 or 1993/95, Y (107 3.01 2.91 2.95 2.90
Income when the heating system was purchased, Y* (10°) 2.62 2.70 2.75 2.70
Energy price (Nkr/kWh) in 1990 or 1993/95 for heating system based on:

Electricity 0.36 0.42 0.40 0.42
Electricity and oil 0.32 0.39 0.38 0.38
Electricity and wood 0.32 0.37 0.35 0.36
Electricity, oil and wood 0.31 0.37 0.35 0.36
Chosen technology 0.32 0.38 0.36 0.37
Energy price when purchasing the heating system based on (Nkr/kWh):

Electricity 0.31 0.36 0.36 0.36
Electricity and oil 0.39 0.36 0.36 0.36
Electricity and wood 0.50 0.39 0.40 0.39
Electricity, oil and wood 0.48 0.38 0.38 0.38
Ownership® 0.14 0.17 0.16 0.14
Type of house® 0.70 0.70 0.68 0.70
Size of household (occupants) 3.22 3.54 3.48 3.51
Age of the dwelling (10 years) 0.10 1.23 1.26 1.38
Degree days (107) 3.20 4.12 4.14 4.13
Observed area (m?) 119.7 131.8 133.66 138.41
Number of children < 16 years old 0.98 1.17 1.17 1.23
Number of washing/drying equipment 2.22 2.22 2.36
Number of cooling equipment 1.94 1.98 1.97
Age of oldest occupant 42.46 43.60 43.35

'"Energy prices, income and the capital cost for 1990 are in constant 1989 prices. US$ 1 = Nkr 7.5 (July 1998).

’Energy prices, income and the capital cost for the years 1993, 1994 and 1995 are in constant 1993 prices.

3Total residential energy consumption is included for the years 1993, 1994 and 1995, while only energy consumption for
space heating is included in 1990.

*The data sources for purchasing costs and installation costs for 1990 and 1993-95 are different.

> Dummy which is 1 if the household lives in housing co-operatives or owner-tenant accommodation, else zero.

6 Dummy which is 1 if detached house, else zero.
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Table A2. Mean values for pooled data (1993-1995)"

All Income <  Income >
household  average average
1503 obs. 787 obs. 716 obs.

Share with heating system based on:
Electricity 0.18 0.23 0.13
Electricity and oil 0.02 0.02 0.02
Electricity and wood 0.62 0.59 0.65
Electricity, oil and wood 0.17 0.15 0.20
Energy consumption, (10~ kWh) 26.65 23.94 29.63
Annual capital cost (10?) for heating system based on:
Electricity 9.48 9.52 9.43
Electricity and oil 23.73 23.39 24.10
Electricity and wood 9.98 10.01 9.95
Electricity, oil and wood 24.19 24.00 2441
Demand for power (kW) 9.29 8.07 10.64
Net income in 1993, 1994 or 1995, Y (10'5) 2.92 2.05 3.87
Income when the heating system was purchased, Y* (10%) 2.72 1.91 3.60
Energy price (Nkr/kWh) in 1993, 1994 or 1995 for heating system based on:
Electricity 0.41 0.42 0.41
Electricity and oil 0.38 0.39 0.38
Electricity and wood 0.36 0.36 0.36
Electricity, oil and wood 0.36 0.36 0.36
Chosen technology 0.37 0.37 0.37
Energy price (Nkr/kWh) when purchasing the heating system based on:
Electricity 0.36 0.36 0.36
Electricity and oil 0.36 0.36 0.36
Electricity and wood 0.39 0.39 0.39
Electricity, oil and wood 0.38 0.38 0.38
Ownership? 0.15 0.18 0.12
Type of house® 0.69 0.65 0.74
Size of household (occupants) 3.51 3.23 3.82
Age of the dwelling (10 years) 1.28 1.25 1.32
Degree days (107) 4.13 4.15 4.11
Observed area (m?) 134.48 118.51 152.03
Number of children < 16 years old 1.19 1.21 1.16
Number of washing/drying equipment 2.26 2.07 2.48
Number of cooling equipment 1.97 1.88 2.06
Age of oldest occupant 43.14 42.22 44.16

! Energy prices, costs and income are in constant 1993 prices

2 Dummy which is 1 if the household lives in housing co-operatives or owner-tenant accommodation, else zero.

3 Dummy which is 1 if detached house, else zero.
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Appendix B

Estimation results based on the 1990 Energy Survey

Table B1. The choice of heating system and energy consumption for space heating in dwellings
from 1971-1990. The reference choice is electricity (parameter=0). 550 dwellings

Variable Estimate t-ratio

Income, Y and heating system costs. () 0.16 2.78

Dwelling ownership
Choice of heating system:

Electricity + oil -1.82 -2.33
Electricity + wood -1.08 -3.56
Electricity + oil + wood -3.52 -3.66
Type of house

Choice of heating system:

Electricity + oil 1.36 2.01
Electricity + wood 2.59 6.42
Electricity + oil + wood 2.19 4.85

Size of household
Choice of heating system:

Electricity + oil -0.02 -0.08
Electricity + wood 0.38 3.78
Electricity + oil + wood 0.36 2.94
Income, Y*

Choice of heating system:

Electricity + oil -0.64 -2.52
Electricity + wood -0.13 -1.46
Electricity + oil + wood -0.44 -3.45
Constant -5.68 -2.23
Predicted size of the dwelling' 0.07 6.35
Degree days 2.79 7.91
Energy price of technology j -9.39 -1.99
Temperature regulation 1.32 2.87
Number of floors in the dwelling 1.01 2.99
Energy saving strategies 0.36 0.82

Selection term
Choice of heating system:

Electricity 0.59 1.37
Electricity + oil 1.93 3.89
Electricity + wood 3.62 4.04
Electricity + oil + wood 3.93 5.48

Residual variance
Choice of heating system:

Electricity 3.16 12.98
Electricity + oil 5.04 5.52
Electricity + wood 6.13 25.16
Electricity + oil + wood 7.19 13.82

'Income at the point when the heating technology was purchased, the type of house and the size of

household are used as instruments when estimating the dwelling size.
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Results from estimating the dwelling size (by OLS)

Appendix C

1993-95 1993 1994 1995
Variables Estimate t-ratio| Estimate t-ratio| Estimate t-ratio| Estimate t-ratio
Constant 51.51 14.13 39.81 6.21 47.32 7.72 64.02 10.0
Income* 12.18  13.94 17.26 9.82 13.59 9.06 8.00 5.99
Type of house 36.01 14.19 31.26 6.95 35.71 8.83 41.82 9.04
Household size 6.89 7.57 6.33 4.01 6.96 4.65 6.51 3.94

* [ncome when the house was built in Nkr - 107,
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