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Abstract

We first examine the determinants of household expenditures on space heating and hot water
supply in Germany. A number of socio-economic characteristics of households are included
along with building characteristics. Our analysis covers information on more than 12,000
households in Germany for the years 1998 and 2003.

The analysis continues by investigating whether different kinds of households are affected
differently by increases in energy prices. Households in owner occupied properties are less
affected compared to those in rented accommaodation, this could be because owners are more
likely to have installed energy-efficient heating and hot water supply systems and landlords
have less of an incentive to improve the conditions of their rented accommodations. An
energy policy targeting especially the latter group might benefit not only households in rented
accommodation, but might increase energy-efficiency and reduce greenhouse gas emissions
as well.
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1. Introduction

Residential energy demand amounts to about 30 % of total final energy consumption in
Germany. This is similar to other countries in temperate climatic zones. In 2002, households
in Germany spent 736 Mio. Euro for heating and hot water supply. This is approximately 6 %
of total household consumption (BMWA, 2005). The German energy policy of the last few
years can be characterized as an attempt to improve energy-efficiency and to reduce
greenhouse gas emissions.

In 2002, to improve energy efficiency in the building sector the regulation for insulation
against heat loss (WSchV, 1994) and the regulation for requirements for heating and hot water
supply systems (HeizAnlV, 1998) including exhaust-gas limits for oil and gas heating systems
were replaced by a regulation combining energy-efficiency requirements for buildings as a
whole including insulation, heating and hot water supply systems (EnEV, 2001). Before 2002
the thermal quality of buildings was assessed on the basis of the insulation properties of
building components (e.g. window, roof or wall). Each component had to meet a certain
standard. Since 2002 the defined maximum calorific values of buildings (based on energy
balances) have to be met. This new regulation allows the substitution between a more energy-
efficient heating technology and less efficient insulation to fulfil the calorific requirements of
the building. The new regulation aims to reduce energy use for heating by 30% for new
buildings compared to the old regulations (BMVBW, 2001).*

Energy prices were increased in five steps by the introduction of a green tax in 1999 and
successively increased until 2003 (Umweltbundesamt, 2002). In 1999 prices for electricity
were increased by 1.02 Cent/kWh, prices for heating oil by 2.05 Cent/litre and prices for gas
by 0.164 Cent/kWh. In the following 4 years prices for electricity were increased by another
0.26 Cent/kWh each year. Prices for gas were increased in 2003 by 0.202 Cent/kWh. Price
increases were further strengthened by price changes on the commodity markets and the
developments of exchange rate between Euro and Dollar. Taken together, all this is likely to
have affected households’ energy consumption.

This paper starts by first examining the determinants of household expenditure on space
heating and hot water supply in Germany. We then investigate if different types of households
have responded differently to changes in prices for energy. Our hypothesis is that home
owners are likely to suffer less from price increases than renters. Landlords will have less of
an incentive to improve on energy-efficiency for their rented out accommodation. One reason
is that landlords have to bear the costs of improvements themselves and adjustments in rental
rates are subject to strict regulations (unless a new tenant moves in). Another reason is that
only new buildings fall under the tighter building regulations, and checks on standards are
rare.

The data for this exercise are drawn from the German socio-economic panel. This is a survey
of private households and individuals providing detailed information on housing, occupational
and socio-economic characteristics of households and individuals. For the 1998 and 2003
surveys the panel offers additional information on households heating systems, which is
necessary to conduct this analysis.

Econometric analyses of residential energy demand are numerous. An extensive, if somewhat
dated, overview is provided by Madlener (1996). The focus of most of these studies is on
price and income elasticities to estimate changes in energy demand, mainly for electricity.

! For the most recent measures see EnEV (2004). Detailed information on levels and metric efficiency of the
regulation is omitted as the new regulation (EnEV) cannot easily be compared with the older regulations
(WSchV and HeizAnlV) as discussed above. In addition, many different building characteristics need to be taken
into account when calculating the calorific value of a building.
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They differ with respect to model application, time period, location and aggregation level of
the data chosen. The majority of studies is based on aggregated data on country or regional
basis; most studies are for the US. Studies using individual household-level data are relatively
rare due to data availability. Dubin and McFadden (1984) were among the first to investigate
the choice of energy-using equipment and energy use using micro-level data for the US. More
recent studies applying a discrete / continuous modelling framework are Bernard et al. (1996),
Lee and Singh (1994) and Liao and Chang (2002). For Europe, most of the studies were
conducted for Norway (Halvorsen and Larsen (2001), Nesbakken (1999) and Vaage (2000).
Baker and Blundell (1991) applied data for the UK.

In our analysis, we model conditional demand only. That is, the decision for consuming
energy is not determined by adjustments in technologies but by adjustments in consumptions
of energy given the available technology. Previous studies include different sets of
demographic and other socio-economic characteristics to explain differences in residential
energy demand (see e.g. Branch, 1993; Garbacz, 1983 and 1985; Green, 1987; Hirst et al.
1982; Jung, 1993). The age of household members was found significant as well as the size of
the household and the minority / majority household type (Poyer and Williams, 1993).

Baker et al. (1989) use data from the annual Family Expenditure Survey of Great Britain
pooled for 1972 to 1983. Leth-Petersen and Togeby (2001) use panel-data for the period
1984-1995 to estimate the demand for space heating in apartment blocks in Denmark. The
focus of the study is on determining the effects of policy measures to reduce energy
consumption. The data is not based on the household level, but rather on buildings of more
than 1500 m?. Linderhof (2001) investigates the demand for energy in the Netherlands.
Berkhout et al. (2004) investigate the ex post impact of an energy tax on Dutch household
demand for energy. Rao (submitted) and Gundimeda and Kéhlin (submitted) use both micro
data to estimate fuel demand elasticities for India. Wu et al. (2004) analyse the demand for
space heating using micro-level data for Armenia, Moldova and the Kyrgyz Republic.

Our analysis is in line with previous research including a large number of socio-economic and
building characteristics that would influence households’ energy demand for space heating
and hot water supply. In addition, we examine if there is a significant difference between
different types of households. To our knowledge, there is only one other study that
investigates the energy consumption for space heating in Germany on household level.?
Schuler et al. (2000) use 1988 data for West Germany to examine the extent to which socio-
economic variables can explain differences in households’ behaviour. Separate regressions are
estimated for socio-economic variables and building characteristics. The results are used to
evaluate energy efficiency factors from technical simulations.

In contrast, we include both socio-economic and building characteristics in our regressions
and care for regional difference in space heating demand. We use information on household
expenditure on heating and hot water for the reunified Germany. We also investigate who
suffered most from increases in energy prices between 1998 and 2003, home owners or
renters, and if regional differences exist. This is another difference to Schuler et al. (2000).
Unlike most earlier studies using micro-level data, our analysis is not restricted to the demand
for electricity. Different energy sources are included. In fact, only few households in
Germany use electricity as a primary source for heating, while air conditioning is rare in
private homes.

% There are earlier studies using micro-level data provided by the statistical office. The drawback of the data is
that it covers only three selected types of households (see e.g. Pfaffenberger et al., 1983; and Dennerlein, 1987).
Household type 1 includes two-person households receiving pensions or social benefits; household type 2 is a
four-person household of blue- and white-collar workers with medium income; household type 3 is a four-person
household of white-collar workers and civil servants with higher income.
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The remainder of the paper is as follows, the next section describes the data used for the
analysis. Section 3 presents and discusses the regression results for different model
specifications. In section 4, energy price increases and their effect on household expenditure
and consumption for heating and hot water supply are investigated. Section 5 concludes.

2. Data employed

The data used in this study was provided by the German socio-economic panel survey. Since
1984, the survey has provided annual information on housing, on the occupation,
employment history and earnings of individuals. In 1990, it was extended to include the
former East Germany. In addition to a stable set of core questions, each year the survey
focuses on a special topic. In 1998 and 2003 the dataset includes detailed information on the
heating and hot water supply systems of households, which is important for the conduct of an
analysis on the determinants of household’s demand for energy. In order to take advantage of
this information the analysis in this paper relies exclusively on the 1998 and 2003 surveys.

In terms of structural attributes the model includes dummy variables describing a property’s
state of renovation, its date of construction, as well as the type of property (flat, detached
house etc). The model controls for the size of the property in square meters, as well as
whether the house has central heating, a bath or shower, if it is owner-occupied or a
subsidized apartment. Having central heating, a bath or shower is likely to increase household
expenditure as it is more strenuous to heat with single stove, and average room temperature
would be lower. Further dummy variables indicate the type of heating system: oil, gas, coal
(including briquette and wood), electricity, solar, district heating or else (e.g. liquefied gas);
and if a new heating system or new windows were installed in the property or if some other
modernisation took place in the previous year.

Apart from the many variables indicating dwelling differences outlined above, the regression
also controls for a large number of socio-economic characteristics. These include the
household size; the number of children in the household; the net household income; the
average age of the adult household members; and the number of household members being
officially registered as unemployed.

Controls are also included for the size of the town or city in which the property is located.
Data on heating degree days, although generally included in other studies, was not provided
by the survey (and is available only at high expense). However, the climate in Germany is
mostly temperate and not nearly as diverse as for example in Italy or the United States. To
capture regional differences, dummy variables indicate in which of the 16 Bundeslander the
household lives. A further dummy variable indicates whether observations are drawn from
the 1998 or the 2003 survey or from the East or the West of Germany.

A limitation of the data used in the regressions is that no information is offered on energy
consumption for space heating; instead, expenditures on energy consumption are recorded.
Also, no information is available on efficiency or age of the heating system, the presence of
double glazing or other forms of insulation. The variables indicating the state of renovation,
the age of the building and if the property is owner occupied might capture some of this
information. Owners are more likely to invest in energy-efficient construction, appliances or
insulation. Therefore, data for tenants and home owners are analysed together as well as
separately. We excluded from our analysis households living in residential homes, student
halls or hostels, households receiving social benefits or those paying a reduced rent. For most
of these households, expenditures for heating and hot water are included in the monthly rent
and are independent of consumption. Households receiving social benefits were excluded as



their rent is partly paid by the government.? Also excluded are households with more than one
source of heating system except for solar energy. This reduces the number of observations
from 16,689 available for analysis to 12,634; 7,547 of them refer to the 2003 survey. The
definition of variables included in the analysis is shown in table 1.

Table 1 about here

3. Empirical analysis

The logarithm of monthly expenditures for space heating and hot water supply per square
meter was regressed on a number of socio-economic, building and heating characteristics as
described above.* Note that for home owners, the survey asks for costs of heating and hot
water supply in the previous year while tenants are asked for their monthly expenditures for
heating and hot water. However, expenditures are mainly based on consumption in the
previous year, as the meter is generally read only once a year in Germany. Therefore,
information for owner occupied properties and those that are rented should refer to the same
period and can be both included in the analysis. The models are estimated using panel-
corrected least squares invoked by the <cluster> option in the STATA computer language.
This deals with any correlation between disturbances from observations drawn from the same
household as well as providing heteroscedasticity-consistent standard errors. The effect is to
slightly increase the standard errors of the parameter coefficients.

Table 2 presents regression results for seven different model specifications. The first
specification includes all available observations. The RESET test for functional form points
to a possible misspecification of this model. Only after experimenting with different kinds of
model specifications we noticed that including the variable H_INCL (costs for heating and
hot water supply are included in the rent) almost always led to problems of misspecification.
Although the meter is read at least once a year, monthly payments are normally not adjusted
to differences in consumption but are constant for several years. As a consequence, some
households have to make additional payments while others get money back depending on
their consumption. Therefore, we reduced the model to exclude these observations from
further specifications. Separate regressions are also presented for East and West Germany,
for the years 1998 and 2003 as well as owner occupied and rented accommodation. Except
for model one (including all 12,634 observations) and model seven (owner occupied
accommodation only), the specifications pass the Ramsey RESET test for possible
misspecification. Specification seven (home owners) fails to pass only slightly. Excluding the
variable H_INCL from model one, the specification passes the RESET test. The estimated
coefficients are similar to those presented in table 2.

Table 2 about here

The results suggest, as expected, that there is a strong effect of the kind of heating system on
household’s expenditures for heating. In particular, it appears that oil and coal heating seem to
be less expensive while other forms of energy used for heating (HEAT_ELSE) have the
opposite effect. Heating with solar energy has the expected negative effect, but the estimated

® Including such households would bias the results. However, limited sensitivity analyses show that the results,
including households on social benefits, are very similar to those discussed below

* Different transformations of the dependent variable were considered. The semi-logarithm model provided the
most consistent results judging by tests for functional form.
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coefficients are statistically not significant. However, less than 1% of all households included
use solar as an additional source of energy. Properties built before 1980 are more expensive to
heat than more recently built ones. This is especially true for properties built in the period
after World War 11 (BUILT_1948 and BUILT_1971). In East Germany, properties built
between 1972 and 1980 are more costly to heat. Also, as expected, expenditures are higher for
houses than for flats, regardless of the size. In East Germany, agricultural buildings seem to
be most expensive to heat.

Heating costs decrease with the size of the property. The presence of central heating, higher
household income, more household members,® a higher average age of the adult household
members and a higher share of unemployed household members increases expenditure on
heating. Unemployment is more significant to households in the East while higher income is
insignificant there. Living in the East of Germany or having a new heating system decreases
expenditures especially for home owners. Unlike most earlier studies, we find a negative
relationship between the number of children in a household and the dependent variable. Hirst
et al. (1981) and Baker et al. (1989) found a positive relationship between household energy
consumption and the number of children.® More recent studies for Norway found no
significant relationship. Nesbakken (1999) included the number of children under the age of
16 years and Vaage (2000) included the number of young children in a household. For the
Netherlands, Linderhof (2001) found also no significant relationship between young children
and the consumption of natural gas. However, his estimates show a negative relationship for
the presence of older children in a household. His explanation is that older children are more
away from home. In our analysis we include the number of children in households without
differentiating between the age groups. The higher the number of children, the more likely
older children are present.

The estimated coefficients for household income show an income elasticity ranging from 0.01
to 0.10 depending on model specification. Other studies using different data and different
model specifications found income elasticities ranging from —0.27 to 0.61 (Berkhout et al.,
2004). The majority of studies estimated income elasticities between 0.08 and 0.17 (Baker et
al. 1989; Bernhard et al., 1989; Garbacz, 1983; Hirst et al. 1981; Nesbakken, 1999 and Poyer
and Williamsen, 1993). The above studies are based on household energy consumption.

Dividing the data into owner occupied and rented accommodation shows very similar results.
However, some differences show up that can be explained by different characteristics of home
owners and renters. The type of building, e.g., are more important to renters than to home
owners. However, one feature of the German property market is that owners are more likely
to live in a house and renters in a flat: Only 15.8 % of home owners included in the dataset
live in flats, while only 17.3 % of renters live in a house. Also, while only 8.2 % of owner
occupied dwellings are in cities with more than 500,000 inhabitants, the percentage of rented
accommodation is above 20 %. This variable is also positive and significant (GGK_5) in the
specification including renters only. If heating costs are included in the rent, expenditures for
heating are significantly lower. This confirms that there is normally a delay when costs are
adjusted to current prices for energy as discussed above. An alternative interpretation however
is that costs for heating are fixed for (some of) those households and independent of
consumption. Levinson and Niemann (2004) found evidence that rents are higher when
energy costs are included, but the difference is smaller than the cost of the energy used.
Unfortunately, the survey gives no information on whether the expenditures are independent
of consumption.

® The household size effect could have been removed by normalizing the dependent variable to population.
However, this procedure would not lead to consistent results as most independent variables are measured at the
level of the household or housing unit and cannot be transformed in per capita terms.

® Baker et al. (1989) included children under 5 years only.
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The variable OWNER indicates that households with property are likely to spend less money
on heating compared to home renters. An interpretation is that owners are more likely to
improve the conditions of their houses than are tenants. This is further confirmed by the
variables measuring the condition of the property (RENOV). Better conditions include better
insulation, energy-efficient construction and appliances which reduces expenditures on
heating. This is more relevant to renters than to home owners. Over 80 % of home owners
state the condition of their property as good. Less than one per cent indicates that the property
needs complete renovation and none report that the property is ready for demolition.
Interestingly, whereas in the 1998 specification the RENOV variables are all highly
significant, none of them is significant in 2003. This might point at improvements in
properties’ conditions between 1998 and 2003. Other studies including the status of
ownership of accommodation found that home owners consume more energy than tenants do
(see Baker et al. 1989; Vaage, 2000 and Berkhout et al., 2004). However, the number of
variables describing the property is rather limited in the above studies. Also, in Germany,
landlords are responsible for introducing energy related technology, while tenants have to pay
the energy bill.

The variables which indicate whether or not the household has a bath or a shower, whether the
property is a council house or whether it has new windows (a form of insulation) are not
significant. Dummy variables for some Federal States are significant indicating regional
differences (market segmentation). Expenditures in 2003 are significantly higher compared to
1998. Between 1998 and 2003 consumer prices for energy have increased by more than 20 %
(Statistisches Bundesamt, 2004) in Germany due to price increases on the commodity
markets, the trend of the exchange rate between Euro and Dollar and the consequences of the
German green tax on energy.

Note that we also tried specifications that included the kind of hot water supply system. The
regression results are almost identical to those omitting this information. Including
observations with more than one heating system does not significantly alter the results.

Differences in data, study area and regression specification makes a comparison with other
studies difficult. While most other studies use household energy consumption as an
endogenous variable, this information was unfortunately not provided by the dataset.
However, the overall results seem to confirm what most others have found before: a
significant influence of households socio-economic characteristics and building
characteristics on residential energy demand.

4. Increase in prices for energy and household expenditure

The last few years have shown a considerable increase in energy prices and in particular in
consumer energy prices in Germany. Between 1998 and 2004, prices for a barrel of crude oil
tripled from $ 12.34 to $ 36.02 (see BMWA, 2005). In this period, household expenditures on
a litre of heating oil almost doubled (from € 22.10 to € 40.32 per 100 litre). Prices for gas rose
from € 0.28 to € 0.43 per m>. Electricity prices increased less pronouncedly from € 0.15 to €
0.17 per kWh. Heating and hot water supply systems of households in owner occupied
properties and those in rented accommodation might have different rates of energy-efficiency
and might, therefore, be affected differently by price increases. As mentioned above, home
owners are more likely to have more energy-efficient systems.

In Germany, mainly oil, gas and electricity are used for residential space heating and hot
water supply. In our dataset, more than 80 % of households use one of the above energy
sources for heating. About 54 % use gas, 40 % use oil and only 6 % use electricity for
heating. Also, the above sources of energy are more prevalent in owner occupied properties



(92.1%) than in rented accommodation (72.1%). As renters are more likely to live in cities
with more inhabitants, district heating is more common. In our dataset, about 23 % of rented
accommaodation rely on district heating compared to only 3 % of owner occupied properties.
However, we restrict our analysis to the two sources oil and gas because data is more readily
available and the number of observations is more sufficient.

Table 3 shows the regression results for the seven different model specification discussed
above. Separate regression results are presented for households heating with either gas or oil.
Two additional explanatory variables were added providing information on energy prices for
1998 and 2003 for heating oil and gas. The information was taken from BMWA (2005).
Between 1998 and 2003 prices for gas increased on average by 14.9 Cent per m* and for
heating oil by 14.1 Cent per litre. To save space, the estimates for coefficients other than those
relating to the different prices for energy or if the property was modernized (heating, windows
or other) are omitted but these can be obtained from the author on request. The results are
very similar to those discussed above.

Table 3 about here

A doubling of gas or heating oil prices increases household expenditures for those households
with gas or oil heating systems by 40 to 50 % on average with oil heating being slightly more
expensive. Also, while increases in gas prices seem to raise household expenditure in Western
Germany more, increases in oil prices seem to be more costly to households in Eastern
Germany. In general, price increases lead to higher expenditures for households in owner
occupied accommodation compared to households in rented accommodation. Interestingly,
using solar energy for heating decreases expenditures for energy significantly by about 14 %.
This is especially true for households heating with oil. Also, modernisation in the form of a
new heating system significantly reduces expenditures for those households heating with gas.
Other forms of modernisation (indicated by the variable ELSE_NEW) are found to be
significant for households heating with oil.

Another general feature of the results is that households in rented accommodation are likely to
spend more on heating regardless of the energy source, building type, household
characteristics etc. If the prices for gas or oil were to double, expenditures for households in
owned accommaodation would rise slower compared to households in rented accommodation.
This can be seen by comparing the estimated coefficients for OWNER for the first five model
specifications. However, for East Germany, this relationship is less clear. The estimated
coefficient for OWNER in model specification 3 (East sample) is not significant. One
explanation might be that since the reunification great efforts had been made for rehabilitation
of all types of residential buildings. As a result, today most rented accommodation offers
double glazing, insulation and new heating systems.

Overall, the results confirm our hypothesis that a significant difference in expenditures for
heating and hot water supply exists between households in rented or owner occupied
accommodation. However, the results also suggest that this difference is likely to become
smaller over time. Price increases seem to be generally more costly to home owners (compare
specifications 6 and 7) and last year’s price increases show a diminishing benefit compared to
households in rented accommodation (compare specifications 4 and 5). The results suggest
that owners are still more likely to have installed energy-efficient heating and hot water
supply systems (comparing the coefficients for OWNER for the model specifications).

Although landlords have less of an incentive to improve the conditions of their rented
accommaodation they seem to have invested in more energy-efficient systems; last year’s price
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increases show a diminishing benefit for home owners. Reasons for this might be the
introduction of tighter exhaust-gas limits for gas and oil heating systems or the introduction of
limits for heat loss for accommodation (independent of ownership) by the implementation of a
new regulation in 2002 as discussed above (EnEV, 2001). This hypothesis can only partly be
confirmed by our analysis. No modernisation variable is found significant in the specification
that includes renters only (specification 6). However, in the specification including data for
2003 only (specification 5) the variable indicating a new heating system (HEAT_NEW) is
highly significant for households heating with gas; the variable ELSE_NEW is only
significant for households heating with oil. Another explanation might be that modernisation
took place between 1998 and 2001. This information is not covered by our data set; only
information on whether modernisation took place in the previous year (either in 1997 or 2002)
is available. Nevertheless, the difference between households in rented or owner occupied
accommodation still exists and future energy prices are likely to rise further. An energy policy
targeting those groups of people might be beneficial not only to households in rented
accommodation, but might increase energy-efficiency further.

There are few studies estimating price elasticities for energy sources other than electricity.
Berkhout et al. (2004), Baker et al. (1989), Green (1987) and Linderhof (2001) offer
estimates on price elasticities for gas ranging from —0.44 to —0.19. A doubling of the price for
gas would reduce the consumption by 19 to 44 %.

Garbacz (1985) and Gillingham and Hagemann (1984) report a short-run elasticity for fuel oil
space heating of -1.56 and —1.09 respectively (-1.81 and —1.34 respectively including water
heating) for the US.

So far, our analysis has been based on expenditures for space heating. The numbers are
therefore not readily comparable. The estimates above suggest that households expenditures
on gas would increase by 37 to 55%, if prices double. Expenditure for oil would increase by
32 t0 67%, if oil prices double. To make our data comparable we divided household
expenditure by the respective price of energy. Information on energy prices for 1998 and 2003
for heating oil and gas was again taken from BMWA (2005).We are aware that the calculated
variable is only a very rough approximation of energy consumption as fixed costs are not
accounted for and energy prices differ over Germany, but data is not readily available for an
exact calculation.

Table 4 shows the results for our seven different model specifications discussed above. Again,
separate regression results are presented for households heating either with gas or oil.

Table 4 about here

The results indicate that the estimated oil and gas price elasticities based on our approximated
energy consumption for households in Germany are comparable at the higher end to those of
other studies, which used more appropriately measured consumption data for other countries.
Our elasticity for fuel oil space heating range between -2.03 and —1.68 respectively; price
elasticities for gas range from —0.63 to —0.44. In general, a similar pattern to that described
above for the other variables emerges when using consumption data rather than data on
household expenditure.

In a further step we tried to combine the consumption data for household heating either with
gas or oil in one regression using information on the energy content of the two sources. This
would allow a direct comparison of heating services and remove the differences related solely



to fuel choice. Unfortunately, the Ramsey RESET test points to problems of misspecification
for almost all specifications. Therefore, the results are not presented here.

5. Conclusion

The paper investigates the determinants of household expenditure on space heating and hot
water supply in Germany. Estimates derived from the regressions suggest that household
expenditure is significantly lower for owner occupied accommodation. Those households
have therefore suffered less from last year’s increase in energy prices compared to those in
rented accommodation. One reason might be that home owners are more likely to have
invested in energy-efficient heating and hot water supply systems. Tenants have little control
over home improvement. Also, landlords have less of an incentive to improve the conditions
of their rented out accommodations, as their tenants foot the energy bill and rent control is
strong. Our results also suggest that this difference is likely to become smaller over time.
Nevertheless, improvements in energy efficiency would not only reduce household
expenditure for space heating but can help to reduce greenhouse gas emission reductions as
well.

The models we specify have a reasonable goodness of fit and our results on the whole mainly
confirm those of previous studies using different data and regions. Nevertheless, this analysis
needs to be extended in several ways. First, our analysis was restricted to household
expenditure on heating and hot water supply. It would be interesting to see if our results
would change if energy consumption (in physical units) would be used as the dependent
variable instead. We tried such a specification by dividing expenditures by energy prices.
Although, the calculated energy consumption can only be regarded as a rough estimate of the
true consumption we find the results comparable to those of other studies using better data for
other countries. Second, the dataset offered no information on age or efficiency of heating
systems installed. This should have an effect on energy consumption and expenditures. Third,
information about whether households had a green electricity provider was not available.
Expenditures should be significantly higher. However, the current number of households with
green energy is small (about 1.3 % of all German households; Wistenhagen and Bilharz, in
press). Fourth, energy prices in Germany differ. The regional dummy variables captures this,
but prices differ even within these regions. All this is deferred to future research.
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Table 1. Definition of variables included in the regressions

Variable Definition

EXP_SQ Monthly expenditure for space heating and hot water per square meter (Cent
per square metre)

SQM Dwelling size in square metre

HEAT Heating system (oil, gas, coal (including wood and briquette), electricity,
solar, municipal heat distribution or else (i.e. liquid gas)): unity or zero

NEW Modernisation in last year (new central heating, new windows or other):
unity or zero

TYPE Building type (agricultural building, single or double house, terrace
house, flat in building with 3 to 4 flats, flat in building with 5 to 8 flats,
flat in building with 9 or more flats, flat in high rise building or else): unity
or zero

BUILT Vintage class (before 1919, 1919-1948, 1949-1971, 1972-1980,
1981-1990, 1991 or later): unity or zero

RENOV Condition of property (good, needs renovation, needs complete
renovation, ready for demolition): unity or zero

GGK Community size (less than 2000, 2000-20000, 20000-100000,
100000-500000, more than 500000 inhabitants): unity or zero

OWNER Unity if property is owned, zero otherwise

AGE Average age of adult household members

HHGR Household size

CHILD Number of children in household

INCOME Household net income (in EURO)

UNEMPL Share of household members being registered as unemployed

C_HEAT Unity if property has central heating, zero otherwise

BATH Unity if property has a bath or shower, zero otherwise

H_INCL Unity if costs for heating and hot water are included in the rent, zero
otherwise

SOCIAL Unity if the property is a council house, zero otherwise

YEAR Unity if the observations are drawn from the 2003 survey, zero otherwise

STATE Federal State (Schleswig-Holstein, Hamburg, Lower Saxony, Bremen,
North Rhine-Westphalia, Hesse, Rhineland-Palatinate and Saarland, Baden-
Wuerttemberg, Bavaria, Berlin, Brandenburg, Mecklenburg Western-
Pommerania, Saxony, Saxony-Anhalt, Thuringia): unity or zero

EAST Federal States belonging to Eastern Germany (Berlin is matched to the West

German sample): unity or zero

Source: German socio-economic panel
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Table 2. The results of the regression

Dependent variable = logarithm of monthly expenditures for heating and warm water (in Cent/m?)

All West East 1998 2003 Renter Owner
Variable! Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
CONSTANT 5.50E+00* 5.54E+00* 6.83E+00* 5.95E+00* 5.48E+00* 5.65E+00* 5.62E+00*
HEAT_OIL -1.29E-01* -1.45E-01* -1.30E-01 -1.26E-01** -1.46E-01*** -8.87E-02*** -2.21E-01**
HEAT_GAS -5.22E-02*** -6.06E-02 -6.47E-03 -5.83E-03 -7.28E-02 -5.27E-03 -1.18E-01
HEAT_DIS -3.47E-02 -4.05E-02 -2.74E-02 -3.18E-03 -3.94E-02 1.44E-02 -7.49E-02
HEAT_ELEC 1.80E-02 2.95E-02 -4.78E-02 4.47E-02 9.59E-03 7.79E-02 -5.85E-02
HEAT_SOL -5.33E-02 -1.72E-02 -3.36E-02 -2.81E-02 -2.91E-02 1.50E-01 -5.02E-02
HEAT_COAL -3.97E-01* -4.85E-01* -3.04E-01** -3.30E-01* -5.03E-01** -1.86E-01* -5.89E-01*
HEAT_ELSE 1.45E-01* 9.99E-02 2.08E-01 1.84E-01** 1.39E-01 5.71E-01* 4.80E-02
STATE 1 6.54E-02 *** 8.27E-02 (dropped) 4.76E-03 1.64E-01** 2.02E-01** -1.19E-01***
STATE_2 (dropped) 6.02E-02 (dropped) -1.62E-02 1.62E-01** (dropped) (dropped)
STATE_3 -3.62E-02 -4.01E-02 (dropped) -1.60E-01 7.32E-02 2.64E-02 -2.21E-01*
STATE_4 -4.07E-02 (dropped) (dropped) (dropped) (dropped) 2.16E-01*** -2.28E-01**
STATE_ 5 -3.49E-02 -3.41E-02 (dropped) -1.74E-01 9.12E-02 6.00E-02 -2.27E-01*
STATE_6 -6.23E-03 -3.24E-02 (dropped) -1.13E-01 5.69E-02 2.23E-02 -2.12E-01*
STATE_7 1.19E-02 9.67E-03 (dropped) -1.40E-01 1.35E-01*** 4.94E-02 -1.71E-01*
STATE_8 1.88E-02 1.37E-02 (dropped) -1.38E-01 1.48E-01*** 1.63E-01** -1.88E-01*
STATE_ 9 2.60E-02 2.08E-02 (dropped) -1.30E-01 1.53E-01** 1.12E-01*** -1.64E-01*
STATE_10 -6.33E-03 -2.46E-02 (dropped) -1.39E-01 6.55E-02 1.22E-02 -2.27E-01*
STATE_11 -3.31E-02 (dropped) -1.04E-02 1.79E-02 -1.77E-02 -4.71E-02 -6.30E-03
STATE_12 1.49E-02 (dropped) 2.74E-02 9.29E-02*** -7.31E-03 1.19E-01** -1.46E-02
STATE_13 6.08E-02** (dropped) 4.03E-02 4.91E-02 4.01E-02 1.82E-02 4.08E-02
STATE_14 4.64E-02*** (dropped) 4.13E-02 6.81E-02 3.58E-02 1.42E-01** 1.01E-02
STATE 15 (dropped) (dropped) (dropped) (dropped) (dropped) (dropped) (dropped)
TYPE_AGR 2.55E-01** 2.59E-01*** (dropped) 3.69E-01* 1.04E-01 3.12E-01** 1.58E-01
TYPE_HOUSE 2.64E-01** 2.70E-01** -4.29E-02** 3.75E-01* 9.20E-02 3.57E-01* 1.32E-01
TYPE_TERR 1.91E-01*** 1.79E-01 -8.90E-02 3.02E-01* 7.03E-03 3.15E-01* 4.52E-02
TYPE_FLAT4 1.35E-01 1.04E-01 -1.50E-01 1.90E-01** -4.17E-02 2.74E-01* -8.51E-03
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TYPE_FLATS
TYPE_FLATY
TYPE_HIGH
TYPE_ELSE
BUILT 1918
BUILT_1948
BUILT 1971
BUILT_1980
BUILT_1990
BUILT_1991
GGK_1
GGK_2
GGK_3
GGK_4
GGK_5
RENOV_1
RENOV 2
RENOV_3
RENOV_4
LOG_INC
LOG_HHGR
LOG_AGE
LOG_CHILD
UNEMPL
C_HEAT
BATH
OWNER
LOG_SQM
SOCIAL
H_INCL
YEAR

EAST

HEAT _NEW

7.29E-02**
5.09E-02
5.63E-02
(dropped)
1.25E-01*
1.29E-01*
1.19E-01*
1.18E-01*
6.50E-02*
(dropped)
(dropped)
-9.44E-04
1.41E-02
1.35E-02
2.63E-02
-2.09E-01**
-1.78E-01***
-1.18E-01
(dropped)
6.03E-02*
9.30E-02*
1.00E-01*
-7.67E-02*
6.47E-02*
3.93E-02***
1.86E-02
-1.30E-01*
-4.49E-01*
5.91E-03
-1.90E-02 ***
-1.83E-01*
3.77E-02
-5.60E-02**

3.81E-02
1.37E-02
-1.22E-02
(dropped)
1.62E-01*
1.70E-01*
1.83E-01*
1.52E-01*
8.33E-02*
(dropped)
(dropped)
7.04E-04
1.14E-02
2.99E-02
2.05E-02
-2.24E-01
-1.82E-01
-1.31E-01
(dropped)
7.42E-02*
9.49E-02*
1.36E-01*
-8.67E-02*
-2.06E-02
3.28E-02
-4.50E-02
-1.41E-01*
-4.90E-01*
3.96E-02
(dropped)
-2.40E-01*
(dropped)
-3.34E-02

-3.22E-01*
-2.90E-01*
-4.50E-01**
(dropped)
1.43E-01*
1.86E-01*
1.50E-01*
2.13E-01*
1.57E-01*
(dropped)
(dropped)
1.25E-02
3.00E-02
-2.15E-02
(dropped)
-3.25E-01
-2.90E-01
-2.06E-01
(dropped)
2.39E-02
1.22E-01*
1.14E-01**
-6.23E-02
1.04E-01**
9.67E-02***
1.24E-01
-5.94E-02
-6.57E-01*
2.92E-02
(dropped)
-2.00E-01*
(dropped)
-1.17E-01**

1.55E-01***

1.47E-01
1.24E-01
(dropped)
8.03E-02**
1.13E-01*
1.14E-01*
1.22E-01*
-5.90E-03
(dropped)
(dropped)
8.48E-03
1.98E-02
4.14E-02
3.01E-02
-5.50E-01*
-5.04E-01*
-4.19E-01*
(dropped)
5.48E-02*
7.90E-02*
1.07E-01*
-7.81E-02**
6.29E-02
3.93E-02
3.38E-02
-1.82E-01*
-5.10E-01*
3.73E-02
(dropped)
(dropped)
-7.53E-02
-4.88E-02
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-1.70E-01
-1.88E-01
-2.67E-01
(dropped)
2.19E-01*
2.27E-01*
2.30E-01*
1.92E-01*
1.62E-01*
(dropped)
(dropped)
-7.96E-03
-5.74E-03
-5.74E-03
2.90E-03
-1.90E-01
-1.54E-01
-1.31E-01
(dropped)
7.43E-02*
1.13E-01*
1.61E-01*
-7.66E-02*
3.29E-02
8.05E-02**
9.61E-03
-8.03E-02*
-5.32E-01*
4.03E-02
(dropped)
(dropped)
1.48E-01***
-5.78E-02

2.38E-01**
2.30E-01**
2.08E-01***
(dropped)
2.96E-02
3.10E-02
6.26E-02**
3.31E-02
5.48E-03
(dropped)
(dropped)
2.09E-02
5.35E-02
9.23E-02**
1.13E-01**
-2.26E-01***
-1.98E-01
-1.50E-01
(dropped)
1.04E-02
1.27E-01*
1.05E-01*
-5.57E-02
-1.93E-02
4.30E-02
-4.40E-02
(dropped)
-4.52E-01*
1.59E-02
(dropped)
-1.61E-01*
7.00E-02
-4.00E-02

-2.18E-01
-2.04E-01
-2.45E-01
(dropped)
2.06E-01*
2.36E-01*
2.28E-01*
2.15E-01*
1.40E-01*
(dropped)
(dropped)
-3.48E-03
-5.48E-04
-1.99E-02
-3.52E-02
-9.93E-02
-4.89E-02
(dropped)
(dropped)
9.53E-02*
8.52E-02*
1.54E-01*
-8.32E-02*
7.12E-02***
1.05E-01**
3.21E-02
(dropped)
-5.61E-01*
(dropped)
(dropped)
-2.75E-01*
-1.27E-01**
-5.75E-02***



WIND_NEW 1.38E-02 5.74E-03 -7.89E-03 -1.92E-02 2.81E-02 6.44E-03 -8.74E-04
ELSE_NEW -1.74E-02 -3.51E-02*** -2.33E-02 -4.18E-02 -1.99E-02 1.34E-02 -4.19E-02**
No. Obs 12,634 7,286 1,765 3,543 5,508 2,869 6,182
R-Squared 19.43 22.29 26.87 21.61 20.86 17.26 24,53
RESET test

(P>F) 0.0000 0.2299 0.2052 0.1779 0.4751 0.1055 0.0055

Source: Own calculation. Significance at one-percent level is indicated by *, significance at five-percent level is indicated by ** and significance at
ten-percent level is indicated by ***.

! LOG indicates that the logarithm of the variable was used.
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Table 3. Changes in household energy expenditure caused by energy price increases

Dependent variable =logarithm of monthly expenditures for heating and warm water (in Cent/m?)

All West East 1998 2003 Renter Owner
Variable! Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
LOG_PRICE_GAS 0.4301* 0.4967* 0.4213* 0.3738* 0.5558*
OWNER -0.1183* -0.1368* -0.0548 -0.1579* -0.0862*
HEAT_NEW -0.0791** -0.0793*** -0.1601** -0.0724 -0.1484~* -0.0566 -0.1176**
WIND_NEW -0.0070 -0.0100 -0.0095 -0.0713*** 0.0510 0.0221 -0.0320
ELSE_NEW -0.0098 -0.0281 -0.0358 -0.0180 -0.0370 -0.0360 -0.0305
No. Obs 5,577 3,625 866 1,601 2,790 1,474 2,917
R-Squared 17.78 20.02 28.22 19.00 21.10 18.57 22.05
RESET test
(P>F) 0.3029 0.8122 0.9799 0.3893 0.1959 0.4060 0.0057
LOG_PRICE_OIL 0.4863* 0.5794* 0.6510* 0.3287* 0.6753*
OWNER -0.1050* -0.1252* 0.0400 -0.2054* -0.0322
HEAT NEW 0.1744 0.0100 0.0896 0.1744 -0.0165 0.1632 0.0264
WIND_NEW 0.0019 0.0119 -0.0153 0.0019 0.0747 0.0152 0.0109
ELSE NEW -0.0416*** -0.0647** -0.0275 -0.0416 -0.0670*** 0.0515 -0.0568**
No. Obs 4,148 2,717 467 1,252 1,932 688 2,496
R-Squared 22.64 25.16 39.75 26.94 20.19 16.96 30.12
RESET test
(P>F) 0.0007 0.3710 0.2057 0.6626 0.3815 0.3355 0.0834

Source: Own calculation. Significance at one-percent level is indicated by *, significance at five-percent level is indicated by ** and significance at

ten-percent level is indicated by ***,

! LOG indicates that the logarithm of the variable was used.

17



Table 4. Changes in household energy consumption caused by energy price increases

Dependent variable = logarithm of monthly consumption of gas or oil for heating and warm water (in m3/sqm, I/sqm)

All West East 1998 2003 Renter Owner
Variable? Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
LOG_PRICE_GAS -0.5699* -0.5033* -0.5787* -0.6262* -0.4442*
OWNER -0.1183~* -0.1368* -0.0548 -0.1579* -0.0862*
No. Obs 5,577 3,525 866 1,601 2,790 1,474 2,917
R-Squared 22.00 22.93 30.68 19.00 21.10 25.15 21.50
RESET test
(P>F) 0.9713 0.6376 0.2319 0.3893 0.1959 0.1429 0.0079
LOG_PRICE_OIL -1.8730* -1.7799* -1.7083* -2.031* -1.6840*
OWNER -0.1050* -0.1252* 0.0400 -0.2054* -0.0322
No. Obs 4,148 2,717 467 1,252 1,932 688 2,496
R-Squared 59.35 56.32 62.48 26..94 20.19 62.27 54.23
RESET test
(P>F) 0.0063 0.0636 0.0112 0.6626 0.3815 0.2265 0.4052

Source: Own calculation. Significance at one-percent level is indicated by *.

! LOG indicates that the logarithm of the variable was used.
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