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Abstract

The paper contains a micro econometric analysis of household electricity and natural gas demand
for a cross section of 2,885 Danish households observed in 1996. The sample includes couples
living in single-family dwellings, working full time and having up to two children. The
specification of the model is guided by an explorative non- and semiparametric data analysis.
Estimates of the final model suggest that electricity consumption depends on the number of
children, and depends linearly on total household budget. On the other hand, the consumption of
natural gas is found to be independent of the number of children in the household, but to vary
with the age of the adults, and to depend linearly on total household budget. Further, demand for
natural gas is found to depend on the technical characteristics of the dwelling. Particularly, it is
found that the consumption of energy for space heating depends heavily on the building codes in

force at the time of the construction of the house.

The dependence between gas demand and demand for electricity is examined in the paper. This
is done by testing for separability of demand for gas from demand for electricity, and vice versa.
Separability of electricity (gas) from gas (electricity) is tested by estimating demand for
electricity (gas) conditional on demand for gas (electricity). Endogeneity of the conditioning
variable is allowed for. Exploiting institutional restrictions on the one hand and a minimum of
individual time variation, i.e. panel data, on the other, identify the test. The test indicates that
demand for electricity is separable from demand for natural gas, and that demand for natural gas
is separable from demand for electricity. The result of the test is evidence in favour of single

equation modelling of household energy demand.
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1. Introduction

Studying household energy demand is important because it constitutes a big part of total energy
consumption, approximately 30% of the total final consumption of energy in the Danish
economy. The household sector has been submitted to extensive[bolicies designed to reduce
energy consumption. As we are all part of the household sector, and because expenditures for
energy usually make up an important share of the total household budget', it is important to
understand what determines household energy consumption in order to understand how policies

affect us.

The objective of this study is to estimate demand-relations for natural gas and electricity. When a
house is connected to the natural gas grid, gas is used mainly for heating and hot water.
Electricity is subsequently used as input to domestic appliances. This is, in part, a result of

regulatory measures introduced by the Danish Government.

The household sector in Denmark is submitted to quite extensive regulation on the energy
markets. For example, quite restrictive building regulations have been introduced in order to
reduce consumption of energy for heating purposes. Building regulations put restrictions on the
heat loss of the building shell. Building regulations important for the consumption of energy in
single-family houses were introduced in 1977, and tightened further in 1982, and 1985. The first

building regulation nearly halved the allowed heat loss of the building. The next left the nominal

! Energy expenditures make up 6% of the total household budget on average for the whole population, cf. Danmarks
Statistik (1998).
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heat loss unchanged, but changed the method of calculation of the heat loss. The latter restricted the
heat loss allowance even further. Also, other regulative actions have been taken. Huge resources
have been allocated into developing collective heating systems by developing district heating, and
natural gas distribution grids. The planning of these distribution grids has been made, so that houses
located in areas with access to the natural gas grid do not have access to the district heating grid and
vice versa. Following the development of these grids, installation of electric heating as the primary
heating system in new buildings has been banned since 1988, and from 1994 also in existing
buildings in order to promote the use of natural gas and district heating. Supplementary electric
heating is not banned, but extensive taxes on electricity have been introduced. In 1996 the share of
taxes out of the retail price on electricity was 65%. The purpose of this regulation is that electricity
is not used as energy carrier for heating purposes in houses located in areas covered by the district
heating or natural gas grid. In 1996, 17% of all single-family houses in Denmark used natural gas,
and 35% used district heating as primary energy carrier. In the same year 33% of all single-family
houses was furnished with a central heating system based on oil as the primary heating system. For
single-family houses using natural gas, district heating or oil, the practice is that only one primary
heating system is present in the house. In this way about 85% of all single-family houses in
Denmark are furnished with one primary central heating system using only one energy carrier, i.e.
either natural gas, district heating or oil. For houses with these types of central heating systems the

practice is further that hot tap water is supplied by the central heating system.

The focus of the paper is twofold. First, to get insight into the specification of the cross sectional
relationships. Pinning out the specification will be guided by an explorative analysis using non- and
semiparametric techniques. Secondly, to obtain knowledge on whether demand for natural gas is

separable from demand for electricity and vice versa. The extensive planning and regulation of the



heating supply would suggest that demand for natural gas for heating is not substituted by demand
for electricity except if supplementary electric heating is present. This will be revealed by the
separability test. The question of separability between energy carriers also has important implica-
tions for modelling household energy demand and for welfare evaluations of, for example, green tax

reforms.

The modelling approach in this paper follows a rather extensive number of more specialised energy
demand studies, cf. a recent survey by Madlener (1996). These studies are usually single equation
studies, based on energy survey data. This type of study often includes an extended set of
explanatory variables providing a richer description of the durable stock and other characteristics
that are particularly important for the demand for energy. Examples are numerous, e.g. Barnes et al.
(1982), Branch (1993), Baker & Blundell (1991), Baker et al. (1989), Dubin & Henson (1988),
Dubin et al. (1986), Garbacz (1983, 1985), Green (1987), Green et al. (1986), Haas et al. (1998),
Herriges & King (1994), Klein (1988), Morss & Small (1989), Parti & Parti (1980), Poyer &
Williams (1993), and Reilly & Shankle (1988). Common to this type of study is that demand for
energy is conditioned on goods that have a durable nature, namely the dwelling size, the insulation
standard, the heating system and other characteristics of the house, and furthermore the stock of
electric appliances, and the family composition. This can be interpreted as a short-run model,
because it is reasonable to assume fixed technology only in the shorter rutp. Demand for an energy

carrier will also be modelled conditional on demand for other energy carriers. This approach allows

2 A number of studies stress that the heating and housing technology is potentially simultaneously determined with
consumption of energy, i.e. endogenous in the econometric terminology. Some studies have attempted to model this,
e.g. Dubin and MacFadden (1984). Others consider the stock of energy-consuming durables as predetermined, and
model only purchase of durables in the current period, cf. Halvorsen & Larsen (2001). In the present study the appliance
stock and purchase are assumed fixed.



a robust testing procedure for separability of demand for one particular energy carrier from demand

for other energy carriers.

The main contribution of the paper, relative to previous papers within this line of literature, lies in
offering new insights into the specification of single equation household energy demand relations.
For example, the study suggests that the relationship between age and consumption of energy for
heating purposes is non-linear. Also, appropriate modelling of effects of building codes on energy
consumption for heating purposes appears to be important. Finally, the dependence of demand for
natural gas, used mainly for heating purposes, on demand for electricity, used mainly for domestic

appliances, is addressed. This has not been done, so far, in the energy demand literature.

The plan of the paper is the following. In section 2 the sample is presented, and in section 3 the data
are explored using non- and semiparametric regression analysis. In section 4 the econometric
model, and the approach to testing for separability are addressed. In section 5 results are presented,

and finally, in section 6 the paper is summarised and concluded.

2. Data

The sample analysed here contains observations of 2,885 households in 1996, and includes
information about individual households’ consumption of energy, specifically natural gas and
electricity. The cross-section is drawn from a larger panel data set covering the period 1990-1997.
This characteristic becomes crucial at a later stage for identifying an endogenous parameter. All the
households use natural gas for space heating (central heating) and hot tap water. In some cases

natural gas is also used for cooking instead of electricity, but this is not observed. As mentioned in



the introduction, it is not expected that electricity is used for heating purposes, due to the
institutional set up, but solely for domestic appliances. Further, when connected to the natural gas
grid, the practice is that no other primary heating system is present in the house. However, it cannot
be ruled out that supplementary electric heating exist. It should also be noted that some houses may

also have a wood-burning stove, but this information is not recorded in the data set.

The sample is constructed by merging public administrative register§3 with registers of customers
from the electricity utility company, NESA A/S, and the gas utility company, HNG I/S, and thus
covers the grid of these companies, i.e. an area surrounding the northern part of Copenhagen. The
administrative registers provide information about type, size, and vintage of the house, family

composition, age, and information about household income, wealth and tax payments.

The information about income, tax payments and wealth is used to construct a measure of total
expenditure for the household. Total household expenditure, for the year we are interested in, is
denoted c;, where lower case t indicates the period of interest. To derive a measure of ¢ start out

with the following identity describing the total value of the stock of assets at the end of period t

z pmtAmt = z Poa Amt—l + z imtAmt—l + z (pmt T P )Amt—l + € - tt Y] (2 1. 1)

3 Rasmussen (1997) for a more complete description of this part of the sample.



where pyy 1s the price of asset m at the end of period t and A,y is the stock of asset m at the end of

period t, and Z:pmtAmt is the value of the total stock at the end of period t. This equal the value of

the total stock at the end of the previous period , met_lAmt_l, plus returns to this asset,

m

Z:imtAmt_1 , where i, is the return, ie. interests or dividends, to asset m, plus capital gains,

m

Z( mt =~ Pt )Amt_l , plus earnings, ey, less taxes, t;, and what is allocated for consumption, c;.

m

Rearranging (2.1.1) yields

. = [e, b —t,j -(z oy =S oAy =5 (s = o )Am,-lj (2.12)

m

where the first set of brackets yields total disposable income, the second set of brackets yields the

change in value of the total stock of assets less capital gains.

For practical implementation of (2.1.2) the stock of assets are divided in to two types of assets,
housing assets and non-housing assets. For these two stocks of assets the change in the total value
less capital gains is calculated. However, only the capital gain relating to the housing assets is taken

in to account. This is because capital gains can not be identified for other types of assets.



The sample is delimited to include couples, both full-time employeam, living in a single-family
house, and having at most two children. No old-age pensioners or students are included in the
sample. This rather tight delimitation is taken in order to work with a homogenous sample that
prevents matters from being far too complicated when pinning out the specification and sub-

sequently testing for separability.

The data set is constructed by considering the customers of only one energy supplier for each

energy type in one year. Therefore, no price variation is present to estimate price responses.

3. Exploring the data

In the demand literature a number of recent studies have undertaken a preliminary data analysis
applying non-parametric techniques in order to obtain additional information about some of the
relationships present in the data, in particular the Engel-curve relationship. Examples of such
studies are Banks et al. (1997), Blundell et al. (1998). This approach offers valuable insight to the

specification of the final parametric model to be estimated.

The nonparametric technique applied is kernel regressions. In section 3.1, a description of the
kernel regression technique will be presented. Emphasis will be purely on aspects relevant for

application. After this, in section 3.2, results of the nonparametric analysis will be presented.

4 Consumption may be traded off with leisure as emphasised by Browning and Meghir (1991). This trade off is not
modelled here in order to focus on separability from other energy carriers. Further, the modelling of labour supply
decisions would have been hampered by only a few observations being present in other labour supply categories.



3.1 Kernel regression

Nonparametric regression techniques provide a valuable tool for exploring relationships in data by
not imposing any restrictions on the functional form of a relationship between two or more
variables. In this way nonparametric regression analysis can be used to determine the function g(.)

in (3.1.1)

V= g(x) +u 3.1.1)

An estimate of g(.) can be obtained by applying the Nadaraya-Watson Kernel Estimator, cf. Héardle

(1990). In the univariate case the estimator is

thKb(xh _xk) (3.1.2)

where lower case h indicates the observation number out of n observations, Ky=b"k(x/b), and k(x)

is some kernel function with bandwidth b evaluated at xx, and f is an estimate of the kernel density

given by (3.1.3)
e :niZKb(xh ~x,) (3.13)

A number of choices for the kernel function exist, and the choice is not critical, cf. Hardle (1990).

In all applications here, the gaussian kernel k(x) = (l/ NEY/s )exp(— x*/ 2) is applied.
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The Nadaraya-Watson kernel regression estimator is calculating a local conditional mean, E(y[x), in
an interval b centred at some point xi. The value of this local conditional mean is, of course, heavily
dependent on the size of the interval b. Choosing the size of the interval, called the bandwidth, is
crucial in the application of the nonparametric regression techniques. An optimal choice of
bandwidth exists in which the mean squared error (MSE) is minimised. The MSE can be

approximated by

sl (1= £z, 0)- sl =Ly () +b8() G14

where V is the variance component and B is the bias component. Minimising (3.1.4) yields an

optimal bandwidth

- =( 49, ]Sn—us (3.15)

Choosing b implies making a trade-off between precision and bias. The contribution to the MSE

from V decreases as b increases, and the contribution from B increases as b increases.

Applying cross validation techniques is a way of providing a sample analogue to (3.1.4). A number
of cross-validation functions exist. In the present context the generalised cross-validation criterion

is applied. This minimises

n

CV(b) = (yk ~ 8 (xk ))ZE(ka (xk ))W(xk)

k=1

11



(3.1.6)

Where E(ka (x « )) = (1 - W, (x « ))_2 is the Generalised Cross-Validation function, with
W, (xk) = K(O) ZK[XI‘h_ij , and w(xx) is a weight function. The X-function penalises
h=l1

bandwidths that are too small, and w(xy) is introduced to reduce boundary effects.

To facilitate inference from the estimated nonparametric regression curve confidence bands can be
placed around the regression curve. The asymptotic distribution of the kernel estimator is normal,
and the mean of the distribution is a function of the bias that is a complicated function of the
derivatives of the kernel regression estimate and the derivatives of the distribution of the
explanatory variable. However, approximate point-wise confidence bands are suggested by Hérdle
(1990) who does not take into account the bias of the kernel regression estimate. These confidence

intervals are given by
Conf (x,) = &, (x, )%

where  0°(x) =" S, (= ) 7 )0~ ). and e = [k, where

u= (xh - X, )/b, and cx~0.282 for the gaussian kernel, and c,is the 1- o quantile of the normal

distribution.
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In this paper nonparametric regression analysis is applied in order to guide the specification of a
parametric model. The nonparametric techniques can be used to supply an alternative to test against
a parametric null model. One way of doing this is to nonparametrically regress the errors of the
parametric model on explanatory variables in order to check if the errors of the parametric model
are centred at zero for all levels of the explanatory variables. Placing confidence bands around the
nonparametric regression curve can provide an indication of whether the regression curve is in fact

centred at zero.

Another approach is to test somewhat more formally the parametric null model against the

nonparametric alternative. Zheng (1996) suggests one such test statistic.

(3.1.7)

where U is the error from the parametric model.

Here the formulas for the univariate kernel regression estimator are presented. In principle it is
straightforward to expand to more regressors. The application of kernel regression techniques is
computationally rather heavy, though, and the number of points at which to evaluate the conditional
mean is given by p®, where p is the number of gridpoints per explanatory variable and d is the
number of variables. Therefore, only a very limited number of explanatory variables can be in-

cluded in practice. This has obvious limitations since covariates certainly exist. This is to some

13



extent addressed by first choosing a fairly homogenous sample and second, by stratifying based on
some of the expected covariates. Another problem relates to potential stochastic regressors. The
kernel regression assumes fixed regressors. For example in the case of regressing consumption of
natural gas on total expenditures, total expenditures may be endogenous, since expenditures on
natural gas are contained in total household expenditures. This can cause bias in the estimated

function.

Blundell & Duncan (1998) suggest that the problem of endogeneous regressors can be adressed by
applying a semiparametric instrumental variable technique, where Robinsons (1988)

semiparametric estimator is applied in an augmented regression approach. If x is endogenous in

(3.1.1), so that E[u|x] #0 and E[y|x] # g(x), then the estimator will be inconsistent. However, if a

variable z exists where x =nz+v and E[v|z] =0 then, the following augmented regression model

holds instead of (3.1.1)

y=gx)+up+e (3.1.8)

where E[s|x] =0. Take expectations of (3.1.8) conditional on x, and subtract it

y—E[y|x] :(U—E[U|x])p+g (3.1.9)
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Replace E[y|x] and E[U|x] by their nonparametric estimators, m; (x) and m, (x), and obtain an

estimate of p by OLS. To do this, replace v by the residual obtained in a regression of x on z,

0 =x —z7t . Then a consistent estimator for g(x) is

&,(x) = (x)-; (x)p (3.1.10)

In the next section these non- and semiparametric regression techniques are applied to explore the
data. It is the intention that this analysis will guide the specification of the parametric model. The
tools for making inference will also be applied when the final parametric model has been estimated

in order to check for misspecification.

3.2 Applying kernel regressions to energy demand data

Three variables in the data set can be considered continuous and thereby appropriate for non-
parametric regression analysis. These are total expenditures, size of the house and age of oldest
person in the household. All non- and semiparametric regressions and test statistics are evaluated at

generalised cross-validation level, cf. (3.1.6), unless something else is specifically stated.
Figure 3.2.1 presents kernel regressions of consumption of natural gas explained by total household
expenditure. Total household expenditure is expected to be endogenous, and is instrumented by

household gross income. The estimate is obtained by applying (3.1.10).

[figure 3.2.1. See end of paper ]
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Figure 3.2.1. gives clear indications that the consumption of both natural gas and electricity is

linearly related to total expenditure.

[figure 3.2.2. See end of paper]

Conditional on the number of children linearity is still quite apparent. Figure 3.2.2, illustrates semi-
parametric regressions of consumption of natural gas and electricity on total expenditures
conditional on the number of children present in the household. Again, total expenditure is
instrumented by household gross income, and the estimates are obtained by applying (3.1.10).
figure 3.2.2. indicates that the functional form of the relation is not influenced by the number of

children.

[figure 3.2.3 See end of paper]

The relation between consumption of energy and the size of the house is illustrated in figure 3.2.3.
The nonparametric estimate is plotted together with a parametric quadratic polynomial
approximation. The figure indicates that there appears to be a slight curvature in the relation
between the size of the house and the consumption of energy for both gas and electricity. The
curvature is not very pronounced, though. Testing for linearity using the Zheng-statistic, linearity is

not rejected in either case: TZHENG(gas)=-O,43, THENG(e])=-0,01.

Conditional on the number of children present in the household the picture remains unchanged. The

nonparametric regression of consumption of energy on the size of the house conditioned on the

number of children is represented in figure 3.2.4.
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[figure 3.2.4. See end of paper]

The figure indicates that the functional form is not affected by the presence of children in either the
gas relation nor the electricity relation. Further, the level appears not to be influenced in the gas
relation whereas some indication is given that a level effect is present in the electricity relation. A
dip in consumption of electricity is indicated for lower range of house sizes for families with two
children. This is a boundary effect in the nonparametric regression and does not reflect a true shift

in the relation.

The structure between consumption of energy and the age of the oldest person in the household is

explored in figure 3.2.5.

[figure 3.2.5. See end of paper]

In figure 3.2.5 the nonparametric regressions of consumption of gas and electricity on age of the
oldest person in the household are illustrated together with a quadratic polynomial parametric
approximation. The top window indicates that the relation between consumption of natural gas and
age may be nonlinear. The pattern is not quite clear, though, and a linear approximation cannot be
rejected by the zheng test, T“"¥%(gas)=0.45. The relation between consumption of electricity and
age appears to have a distinct inverted-U shape, and the Zheng-test for linearity is clearly rejected,
T*HENG(e])=2.62. This shape is more apparent than real though. This becomes evident when the

relation is pictured conditional on the number of children. This is done in figure 3.2.6
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[figure 3.2.6. See end of paper]

In figure 3.2.6 the nonparametric regressions of consumption of gas and electricity on age
conditional on the number of children present in the household are graphed. The graphs indicate
that the number of children does not seem to influence the shape of the gas-age relation. In the
electricity-age relation the number of children, however, appears to influence the shape of the
electricity-age relationship quite strongly. The figure gives indication that the inverted U-shape
observed in figure 3.2.5 disappears when conditioning on the number of children, and age effects

may not be present at all when conditioning on the number of children.

The explorative analysis has provided an insight into some of the structures present in the data. It
appears that total expenditure influences consumption of natural gas and electricity linearly. Some
curvature is present in the relationship between the consumption of gas and electricity and the size
of the house, but it is not very pronounced. The presence of children in the household is found to
have no influence on the shape of the relation, but children may have an influence on the level of
consumption of electricity. Age is suggested to influence consumption of natural gas in a, possibly,
nonlinear fashion. No evidence was found, though, that consumption of electricity is influenced by
age. Analysing the data by univariate kernel regressions has, as already mentioned, its obvious
limitations. Therefore, the analysis should only be considered suggestive as to the specification of a

more complete parametric model. This is the objective of the next section.

4. Parametric Model, Testing and Estimation

The purpose of this section is to estimate a well-specified parametric model of demand for

electricity and gas for households based on the cross section of households, and to test if the

18



demand for natural gas is separable from the demand for electricity and vice versa. Finding the right
specification is important because it is obviously desirable to obtain the best description of the data,
but also because it facilitates proper testing, for example testing of separability. Testing for
separability is interesting for at least two reasons. Firstly, because it provides information about
whether the demand for one energy carrier can be modelled without taking into account the demand
for other energy carriers. In single equation household energy-demand studies, separability is most
often assumed implicitly. Exceptions are Baker & Blundell (1991) and Baker et al. (1989), though.
In their studies of British households they assume that demand for electricity and gas is not
separable. No study, however, undertakes a formal test for separability. Secondly, testing for
separability is interesting because it is possible to check if consumers are substituting towards other

types of energy following an increase in the price of, say, natural gas.

Section 4.1 lays out the structure of demand for electricity and gas respectively. Section 4.2 will
address the issue of testing for separability. Issues relating to estimation will be dealt with in section

4.3.

4.1 The Structure of Demand

The interest of the paper is in modelling the demand for energy carriers in the household. This is
done by modelling demand for electricity and gas respectively as single equations. Households
divide their total budget into different types of consumption. For the present purpose we allocate the
budget into three types of demand: demand for natural gas, X,.s, demand for electricity, X, and

demand for all other goodﬁ, Xoth, and denote the corresponding prices of these goods pgas, Pels Poth-

> *Other goods’ includes food, services, clothing, transport, etc.
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Further, let the function gij(O) be the demand function for good 1, the good of interest, conditional on

the demand for good j, the conditioning good. Then the conditional demand for good i is given by

— <.
X, =g ,.,pmh,c_j,xj,a) i,j=el,gas

17]

4.1.1)

where the subscript identifying household units is suppressed for convenience, and where c=p;x; +
PiXj + PotnXo 18 total expenditure of the household on all types of goods, and c;=piX; + potXoth, 1S
total expenditure less expenditures on the conditioning good j, cf. Pollak (1969). Also, the demand
for good x; is conditional on a vector, a, containing demographic variables, e.g. age, and family

composition.

The conditional demand function is used instead of the unconditional demand function because it is
a more convenient vehicle for exploring the structure of consumer preferences and the relations
among goods. Applying the conditional demand function has at least two advantages for researchers
modelling energy demand. First, the conditional demand function allows modelling demand for an
energy carrier while not being occupied with modelling preferences for other goods, including other
energy carriers and durables. The possible influence of other goods is taken into account simply by

including the quantity consumed. Secondly, it offers a very easy way of testing separability.

4.2 Testing for Separability

If the good of interest is (weakly) separable from the conditioning good then the conditional

demand function is given by

20



x, =g’ ,.,pmh,c_j,a) 1,j=el,gas (4.2.1)
i#]

This result is due to Pollak (1971). Comparing equation (4.2.1) with (4.1.1) suggests a simple test
for separability of the good of interest from the conditioning good. The test amounts to testing the
significance of the quantity of the conditioning good in the equation for the good of interest. The

test is suggested by Browning and Meghir (1991).

In the present context it is possible to test for separability of demand for electricity (natural gas)
from demand for natural gas (electricity) by inserting the quantity of natural gas (electricity) into

the equation for electricity (natural gas)E!

The testing procedure has a number of advantages over a procedure based on the unconditional
demand function. First, it does not require that preferences for the conditioning good are correctly
specified, as do separability tests based on the unconditional demand function. Secondly, it does not
require modelling of the budget constraint of the conditioning good. This is of particular value when

dealing with labour supply and durables.

% Note, it is relevant also to test for separability between demand for energy and demand for non-energy goods, for
example food. This is, however, not possible in the present context since other goods are defined residually as a
composite good. To test for separability between energy and other goods one needs more detailed information about the
consumption of other goods. This is a subject for future research.
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4.3 Estimation
Returning to issues related to estimation and the practical implementation of the testing procedure,
some of the conditioning goods and other explanatory variables may themselves be stochastic, and

some may be unobserved.

Firstly, note that no price variation is present in the data. The price terms in (4.1.1) thus vanish in
the estimating relation. The estimating relation including the conditioning variable can now be

written

=flc_..x. +y. 1.1=
X, f,(c__/,x_/,a,Bi) u, i,j=el,gas (43.1)

17

where [ is the vector of parameters to be estimated and u is the error term.

A second complication for estimation is that the quantity of the conditioning good may be
endogenous. That is, X.;, may be endogenous in the equation for Xy, and vice versa. The potential
endogeneity problem arises because of unobserved components that are potentially important for
the demand for energy. Demand for energy, as opposed to many other types of goods, is
characterised as input into a durable that produces services that are the actual object of demand. In
this sense it is the portfolio of energy-consuming durables, and the use of them in the household
that generates the demand structure. First, consider the error term in (4.3.1) of the electricity

equation, ugr. This can be divided into three components

Ug =Dp + U+ Ey (4.3.2)

22



Dg. is a vector of unobserved electricity consuming durables, | is a household idiosyncratic term
containing information about household behaviour relevant to the consumption of electricity, and
€pL 1s random independent error term. The importance of these components for the separability test

1s outlined below.

The durable vector, Dg;, contains information about the stock of electric domestic appliances. This
includes durables such as lighting, television sets, computers, washing machine, dishwasher etc.,
and possibly also includes an electric kitchen stove, and possibly heating durables. All houses in the
sample are furnished with a primary heating system based on natural gas. For some reason
supplementary electric heating units may also be present in the house, for example in the form of

portable electric heating fans.

A similar form for the error term of the gas equation exists.

Uy = Diys YA+ Eg (4.3.3)

where Dgas is a vector of gas-consuming durables, A is a household idiosyncratic term containing
information about household behaviour relevant to the consumption of natural gas, and £gas is
random independent error term. The durable vector, Dgas, contains information about the
unobserved characteristics relating to the efficiency of the heating system, and components of the
building shell that are of importance to the consumption of energy for heating purposes. Also, Dgas

contains information about the possible existence of a gas-based kitchen stove.
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Thereby, some types of durables, namely a kitchen stove and some heating equipment, can be
contained in either, or both, Dgas and Dgr. These elements may influence estimates of the

conditioning variable in different ways.

If the kitchen stove is electrically based then this will imply a correspondingly lower level of gas
consumption. On the other hand, if the kitchen stove is gas based then this will imply a
correspondingly lower level of electricity consumption. Expressed compactly, E[x; Di] < 0, for 1,

j=el, gas.

All the households in the sample are equipped with a primary heating system that is natural gas
based. Some households may, however, for different reasons have some electric heating, so that
electric heating substitutes part of the natural gas based heating. Consider two households that are
identical except that one household provides all heating by natural gas, and the other provides part
of the heating by electricity. In this case, the household with supplementary electric heating will
appear with a lower level of gas consumption than the household with only gas-based heating.
Expressed compactly, E[xgas Dgr] < 0. Thus, in the electricity equation, the presence of electric
heating durables will cause negative correlation between the error term and the conditioning

variable, Xgas.

Not only the unobserved durable vector may have implications for the estimate of the parameter of
conditioning variable. Also the role of the unobserved behaviour of the household, captured by p
and A, may have important implications for the parameter estimate of the conditioning variable. For
example, endogeneity can arise because of people having different unobserved preferences for
staying home as an alternative to going out. In this example, people having preferences for staying

in will need to warm the house and will be likely to use the stock of domestic appliances more. In
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this way the idiosyncratic term of the electricity equation, [, will be positively correlated with the
idiosyncratic term in the gas equation, A. Expressed compactly, E[ A] >0. Other types of
household idiosyncrasies can exist, though, and in general it is not possible to infer anything about

the sign of the correlation associated with this term.

Summarising, the presence of two kinds of unobserved durables, electrically based heating units
and gas/electrically based kitchen stove, can cause negative correlation between error term and the
conditioning variable. If electrically based heating durables are present (and used) then this will
generate a negative correlation between the error term and Xgas in the electricity equation. Further,
it is not observed whether the kitchen stove is gas or electricity based. This can cause a negative
correlation between the error term and the conditioning variable in both the gas and the electricity
equation. Furthermore, differences in in-house unobserved household idiosyncrasies can cause

correlation between the error term and the conditioning variable in both equations.

In order to identify the parameter of the conditioning variable, other variables that are orthogonal to
the unobserved components, but still correlated with the conditional variable, must be chosen.
These are called instrumental variables. A natural instrumental variable for the conditioning goods
would be the market price, since this is surely exogenous. Unfortunately, as already mentioned, the
cross-section analysed here does not offer any price variation. Other candidates may be present,

though.

A candidate as instrument for xgas in the electricity equation is the vintage of the house, denote this

zyint. This is potentially a good candidate because building regulations impose massive restrictions

on the use of energy for heating purposes while not being concerned with consumption of energy
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for other purposes. For being a good instrument the following properties must be satisfied

(1) E[XGASZVINT] Z0 (i1) E[:u ZV]NT] =0

(iii) E[gEL ZVINT] =0 (iv) E[DEL ZVINT] =0

(1) indicates that zynyy must be a good predictor for the consumption of natural gas. This seems a
priori plausible, since changing building styles and various building codes have influenced the
consumption of energy for heating purposes by putting restrictions on the permitted heat loss of the
building shell. (i1) requires the idiosyncratic term to be independent of the vintage of the house. This
requirement is potentially critical if a distinct type of energy-savings behaviour exists among the
households in the sample, and that these types of households have a higher propensity to live in
newer houses than other people. For this to be critical, though, this effect should dominate other
household idiosyncrasies. A formal test will clarify if (ii) is a reasonable requirement. (iii) is satis-
fied by construction. (iv) requires that the vintage of the house is independent of the stock of
electricity-consuming durables in the house. This requirement is not trivial. As far as the stock of
electricity-consuming durables, that are not producing heating, the assumption is reasonable since
building regulations have not imposed any restrictions on durables not providing heating.
Institutional restrictions have been imposed on the installation of electrical heating units, though.
From 1988 installation of electric heating in new houses has been banned, and from 1994
installation of electric heating has also been banned in existing houses. All houses in the sample are
furnished with a primary heating system that is natural gas based, though. Therefore, if electric
heating is present in the houses in the sample it must be expected to be present only as

supplementary heating units. Supplementary electrical heating is not covered by the ban. The key
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requirement for the vintage of the house to work as a good instrument for xgas in the electricity
equation is thereby that any presence of supplementary electric heating is unrelated to the age of the
house. Following these considerations it is assumed that the vintage of the house does not enter the

electricity equation. The appropriateness of this restriction will be tested formally.

No immediate candidate instruments appear for xgr, in the equation for xgas. However, exploiting
that the consumption of electricity and natural gas is also observed in a number of years prior to
1996 (for some of the households) an instrumental variable may be suggested (for these
households). To see this, consider a linear version of (4.3.1) where (4.3.3) is inserted and time

subscripts are included. For convenience only xg; is included as explanatory variable

Xuse = By ¥ (Dguq ¥ A+ Eg5) (4.3.4)

where t indicates the observation year, 1996, Dgas; is a vector of unobserved durable components at
time t that is associated with consumption of natural gas. A is a household idiosyncratic term
relevant for the consumption of gas. A is assumed to be time invariant. Finally, €gas: is random

independent error term entering the gas equation.

The problem that causes potential endogeneity is that E[xEL/\]?fO , 1.e. that the household
idiosyncratic term is correlated with the consumption of electricity because E[/\,u];tO or

E[DEL /\] # 0 . Also, potential endogeneity can arise because E[xEL D, AS] # 0 . This can be the case
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if the kitchen stove is gas based. In this case E [xEL D, AS] <0 . It is therefore necessary to find a

variable that is correlated with xg;; without being correlated with A and Dgas. One candidate

instrument is Axgy;. For this to work as an instrument for xgp it is required that

v) E [xELtAxELt] 70 (vi) E [,U AXELt] =0

(vii) E [gGASt AxELt] =0 (viii) E [DGASt AxELt] =0

(v) is the requirement that Axgr, is a predictor of xgp. (vi)-(viii) are orthogonality conditions.
Turning to (vi), the potential correlation caused by E [,u)l] # 0 is removed by construction since [ is
eliminated from the equation for xg;, by first-differencing. This leaves E [/\ DEL,] =0 to be satisfied,
1.e. that the change in the stock of electricity-consuming durables be independent of the gas specific
idiosyncratic term. A formal test will be carried out to check if this is satisfied. For (vii) to be
satisfied it is required that E [£G st Aé‘ELt] =0, and E [é‘G 15t ADELt] =0 . These restrictions are
satisfied by construction since the ¢, 1s an independent error term. For (viii) to be satisfied it is
required that E [DG st Agm] =0, and E[DG st ADELI] =0 . The former restriction is satisfied by
construction since €, is an independent error term from the electricity demand equation. The latter

restriction effectively assumes that the acquisition of electrical durables in the present period is
uncorrelated with the stock of durables relevant for the gas consumption in the present period. This

assumption can be critical. Consider, for example, a household disposing of an electrical stove in

period t and replacing it with a gas stove. This implies AD,,, =-1 and D, =1 . If this happens

to a substantial number of households in the sample then E [DG " ADEL,JJt 0. If, on the other hand,
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it happens only to very few households in the sample it may not be a problem. The same line of
arguments is valid for other types of durables that can produce services using either gas or

electricity.

The arguments proposed above carry over to the case where Axgry; (t=1996, 1=1,2,...) are applied
as instruments, i.e. to the case where lagged values of Axg, are also included as instruments for
Xgre. In this case, furthermore, £ |_DG st ADELHJ: 0 will be more likely to be satisfied. The original
data set, from which the sample analysed here is drawn, contains data for consumption of energy
dating back to 1990 for some of the households in the sample analysed here. Not all households are,
however, observed for the whole period, 1990-1996, and including all lags cut down the sample size
unreasonably. On the other side including only Axg, as instrument leaves the model just identified,
implying that it is not possible to test the validity of the included instrument. Here it is chosen to
include Axgry Axgre (t51996) as instruments for xgp;. This leaves a reasonable number of
observations, and leaves one overidentifying restriction. This, in turn, facilitates testing of the

overidentifying restriction, i.e. partially testing the validity of the assumptions made above.

Finally, before turning to estimation, note that total expenditure, c, is also likely to be endogenous.

As instrumental variable the natural log of household gross income is used.

The vector of parameters, [3, of (4.3.1) is estimated by minimising u’Pu, where u is the vector of
error terms from (4.3.1) and P=(Z(Z’Z)'Z) and Z is a matrix of instrumental variables satisfying
E[u| Z]=0. The covariance matrix is estimated using the form suggested by White (1980) that is

robust to general forms of heteroscedasticity.
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(4.3.5)

A

v(8)=(x"Px)" x' PO PX (X PX)"

where Q =u0' and U is the vector of estimated errors.

Further, where relevant, two specification tests are provided. First, a Hausman (1978) test for
exogeneity is supplied. The test statistic is given by (B" -B°)’[V(B"™)- VB)T'(B" -B%), where B
are the parameter estimates obtained using the instrumental variables estimator, B’ are the estimates
obtained assuming exogeneity, and V(B') and V(B°) are the covariance matrices of the respective
estimators. The statistic is chi-squared distributed with degrees of freedom equal to the rank of

[V(B"Y)- V(B%)] under the null hypothesis that a given set of variables is exogenous.

The second statistic is a Sargan statistic for overidentifying restrictions, cf. Hansen (1982). The
Sargan statistic for overidentifying restrictions is given by u’Pu, where u is the vector of errors
obtained from instrumental variables estimator and P=Z(Z’Z)'Z. The statistic is chi-squared
distributed with (r,-rx) degrees of freedom, where r; is the number of instrumental variables and ry
is the number of parameters to be estimated. If the residuals from the demand equation and the
instrumental variables have non-zero asymptotic covariances this is taken as evidence that the
model is misspecified, i.e. that instruments do not satisfy the requirements for the instrumental

variable estimator to be consistent.
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5. Results

Two equations have been estimated independently. One equation for the demand for electricity and
one equation for the demand for natural gas. Estimation results are presented in table A1.1 and A1.2
in Appendix 1. Table Al.1 contains estimation results for the electricity equation, and table A1.2
contains estimation results for the gas equation. The presentation of the estimation results is divided
into two sections. In section 5.1, the specification of the basic model is presented. Then, in section
5.2 the issue of separability in demand for electricity from the demand for gas and vice versa, and

the problem of endogeneity of the conditioning variable is addressed.

5.1 The Basic Model

In this section the specification and results of the basic model are outlined. The choice of specifica-
tion builds on the insights of the nonparamtric analysis in section 3. Here it was suggested that the
consumption of electricity and gas might be nonlinearly related to the age of the oldest person in the
household and the size of the house. On the other hand, the nonparametric analysis pointed out quite
clearly that consumption of electricity and gas relates linearly to total expenditures. The nonpara-
metric analysis is limited by only including one explanatory variable, and plays only a suggestive
role in the specification of the final parametric model. The preferred specification of the parametric
gas demand relation, cf. table A1.2, includes a squared term in the natural logarithm of age of the
oldest person in the household while keeping the natural logs of income and square metres linear.
For the electricity demand relation the preferred specification includes linear terms in the natural

logarithms of income, square metres, and age of oldest member of the household, cf. table Al.1.

Further, in the parametric specification, a set of dummy variables describing the family composition

in terms of children is included in both equations. The family composition variables are specified so
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that all possible combinations of number and age of children are contained within the set of dummy
variables. This is done in order to provide the less restricted specification of the importance of
children. Finally, two technical dummy variables are included, describing whether the house is two-

storeyed and whether it is a non-detached house.

In the gas equation a set of dummy variables indicating the vintage of the house is included. The
house vintage is categorised into a set of dummy variables, divided into decades up to 1979 where
the first building regulation imposing substantial restrictions on the heat loss of the building shell
was put into force. Hereafter, the dummy variables are categorised according to time where the
subsequent building regulations were put into force, i.e. in 1983 and 1986. This approach to
modelling vintage effects is known as the discontinuous regression approach, cf. Angrist
and Krueger (1999), and is implemented to address the non-smooth relationship that is
known a priori to prevail due to the building codes and changing building styles. First, the

electricity demand equation will be commented on, and subsequently the gas equation will be

treated.

The preferred specification for the electricity demand relation, cf. table Al.1, includes a linear term
in total expenditure, age, and the size of the house. Column 1 contains OLS estimates, where all
variables are assumed exogenous. In column 2 estimates are presented where gross household
income is included as instrument for total household expenditure and vintage dummies are included
as instruments for In(kWhgast). The total expenditure elasticity is estimated to 0.28, cf. column 2.
This is within the range of what is usually found in studies of household electricity demand, e.g.
Baker et al. (1989), and Branch (1993). Consumption of electricity is also increasing linearly with

the size of the house. A doubling of the size of the house is roughly associated with a 25% higher
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level of consumption of electricity. Estimation results indicate that no age effect is present. This is

consistent with the indications given by the non-parametric analysis in section 3.

Regressing the errors of the electricity demand relation non-parametrically on total consumption,
size of the house, and age provides a check of the validity of chosen specification. These
nonparametric regressions are presented in figure 5.1.1, left column, together with approximate
point-wise confidence bands. If the model is well-specified with respect to these variables the errors
are expected to centre at zero irrespective of the value of the explanatory variable. It is seen that this

1s indeed the case for all three variables.

Further, in the electricity equation it is seen that children affect the demand substantially. The
pattern seems to suggest that the number of children is important to the level of consumption.
Families with one child appear to have a level of consumption that is about 14% higher than
families without children. Estimates indicate that families with two children are associated with a
level of consumption of electricity that is about 20% higher than for families without children. The
average contribution per child is thus lower for families with two children than for families with one
child. Further, there is some indication that small children do not affect the consumption of
electricity as much as older children, although this effect is not statistically significant. Finally,
families living in two-storeyed houses or non-detached houses are not associated with a different

level of consumption of electricity than families living in single-storeyed detached houses.

Practically all of the studies mentioned in section 1 modelling demand for electricity include a

measure of the house size, usually number of rooms, and the number of persons in the household.

However, no study, except the present, has modelled the impact of children in detail, while also
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controlling for age effects, and the importance of the size of the house. This is likely to be important
as age and number of children are correlated with the age of the parents, and the number of children
is correlated with the size of the house. Only Baker et al. (1989) include a dummy for children aged
less than 6, and at the same time controlling for house size and age of reference person by including
a dummy for age of the reference person belonging to the age interval 40-65 relative to younger
households. The effect on the electricity expenditure share of small children is estimated to be 10%,
relative to families without small children, on top of the average contribution a child has by
increasing the total number of household members. Estimates from the same study indicate that
households where the age of the reference person is 40-65 experience an expenditure share that is
about 6% lower than for younger households. Differences in estimates between Baker et al. (1989)
and the present study may be caused by differences in modelling approach. However, concerning
the study by Baker et al. (1989) it should also be noted that electricity is used also for central

heating as opposed to the present study.

Turning to the gas equation, the non-parametric analysis gave the strongest indication for curvature
in the age-consumption relationship. Estimates for the gas equation are presented in table A1.2. The
first column contains OLS estimates, where all variables are assumed exogenous. In column 2
estimates are presented where gross household income is included as instrument for total household
expenditure and Aln(kWhgy) is included as instrument for In(kWhg). Finally, in column 3
estimates are presented where gross household income is included as instrument for total household

expenditure, and Aln(kWhgy) and Aln(kWhgy.;) are included as instrument for In(kWhg ).

Considering the preferred specification of the gas equation a squared term is included for age of the

oldest person in the household whereas only linear terms are included for income and square
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metres. The linear term in total household expenditure is common to many single equation studies
of demand for energy for heating purposes, e.g. Lee and Singh (1994), Garbacz (1985), Klein
(1988), Green (1987). The estimated elasticity, cf. column 3, of 0.37 falls in the upper end of the
interval of what is usually found in these studies. This may be explained by the fact that many of
these studies enter household income instead of total household expenditure or leave total
household expenditure exogenous in the demand relation. The linear relation between the size of the
house and the level of consumption amounts to an increase in consumption of energy for heating of
approximately 50% by doubling the house size. Estimates suggest that consumption is increasing
monotonically non-linearly with age. Once having controlled for the size of the house and the age
of the oldest person in the household, families with children appear not to be associated with any

higher level of consumption of natural gas than families without children.

In figure 5.1.1, right column, nonparametric regression curves of the errors of the gas demand
relation on total consumption, size of the house, and age are graphed together with approximate
confidence bands. The nonparametric regression curves generally centre at zero. It should be noted,
though, that the lower confidence band for total expenditure takes on positive values at the very
upper end of the total expenditure range. This indicates that errors may not be centred at zero at this
range. The linear specification is maintained, though, because confidence bands are only
approximate, and should therefore not be interpreted too rigorous, and because the deviation is only

indicated for a very limited part of the sample.

Only one study of demand for gas has contemporaneously included age, children and house size,

Baker et al. (1989). Baker et al. (1989) model age effects by including a dummy for age of the

reference person being between 40 and 65, relative to reference persons in younger households.
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Moreover, they model impacts of children by including a dummy for the presence of children aged
less than 6 on top of the average contribution a child has by increasing the total number of
household members. Households with reference persons aged 40-65 are estimated to be associated
with an expenditure share that is 13% higher than for younger households, while households with
small children are found to be associated with an expenditure share that is 14% higher than for
households without small children. These results differ from the results obtained in the present
study. The differences in modelling approach may explain part of these differences. The
contemporaneous and detailed modelling of impacts of children, age effects and influence of the
house size is important. This is because age and number of children are correlated with age of the

parents, and the number of children is correlated with the size of the house.

The estimated parameters of the technical variables indicate that the consumption of natural gas in
non-detached houses is some 4% lower than in detached houses. This is expected, as natural gas is
used for space heating, and because this type of houses have relatively less wall area facing outdoor
temperature than detached houses. The same considerations should be valid for houses with two
storeys. Estimates, however, suggest that there is no effect. This may relate to the second storey
being a utilisation of the attic with a lower insulation standard thus neutralising the gain from
reducing the surface area facing outdoor temperature. The vintage of the building is of major
importance in the demand for natural gas, because of changing building styles, and because of the
introduction of building codes. The estimated vintage effect appears to be very robust to the

specification of the other parts of the model. Estimated vintage effects are graphed in figure 5.1.2.

[figure 5.1.2 around here. See end of paper]
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The significance of the vintage effect in the demand for energy for heating purposes follows what is
found in a study of the demand for energy for space heating in apartment blocks, cf. Leth-Petersen
& Togeby (2001). The pattern of the vintage effects for single-family houses, cf. figure 5.1.2,
indicates that the consumption of energy for heating purposes has been increasingly efficient in
houses built after the 1960s. This indicates that energy efficiency improvements were already an
issue before the introduction of building codes. However, the figures indicate that gas consumption
is significantly lower for buildings built after the introduction of building codes, implying that

building codes seem to have had an effect.

5.2 Testing for Separability of Energy Consumption from Consumption of Other Energy
In this section the results of the separability tests are presented. As outlined in section 4.2 testing for
separability of electricity from natural gas is done by testing the significance of the quantity of

natural gas in the electricity equation and vice versa.

Considering the OLS estimate of the quantity of natural gas in the electricity equation, table Al.1
column 1, the parameter estimate of the quantity of natural gas is positive and significant. However,
in the instrumental variable regression, table Al.1, column 2, the parameter estimate of natural gas
consumption in the electricity equation is insignificant indicating that demand for electricity is
indeed separable from demand for natural gas. The quantity of natural gas is instrumented with the
vintage dummies. The Hausman test rejects exogeneity, and the Sargan test does not reject the
validity of the vintage dummies as instruments. The separability of demand for electricity from
demand for natural gas is consistent with the heat planning having been successful, i.e. that the

households in the sample do not substitute the use of gas for heating with electricity.
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A similar procedure has been applied to the gas equation in order to test if the demand for natural
gas is separable from the demand for electricity. Assuming that the demand for electricity is
exogenous to the gas demand equation the parameter of electricity demand is estimated
significantly positive, cf. table A1.2, column 1, indicating non-separability. The positive sign on the
parameter estimate is consistent with in-house behaviour dominating the bias. Consumption of
natural gas appears not to be separable from electricity consumption. As mentioned in section 4 the
demand for electricity is likely to be endogenous to the demand for natural gas, and this has

probably affected the outcome of the test.

Column 2 and 3, table A1.2, present estimates of the gas equation where Axgy, column 2, and Axgy,
Axgrr.q, column 3, are used as instruments for xg; (t=1996). The estimates are obtained on a
subsample of 2,144 observations out of the original sample, applied in estimation of the electricity
equation, of 2,885 observations. Considering first the estimate of the parameter of the conditioning
variable, where only Axgy is introduced as instrument for xgy, it is seen that the parameter of the
conditioning variable, the quantity of electricity consumed, becomes insignificant indicating that
demand for electricity is separable from the demand for natural gas. As mentioned in section 3, if
many of the households in the sample do change durables from being based on electricity to being
based on gas in the observation year Axg; may not provide as a good instrument. Therefore,
additionally, Axgy..1, is introduced as an instrument. This provides one overidentifying restriction,
and facilitates testing hereof. Having introduced this additional instrument leaves the parameter
estimate of the conditioning variable insignificant like before. The validity of the overidentifying

o+ &

restriction is not rejected by the Sargan test. The Hausman test rejects exogeneity.

7 The predictive power of the instruments has been investigated by estimating the “auxillary” regression. Parameter
estimates of Axgy; AxXgre1 (t=1996) come out with t-values of 23 and 17 respectively, and the overall explanatory power,
i.e. R?, of the regressors in this regression is 0.33. There is, thus, no evidence of weak instruments.
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Summarising, the demand for electricity appears to be weakly separable from the demand for
natural gas. The analysis also suggests that demand for natural gas is weakly separable from
demand for electricity. This means that the allocation of expenditures between electricity and other
goods is independent of the demand for natural gas. This corresponds to a situation where
expenditure for gas is deducted from the total budget, and the remainder is allocated between
electricity and other goods. The other case is similar. The allocation of expenditures between
natural gas and other goods is independent of the demand for electricity. The results of the
separability tests are based on the assumption that the technology is kept fixed. This means that the
results are valid in the short run. In the long run households may adjust the durable stock, for
example by acquiring supplementary electrical heating units, undertaking insulation upgrading or

by introducing new heating technology.

The results indicate that single equation modelling of household energy demand on cross-section
data fares quite well. In the present study this is identified by exploiting institutional restrictions in
the form of building codes, on the one hand, and by exploiting a minimum of individual time
variation, i.e. panel data, on the other. The analysis suggests that problems of identification in this
study relate to unobserved durable stocks, and household idiosyncrasies. This, in turn, indicates
that, if durable stocks are observed, then inclusion of durable specific dummies overcomes mutual
dependence of demand for different types of energy, not considering unobserved household
idiosyncrasies. Energy-consuming durable stocks are often observed in energy and household

expenditure surveys. In this way, single equation studies of household energy demand based on this

¥ The separability tests are performed in a model where total household expenditure is instrumented with household
gross income. The model is estimated on administrative register data, and a measure of total household expenditure is
imputed, cf. section 2. In order to check whether the results of the separability tests depend on the imputation of total
household expenditure, the tests have also been carried out in a model where household gross income enters directly
into the demand relation instead of the imputed measure of total household expenditure. In this reduced form model the
conclusion of the test remains unchanged in both the gas and electricity equation.
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kind of data and including durable specific dummies are likely not to have been hampered by the
implicit separability assumption made in these studies. Examples of this are Branch (1993) and

Halvorsen and Larsen (2001).

In order to develop the understanding of separability in demand the effects of an increase in the
price of the conditioning good are explored. The treatment follows Pollak (1971). Taking equation

(4.1.1) as the starting point the conditional demand function can be written

%, =8 (P Par_yx,0) i,j=el,gas (5.2.1)
:gy(piﬁpoth’(c_pjxj)’xj’a) i#]

where c is total expenditure and cj=c-p;x;. Differentiating (5.2.1) with respect to p; yields

Ox, _ dg” Oc_; + g’ Ox;

1

i,j=el, gas
dp, Oc_; Op, Ox; dp, ! 8 (5.2.2)

In Pollak’s terminology the first term is called the money expenditure effect and the second term is
called the pure substitution effect. The substitution effect arises because an increase in the price of
the conditioning good implies a change in the demand for the conditioning good, which, in turn,

causes reallocation of the non-conditioning goods|.3 The money expenditure effect works by a price

? Note, that the pure substitution effect dealt with here implies that if a price increase of the conditioning good leads to a
decrease in the demand for the conditioning good then the pure substitution effect leaves utility at a lower level. This is
in contrast with the Slutsky-Hicks substitution effect that leaves utility unchanged, cf. Pollak (1969).
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change of the conditioning good causing the level of expenditures for the non-conditioning goods to

change.

The substitution effect (ag” / Ox; )(Ox ;/0p j) consists of two terms. The latter term (ax ; / Op j) is the
own price effect of the conditioning good. This term is negative if the good is not a Giffen good.
The former term (ag’j / Ox j) gives the effect on the good of interest of a unit change in the demand
for the conditioning good given that the level of expenditures on the non-conditioning goods is kept

fixed. Pollak (1969) uses the sign of (Og’f" / Ox j) to categorise how the conditioning good is related to
the non-conditioning good: if (ag” / Ox j)>0 Xi 1s positively related to x;, if (Gg” /axj)<0 X; 18

negatively related to x;, and if (ag” / Ox; ) =0 x; is unrelated to x;.

In this Pollak (1969)-sense, the demand for natural gas is unrelated to the demand for electricity.

Likewise, the demand for electricity is unrelated to the demand for natural gas.

The demand for electricity being unrelated to the demand for natural gas implies that the latter term
in (5.2.2), the substitution effect, disappears. This means that a change in the price of natural gas
has an effect on the demand for electricity only through the level of expenditures allocated to the
demand for electricity and other goods. This implies that if electricity is a normal good, then an
increase in the price of natural gas will cause consumption of electricity to decrease if the demand

for natural gas is inelastic, as is often found in empirical studies, e.g. Baker et al. (1989).

Similarly, since the demand for natural gas is unrelated to demand for electricity the substitution

effect vanishes. A change in the price of electricity thus only results in an expenditure effect. If the
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demand for electricity is inelastic, as is often found in empirical studies based on micro data, e.g.
Branch (1993), and natural gas is a normal good then an increase in the price of electricity will
decrease the demand for natural gas. This follows because an increase in the price of electricity

leads to an increase in the expenditure on electricity leaving less money to be spent on other goods.

The treatment is based on the assumption that the technology is kept fixed. In this way the results of
the tests are relevant particularly in the short run. In the long run it may be expected that households
will adjust their stock of technology, e.g. undertake insulation upgrading, adjust the heating

technology, etc., following changes in the relative prices of energy.

The results have indicated that the households in the sample using natural gas for space heating
experience significant welfare effects in the short run from changes in the relative price of natural
gas. This is because they do not substitute the consumption of natural gas with consumption of
electricity and do not have any other alternative source of energy supply for substituting natural gas.
This is consistent with the intentions of the heat planning. It indicates that increasing substitution
possibilities in energy demand for heating purposes is a way of reducing adverse welfare effects of
relative price increases on natural gas. Also, results indicate that households experience adverse
welfare effects of increases in the relative price of electricity. Electricity is mainly used as input for
domestic appliances for other purposes than heating. It is less obvious that it is possible to introduce

substitution possibilities for these purposes.
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6. Conclusions

The understanding of household energy demand behaviour is an important task since the household
segment of the energy market is subject to extensive price fluctuations stemming from the market
and because it is submitted to much regulation by politicians, all likely to have significant welfare
effects. In this paper a cross-section of households from 1996 has been analysed. Estimates suggest
that electricity consumption depends on the number of children, and depends linearly on the natural
logarithm of total expenditure, size of the house, and age level. The consumption of natural gas is
found to vary nonlinearly with age, and to depend linearly on total expenditure, and the size of the
house. Furthermore, demand for natural gas is found to depend on the technical characteristics of
the house. Particularly, it is found that the consumption of energy for space heating depends heavily
on the vintage of the house reflecting changing building styles and building codes in force at the

time of the construction of the house.

Based on the estimated model, separability in demand for natural gas from electricity and vice versa
was tested using a robust testing procedure. The analysis indicates that demand for electricity is
separable from the demand for natural gas. This result is consistent with the extensive planning of
the supply of energy for heating purposes in Denmark. The analysis furthermore suggests that the
demand for natural gas is separable from demand for electricity. Together, this indicates that market
as well as policy induced price changes could have significant welfare effects in the short run since

the demand for specific energy carriers is not substituted by demand for other energy carriers.

The study provides evidence in favour of single equation modelling of household energy demand.

Applying this approach often implicitly involves assuming separability in demand for one particular

type of energy from demand for other types of energy. This assumption is not likely to be satisfied
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if stocks of energy-consuming durables are unobserved. In the present study exploiting institutional
restrictions on energy demand and a minimum of individual household time variation, i.e. panel

data, is used to overcome this problem.
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Table Al.1. Estimates of Electricity Demand Equation

1. 2.

Dependent variable, In(kwhg;) OLS IV/GMM

Constant 5.3399** 3.7779%%*
0.4313 0.8327

In(m®) 0.2189%* 0.2363%*
0.0465 0.0518

In(total household expenditure) " 0.0998** 0.2788%**
0.0195 0.0707

In(age) -0.1001 -0.0609
0.0735 0.0769

1 child, aged 0-6 0.1343%* 0.1351%**
0.0577 0.0576

1 child, aged 7-14 0.1520%** 0.1357**
0.0477 0.0482

1 child, aged 15-25 0.1467** 0.1474%**
0.0234 0.0238

2 children, aged 0-6. 0-6 0.0696** 0.0564
0.0502 0.0502

2 children, aged 0-6. 7-14 0.01936** 0.1830%**
0.0458 0.0461

2 children, aged 7-14.7-14 0.1945%* 0.1726**
0.0389 0.0391

2 children, aged 7-14.15-25 0.2280%** 0.2011%**
0.0300 0.0316

2 children, aged 15-25.15-25 0.2214%** 0.2122%*
0.0257 0.0263

2 storeys -0.0222 -0.0132
0.0587 0.0590

Non-detached house -0.0104 -0.0127
0.0272 0.0277

In(kWhgas) 0.1134%* 0.0272 @)
0.0297 0.0794

Sargan Statistic - 0.5959 ©)

Hausman Statistic - 7.0125 )

INumber of observations 2,885 2,885

Note: The reference is a couple without children living in a single-storeyed house built in 1960-69.

Standard errors in small numbers below parameter estimates.** indicates significance at 5% level, *indicates

significance at 10% level.
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() Total household expenditures are less the cost of gas consumption. Gross household income is excluded from both
equations and used as instrument for total household expenditure.

@ Vintage variables are excluded from the electricity demand equation, and used as instrumental variables for
In(kWhy;) in this equation.

©) The test statistic is chi-squared distributed with 10 degrees of freedom.

“ The Hausman statistic is calculated only for the variables that are suspected endogenous, i.e. for In(total household
expenditure), and In(kWh;). The test statistic is chi-squared distributed with 2 degrees of freedom.
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Table Al.2. Estimates of Gas Demand Equation

1. 2. 3.
Dependent variable, In(kwhgas) OLS IV/GMM IV/GMM
Constant 9.8671%** 13.4736%* 12.8079%*
2.3742 2.8739 .2.7563
In(m?) 0.5486%** 0.5094** 0.5004%**
0.0362 0.0416 0.0401
In(total household expenditure) " 0.0691%** 0.3970%** 0.3701%*
0.0152 0.0555 0.0506
In(age) 2.1814* -5.6805%* -5,3198%**
1,2635 1.6025 1.5383
In(age)’ 0.3078* 0.7773%* 0.7300%*
0.1682 0.2135 0.2051
1 child, aged 0-6 -0.0012 0.0151 0.0109
0.0307 0.0378 0.0362
1 child, aged 7-14 -0.0487 -0.0376 -0.0422
0.0327 0.0343 0.0337
1 child, aged 15-25 0.0070 0.0272 0.0208
0.0175 0.0212 0.0201
2 children, aged 0-6. 0-6 0.0092 -0.0015 -0.0024
0.0338 0.0383 0.0373
2 children, aged 0-6. 7-14 0.0294 0.0368 0.0315
0.0261 0.0307 0.0295
2 children, aged 7-14.7-14 -0.0281 -0.0225 -0.0295
0.0244 0.0287 0.0275
2 children, aged 7-14.15-25 -0.0181 -0.0134 -0.0214
0.0277 0.0331 0.0317
2 children, aged 15-25.15-25 0.0103 0.0270 0.0187
0.0237 0.0280 0.0266
House vintage, —1899 @ 0.0751 0.0879 0.0879
0.0743 0.0728 0.0731
House vintage, 1900-1909 ? 0.0090 -0.0361 -0.0469
0.0904 0.0875 0.0861
House vintage, 1910-1919 ® 0.0975 0.0667 0.0647
0.0810 0.0907 0.0882
House vintage, 1920-1929 @ 0.1587** 0.1454%%* 0.1514%*
0.0329 0.0419 0.0400

52




(Table 2 continued)

House vintage, 1930-1939 0.1333%* 0.1122%+* 0.1138%*
0.0263 0.0282 0.0277
House vintage, 1940-1949 @ 0.0946%** 0.0913%* 0.0926%**
0.0332 0.0367 0.0361
House vintage, 1950-1959 @ 0.0771%* 0.0760%* 0.0769%*
0.0235 0.0268 0.0262
House vintage, 1970-1978 @ -0.0590** -0.0572%* -0.0561%*
0.0147 0.0167 0.0164
House vintage, 1979-1982 ) -0.1581%* -0.1826%* -0.1806%**
0.0345 0.0382 0.0369
House vintage, 1983-1985 -0.2885%* -0.2702%* -0.2733%*
0.0296 0.0333 0.0328
House vintage, 1986-1995 @) -0.4071%* -0.4011%* -0.4042%*
0.0255 0.0309 0.0298
2 storeys 0.0287 0.0054 0.0007
0.0373 0.0401 0.0389
Non-detached house -0.0381%* -0.0396%** -0.0378%*
0.0162 0.0194 0.0188
In(kWhgy) 0.0685%* -0.0449 @) -0.0029 “)
0.0144 0.0476 0.0331
Sargan Statistic - - 02513 ©)
Hausman Statistic - 37.6810 @) 39.7576 @)
INumber of observations 2,144 2,144 2,144

Note: The reference is a couple without children living in a single-storeyed house built in 1960-69.
Standard errors in small numbers below parameter estimates.** indicates significance at 5% level, *indicates
significance at 10% level.

M Total household expenditures are less the cost of electricity consumption. Gross household income is excluded, and
used as instrument for total household expenditure in column 2 and 3.

@ Axgp, is used as instrumental variable for In(kWhg; ) in this equation. This model is just identified.

©) The Hausman statistic is calculated only for the variables that are suspected endogenous, i.e. for In(total household
expenditure), and In(kWh;). The test statistic is chi-squared distributed with 2 degrees of freedom.

@ Axgy; and Axgy.; is used as instrumental variables for In(kWhg; ) in this equation. This model has one
overidentifying restriction.

©) The Sargan statistic is chi-squared distributed with 1 degree of freedom.
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Figure 3.2.1. Nonparametric regression of consumption of energy on total expenditures for
Gas (top panel) and electricity (middle panel), and nonparametric density of total
expenditures (bottom panel)
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Figure 3.2.2. Nonparametric regression of consumption of energy on total expenditures for
Gas (top panel) and electricity (middle panel), and nonparametric density of total
expenditures (bottom panel). Solid line: no children, small lines: 1 child, big lines: 2
children.
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Figure 3.2.3. Nonparametric regression of consumption of energy on size of the house for
Gas (top panel) and electricity (middle panel), and nonparametric density of size of the
house (bottom panel)
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Figure 3.2.4. Nonparametric regression of consumption of energy on size of the house for
Gas (top panel) and electricity (middle panel), and nonparametric density of house size
(bottom panel). Solid line: no children, small lines: 1 child, big lines: 2 children.
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Figure 3.2.5. Nonparametric regression of consumption of energy on age of the oldest
person in the household for Gas (top panel) and electricity (middle panel), and
nonparametric density of age of the oldest person in the household (bottom panel)
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Figure 3.2.6. Nonparametric regression of consumption of energy on age of the oldest person in the
household for Gas (top panel) and electricity (middle panel), and nonparametric density of on age of
the oldest person in the household (bottom panel). Solid line: no children, small lines: 1 child, big
lines: 2 children.
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because the behaviour of generalised cross validation function is sensitive to areas where the density of observations
is low. This is clearly the case for large intervals of the age distributions. For the present purpose, this is only of
presentational importance.
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Figure 5.1.1. Residual analysis. Nonparametric regressions of errors from estimated parametric
model on total expenditures, top row, square metres, middle row, and age, bottom row.
Regressions of errors from the electricity equation are located in the left column, and regressions
of the errors from the gas equation are located in the right column.
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Figure 5.1.2. Estimated Vintage Effects on Demand for Natural Gas
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Note: Variations in the graph should be read as deviations from the level of
demand for natural gas in buildings built in the period 1960-1969. Source: Table 1.
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