Economic Survey 3/99

Factors determining residential electricity use

Factors determining the growth in
residential electricity consumption

Bente Halvorsen and Bodil M. Larsen

In Norway, political signals have indicated that the growth in energy consumption should be reduced and that it may
be necessary to increase the energy taxes. A discussion of energy taxes levels is also actualized by the Kyoto agree-
ment. This raises the question of what effect such tax changes will have on energy consumption. Based on the data
for a sample of households in the period 1976-1993, this article looks at the factors that are of importance to
residential electricity demand. Household electricity consumption has increased by an average of about 3 per cent
annually in the twenty-year period we have studied. Nearly half of this increase is due to an increase in the number
of households, while the remainder reflects an increase in average consumption per household. The results show
that several factors point to higher average electricity consumption per household in this period. Among other
things, an increasing number of households have started to use electric household appliances such as dryers and
dishwashers, household income measured at constant prices has increased and the floor space of dwellings has
risen. The results also show that a higher electricity tax will lead to a fairly substantial change in residential electricity

demand.

Introduction

Residential electricity consumption hasincreased over
time, partly due to income growth and a composition of
household consumption that requires higher energy con-
sumption. For example, the size of dwellings and the per-
centage of households that have electric household ap-
pliances, such as dishwashers and dryers, have increased
considerably the last twenty years. Political signals have
indicated that the growth in energy consumption should be
reduced, and that it may be necessary to increase taxes on
energy consumption.! The extent to which electricity de-
mand will be influenced by an increase in the electricity
tax will in part depend on the composition of electricity
consumption for various purposes. Taxes can also have
unfavorable distributional effects.

Data from such sources as Statistics Norway’ s annua Sur-
vey of Consumer Expenditure for the period from 1976 to
1993 have been used in order to elicit how such measures
will influence residential electricity demand. Based on
these data, we study the factors which have influenced
developments in Norwegian residential electricity con-
sumption. The data set contains information about a house-
hold’ s consumption of energy goods and other goods,
prices for these goods, aswell asincome and other house-
hold characteristics. This entails that we can make
thorough empirical analyses of residential energy consump-
tion. However, there will always be some uncertainty as-
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sociated with such empirical analyses, and our results must
therefore be interpreted with caution. The uncertainty may
reflect, among other things, unrepresentative data, the
choice of our analytical method and the specification of
the econometric model. For example, our data set consists
of asample of households, although the sampleis so large
that the main features of the analysis are assumed to be
relatively robust.

This article focuses on studying the flexibility of house-
hold demand for electricity, i.e. the possibilities for adjust-
ing electricity consumption when prices, income or other
factors that are of importance to energy demand change.
The article is based on Halvorsen, Larsen and Nesbakken
(1999) and Halvorsen and Larsen (1999). In studies of
flexibility, it isimportant to take several factorsinto ac-
count. First, households are not a uniform group, and the
demand for electricity may vary depending on the type of
household. For example, it is reasonable to assume that a
family with small children living in a block of flats will
have a consumption pattern that differs from a minimum
pensioner living in a detached dwelling. Basing these
studies exclusively on analyses of aggregated data there-
fore entailsthe risk of losing important information on
variations in behaviour between different types of house-
holds. By analysing the data for each household (micro
data), it is possible to provide estimates for the importance
of differencesin energy consumption. Energy is a means
to obtain such services as hest, refrigeration, freezing and
lighting. Changes in the household’ s stock of energy-con-
suming equipment therefore have a considerable influence
on changes in energy consumption. In addition to house-
hold characteristics, changes in the stock of equipment (in-
crease or replacement) will depend on prices for the equip-

1 See for example, section 4.4.1 in the National Budget 1999, which describes the main features of taxes on the use of energy.
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ment and energy types as well as expectations concerning
future prices. A third factor that should be taken into ac-
count in analyses of residential electricity demand is that
households so far have been billed for all uses combined
(heating, lighting, etc.) based on last year’s consumption
profile, adjusted for actual consumption once ayear.
Actual prices and the cost of electricity consumption are
therefore unknown to the household. It must be assumed
that such factors have an influence on electricity consump-
tion, and it istherefore necessary to test which prices that
influence household energy use.

We begin by providing an overview of developmentsin
eectricity consumption. We then present the results of an
econometric analysis of those factors which influence
residential electricity consumption. The article concludes
with a summary and concluding remarks aswell asare-
view of data sources used in the analysis.

Development in household electricity
consumption

Figure 1 shows changesin total electricity consumption for
all Norwegian households (measured in TWh aong the
right-hand axis) and average electricity consumption per
household (measured in kWh along the left-hand axis) in
the period 1976 to 1993, aswell asalinear trend line for
both series.

Total electricity consumption is calculated by multiplying
average consumption per household in the sample by the
number of households in Norway.? The estimated trend
growth in average electricity consumption per household
was 1.7 per cent ayear in the period 1976-1993. Estimated
total electricity consumption of Norwegian households in-
creased by an average 3.1 per cent annually in the period,
measured along the trend line.® The reason that total elec-
tricity consumption increased by a greater margin than
average consumption per household is that the number of
householdsin Norway rose by an annual average of 1.4
per cent in this period as aresult of population growth and
areduction in the number of personsin the household.
This means that about 45 per cent of the growth in total
residential electricity consumption isdueto anincreasein
the number of households, while the remaining 55 per cent
is ascribable to changesin factors that influence the
various households' electricity consumption. In the next
section we take a closer look at the factors which influence
household behavior.

What determines household electricity
consumption?

Econometric analyses based on the data set described at
the end of the article were carried out in order to explain
the factors determining residential electricity consumption.

Figure 1. Estimated average electricity consumption per
household (kWh) and total electricity consump-
tion in the household sector (TWh), 1976-1993
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Source: Statistics Norway.

This section starts with a brief description of how house-
hold behaviour is modelled in the analysis, followed by a
presentation of the results from the estimations. The model
is estimated for each year in the period 1976-1993, but to
facilitate the presentation we show the results of an ana-
lysis based on a pooling of all the data. The estimated coef-
ficients can thus be interpreted as the average importance
of each variable for electricity consumption over the entire
period. Finally, we look more closely at how these explana-
tory variables have changed in the period 1976-1993 in
order to provide an indication of their influence on devel-
opments in electricity consumption over time. For
example, if ahigher electricity price resultsin reduced
electricity consumption, the electricity price will contrib-
ute to increasing consumption when the price falls over
time, and reducing consumption when the price increases
over time.

The model for household electricity demand

The consumption of energy does not give the household
utility per se, but is used along with equipment to obtain
goods and services, such as hot meals, clean clothing, hot
water and a comfortable indoor temperature. In the model,
we assume that the household’ s utility depends on both
goods and services produced by the household and a num-
ber of other goods consumed directly by the household.
The household' s production of agiven serviceis afunc-
tion of the use of electricity in the production of the ser-
vice and the equipment used to produce the service. The
household’ s appliance stock depends on the stock in the
previous period as well asinvestmentsin new equipment.

In the model, the household is assumed to minimize the
present value of the production cost of a service with
respect to electricity consumption and the desired stock of
appliances. The production cost from this minimization

2 The number of householdsin Norway is obtained from Statistics Norway’ s popul ation and housing censuses.
3 The percentage annual trend growth in el ectricity consumption over the period is close to the figures in Statistics Norway' s energy

accounts.
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problem will depend on the price of electricity and ap-
pliances, and leads to household demand for electricity and
investmentsin new appliances for different levels of pro-
duction. To determine the desired level of household pro-
duction and consumption of goods that are not included in
the production of services, we assume that the household
maximizes its utility subject to budget constraints. A house-
hold’ s budget constraint depends on the household’ s in-
come, the price of goods that are consumed directly and on
the unit cost of producing the service from the cost mini-
mization problem. The unit cost is defined as the cost per
unit produced for producing the desired level of the service.

The stock of appliancesisgiven in the short run, but in this
model the electricity price may influence the stock in the
long run through investmentsin new household ap-
pliances. A changein the electricity price will therefore
have two different effects on electricity consumption: adi-
rect (short run) effect and an indirect (long run) effect
through investments in new electric household appliances.

Halvorsen and Larsen (1999) provide afurther description
of household behavior and the econometric specification
of the problem.

Estimation resultsfor the period 1976-1993

Estimations were carried out in two stages. In the first
stage, purchases of electric appliances are determined asa
function of, among other things, prices for household ap-
pliances and electricity. In the second stage, electricity con-
sumption is then determined as a function of the estimated
values from the first stage, the electricity price aswell as
variables that take account of household characteristics.
This allows usto identify both the short run and long run
effect of achange in the electricity price on household elec-
tricity consumption. Various model approaches and expla-
natory variables were tested before we ended up with what
we consider to be the best model for explaining electricity
consumption.

The results of the econometric analysis based on a pooling
of the data for the entire period 1975-1994 are shown in
table 1. The variables determining electricity consumption
are shown in the first column, the estimated effect of the
different variables on electricity consumption (coefficient
values) in the second, and the t-ratios (standardized esti-
mated values) in the third column of table 1. The table
shows how different variables influence electricity con-
sumption, measured as an average over the period 1976-
1993.

We see that electricity consumption rises with household
income, with the number of household members and with
floor space, whileit declines with the electricity price and
the age of the dwelling. The latter may be due to a higher
wiring capacity in newly built houses and the greater use
of equipment serving as an alternative to electric heating in
older dwellings. Other factorsthat are of importance to
electricity consumption are whether the dwelling has cen-

Table 1. Estimated household electricity consumption,
1976-1993. kWh'

Variable Coefficient t-value
Intercept -31212 -8.56
Price of electricity, 2-year mean (1994-gre/kWh)  -200 -16.91
Price of kerosene (1994-gre/liter) 10 1.76
Price of heating oil (1994-gre/liter) -13 -2.22
Household’s annual pension-earning income

(10,000 1994-NOK) 79 16.85
Newly established household pension-earning

income (10,000 1994—NOK)2 -48 -6.89
Low-income household pension-earning income

(10,000 1994-NOK)? 3744 12.81
Predicted purchase of household appliances:

Freezer -519 -0.87

Refrigerator 459 0.48

Washing machine 1174 2.09

Dishwashing machine 418 0.76

Kitchen stove -2 103 -1.56
Current stock of household appliances:

Freezer 102 0.79

Refrigerator 571 3.58

Washing machine 1213 5.77

Dishwashing machine 2706 17.69

Kitchen stove 885 2.65
Central heating -4 500 -25.36
Block of flats -2 839 -10.07
Dwelling’s year of construction 19 10.19
Bathroom 2574 9.39
Net floorage (m?) 50 34.87
One-person household -462 -2.20
Number of household members 714 12.45
Moved to present residence the current year -1775 -4.80
Free electricity -3347 -4.58
Dummy for additional sample -1 345 -3.15
Temperature (heating degree-days*100) 9 1.00
Trend 345 9.60
R 0.3544
Adjusted R? 0.3533

! An estimator is significant at the 10 per cent level if the t-value exceeds the
value of 1.645, i.e. we are 90 per cent confident that the variable influences
consumption. The estimator is significant at the 5 per cent level if the t-value
exceeds the value of 1.96.

2 Newly established households are households that have moved to the present
residence during the last three years and where the main income contributor
is under the age of 35.

3 Households where annual electricity expenses exceed 40 per cent of annual
household gross income.

tral heating, whether it has a bathroom and whether the
household livesin ablock of flats. For example, estimated
electricity consumption is reduced by about 2 800 kWh a
year for ahousehold living in ablock of flats compared
with other households, ceteris paribus. We also see that
electricity consumption rises with the stock of electric
appliances and that this stock of appliances has arelatively
large impact on electricity consumption. The estimation
results primarily show significant effects with the excep-
tion of the stock of freezers and purchases of freezers,
refrigerators, dishwashers and kitchen stoves. Moreover,
purchases of kitchen stoves and freezers result in a reduc-
tion in electricity consumption, while purchases of other
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Figure 2. Changes in average pension-earning income
for households, 1976-1993. NOK

Figure 3. Changes in average electricity price (2-year
mean), 1976-1993. @re/kWh
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Source: Association of Norwegian Power Stations and Norwegian Water
Resources and Energy Directorate.

electric household appliances result in an increase. The
reason for the negative coefficientsis that electric ap-
pliances can be purchased either to replace old appliances
or to increase the stock. For many types of appliances,
technological advances have occurred over time, which
make the appliance more energy efficient. The purchase of
new appliances therefore influences electricity consump-
tion both through a change in the stock of appliances and
through more energy efficient appliances. In this estima-
tion, we do not have sufficient information to separate
these effects. We will, however, come back to how the
estimation results for each year can be used to illustrate
changesin electricity consumption for different household
appliances over time.

Some aspects of developmentsin electricity consumption
(shown in figure 1) are due to the use of a sample of house-
holds for our estimates and incomplete information con-
cerning some key variables. In the estimations, we have at-
tempted to correct for such effects. First, we lack informa-
tion about the stock of heating equipment. In order to
correct electricity consumption for the use of electricity for
heating, we have included various housing characteristics,
such as whether the household has a central heating sys-
tem. The long run effects of a changein electricity prices
therefore only contain effects through the stock of electric
household appliances and not effects through changesin
the stock of heating equipment. Second, we have corrected
for the estimated income effect for newly established
households, i.e. households that have moved to the present
residence during the last three years and where the main
income contributor is under the age of 35. We aso correct
the income effect for households with a very high budget
share for electricity. The reason for these high budget
sharesisthat in the estimations annua household gross
income is defined as pension-earning income, which does
not include old-age pensions, child support payments,
disability pensions, etc. We have also corrected the estima-
tions for househol ds that have moved during the past year,
asinformation about electricity expensesisincomplete for

Source: Statistics Norway.

these households. Finally, we have corrected for special
supplementary samples of households drawn in the Survey
of Consumer Expenditure in some years.

Changein explanatory variables over time

The estimates in table 1 show the average effect of a
variable on electricity consumption through the entire
period. In order to gain an impression of the variables that
have influenced the increase in average consumption per
household over time, we must also look at changesin these
variables.* Figures 2 to 6 show changes in some of the
most important explanatory variables.

Figure 2 shows changes in average pension-earning in-
come for householdsin the Survey of Consumer Expendi-
ture from 1976 to 1993, measured both in current and real
prices. The figure illustrates that household income has
risen in the period. Income measured at constant prices
rose by an average 1.6 per cent ayear measured along a
linear trend. Table 1 shows that income has a significant
and positive effect on electricity consumption. All in all,
this would therefore point to an increase in electricity con-
sumption per household in the period being studied.

Figure 3 shows changes in the price of electricity in the
period 1976-1993. Both the current and real price has risen
in the period. Measured at constant prices, the electricity
price has a strong, negatively significant effect on elec-
tricity consumption (see table 1), which means that the
change in the electricity price points to reduced el ectricity
consumption.

Figure 4 shows the percentage of households in the sample
with a central heating system, dishwasher and dryer, res-
pectively. The percentage of households that own kitchen
stoves, refrigerators, freezers or washing machines has
shown very little change in this period, and will therefore
have less influence on changesin electricity consumption.
We have therefore decided to exclude them here (see

4 Inthe next section we look more closely at the importance of the different variables for electricity consumption over time.
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Figure 4. Share of households that own a dryer, dish-
washer or central heating system, 1976-1993.
Per cent
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Halvorsen et al. 1999 for devel opmentsin other electric
household appliances). We see in figure 4 that the per-
centage of households with dishwashers or dryers hasin-
creased throughout the period (on average 16.7 per cent a
year since 1976 for dishwashers and 9 per cent ayear since
1986 for dryers), while the share with central heating was
reduced (on average —1.9 per cent ayear). Since the coeffi-
cients for the stock of household appliancesis positive and
the coefficient for the share of households with central
heating is negative, this contributes to an increase in aver-
age el ectricity consumption per household.

Housing characteristics also influence changes in house-
hold electricity consumption. Figure 5 shows average net
floor space for households in the Survey of Consumer
Expenditure for the period 1976-1993. Asillustrated in the
figure, floor space has increased in the period. Since elec-
tricity consumption increases with floor space, this has
also led to higher electricity consumption over time.

Vintage effects

The results of the estimation shown in table 1 presuppose
that the effect of a given explanatory variable on house-
hold electricity consumption is constant throughout the
period, with the exception of acommon time trend. It is
likely, however, that this assumption will not be satisfied
for al variables. If, for example, income and prices have
an effect on households' investmentsin electric household
appliances, and prices and income change over time, the
stock of applianceswill, ceteris paribus, vary. Asaresult,
electricity consumption for various purposes will vary over
time because most el ectric household appliances are per-
ceived as durable consumer goods and househol ds will not
adjust the stock of this equipment continuously. We have
called the change in the coefficients over time as aresult
of such factors vintage effects.

Our data set consists of annual cross sections of Nor-
wegian households for the period 1975 to 1994. In order to
provide a better description of changesin electricity con-
sumption, and to test whether the coefficients are constant,

Figure 5. Changes in average net floor space of
dwellings, 1976-1993. m?
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we have estimated a corresponding model asin table 1 for
each year in the period. In the next two sections we shall
describe these vintage effects. We focus on the effects
through the stock of dishwashers and dryers aswell as
price and income elagticities.

Changesin electricity consumption for
dishwashersand dryers

The estimated coefficients for the stock of household ap-
pliances can be interpreted as the differencein electricity
consumption (measured in kWh) between households that
have such appliances and those that do not. In the period
being studied there have been no substantial changes with
regard to the percentage of households that own kitchen
stoves, refrigerators, freezers and washing machines. As
early as the beginning of the 1970s such household ap-
pliances were common in Norwegian households, and 80-
90 per cent of the households owned this type of equip-
ment (see figuresin Halvorsen et a. 1999 for details). Itis
difficult for this reason to isolate electricity consumption
for such appliances in the annual estimations due to little
variation between households with regard to the stock of
appliances and high covariation between different types of
appliances, afactor that has resulted in unstable and insig-
nificant estimates. For the share of households that own
dishwashers and dryers, on the other hand, the variation be-
tween households is sufficient for identification. In 1974,
about 7 per cent of the households owned a dishwasher,
while this share had risen to about 70 per cent in 1995. For
dryers, we have data back to 1986, and the share that
owned a dryer was then about 25 per cent, rising to 50 per
cent in 1995. The estimates for these two appliances are
therefore far more stable and significant. For this reason,
we shall in this section only look at changesin electricity
consumption for dishwashers and dryers.

Figure 6 shows changesin estimated el ectricity consump-
tion per dishwasher and dryer for households in the Survey
of Consumer Expenditure. The figures have been obtained
from the annual estimations, and show changesin the esti-
mated coefficients for each of the appliances with accom-
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Figure 6. Estimated electricity consumption per house-
hold appliance per year, 1976-1993. kWh

Figure 7. Estimated changes in electricity consumption
for dishwashers and dryers, 1976-1993. kWh
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panying linear trend lines. The figureillustrates that the
coefficients for the stock of dishwashers are relatively high
and show a clear downward trend. The coefficients indi-
cate that a dishwasher used on average about 3 800 kWh in
1976 and 1 700 kWh in 1993. The coefficients for adryer
are lower and more constant over time.

The consumption of electricity for household appliances
depends on the appliance’ s power consumption (kW) and
utilization time (hours per year). There may be several
reasons for the sharp fall in electricity consumption for
dishwashers. First, it may be due to increased energy
efficiency, since the power consumption of a dishwasher
has fallen in the period (see Ministry of Petroleum and En-
ergy, 1998), partly as aresult of reduced water consump-
tion. Moreover, the utilization time per dishwasher may
have fallen during the period for two reasons. First, dish-
washers were relatively expensive in the 1970s, and it is
likely that households that bought such machines were
fairly large households with substantial dishwashing
needs.® Asthe price of dishwashers gradually fell and aver-
age income increased (adjusted for inflation), the fre-
quency of use has probably also been reduced as smaller
and more margina households have purchased dish-
washers. Second, dishwashing time has been steadily re-
duced in new machines.

The stock of appliances in households consists of both old
and new technology because the appliances may have a
relatively long service life. An average dishwasher in
households will therefore have a higher power regquirement
and longer utilization time than a new machine. This may
be the reason that our estimates for electricity use for dish-
washersis higher than other estimates, where the estimates
are based on new technology.® It should again be noted
that there is considerable uncertainty associated with the
estimated coefficientsin figure 6, and that the estimates
may be dightly high due to a possible correlation between
the stock of dishwashers and excluded electric household

Source: Statistics Norway.

appliances, such as microwave ovens. There were no
major changesin electricity consumption for old dryersin
households from 1986 to 1993. The reason that we do not
see any declining trend in electricity consumption for
dryers may be that they are used more (for more hours)
than earlier, and that new and more energy-intensive
dryers (e.g. condense dryers) offset the effect of areduced
price and more efficient technology.

Asillustrated in figure 4, the percentage of households that
own adryer and/or dishwasher has increased sharply
during this period. This meansthat even if electricity con-
sumption per appliance has fallen or been stable, the aver-
age consumption for such appliances will increase. We
have corrected for thisin figure 7, where we have plotted
average electricity consumption per household for dish-
washers and dryers with accompanying trend lines. The
average electricity consumption per household appliance is
obtained by multiplying electricity consumption per house-
hold appliance by the average number of appliancesin the
household.

Average electricity consumption for dryers has risen by
about 7.6 per cent ayear measured along the trend line,
while average electricity consumption for dishwashers has
increased by 7.8 per cent ayear. The share of electricity
consumption in an average household that is due to the use
of adishwasher, i.e. thefiguresin figure 7 divided by
average €electricity consumption each year, has risen from
2.4 per cent in 1976 to 5.6 per cent in 1993, measured
along alinear trend. For dryers, this share has increased
from 1.9 per cent in 1986 to 3.0 per cent in 1993.

Estimated el ectricity consumption for dishwashers and
dryersfor al Norwegian households increased from about
1.7 TWhin 1986 to 2.8 TWhin 1993. Measured as a share
of total household electricity consumption, electricity con-
sumption for dishwashers and dryersrose from 7.6 per
cent in 1986 to 10 per cent in 1993. Total electricity con-

5 Seefigure5.26 and C6 in Halvorsen et a. (1999) for an overview of changesin prices for white goodsin this period.
6 See, for example, figure 7.14 in the Ministry of Petroleum and Energy (1998).
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Figure 8. Short run and long run Cournot elasticities for
Norwegian households’ electricity consumption,

Figure 9. Income elasticities (Engel elasticities) for the
Norwegian households electricity consumption,
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sumption for dishwashers and dryersincreased by about
9.1 per cent annually in the period 1986 to 1993. The esti-
mated growth in the use of electricity for dryersand dish-
washers was therefore almost three times the growth in
total estimated electricity consumption in figure 1.

Changesin price and income elasticities over time

In the same way as for the estimated effects of the stock of
household appliances, price and income coefficients will
also be subject to vintage effects through the period. The
reason is that changesin the appliance stock may influence
the price and income sensitivity of household €electricity
demand, even in the short run. Moreover, price and in-
come sensitivity may depend on factors that are not cap-
tured in these estimations, such as government energy effi-
ciency campaigns.

To what extent electricity consumption isinfluenced by
changesin price and income is best expressed by price and
income elagticities, i.e. the percentage change in electricity
consumption when there is a one per cent change in the
eectricity price and income, respectively. Figure 8 shows
changesin long run and short run price elasticities for
household electricity consumption in the period 1976-
1993. Thelong run price elasticity contains, in addition to
the short run effect, the effect of the possibility of adjust-
ing the appliance stock to changesin the electricity price.

The price elasticity for electricity varies somewhat over
the period studied, but electricity consumption isrelatively
price elastic. The figure shows that when the electricity
price increases by one per cent, electricity consumption is
reduced by between 0.4 and 0.8 per cent. On average for
the entire period, our results show that el ectricity consump-

Source: Statistics Norway.

tion isreduced by 4 per cent when the electricity pricein-
creases by 10 per cent.

There are no significant differences between the short run
and long run price elasticity, and there isno clear trend in
the electricity price elasticity in the period 1976-1993. The
reason that short run and long run elasticities are virtually
the sameisthat changesin electricity prices havelittle in-
fluence on investments in household appliances. The short
run effectswill therefore dominate the long run price elas-
ticity.”

Changesin income elasticity are shown in figure 9. We see
that income has a quite small effect on electricity consump-
tion.® When income changes by one per cent, electricity
consumption changes by an average of about 0.13 per cent
in the period 1976-1993. This means that the differencein
electricity consumption between low-income and high-in-
come householdsisfairly marginal, sinceincreasesin in-
come are not used to any extent for increased electricity
consumption. In contrast to price elasticities, the income
elasticity increases over time. The reason is that the budget
share for electricity declines over time, and the estimated
coefficient increases when the average income level of
households increases. Measured along a linear trend, the in-
come elagticity increases from about 0.09 to about 0.15.

Conclusions

Household el ectricity consumption has increased by an
average of about 3 per cent annually in the twenty-year
period we have studied. Just under half of thisincreaseis
due to an increase in the number of households. The re-
mainder is due to an increase in average consumption per
household. There are several factors that point to anin-

7 SeeHalvorsen and Larsen (1999) for atheoretical explanation and further discussion of short run and long run effects of achangein
electricity prices on household electricity consumption. See, for example, Radseth (1997) for more information about interpretations of

income and price elaticities.

8 Thisisthe net effect of income on electricity consumption, i.e. after correcting for the effect of income on e.g. floor space and purchases

of equipment.
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crease in average electricity consumption per household.
Among other things, an increasing number of households
are using electric household appliances such as dryers and
dishwashers, household income measured at constant
prices has risen and the floor space of dwellings has in-
creased.

Moreover, we find that electricity consumption varies rela-
tively little between low-income and high-income house-
holds, and that changes in the electricity price have afairly
substantial influence on electricity consumption.

The data

The data set used as abasis for our analysesin thisarticle
was obtained from five different sources. The main source
is Statistics Norway’ s annual Survey of Consumer Expen-
diture, which contains consumption data at the household
level. These surveys are based on a sample of Norwegian
households drawn according to Statistics Norway’ s samp-
ling plan. The surveys have taken place continuously from
1 January 1973 to the present, with the registration of these
households' purchases of all types of goods and services
classified in 673 different categories. The annual net
sample is between 900 and 1 400 households. All house-
holds keep accounts of their expenditures on purchases of
consumer goods during a two-week period which is spread
throughout the year. In addition, they complete a question-
naire concerning expenditures on such items as durable
consumer goaods, electricity and fuel during the last 12
months. The households are also classified according to
household characteristics such as the dwelling’s floor
space and year of construction, type of dwelling, sex, age
and status in the labor market for all household members.
The Survey of Consumer Expenditure registers annual ex-
penditures on electricity in the household and not consump-
tion in kWh. We have therefore estimated electricity con-
sumption (measured in kWh) by dividing the household's
annual expenditures on electricity by the electricity price,
where the electricity price for all households in the same
municipality is assumed to be the same.

The Survey of Consumer Expenditure lacks information
about some variables that are important for describing
household demand for electricity, including information
about prices and outdoor temperatures. Thisinformation is
therefore obtained from other data sources. Information on
income for all household membersis linked up to the sur-
vey through Statistics Norway’ stax statistics. The tax
statistics are derived from the Directorate of Taxes tax
assessment registers. Moreover, we have used information
on municipal electricity prices from the Norwegian Water
Resources and Energy Directorate, monthly temperature
datafor al municipalitiesincluded in the Survey of Con-
sumer Expenditure from the Norwegian Institute of Me-
teorology and files containing information on regional
prices for goods and services from the data used to calcu-
|ate the Consumer Price Index. Each year of the data from
1974 to 1995 is linked together and checked for any errors.
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For amore detailed description of the data set used, see
Halvorsen et al. (1999). For more information on Statistics
Norway’s Survey of Consumer Expenditure, see Statistics
Norway (1996).
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